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AB STRACT 

The potential was examined f or use o f  modern risk analysis  t echniques 
in developing u.s. Coas t Guard (USCG ) regulations to  minimize the public 
ri sk from marine transport o f  bulk chemical cargoes . Consideration also 
was g iven to the usefulness  of these technique s in se t t ing priorit ie s  and 
support leve ls f or USCG s afety re search programs . 

The princ ipal conc lusion of the study i s  that risk assessment 
technique s  c ould be , and to some l imited extent have been , used with 
succes s wi thin the USCG regulatory framework .  Since the re sources 
avai lable f or regulation a re l imi ted , they must be used in a 
cos t-effec t ive manne r .  The spec ific  recommendat ions call for : 

1 .  Se le cted s tudies on shipment s of new subs tances with a 
potentially large impact on the public i f  released int o  the environment . 

2 .  Se lec ted s tudie s on cert ain port s and locat ions a long inland 
wat erway s that appear to have a high inc idence of accident s .  

3 .  De lineation of key vari ables and e stabli shment o f  the type s  o f  
data to  b e  collected before and after promulgat ion of a regulat ion to 
determine the e ffec t iveness o f  the i ssued regulat ion .  

4 .  Sponsorship of  re tro spect ive  risk studie s t o  estimate the 
potential f or high consequence-l ow probability event s with fami liar but 
potentially hazardous cargoe s . 

5 .  Review o f  exis t ing regulat ions in a selec ted area (e . g . , marine 
tran sport of  bulk chemical cargoe s on inland waterways) t o  gain insight 
into the c onsi stency of regulat ions and to learn i f  any gaps or 
contradiction s  exi st . 

i i i  
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PREFACE 

A s  part of i ts e ffort to e nsure that hazardous materials are transport ed 
safe ly , the u.s. Coas t Guard (USCG) cont racted with the Nat i onal Re sea rch 
Counc il (NRC )  to f orm the Commi t tee on Mari time Ha zard ous Materials .  Th i s  
NRC commit te e  provide s advice t o  the sponsor through the e ff ort s o f  a number 
of  pane ls appointed t o  inve st igate vari ous aspec t s  o f  the safety i ssues 
concerning the marine transport o f  bulk materials .  

Th e  Pa nel on Ri sk Analysi s f or Mari ne Transport of  Ha zardous Materials 
wa s  establi shed t o  examine the usefulness  of  modern risk analysis  te chnique s 
in deve loping regulations that will minimize the ri sk t o  the public f r om  the 
marine transport of bulk chemica l ca rgoe s .  Any recommendat ions concerning 
the u se o f  ri sk analysis  methods were to be accompanied by descript ions of 
the limitations and reliability of the method s .  The pane l also was to 
determ ine whether such t echniques would be useful in set t ing priori t ies for 
USCG safety research program s .  The panel i s  composed of  ind ividuals 
possessing expert ise in ri sk asse s sment , U SCG procedure s and practice s ,  
pract ica l  shipping experience , ship  design and structure , materials science , 
and t oxico logy and health e f fec t s .  ( See Appendix C f or biographical 
sket che s of pane l member s .) 

To accompl ish i ts t ask , the pane l revi ewed the leg i slated responsibili ty 
o f  the USC G  t o  promot e and e nforce  maritime safety during the shipment of 
hazard ous carg o. The pane l a lso rev iewed pre sent and past method s u sed by 
the USCG in  developing regulations  and studied system s  where risk analysi s  
methods c ould be used by the Co ast Guard i n  carrying out i t s  
re sponsibi l i t ie s .  Because the pane l had limited t ime and resource s ,  i t  
re stri cted i ts inquiry t o  the movement o f  bulk l iquid carg oe s  and the 
regulations se t f orth in  Title 4 6  Code of  Federa l  Regulations , (CPR ) , Part s 
3Q-4 0  a nd  Pa rt s 15Q-155  ( s ee page 21 ) . The pane l considered both the 
requirement s for sel f-propelled ve ssels and for ba rge s and barge movement on  
inland waterway s .  

The chairman would l ike t o  expre ss his appreciat ion t o  the members o f  
the panel for their concerted effort s during the course of  thi s study . 
Th anks a lso are _extended t o  the USCG l iai son repre sentat ives to  the pane l 
and t o  Stanley M .  ·Barkin who provided excellent NRC staf f  support . 

Robert Erdmann 
Pane 1 Chairman 

v 
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Chapter 1 

SUMMARY OF CONCLUSI ONS AND RECOMMENDATI ONS 

C urrent r egulations concerning the shipment of bulk liquid haza�dous. 
car goes are based on many year s of development work and study in the United 

States by government, industry , and the public and, internationally, by the 
Safety of Life at Sea Conferences and the I nter national Maritime 
Or ganization (formerly I MCO , the Intergovernmental Maritime Consultative 
Organization). The impetus for regulation has and continues to come from a 
variety of sour ces such as industry r equests, maritime c asualties, 
technological improvements, or the public or Coast Guard per ception of a 
safety problem. 

A system safety process appr oach has been used in the past in the 
maritime industry and has continually evolved into more sophilticated· 
pr ocedur es. This process often employs quantitative analyses, .especially 
using engineering, design , and operational information , for study;lq:all·: 
ph ases of a specific system to identify hazards r elated to the failure .o( 

that system and to initiate responses to prevent or control these hazards. 
Risk analysis is broader in scope and, conse quently, can be sometimes useful 

in both industrial and regulatory planning and de cision-making. 

Al though r isk assessment has been pr acticed for many years, its, ... -
development into a formal methodology including the use of risk.JJodele,atad 

specialized te chniques is r ecent• The:use of risk assessaent met'boclll.t\9V is 
required of federal r egulator y agencies and the r esults of their application 
must :be. made known as part of the rulemaking process. · ' , .  : . ,:1 

1 :' • < 1 ' I ' � � ' '} 
· A· risk .assessment or analysis can be eonsidered to co-psiet ·of ,.a·. �is�;o, 

e stimate 'amd a :r isk evaluation� :A r i sk estimate is the ·sl!atiltica·l .. and�or 
analytical modeling process that leads to a quantitative (sometimes 
qualitative) estimate of a given r isk; a risk evaluation is the ·appuailla:l of 

the significance of the risk estimate. 
. ' :  

A r isk estiaate is•made by.acquiring and using the·clata needed to 
develop eat1mates·of the probabilities of occurrence and the magnitude of 
impact·of undesired events. The risk evaluation attempts·to asse ss the 
significance of'the risk estimate in terms· of its acceptability; how it 
coapares·to'r isk estimates of alternati•es, or the1c ost of teducing the risk 

to a lower level . The general prindples can be applied in ·ae'f'eral ways 
depending on the situation or system under scrutiny. 

. ' 

1 

' · ' 

' . .  1j' • '. 
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2 

Ri sk a ssessmen t a s  now pract iced i s  an order ly pr oces s that can be an 
important tool in d ec isi on-mak ing. It is, howev er, su bjec t to 
uncert ainties. This important shortcoming i s  due in part to the fact that 
data availabl e for use in a risk est imat e often ar e in su f f icient o r  po ssibl y  
erroneou s ,  th ereby requiring that s impl i fied assumption s and surrogate 
information be u sed. The acquisit ion of  pe rtinen t data i s  cost ly , and a 
time-consuming activity. Oftentimes , data are impo ssible or d i f ficu lt  to 
obtain. B ec ause of  thi s shortcoming , the panel cannot spec ify at thi s time 
a consistent quantitative ri sk a sse ssment approach to safety r egu la tion s  for 
a field  a s  diver se a s  water tran sportation of  hazardou s  mate rial s .  It  was 
able, howe ver, t o  identify the cr iter ia and some situat ion s f or u sefu l  
applications o f  risk assess ment me tho dol og y by the Coast Guard . 

The content anrl structure o f  thi s  repor t r eflect the relative amount o f  
ef fort devoted t o  each of  the panel ' s  task s . Chapte r 2 provide s a brief 
review o f r i sk a ssessment technique s a s  app l ied i n  the shipping of  hazard ous  
material s ;  Chapter 3 ,  a d i scus sion o f  exi s t ing regu lations an d their 
gene s i s ; and Ch apter 4, a survey of the data sources on quantities and type s 
o f  mater ial s sh i pp ed ,  hazard s o f  the cargoes , and  past shipping inc ident s .  
By integrating these three stre ams o f  thought , the conc lu sion s and 
rec ommen dations presen ted be low were  formulated. Chapter 5 pre sent s a very 
preliminary example o f  event tr ee ap plica ti on to potential r i ver barg e 

accidents to exhibit some o f  the organ iza tiona l power an d comprehen s ivenes s 
o f  th e tools o f  ri sk a sse ssm ent . 

This report con tains a larg e amount of material on th e subjects of 
vessel design, operating method s ,  and previou s Coas t Guard work and a lesser 
amo unt o f  material on ri sk analysi s. This choice was made to  empha siz e the 

firm basis for the panel ' s  recommendat ion s  and it reflec t s  the effort made 
to assure that risk tec hn ique s c ould b e help ful ,  if difficult to implement. 

The fo llowing conclusions and recommendations are the result of the 
collective judgment of the panel. They are based upon discussions held 
during meetings, upon presentations and documents received (included as 

references in this report ) and the personal expertise of the members. 

CONCLUSIONS 

1 .  The USCG has been u sing r i sk assessment techniques in various ways 
for a number of years. It has carried out studies on the 
consequences of potential spills; collected failure rate and 
operational d ata on the sh ipp ing of hazardous materials; and 
perf ormed informal, qualitative risk ana lyses . In specific cases, 

quantitative risk assessments have been carried out by various 

groups and reviewed by USCG personnel. 

2 .  There i s  good potential for u tiliz ing the methodology of risk 

assessment in estimating th e va lu e of current and pend ing USCG 
regulations. Although it may not be possible now to  perform 
g e neral risk e val ua tion s for a g iven set of regulations, it is 

possible that regu latio ns can be evaluated to determine their risk 
reduction pot ential in variou s  appl ications . 
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3 .  The overall safety record for the shipment o f  bulk hazardous 
materi als i s  good ; however ,  objective evidence f or the e fficacy o f  
a specific  regulat ion o r  ac t ion cannot be documented . In add i t ion,  
because high consequence-low probabi l i ty events a re sparse or  
nonexistent in the record of experience , i t  cannot be  stated 
categorical ly that the safety trend i s  a pos i tive one . I t  may be 
that because of  good fortune certain accident s tha t have occurred 
on major u.s. waterways have not had more d ire con sequences . 

4 .  The mandate to use risk analysis  in  the USCG deci sion-making 
proce ss  exists . Even though thi s type of analysis  cannot guaran tee 
avoidance of erroneou s  decision s , it s orderly method canno t he lp 
but improve upon ad hoc or vi sceral dec i s ion-making in the area o f  
public safety . 

5 .  There i s  no leve l o f  safe operat ion t o  which the industry and the 
USCG i s  comparing i t s  cur rent ac tivi t ies  or regulation s .  

RECOMMENDATIONS 

1. Fo r shipment s of new substances that  have a potentially large  
impac t on the public i f  released into the environment , se lective 
ri sk type s tud ies should be perf ormed to determ ine the value of 
exi s ting regulation s and how they might be changed (ei the r reduced 
or augmented) to al low for saf e shipments at  acceptable hazard 
levels .  

2 .  S pec i f ic regulation s  should be evaluated through the u se o f  r i sk 
assessment technique s for certain port s and certain location s  along 
i nland waterways that appear to have a higl incidenc e o f  
accident s .  Local geography , traffic dens! y and weathe r  cond it ion s  
should b e  taken into account to  elim inate he se i nc iden t s , or 
reduce their  freque ncy of occurrence . 

3 .  The key var i ables in any r i sk assessment should be d el ineated so  
that  the relevan t  regulation s are examined in  re lation t o  each 
one . These vari able s inc lude : ves sel  and containment 
characteri s t ic s ;  chemica l  properties  and the i r  effect s; 
environmental e ffects , i nc luding r iver f low pattern s ; and human 
factor s  and communicat i ons. Limit ing condi t ion s  of  operat ion base d 
upon the se key variable s and the regu lation s relevant to the local 
area should also be cons idered . 

4 . Ga thering d ata i s  co st ly and it is  po ss ible to use r i sk a sses smen t 
technique s to  help dec ide wha t type s of data are worth collecting . 
Once a risk a sses sment applicat ion i s  se lec ted , the iden t i f icat ion 
of key data type and amoun t shou ld be a scertained . At thi s stage , 
the data c an be gathered .  Furthermore , since lack of data i s  
usually one of  the limi tat ions in any risk study , the USCG should 
pl an a nd  s tart an ord erly process for monitoring even ts be fo re and 
afte r  a regulation i s  is sued . 
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Da ta should a lso be acqu ired on other risks that maritime workers 
or  the public face . Therefore , the u.s. Coas t Guard should collec t 
d ata on  c omparable local and regional r isks. of  an occupa t ional a s  
wel l  a s  a n  involuntary nature . 

The USCG should sponsor several retrospect ive r isk s tud ies t o  
estimat e  the potential  for high consequenc e-low probabi lity  event s 
with exis ting shipment s o f  familiar bu t potentially hazard ous  
cargoe s .  These stud ie s would provide some quant i tat ive link 
between regulations  and operational risk levels . They wou ld also 
allow the u.s. Coas t Guard to  deve lop a risk assessmen t procedure 
that would be acceptable to  industry a s  we l l  as  to the governmen t 
when a risk analysis  o f  a new substance i s  be ing con templated. 
There exi st potential thi rd-party e ff ect s  and liabi li ties  i n  the 
bulk sh ipment o f  hazardou s material s ,  and these re t rospective risk 
a ssessmen t s  would help provi de some d irection and /or quantificat ion 
o f  these factor s .  

A revi ew o f  sequences o f  past incident s should be und ertaken with 
the thought of  uncove ring alternate  and possibly more severe paths 
t o  the one s actually observed. Th is  undertaking wou ld lead to  an 
assessment o f  the potent ial  for severe event s ,  the type s of 
re gulations inherent in the sequences  stud ied , and the degree of 
risk reduct ion the current operationa l  framework provide s. Ri sk 
a ssessment techniques wou ld help in such an evaluat ion . 

Existing regulations should be correlated withi n the variou s  phase s 
of a risk a ssessment . Insight wou ld be gained on the c onsi stency 
of the regu lations and any gaps  or contradictions would be revealed . 

Some e f fort should be expended to  de t�rmine what  cons titutes  an 
adequat e  leve l of  safe opera t ion for t'e transpor t of  hazardous 
mate rial s .  

Th e e ffect iveness  ( from a r i sk reduction s tandpoin t )  o f  a g iven 
regulat ion should be determined from stud ie s  conduc ted during the 
pre- and post-t ime peri od s  from the date of  i ssuance  o f  the 
regu lation . 

IMPLEMENTATION 

In making i ts recommendations , the panel clearly realized  that a great 
deal o f  t ime and re source s wi ll  be needed t o  carry them out . The pane l doe s 
not recommend that the USCG abandon ent ire ly its  current appr oach t o  
manag ing and reducing risks from the transport of hazardous materials. The 

·pane l  d oe s  re commend , however , that some s tep s be taken based on the result s  
of  risk analyses  t o  priorit ize the formulat ion of regulations o f  bulk 
hazard ou s  carg o shipment s .  

One point not d iscussed extens ive ly is the potential value o f  using 
s imulators coupled with risk analys i s  to  train personne l involved in 
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s hipping . In corporat ion into s imulators of all the var ious conceivable 
sequence s developed with risk asses sment procedure s �ould assist  in the 
deve lopment o f  a work f orce possessing the experience needed to handle the 
event s  that might occur in the future . Such studies , possibly carried out 
on s imulators prior to drafting regulat ions , may also point out the 
potent ia l benefit s and shortcomi ngs of a given regulation . 
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Chapter 2 

RISK ASSESSMENT PROCEDURES AND PRACTICES 

Much risk a ssessment work ha s been done concerning the shipment of 
hazardous material s and a great deal of informat ion re levant to such stud ie s 
has been col lec ted . There also exi sts  a vast amount of  literature on r i sk 
assessment in other field s .  

Th i s  chapter contains a b rief  review o f  r i sk assessment applicat ions in 
shipping . The various segment s o f  a r isk analysi s'are di scussed f i r s t  and 
then the inf ormat ion needed f or performing an analy s i s  i s  iden t i f ied . 
Fina l ly , the types of  output  one can expec t are ment ioned . The accuracy and 
unc er t ainty of thi s t ype of analys i s  are addre s sed as are the lack o f  
completenes s and the predict ive app l icat ions of  the me thodology . 

THE COMP O SITION OF A RISK AS SESSMENT 

In a 197q s tudy the PRC Sys tems Services Co . describes  r isk assessment 
in mar ine t ranspor tat ion in t erm s  of four elements : 

The fir st  e lement i s  the probabi lity of a ves sel  casua l ty; that i s ,  
colli sion , rammi ng ,  grounding , f i re , explosion , e tc . The second 
e lement i s  the probability of  a spill , g iven that a casualty has 
occurred . Next , the physical reactions of  the spi l led material with 
the water and a ir mus t  be determined . Thi s  reac t ion may resu lt in a 
toxic cloud , oi l pool , vapor cloud , f ire , or explosion , depending 
upon the mater ial charac ter i stics and the environment. F ina l ly , the 
damage cau sed by the spi l l  i s  determined from the sp ill 
phenomenology and the resources a t  ri sk .  Thi s  may be measured in 
t erm s  of fatali t ie s , injuries , property los s , or ecologica l  damage . 

USCG  regulat ions governing the transport of  hazardous  mater ials  
trad i tionally have addre s sed the preven t ion of accident s tha t  could resul t 
in  potent ially hazardous chemical spi lls . However , as  the variety and 
volume o f  chem ical s shipped by sea have grown so has the potent ial for 
seri ous public health and e nvironmental consequences in  the event of 
spillage and leakage due to  accident s .  Thi s has been complicated by the 
incre ased body o f  knowledge abou t the acute , chronic , and subt le toxicities  
of  both famil iar  and newly deve loped chemical s bei ng shipped by  water .  

The PRC ( 1979 ) a s sessment of  the a lternate ways of determining casualty 
probabil ity  states : 

The sta t i stical  method u ses historical data on ve ssel casual ties and 
vesse l traffic  t o  deve lop casualty probabi l i t ie s . The analyt ic 
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method inv olve s  kinematic equations  expre s s ing the pr obabi li ty of  
collis ion or ramming in  terms of  per tinen t  sy stem variable s. 
Computer s imu lation o f  sh ip movement can be u sed to e stimate the 
probabi l ity of  col lis ion , ramming ,  or  grounding . For th e fault  tre e  
approach , trees  are deve loped that indicate the log ical sequences o f  
event s  that lead to  a casualty. Probabilitie s are assigned to  bas i c  
events , such a s  a component failure , and the probabi lity o f  sy stem 
fai lure i s  computed from these basic event probabi litie s. The 
subjective approach d evelop s  probabili ties  fr om the re su lt s  of 
que stionna i res  or from interviews of  knowledgeable per sonne l .  
Fina l ly ,  the c asualty report ana ly sis  appr oach i s  based upon 
detai led evaluation of narrative casualty report s to e stimate the 
propor t ion o f  casualties  that m ight have been prevented by a 
speci f ied safety measure. 

USr.G RISK ANALYSIS TOOLS 

The USCG has d eve loped a fam ily of ri sk analy si s tool s : the Chemical 
Haza rd s Re sponse Information Sys tem (CHRIS) (Al lan an d Harri s 197 6 ) , the 
Haza rd As se s sment Computer Sy stem (HACS) , and the Popu lation Vu lnerability 
Mode l (PVM) (Perry an d Articola 1979 , Rausch et al . 1977a and b ,  Tsao and 
Perry 19 79) . Al l thre e are of the consequence ana ly sis  type , a ll are 
completely determin i stic; the f irs t two fac i litat e emergency re sponse 
e ffort s and all c an be u sed f or a wid e range of  p lanning purposes inc lud ing 
site  selection , placement of  ve s se l  traf fic service s* (VTS) etc. The PVM is 
based on  HACS , which i s  a computeri zed ver s ion of the CHRI S hazard 
assessment manual s. CHRIS and HA CS permit a u ser  to  calculate the d i stanc e 
and d ir e ction a spilled c arg o and its e f fects  wi ll trave l independent of the 
spi l l  locat ion . The PVM permit s a u ser to calculate the potent ia l  human and 
property l os ses  from a s p il l  occurring in a spec i f ic location. Several  
fact or s  (e . g . , terrain) have  n o t  yet been integrated int o these sy stems . 

CHRI S was d eve loped as  an emergency respon se tool and i s  the f oundation 
of the USCG ' s ongoing risk analysi s effort . The CHRIS use r take s the 
on-scene report s o f  an impend ing or ac tual acc ident and , through t able s and 
cha rt s  and very simple hand calculation s ,  rapidly compute s the location of 
the chemical and its e ffects (e.g. , thermal radiation a s  a funct�on o f  time 
and d i stance  from the spill origin). Due t o  the need  for speed , the bas i c  
equations have been arranged t o  make emergency re spon se feasible. HACS , a 
co mputeri zed version of CHRIS , i s  ba sed on the same mode l s  and equations 
th at were u sed in developing the CHRIS tables and chart s .  Computeri zation 
i s  intended to  increase the speed of  re sponse as  well  as  to  improve accuracy. 

* A VTS i s  a communications system that processes and d i s seminates traff i c  
i nformat ion and advisor ies  to and from participating ves sels in the area 
being s erviced. Th e  system provides ves se l s  with advanced informat ion on 
other ve ssel movement s  and any add i tiona l  information that may affec t safe ty . 
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CHRIS and HACS a re baaed on a ser i es of mathemat ical model s , e ach o f  
which describe s  a single step in the development of a sp il l . One o r  more 
mode ls  in sequence make up a m odule that describes a d istinct phase of  a 
spil l .  The simulation of  a spi l l  requi re s  one or more modu le s .  This 
building b lock approach character i ze s  the systems . 

The process of sp ill  simulation using CHRIS or HACS can be i llustrated 
by the f ol lowing example :  A s hip ' s  tank of re frigerated , unpre asuri zed 
l ique f ied  petroleum ga s (LPG) i s  penetrated at the waterline , and cargo 
begins to e scape . Local USCG per sonnel want to know how far downwind the 
vapor cloud could trave l bef ore becom ing completely diluted be low th e lower  
f lammable l imit (LFL) . This  is  important because the ship has  g rounded s ix 
mi le s  of fshore with an onshore wind of 3 mi le s  per hou r. In the two hour s 
before the v apor c loud reache s  the moderately popula ted land , the resident s 
could be evacuated . Since evacuat ion present s  signif icant ri sks to the 
evacuees a s  well  a s  major l ogist ical problem s , predic ting whe ther the c loud 
i s  st i l l  dangerou s  when it reache s the shoreline i s  important . 

In solving thi s problem , the CHRIS or  HACS u ser  f irst execute s the Rate 
of Release module because the cargo release is continuous in t ime rather 
th an sudden and c omplete . The re sult s  of  this  module give the input d ata 
nece s sary for the next module , Spreading Rate and Movement ( primarily the 
quantity of carg o  released as a function of time). Execut ion of the Boil ing 
Rate and Vapo r Di spersion module s complete s the simulation , and the results  
tell whe ther evacua t ion is  necessary . Generally , errors are in  the 
cons ervat ive direct ion (i . e . , on the s ide of safety) . 

There u sually a re suf fic ient phys ical property d ata in the CHRI S and 
HACS data base s for a typical run . If not , the user can en ter the spec ific 
m is sing d ata or defau lt v alue s wil l  be provided by the system. If  the user 
believes that hi s data are supe rior to those in the data base , he can enter 
hi s d ata instead. The u ser must provi de information un ique to  the 
s imulat ion ( e . g . , tank dimensions , weather conditions , and simulation 
pathway) . If the result s  o f  a spec ific module are already known (e .g . , the 
actua l cargo spil l  rate ) ,  the module need not be executed , which save s time 
and e liminate s unnecessary calculational errors. 

The Popu lat ion Vulnerability Mode l (PVM ) include s information on the 
impact a hazard ou s  carg o release would have on people and property . The PVM 
user s tart s by applying the HACS models  to  g ive the location of the cargo 
and of some of i t s  e ffects (e . g . , thermal radiation )  as a function of t ime ; 
the effect s  of  the cargo spill  on people and property then are calculated . 
The PVM output organizes the number of  people and number of struc ture s and 
their  dollar  value by census tract . All of  the resource s at risk a re 
assumed t o  l ie at the center of the censu s tract for modeling purpose s .  
Only a few geographical locations are wi thin PVM current ly . 

In genera l ,  the PVM require s much the same inpu t data  a s  HACS. The 
simulat ion is d ivided into two parts : In Phase I the locat ion of  a released  
c arg o and /o r  its e ffec t s  i s  calculated at the u ser  specif ied in tervals  after 
the release--usually at a two-minute interval of simu lated t ime. At each 
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interva l ,  the concen tra tion o f  the  sp i l led mater i al or the intensity of one 
or more o f  it s ef fect s  (e . g. ,  blas t overpressu re , therma l  radiation 
inten s i ty ,  or vapor c oncentration )  are calculated at the c ent er o f  each 
cen su s  tract . In Phase I I ,  the impact of  the re leased chemical on the 
people and proper ty with in each censu s t ract i s  calculated. Property losse s 
are reported a s  the number of  structure s destroyed and the dollar los s; 
human l osses are repor ted as  the number of  fatalities , the number of  
injurie s (permanent) , and the number of  irr itated individual s (nonpe rmanent 
injuri es such a s eye watering or nausea). 

Phase I I  resu lt s  are given for each time interva l and for each censu s 
t ract . The number s a lso are e xpre ssed as  the perc ent age a ffec ted in each 
censu s  tract . Si nce the damaging effect on people outdoors i s  much 
d iffere nt from that on those indoor s , the PVM calcu lations  are perf ormed 
separately for each grou p; 5 0  percent arbitrarily are as sumed to be outdoors 
and 5 0  perc ent indoor s. Since the re su lts are reported at each t ime 
interva l ,  the PVM use r  can fol low the progress of  a vapor c loud as it move s 
d ownwind . 

In those c ases when a toxic vapor c loud i s  being simu lated and the spil l 
source i s  continuou s , an alternative method that permit s a "once through"  
approach i s  to execute Ph ases I and I I  on ly once for t he time a s  well  a s  a 
more accurate re pre sentation of  the dynamic s of  a cargo spill .  The PVM use r 
a lso c an experiment to determine h ow e ffective one saf e ty measure or another 
m ight be (e . g . , to determ ine how people and property would suf fer as a 
re su lt o f  an accident i f  a loading term ina l  was located in a p opu lated area 
or t o determine if  there wou ld be any significant benefi t  to  res t ricting the 
s ize of  ships and l and storage . )  It  is  even possible to  vary the physical 
situat ion (e . g . , to determine the difference s between the effec t s  of an LPG 
vapor c loud d ef lagration and an LPG vapor c loud detonation). The PVM i s  not 
rest ric ted t o  the marin e mod e; a shore tank releasing vapor i s  t reated no 
d ifferently than a ship ' s  t ank. 

The accuracy o f  CHRIS , HACS , and the PVM i s  not known a t  this t ime . 
Larg e-scale experiment s  are d i f f icu l t  to  run , and there have been very few 
l arge-scale accidental re leases o f  hazardou s  material s .  In a few 
simulations o f  actua l acc iden t s , CHRIS , HACS , and the PVM have shown at 
lea s t  qualitative agreemen t with experience . 

There a re ,·no dou bt , othe r  tool s tha t cou ld or have been u sed i n  ri sk 
a ssessmen t o f  marine transpor t . In the pane l ' s  short exi stence , it was 
unable to collect and review these tool s for their adequacy , limitations , or 
re liabi lity o f  re su lts . However ,  the panel does  fee l  that methods can ,  i f  
nece s sa ry , be developed o r  augmented to  analyze both the probabi l ity of 
occurrence and the c onsequenc e of any event sequence , g iven the existence o f  
data to support the analysi s. 

MATERIALS PROPERT IES 

A number of  USC G-support ed studie s  have concentrated on the phy sical 
react ion o f  spil led hazardous m ater ia l with the envi ronment and the 
consequent damage from such spills . There exi s t s  a great number o f  
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m at eri als t hat are t ransport ed in bulk and t he propert ies of t hese m at erials 

need t o  be known for accurat e consequence estimat es. Informat ion on 
acrylonit rile, for example, can be found in dat a  sources ident ified in Table 
1. A sample from CHRIS is present ed a s  Figure 1. 

Because of t he wide v ariet y of shipped mat erials, groupings by hazard 
t ype and severit y have been at t empt ed . Al th ough t hese groupings would not 
be very useful in the ri sk assessment of a specific shipment , they may have 
use when considering an overall rive r  syst em or an int egrat ed port system . 
For exampl e ,  one grouping has been suggested by the Committ ee on Hazardous 
Mat erials (1974). I n  its report , the committee reviewed almost 400 
chemicals and rated them using the grading system shown in Table 2 .  

Because of  the vast array of  chemicals being shipped , it i s  unlikely 
th at a ll e ffects of  potential re leases are being considered . C ontinuous 
updating is needed to ensure that adequate consideration i s  g iven to both 
acute and chronic e ffects as we ll as to env ironmental and property loss 
e stimations . These considerations are important i f  a risk study i s  to have 
beari ng on a potentially hazardou s  location . 

The pa nel i s  aware of  the value of considering toxic consequences to the 
p ublic and t o the environment from chemical spills . As noted above , Table 2 
i s one example of  a rating system that has been used to cat eg oriz e t he toxi c 
hazard o f  chemicals being shipped by the marine mode . M ore e laborate 
systems may be developed that conside r  the potentially toxic effects  of 
chemical re lease ,  and thi s pane l  believe s that the further development and 
use of  thi s type of  evaluation i s  warranted as  appropriate information 
becomes ava i lable . 

A l arge number of  ri sk stud ies have been carried out f or one specif ic 
substance , liquefied natura l ga s (LNG) . They can be categorized a s  follows 
(National Materi al s Advi sory Board 19 80 ) : 

1 . Site-specific  risk asses sment s , 

2 .  S ite-specific  evaluations of the probability o f  an acc ident lead ing 
to  the re lease of LNG , 

3 .  S i te-spec ific evaluations o f  the consequences of  an LNG release , 

4. Non-site-specific  safety stud ie s for the water transportation of LNG 
(generally the se are mode l s  such as  CHRIS and HAC S ) ,  and 

s. Acceptabi lity-o f-risk , risk-perception , and risk-benefit st udies of  
a general nature .  

The se LNG risk studies were conducted because of the large amount of 
mate ria l involved , the threat to popu lat ion centers , and the lack of 
experienc e i n  shipping thi s material . The potentially great consequences of 
t he sit uat i on led naturally to risk stud ie s  as  they did in  the nuc lear 
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TABLE 1 Examp le s o f  Sou rce s o f  Information on Acryloni tri le 

Author or Editor ,  Date 

American Conference o f  Governmental 
Industrial Hy gieni sts  19 82 

Nationa l Fire Protec tion Associat ion 19 77 

Nationa l Ins t i tute  for Occupational 
Safety and He alth 1977 

Nationa l  Inst i tute for Occupationa l  
Saf ety a nd  He alth and Occupa tional 
Safety and Health Adminis trat ion 197 8 

Na tional In st i tu tes  o f  He alth , and 
the Environmenta l Protec tion Agency 
Inf orm ation System 19 80 

Sax 1 979 

u.s. Coast Guard ( see  Allan and Harri s 197 6 )  

u.s. Coast Guard 19 7 6  

Pu blication 

TLVs , Threshold Limi t Value s for 
Chemical Substances and Phys ical 
Agents in the Work Envi ronment 
with Intende d Change s fo r 19 82  
Fire Hazard Properties o f  Flammable 
Liquids , Ga se s ,  Vo la t i le Solids 

Registry o f  Toxi c Effect s  of Chemica l 
Substances 

Pocke t Gu ide t o  Chemica l Hazard s 

Oil and Ha zardous  Materials Technical  
Ass i stance Data System (OHMTADS)  

Dangerou s Properties  o f  Indus trial 
Materials 

Chemica l Hazard Respons e Information 
Sys tem (CHRI S ) a 

Chemica l Dat a Gu ide for Bulk Shipme n t  
by Water 

a Vo lume I ,  Condensed Gu ide t o  Chem ical Ha zard s ,  presents g eneral da ta on f ire , 
explos ion , pollut ion , and safety for more than 9 00 substance s .  Volume II , 
Ha zardou s  Chemical Da ta Manual , c ontains chemical , phys ical , and toxicological data 
i n  addi t ion t o  that included i n  Volume I .  Volume III , Hazard As sessmen t Handbook, 
provides f or assessing the extent of  damage due to  spi l ls and i s  the basi s o f  
HACS . Volume IV , Response Me thod s Handbook , contains methods o f  containment and 
s ources o f  c lean-up equipment . ( The four manuals are avai lable from the Government 
Printing Office . )  

C o p y r i g h t  ©  N a t i o n a l  A c a d e m y  o f  S c i e n c e s .  A l l  r i g h t s  r e s e r v e d .
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i ndustry (Atomic Energy Commi ssion 197 5 ) . However , because of the newness  
of the LNG technology and the effort s  at  cargo protect ion and ship safety , 
data c oncerning potentially large catastrophic event s  are lacking . Thus , 
these risk studies have inherent limitations because they cannot be verified 
experimentally . 

Given thi s  lack of veri fication ,  i t  i s  e s sent ial that all f ai lure data 
relevant to equipment and human performance in  shipping be reviewed for 
applicabi lity in a g iven risk a sse ssment . Th ese data i nc lude informat ion on 
historical accident sequences of  a nature simi lar to the ones under 
consideration ,  information on component part f ai lures and on severe 
envi ronments , and e st imate s o f  the projected frequency of  occurrence o f  the 
s ituation under considerat ion . 

SHORTCOMINGS 

A r i sk a ssessment involves both methodology t o  determine the probabi lity 
of an event sequence  and a physica l and chemical hazard analysi s to 
d etermine the impact of such a sequence . The r i sk a ssessment can be a 
comprehensiv e  one covering al l type s o f  inc ident s at a port  or along a rive r 
system or i t  c an be sequence specific . 

A risk asse ssment  requi re s  extensive calculations  and supporting dat a ;  
there fore , a r i sk analyses will i nev i tably have some shortcoming s . *  The 
principal  shortcoming s can be  as  follows : 

1 . The data base i s  insuffic ient .  The his toric  record of  casualties  
(e . g . , ship collision s )  may not prov ide sufficient detai l concerning 
c ause and e ffect to permit reliable probabi li t ies  to be assigned t o  
event s . Thi s i s  e specially so when new systems or  technologies  are 
i ntroduced f or whi ch l i tt le experience exi st s .  

2 .  Th e  consequence  mode l i s  inaccurate . To quant ify the risk re sulting 
from acc idental release of  hazardous materials into the marine 
env i ronment , use i s  made of  models of  the physical , chemical , and 
b iological proces ses  by which the hazardous materials affec t the 
env ironment in which they are d i sseminated . Of ten these models are 
a very much s implif ied and approximate description of  the real 
process , which can be quit e  comp lex . In some case s , it may not be 
known how reliable a model may be . 

3 .  Human factor s are difficult to quantify because experience i s  
l imited and/or the v ariabi l i ty of  human behavior i s  wide-r anging . 
Underestimat ing human error could lead to a lack of  emphasi s on 
preventive training . An overe st imate o f  these human error rates 
could lead to  undue emphas i s  on elimination of  the human operator . 

*A conc ise d iscussion of r i sk a ssessment with respec t to the transport o f  
hazardous materials i s  given b y  Phi l ip son et  al . ( 1982 ) . In thei r report 
v ari ous  c ommonly used terms are defined and both technical and e thical 
concerns are di scussed and vari ous shortcoming s are documented . 
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4. Th e  ri sk analyst i s  biased . In selec ting event probabi lities  or  
using consequence mode l s , judgment s often must  be  made regardi ng 
which conf l ic t ing data or  calculat ions are mos t suitable to  the 
problem a t  hand . Because many such choice s may be necessary , the 
analyst m ay exhibi t  a c onsistent bias toward m inimizing or  
maximizing the calcu lated risk.  

Ri sk ana lyses h ave been u sed for many purposes , some of which are 
controvers ial . Although i t  i s  natu ral to  expect that  risk analyse s used t o  
s upport pol i cy choices or pol itical dec i sions wi ll be examined c losely and 
c ri tici zed , it i s  important to  recognize the difficu lt ie s  which encumber the 
appl ication of ri sk analyses t o  the solution of prac tical problems . Some 
are : 

1 .  Re duction o f  pri nc ipa l  ri sks . There i s  considerable agreement that 
risk analyse s  can he lp determine the re lative risks of the various 
failure modes and thu s  de lineate the mos t profi table paths f or 
reducing risk. 

2 .  Ri sk-bene fit ana lysi s .  There are two problems a ssocia ted with 
evaluating the bene f i t s  of a proposed act ion vi a-a-vi a the risk s . 
Si nce the benefits  and ri sks are u sually experienced by dif ferent 
popu lations , it is no t clear how these aspects  are to be weighed 
re lat ive to each other. The conver sion of  r i sks to cost s ( for the 
purpose of  comparing to  benef i t s )  i s  also controversial , e specially 
when human l ife or health is  at r i sk and the exposure i s  
involuntary . 

3 . Ac ceptabi l i ty o f  ri sk .  The concept  of  the acceptab i l i ty of risk is 
not a t  all wel l  defined . In addi t ion , cont roversy invariably 
accompanie s the u se o f  absolute risk leve ls a s  criteria f or pub l i c  
acceptab i l ity . Thi s i s  e specially the case when high consequenc e , 
l ow probability events are being considered . 

4. Percept ion of risk . There can be substant ial difference s between 
ri sks perceived by the public and ri sks assessed object ively in  a 
risk analysi s .  To the extent tha t  public perceptions wil l  affect 
public p olicy ,  risk analys i s  may be only one a spect of the 
decision-making proces s. 

With the se c oncerns in  mind , a National Research Counc i l  pane l on LNG 
safety ( National Material s Advi sory Board 1980)  made several 
re commendat ions , and a lthough re la ted specif ically to LNG , these 
recommendations have wider applicablity . The pane l recommended tha t :  

1.  Ri sk a sse ssments shou ld be updated period ically , because new 
knowledge of changing cond itions during the li fet ime of a projec t 
can a f fect the conc lusions of  the original assessment . 
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2 .  Additiona l accident example s  having high consequence-low 
probability event s  should be evaluated for risk s . R i sk assessments 
should be performed no t only for the high consequenc e-low 
probability event s ,  a s  is  current ly the pract ice , but a lso for the 
lower  consequenc e-higher probabi lity event s . Public accep tance of 
LNG can be a f fec ted adverse ly by less-than-c atastrophic events  
(e . g . , spi lls  during transfer operations or  shipboard fire s) . 

3 . The r i sk s  a ssociated with water transportat ion o f  LNG and with 
o ther hazardou s material s should be compared . The USCG in 
consu ltation with an advi sory group shou ld e stabli sh the basis  f or 
risk compari sons (e . g , ca rgoe s and port s to be studied ) .  The 
appl icability of  ri sk-bene f it analysis should be evaluated .  

4 . Be tte r input data  should be developed to increase the reliabi lity 
of ri sk analyses . A worldwide i ncident-reporting system ,  inc luding 
coverage o f  minor incident s and near mis ses , would he lp to  provide 
re levant d ata . Data from tests  at a ship-simu lator fac i lity shou ld 
be collec ted . Such data wil l  increase the reliabi lity of 
synthe sized probabi lity data for ship col li sions at specific 
s i te s . Risk assessment s should provide confidence level s and 
discussions o f  uncertaintie s when probability data are u sed . 

PRESENT DAY ATTITUDE S TOWARDS SAFETY 

From this brief review of the ri sk-re lated literature in shipping , two 
paths o f  ac tivity appear to have evolved . First , the shipping indu stry and 
i ts regulators have attempted t o  re du ce losses by improving their equipment 
and procedure s for operation . Thi s proces s ha s been , unti l recently , 
reac t ive f or the most part , i . e . , tran sport sys tem s  were improved a fte r 
fai lure occurred. Some effort a t  regulation prior to  adverse incident s  ha s 
been a ttempted , based u pon the experienc e of  the community with similar 
cargoe s and their  attendant hazard s .  

Th e  second path o f  activity s tems from an awarene s s  that a systematic 
approach t o  safety based on risk ana lysi s has been evolving in  o the r fie ld s  
a s  well  a s  i n  shipping , and that larg e catastrophic event s , although not 
having yet occurred , may indeed be possible . Thi s lead s one to  believe tha t 
the hi stori cal approach t o  safety in shipping either may not have led to 
adequat e  regu lation or  may have led to coun terproductive regulation for 
potentially l arge events . 

Thi s l atter s et of conc erns i s  exemplif ied in the Bri t i sh literature on 
Mossmorran Bay ( Rice and Su tcliffe  1979 ;  Sutcliffe 19 80) . A review of  the 
hazard s t o  per sons and property at thi s s i te (near Edinburgh) was f ound to 
be large in compari son to o ther levels  of risk imposed upon the popu lace . 
This  occu rre d part ly because the si tuation was one o f  gradual growth , and 
only whe n a comprehensive review wa s pe rformed was  the integrated risk leve l 
m ade apparent . While this s tudy was perf ormed f or an overseas port , there 
i s  enough similarity to sugges t that port s tudies be performed in the u . s .  
u sing ri sk a sssessment techniques . 
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A s econd example o f  re gulatory i nadequacy can be found in the Mari time 
Transportat ion Research Board report on reducing tankbarge pol lution 
( 1 9 81 ) . It  i s  suggested there that regulations may not have universal 
applicabi lity and tha t they are not necessarily cos t effect ive in  all 
i nstanc es (e . g . , a lternative s t o  double hulls as  a means o f  reducing oil  
spi lls  i n  tank barge s may lead t o  reasonable ways of reducing pollut ion bu t  
the se suggested a lternat ive s may b e  le ss  than universa l ly applicable ) .  
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Chapter 3 

REGULATIONS 

The panel ' s  s tudy was l imited to liquid cargoe s  carried in bulk 
i ncluding the combustible and flammable material s regulated under Tit le 4 6  
CFR , Pa rt s 3 Q-40 ( Chap ter 1 ,  Subchapter D ,  Tank Ves sels)  and the toxic , 
react ive and corros ive liquids ,  liquef ied gases , carcinogens , and other 
hazard ous materials regulated under Ti tle 4 6  CFR , Part s 150-15 5 (Chapter 1 ,  
Subchapter 0 ,  Certain Bulk Dangerous Cargoe s ) . Subchapte r D regulate s bulk 
l iquid and l iquefied gas c arg oe s that have conventional burning 
characteri st ic s  (e . g , pe troleum product s )  whereas Subchap ter 0 regulate s 
c argoes that have hazardous propert ies o ther than or in add i t ion t o  
flammabi l i ty .  

Severa l  o f  the se parts  a re d iscussed next using the yearly issues o f  CFR 
Ti tle 4 6  dated October 1 ,  1981  wi thout considerat ion of subsequent changes 
th at may h ave been i ssued via the Fe deral Regi ster . 

Part 150 clas s i f ie s  the hazardous cargoe s into 2 2  react ive group s  and 14 
c arg o groups . I t  i ndicate s ,  f or example , whi ch groups are i ncompat ible and 
mus t not be car ried in  ad jacent tanks . 

Pa rt 151 applying to unmanned barges inc ludes genera l requirement s , 
definitions , and detai led regulations , a s  well a s  Table 151 .05 , Summary of 
Mi nimum Requirements . Ha zard ous materials not l i s ted are not approved f or 
shipment i n  bulk .  Manned barge s require special ind ividua l consideration . 

Pa rt 1 5 3  presents the safety rules for self-prope lled vessels carrying 
hazardou s  liquid s .  Thi s part i ncludes 37 pages of  genera l  requi rements ,  
d efini t ions , detailed rules and regulat ions , and Table 1--Table o f  Minimum 
Requirement s ,  which lists  hazardous cargoe s and minimum requirement s .  

Pa rt 15 4 pre sents the s afety s tandard s o f  self-propel led vessels 
carrying bulk liquefied gase s . Thi s part includes 6 4  pages of  genera l 
re quirement s ,  defini tions , detai led rules and regulat ions , and Table 
4--Summary of Minimum Requi rements , which li sts  the liquef ied gase s and 
m inimum requirement s .  

Part 154a pre sent s interim regulations for i ssuance o f  let ters o f  
compliance to  ba rge s and existing liquef ied gas vessel s .  Thi s Part o f  9 
pages e stablishe s a procedure f or eva luat ing and regulating the safety of  

2 1  
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f ore ign f lag barges c arrying a ny o f  the carg oe s  l i sted in Annex A ,  a nd  
foreign f lag vessel s carrying the liquefied ga ses of  Table 4 of  part 15 4 .  
Th i s  procedure would be used f or barges and ve ssels  bui lt  prior t o  the 
effect ive date o f  Pa rt s 151 , 15 3 ,  and 15 4 .  

Th e  scope o f  the d etai led rules and regulations i n  Part s 151 , 153 , and 
15 4 are summarized i n  the table s of  minimum requi rement s .  These tables 
g enera lly i nc lude the spec ific requirement s for e ach hazardous cargo  i n  
terms of  ship or hul l type , cargo tank type , cargo containment system , 
c ontro l o f  carg o t ank vapor space , vapor leak detec tion ,  gauging , venting 
and vent height , ca rgo  segregation ,  cargo  t ransfer piping and contro l ,  
e nvi ronmental c ontrol o f  carg o  t ank and carg o  hand ling space , e lec trical 
hazard , f ire protec tion ,  temperature control , spec ial requi rement s ,  and t ank 
i nspection . 

Mo st o f  the regulations a re des igned to  pre serve the integri ty of  the 
cargo  containment sys tem and t o  protec t the ship ' s  crew and other  worker s . 
The regulations designed t o  protec t the general public are those that  
minimize the probabi l i ty of  a spi l l  of  considerable magnitude . In thi s 
re gard , the major f ac tors a re the ship or hul l  type , carg o tank type , and 
ca rg o  containment sys tem includ ing the requi rement s for  ship side and bottom 
pro tec tion of the c argo t anks , and t he abi lity of  the ship to survive damage 
and remain afloat in a stable cond i t ion . Based on studies o f  ship 
c ollisions , rammings  and grounding s , the l ocation of the c argo t anks with 
re spec t to the ship ' s  s ide  and bot tom is specified , and criteria for the 
probable e xtent of damage are e st abli shed as a basi s  for d amage s tability 
and survivabi lity calculations . 

Th e  d egree o f  protection required i s  not the same f or a l l  hazardous 
cargoe s . The highe s t  standard of  physica l  protection , Ship Type I ,  i s  
re quire d f or those subs tances considered to  pose the greatest  hazard , those 
whose release would have wid e-reaching effect s . Ship Type I I  i s  required 
f or · those c arg oes c onsidered t o  pose a s igni f icant hazard but whose release 
would no t have as  wid e-reaching ef fect s . Ship Type III  covers produc ts  
c ons idere d to  pose a s ti l l  lesser hazard and is  simi lar in concept to  normal 
tankships carryi ng , for example , gasoline although increased survivabi lity 
is require d .  Th us ,  the i nt ent o f  the regulations is  to provide a d egree o f  
safety equ ivalent t o  tha t found acceptable i n  the transportation of  gasoline . 

RE GULATION DEVELOPMENT 

Th ese regulat ions a re based on many years of  deve lopment work and 
experie nce by government , indus try ,  and the public wi thin the Uni ted State s ,  
and i nternati onally by the Safety of  Li fe a t  Sea Conf erences and IMCO . 

Ralvar sen ( 197 5 )  document s the USCG ' s involvement with hazardous 
materi als . Hi stori cally ,  the f irst  f ederal regulation of hazardous 
materials i s  found in  the Steamboa t Inspec t ion Act of 185 2 ,  which containe d 
re quirements c oncerning the transport of  flammable and c ombust ible l iquids  
on  steam passenger vessel s • An act in 1871 sought to  improve safety in the 
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transportat ion of  such materials  a s  oil of  vi triol , ni tro! , camphene , 
nitroglyceri ne ,  naphtha , benzene , crude oil , and re fined petroleum .  The 
USCG f irs t entered the area of  hazardous materials regulation with the 
Da ng erous Ca rg o Ac t of  1940 . In 1942 the Coast Guard assumed the functions 
of the Bureau of Marine Inspect ion and Navigation , which had been formed in 
19 36 by combining the S teamboat In spection Service and the Bureau of  
Navigation . 

Th e  Morro Ca st le and Mohawk pa ssenger ship d i sasters in  September 1 9 34 
and January 193 5 ,  re spective ly , resul ted in a thorough congressional 
i nve s t igation of mari time regulations , and more marine legislation was 
enac ted in 193 6  and 193 7  than during the previous 20 years . The Tank Ves se l  
Ac t o f  19 36 subjected a ll t ank ve ssels carrying dangerous liquid cargoes  in 
bulk t o  in spection by the Bureau of Marine Inspect ion and Navigat ion and 
a uthori zed the promulgation of  regulat ions regard ing their  construc tion ,  
in spect ion , and operation ( Shepheard 1943 ) . The American Bureau o f  Shipping 
( ABS) , the Ameri can Pe tro leum In st itute (API) , and other groups participated 
in drafting the regulations that  re sulted in Subchapte r D .  

Th e  late 19 50s saw the movement o f  bulk cargoes o f  considerable vari ety , 
i nclud ing the initial  experimentation with the t ransport of cryogenic 
product s  by barg es on u . s . rivers ( U . S .  Coast Guard 1976 ) . In response to  
thi s and other te chnological advances in water transpo rtation , the USCG 
e stablished i ts Chemical Eng ineering Branch to provide f or the eva luat ion of  
the hazard s of  unconventiona l  ca rgoe s .  In  addition ,  a spec ial USCG task 
group was e stablished to formulate plans and concepts  f or new regulations 
for unconventiona l  cargoe s . In 196 3 , a commi t tee was formed wi th 
repre sentat ive s from the API ,  the Manufacturing Chemi sts  As soc iation (now 
CMA) , the Compresse d  Ga s  As sociat ion (CGA) , the Chlorine Institute (CI) , and 
o ther s t o. assist  the USCG in f ormulat ing regulations f or the bulk transport 
of haza rdou s cargoe s .  

Th e  1961 s inking i n  the Missis sippi River near Na tchez o f  a baTge 
car rying 1200 tons of  chlorine in  four independent tanks and the subsequent 
publicity and s uc cessful salvage operation ,  "were the catalysts  by which the 
cor rect ive measure s  ( for ba rge hull s ) were initiated in the form of new 
re gulat ions" ( Steinman and Carman 1966 ) . These new regulations were 
publi shed in the Federa l  Register on February 1 ,  196 3 ,  June 5,  196 4 ,  and 
March 9 ,  1965 and u lt imately were inc orporated in comprehensive new 
regulat ions in  Subchapter o .  

Duri ng the same peri od , the Commi ttee on Hazardous Materials 
(establi shed in 196 2  by the Nationa l Academy of Science s at the USCG ' s  
re quest ) carri ed out various s tud ies on technical aspect s  of  hazardous 
material s safety . One of these re sulted in a method of evaluating the 
hazard s o f  bulk l iquid and l iquef ied gas cargoe s that i s  publi shed in 
Commi t tee on Hazard ous Materials 197 3 .  The method , with accompanying 
sp ecific ratings , permit ted corre lat ion of barge s tructural and operational 
requi rement s with the type and de gree o f  hazard of ind ividual  cargoe s . The 
c ommi t tee ' s  ini t ial report covered 15 6 industri al chemical s and was expanded 
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to cover 3 63 i ndustri al chemical s .  La ter changes , most ly minor , result ing 
from te chnica l  i nformat ion and comment s received from spec iali st s concerned 
with the s afe  handling of  hazard ous material s were inc luded . 

A signi fican t  trade f rom Ame rican pe t rochemica l plants t o  Europe and 
Japan i n  ships of fore ign regi stry began in the early 19 60s . Concerned t hat 
these ships  did no t posses s the safegua rds to  assure containment of the 
c arg o, the USC G  in 1964 require d that any ships t o  be operated in  this trade 
from u . s .  port s should submi t for review and approva l  plans of  the cargo 
c ontainment are a  and re lated p iping and e lectri cal sys tems . Thi s  procedure 
for review and approval of ships  of fore ign registry was a s ignificant 
d epart ure from accepted international prac t ice and was based on the method 
established by the Safety of Life a t  Sea Convent ion ( 1960 )  in regard to the 
port and p opulation hazard pre sented by nuclear propelled merchant ships . 

In 196 7 the Uni ted State s requested tha t IMCO create a subcommit tee t o  
d eve lop a n  i nternational system o f  regulations under whi ch the government of  
registry would over see the requi rement s of ship const ruct ion . Thi s  result ed 
i n  the IMCO Code f or the Cons t ruc tion and Equipment f or Ships  Carrying 
Dangerou s Chemicals in Bulk ( 19 71 )  and the Code for Cons truct ion and 
Eq uipment o f  Ships Ca rry ing Li quef ied Ga se s in Bulk ( 1 9 7 5 ) . S inc e  the u . s . 
regulati ons provided the mode l for these two code s and si nce a conce rted 
e ffort was made to keep them c onsistent with the international standard s a s  
they were developed , the requi rement s of  the IMCO code s were incorporated i n  
the Co de o f  Fe deral Regulat ions with moderate revi sions . 

Among the important and fa r-reaching laws concerning the transport of 
h azard ous mat eri als enac ted in  re cent years are the Federal Water Pollution 
Con tro l Ac t  of 197 2 ,  the Port s and Waterways Safety Ac t  of 197 2 ,  the 
Transpor t ation Safety Ac t of 19 74 , the Deepwater Port s Ac t  of  1974 , and t he 
Port  and Tanke r Safety Ac t o f  197 8 .  

THE USCG REGULATORY PROCESS 

Pr ior to about 1960 , marine legislation and safety regulations genera lly 
resul ted from marine casualt ie s . With the init iat ion of  the Nuc lear 
Merchant Ship Program in 1957  and the beg inning of the bulk shipment o f  
hazardous  materials ,  i t  wa s  recogni zed tha t  a marine accident in port s o r  
waterways c ould result in  casualties  t o  the general populat ion . 
Consequent ly ,  safety recommendations , guides , and regulations were drafted 
c oncurrent ly with the deve lopment of  new t echnologies . 

Hazardous material s ,  pollution , and other  safety regulat ions are 
promulgated as a result of  mari time c asualties , i ndustry requests  to USCG , 
statute s calling for regulations , technological deve lopment s , USCG 
recogn ition of a saf ety problem , Pre sident ial d ire ctive s , or public 
perceptions o f  a problem area . 

The in-house process used by the Coast Guard i n  promulgating regulat i ons 
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i s  pre sented i n  the De cember 1980 i ssue o f  Proceed ings of  the Marine Safety 
Counci l  and i s  summari zed i n  Appendix A of thi s report . Establishi ng 
m inimum requirements  f or the t ransport of hazardous materials i s  an ongoing 
proces s since new industrial chemicals or product s are being proposed 
cont inually (2 2 in the f irst  half of 1981 ) . For each product , data are 
required to be submit ted on Form CG-435 5 ,  Characteri st ics o f  Liquid Chemicals Proposed f or Bulk Water Movement .  The data submi t ted are 
reviewed , compared with simi lar informat ion avai lable f rom other source s , 
and evaluated in compari son with current ly regulated materials f or 
equivalent safe ty . The IMCO Cri teri a for Hazard Evaluat ion of  Bulk 
Chemicals a lso is used in the evaluation process .  

The USCG staf f  then determine s  which i s  the appropriate category for the 
produc t :  

1 .  Unregulated ; 

2 .  Combustible or flammable ( Subchapter D ) ;  

3 .  Toxic , reactive , corrosive , liquef ied gase s , e tc . ( Subchapter 0 ) ;  

4 .  No t permi t ted i n  bulk on manned vessels but permi t ted on unmanned 
barge s ;  or 

5 .  No t permi t ted to  be shipped in bulk except by spec ial individual 
ac tion .  

At thi s  point the proposed rulemaking process s tart s ( see Append ix A ) . 

OPERATIONAL CONTROLS , FACILITIES , AND PERSONNEL 

For safety and environmenta l protection , the USCG regulates  the design, 
c ons truc t i on ,  and testing of ships  and barges carrying hazardous cargoe s ,  
the operation o f  ship s and barge s i n  the navigable waters o f  the United 
States , the waterfront f ac i l i t ie s , and personnel cert if icat ion . Th e  USCG 
has s tatutory authority to regulate and contro l  port safety under the 
Magnuson Ac t  (50  USC 191 ) and the Por t s  of Waterways Safe ty Ac t of 1972  ( 3 3  
USC 12 21 e t  seq) . The regulations  are found i n  Ti tle 33  CFR . Al l  bulk 
l iquid s operat ions are regulated under Part 126  thereof . 

Under 33  CFR , Part  160 , authority has been delegated t o  the USCG 
Di stri c t  Commanders  and Cap tains o f  the Ports  t o  i ssue o rders and d irec t ions 
regulat ing the operationa l  controls of  vessel s carrying hazardous  material s 
when entering , moving within ,  moored in ,  or leaving a u . s .  port ( see 
Patterson 197 8 for example ) . Approximately 40  material s now are de signated 
a s carg oe s of  part icular hazard ( COPH) . Ve ssels carrying the se cargoes  are 
subjec t  t o  add i tional  requi rement s under 33  CFR , Part 124 . 

In spec ific cases the regulatory responsibi li ties  of some government 
agenc ie s  overlap . To delineat e  the exac t areas of each agency ' s 
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re sponsibil i ty ,  Memoranda o f  Understanding (MOU ) are developed . For 
example , the USCG has authori ty over ships ,  p iers , and a ssociated s torage 
tanks while the Material s Transportat ion Bureau (MTB ) ha s authorit y  over 
natural gas transportation and s torage . The agenc ies s igned an MOU , 
"Regulat ion o f  Waterfront Liquef ied Ga s  Faci litie s "  (U . s . Coas t Guard 1978) , 
g iving the USCG responsibil i ty f or e st abli shing regulatory requirements f or :  

1 .  Facility site  select ion as  i t  relates t o  the management of  vessel 
traf fic in and around a f ac il i ty ;  

2 .  Fire prevent ion and f ire protect ion equipment , systems , and met hods 
f or use a t  a f ac i l i ty ;  

3 .  Security of  a fac i l i t y ;  and 

4 .  Al l o ther matters pertaining t o  the fac i l i ty between the vessel and 
the las t manifold (or valve ) immediately before the receiving t ank. 

MTB i s  re sp onsible f or a ll o ther mat ters , e . g . , des ign and c onstruc t ion o f  
the faci li ty .  

The USCG' s  t rad i t i onal re sponsibi l i ty f or safety o f  l i fe and property a t  
sea and i t s  more recently assigned re sponsibility  for protect ion of the 
mari ne environment permit i t  to e s t ablish the qualifications f or l icensing 
and certifying marine personne l for service aboard u . s . me rchant vessel s .  
These regulat ions are c ontained i n  4 6  CFR , Subchapter B ,  Pa rts  10-16 , and 
Subchapter P ,  Part 15 7 .  

Because o f  the preva lence of  f ore ign f lag ships i n  the hazardous cargo 
trade int o  and out o f  u . s . ports , the USCG has been vigorously promot ing the 
deve lopment of international s tandard s f or the off icers and c rew of these 
vessel s through it s u . s . representation i n  IMCO . ( As o f  November 1981 , 
these IMCO s tandard s had not been e stabli shed . )  
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Chapter 4 

A REVIEW OF SOURCES OF INFORMATION 

QUANTITIES AND VARIETIES OF MATERI ALS SH IPPED 

Bulk l iquids moved by water are not sub ject to Interstate Commerce 
Commi ssion ( ICC)  or  other federa l rate regulations . As a consequence , the 
s ta t i s tical background i nf ormat ion available def ining the quanti t ies and 
var i e t ie s  o f  material s shipped i s  nei the r  extens ive nor detai led . Howeve r ,  
c arrier s  are required t o  report (monthly ) the quant i t i e s  and types o f  
commod i t ie s  moved over  variou s  segment s o f  the federally maintained 
wate rways system to the u . s .  Corp s  of Engineers ( COE ) . The COE publ ishes 
summary informat ion about the quanti t ie s  and types of  ca rgoe s moved with 
about a two-year lag a f ter the date of  shipment ( U . S .  Army Corps of 
Engineer s  197 8 ) . Thi s informat ion i s  available for the total waterways 
sys t em and o ften by waterway segment a s  wel l . 

The COE i nformat ion i s  pre sented in 30 commod ity group s wi th 14 6 
c ommod ity c lassif ication numbers . These commod ity numbers are not as  useful 
as they might be because they frequently include many product s  that do not 
fall  i nto  the hazardous carg o category . General t erms l ike "basic chemicals 
and basic chemica l product s"  become catch-alls  and a list  o f  COE commodi ty 
c lassification numbers appl icable t o  each c ommodi ty on the USCG hazardous 
cargo list s would be helpful . Nevertheless , the COE data provide  some 
persp ect ive concerning the volume o f  hazardous materials moved in waterborne 
comme rce . The data i n  Table 3 indicate the approximate quant ity o f  some 
selected hazardous carg oe s :  

TABLE 3 Quantities  o f  Some Selected Commodi ties Shipped Pe r Year 

Clas s 
Number 
14 93 
2 810 
2 813 
2 817 
2 818 
2 819 
2 912 

Amount 
Name (in  thousand s of t ons/yr ) 
Li quid sulfur 8 , 5 60 
Sod ium hydroxide 5 , 188  
Alcohols  4 , 277  
Benzene and toluene 3 , 994  
Su lfuric acid 2 ,  344 
Basic chemicals and products8 3 5 ,09 2 
Liquef ied g ases 5 , 2 88 

Subtotal 6 4 , 74 3  
Total Waterborne Commerce 2 , 021 , 3 50 

8No t  ent ire ly hazardous , but o ther hazardous commodi t ies  are possibly 
included unde r commod ity clas s number s  2871 , 287 2 ,  287 3 ,  287 6 ,  287 9 ,  2 917 . 
SOURCE :  u . s .  Army Corps  of  Engineers 1978 . 
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The Amer ican Waterways Operators ( AWO) u se the COE data as  the bas i s  f or 
an AWO publication ( American Waterways Operators 19 78) . Thi s document 
pre sents d ata  by waterway segment and a lso summari ze s  the d ata to provide 
overal l number s  t o  show withi n  produc t categorie s the tons and ton-mi le s o f  
products  shi pped throughout the domestic i nland waterways system .  

Th e  Mari t ime Admini strat ion also  publishe s  information about the 
quanti ties  and varieties  of materials shipped in domestic  waterborne 
commerce (Marit ime Admini strat ion 1980 ) . These data are publi shed annually 
with f ive-year increments  o f  informat ion . The most recent one available 
shows stat i s t i c s  for 197 5 through 197 9 .  

These publicat ions contain informat ion which i s  largely related t o  the 
dome s t i c  commerce of the Uni ted States . Informat ion about the foreign 
c ommerc e of  the Uni ted States by water i s  contained in  volume i o f  the Corps 
o f  Engineers ' Waterborne Commerce of the Uni ted State s and the information 
i s  gathered by the Corps  from i nformat ion provided by the Bureau of Cenaus 
from report s of  customs entranc e  and clearance forms f i led  for inward and 
outward f ore ign t onnage . 

The Bureau o f  Census d ata are c omputeri zed and generated tabulations may 
be obtained in a form mos t  usable for a particular project . These  can show 
t ons and value o f  import s and export s carried on u . s . and f ore ign ships , o f  
the line r , tanke r , o r  tramp type s , by 2 ,  3 ,  o r  4 d igi t classification 
bas i s .  Such a t abulation on a 4 d ig i t  bas i s  f or the year 1979 l i s t s  a bout 
700 commodi t ie s  and required 71 page s . Two of  these page s which include 
d ata f or s ome bulk l iquid hazardous carg oe s  are reproduced in Appendix B .  
The dat a may also be tabulated on an area t o  area  basi s ( t o  or from 9 u . s . 

areas , and t o  or  from 20  f ore ign areas) . 

Ind ividual carrier and shipping companie s maintain thei r own record s o f  
t ons and t on-mi les of  cargoe s  shipped . Th is  i nformat ion generally i s  
categori zed by the generic name of  the particular cargo involved i n  the cas e 
of  chemicals  and petroleum products ; therefore , i t  tend s  t o  encompass the 
broad spec trum of hazardous material s .  

Informat ion on the volume s  carried by an individual carrier i s  not a t  
al l indicat ive o f  the total quantity of  a particula r cargo moved in  comme rc e  
o n  a relative bas i s  because ind ividual carriers may gain or lose important 
contract s from year to yea r and thi s wil l  change the re lative importance o f  
part icular carg oe s i n  the corp orate mix . Howeve r ,  these individual company 
stati s t ics  d o  tend to  l i s t  the primary hazardous  material s moved in  commerce 
through i nland waterways of  the Uni ted States , and they may be he lpful in 
identi fying specific  chemical s frequently seen in comme rce , thereby 
supplement ing the more genera l categories contained i n  the COE s ta t i s t ic s . 
For instance , a carrier ' s  or  a shippe r ' s statistics  wil l  show the tons and 
t on-miles of produc t s  l ike chlorine , anhydrous ammonia ,  acrylonitrile , 
acetone cyanohydrin ,  caustic  soda , and other  cargoe s commonly found in  
domest ic commerce that are lost  in  the grouping s  in the COE s tatistics . 
Unfortunately , individua l company stat i stics  are not generally available . 
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CHEMICAL HAZARD DATA 

A number o f  publications provide useful informat ion on the magnitude and 
type o f  hazard involved in  the shipment of  specific  hazardous material s .  
On e  i s  the USCG ' s Chemical Da ta Guide f or Bulk Shipment by Water ( 19 76 ) . 
Thi s guide , which has been updated from t ime to  t ime , contains individua l 
page l is t ings for each o f  279 chemical carg oe s , a ll o f  which involve some 
type o f  hazard . The magnitude and type of hazard for the cargo i s  given and 
a b ri ef emerg ency response procedure i s  out lined in the event of a spi l l ,  a 
fire , or  o ther some casualty involving tha t cargo . Thi s information i s  
intended f or u se  b y  nontechnical personne l i n  their response t o  emergencies 
involving these cargoes . The USCG publishe s  simi lar informat ion i n  A 
Condensed Gu ide t o  Chemical Ha zard s which i s  part of  CHRIS ( U . S .  Coast Guard 
197 4) . 

Another 
ind ividual 

eve ope un er contrac t or t e an was 
used by the Coas t Guard in  the grouping of  various individual  chemical 
c arg oes to assign barg e and shi p  hull types f or the c ar riage of  those 
cargoe s and in determining the need for speciali zed equipment (e . g . , gauging 
and venting equipment as well as f iref ight ing equipment and spill 
containment equipment ) for individua l cargoes .  

The various s tandard chemical and petroleum eng ineering references ,  such 
a s  the Handbook o f  Chemi str� and Phys ics and Chemical Dic tionart , are 
frequently used for detaile information about the nature , magn tude , and 
type of  hazard involved with a particular  product . S imi larly , various 
manufacturers publ i sh manuals  that  describe in  detail the charac teri stics  o f  
the cargoe s which they manufac ture . 

INFORMATION ON OPERATING VESSELS 

The USCG ' s  Marine Safe ty Information Sys tem (MSIS ) contains a record o f  
important informat ion about u . s . f lag ocean-going vessels as  wel l  a s  foreign 
flag ships vis iting u . s . port s .  In the past , some record s were kept a t  the 
individua l port s and some at  USCG Headquarters , which made i t  difficul t to 
f ind out about a ves se l ' s his tory .  The MSIS is intended t o  remedy thi s 
situat ion since i t s  data base i s  accessible t o  each por t and can be added t o  
by each p ort . 

There are s everal groups o f  data in  the MSIS . For a f ore ign f lag 
chemica l carrier ,  the f irst  data group define s  the ves se l  by giving the 
ship ' s  name , f ormer names , reference numbers , f lag , d imensions , owne r ,  and 
date o f  cons truct ion . The nex t group contains Safety o f  Life  a t  Sea ( SOLAS ) 
inf ormation and the next , Le tter of  Compliance (LOC )  data including the 
expiration dat e and the list  of  cargoe s approved for carriage . The 
Cer t i fica tion o f  Fi nancial Re sponsibi l i ty has become important in recent 
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year s and the appropri ate d ata are l is ted next . Th i s  i s  followed by an 
entry dealing with reported casualt ie s  tha t  give s the date , location , case 
number , and a short description .  Finally , board ing h i story is de scribed in 
terms of the date , location , result s and type of boarding . With this 
l isting , any deficienc ies noted on one visit  to a port are a lways 
available . Boarding s  are placed in of f-line storage after 18 month s and 
vi olat ions , af ter 3 years . USCG uni ts  must update these entries . Pr ovis ion 
i s  mad e for short message s calling attent ion to a specific  problem wit h  a 
ship , whi ch e ffective ly a lert s all  c oncerned part ies . 

The regulations governing the t ransportat ion of a new cargo a re 
e stabli shed provi sionally by the Ha zard Evaluat ion Branch a t  USCG 
Headqua rters . Up to three years pass before these regulations are published 
i n  the Code of  Federal Regulat ions (CFR)  because of the due process 
requirement s in deve loping regulations . With the MSIS , a few minute s af te r 
a proposed carg o requirement i s  approved by the Ch ief o f  the Ca rgo and 
Hazardous  Material s Division , every port ha s acces s  t o  it . Another module 
of  MSIS wil l  have chemical and physical data on ove r 100 carg oes that c an be 
updated a t  any time . 

SH IP AND BARGE DESI GN 

As noted i n  Chapter 3 ,  the USCG regulates the d esign , cons truc t ion , a nd  
operation of  barge s and tankers  used f o r  the bulk transport of  hazardous 
materi als . Many vessels have been bui l t  in accordance with the regulati ons 
and , in some case s , concurrently with the development of  the regulation s .  
The Co ast Guard has published from t ime t o  t ime a volume ent it led , Li st o f  
Inspected Tank Barge s and Tankships ( 197 7 ) , which include s all tank vessel s 
certificated by the USC G .  Th e  listing designa te s  the variou s  cargoe s 
regulated under 3 3  CFR , Subchapters D o r  0 ,  that a part icular vessel i s  
certif icated t o  carry . It shows a grea t many tank vesse l s  certificated t o  
carry Gr ade A and l ower petro leum products  and far f ewer vessels 
certificated t o  carry the various  chemical s that mus t be listed by name o n  
the c ert i f icate o f  inspec tion o f  the part icular vesse l . A l is t ing of 
hazardous material s barge s and the ca rgoe s for which each i s  certificated 
a lso is i nc luded . 

The des ign and d evelopment o f  some o f  these spec ial purp ose vessels have 
been described i n  the technical literature . Example s of  these technical 
papers a re those by Connors (19 78 ) , Creelman (1971 ) , Cuneo  e t  al . ( 1980) , de 
Frondevi lle ( 197 7 ) , Foster and Coward ( 1965 ) , Howard ( 197 2 ) , McAlear and 
Ni erberg ( 1 9 7 9 ) , Ne al (1976) , Phi l lips and Ke lly (1979) , Shearer ( 1979 ) , 
Steinman and Carman ( 1966) , Symon ( 19 81 ) , and Thoma s and Schwendtne r  ( 19 7 1) . 

In a dd i tion t o  Subchapter 0 and Subchapter D ,  the Coas t Guard regulates  
through it s engineering regulations the equipment to be  utilized within and 
a board the se t ank vessels . Further,  it spells out t hrough i ts t ankerman 
regulations and it s manning regulations the manner in  which these vessel s 
will be crewed and operated by cert ificated and l icensed personnel . Th e  
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USC G ' s i nvolvement with tank vessels o f  a l l  kinds begins during design and 
continue s through the construct ion period with regular inspect ion a t  each 
s tep by trained USCG personnel unt i l  the ves se l  i s  completed and u ltimately 
cert i f icated by the USCG for i t s  intended use . 

Subsequent to  that t ime , the USCG carries out a l if e  cyc le inspection 
program . The program bas ically i s  a biannual inspect ion with an interim 
m id-t erm i nspection so that the vessel generally i s  inspected by USCG 
personne l at leas t once a year  and more comprehensively every two years .  
The regulations a lso require certain drydocking period s  and interna l  t ank 
i nspect ion period s that vary depending on the trade in which the vesse l  i s  
e ng aged and the cargoes being hand led . 

USCG regulations are not stati c ;  they are constantly reviewed and 
amended to keep them up to date and to c orrect deficiences that may become 
apparent a s  new cargoe s and new operations enter the picture . In order t o 
facili tate thi s c ontinous review of  regulations , the USCG consult s various 
i ndustry advi sory group s and committee s  that make available to USCG 
t echnical personnel the broad operating experience of industry professionals . 

In addit ion t o  the USCG publications spelling out construct ion and 
operating s tandard s , there are ,  of  course , the Rules and Regulations o f  the 
Classificat ion Societie s , and a broad range of text s on shi p  and barge · 

d esign and s tructural analys i s  that are used by the c ommuni ty of  naval 
architect s and marine engineers i n  the deve lopment of design s  that 
ult imately will attain USCG and c lassificat ion soc iety approval . Some of 
these publication s  are sponsored by the Society of Nava l Architec t s  and 
Marine Engineers and o thers are produced by various technical publishers . 

OPERATOR TRAINING 

Personnel training i s  avai lable in many f orms . The federal government 
operate s the u .s. Merchant Marine Academy a t  Kings Point , New York , t o  train 
deck and eng ine officer personne l ,  and there are various s tate s chools 
e stablishe d  for the same purpose . The state school s present ly in  operation 
are Maine Mari time , Massachusetts  Mari time Ac ademy , New York S tate Mari time 
Academy , Texa s Marit ime Academy , and the California Marit ime School . In 
addit ion t o  o fficer training schools , a number of marine schools have been 
e stablished by both the government and various unions to train personne l for 
entry l eve l positions on ships and t owboat s  and to upgrade entry level 
personne l t o  more skil led positions in  the deck , engine , and steward ' s  
department s o f  ve ssels . Some private vocational schools provide training 
for cert i ficat ion for a variety o f  marine personne l categories .  A notable 
private school i s  the Na tional River Ac ademy in  He lena , Arkansas , whi ch 
trains pilot bouse personnel , enginee ring personnel , deckhands , tankerme n ,  
and mates f or i nland rive r  t owboat s . The objective of  all  o f  these schools , 
in  addition t o  training qualified personne l , i s  to  produce graduate s who 
will pass the USCG license and c ert i f icate examinations . 

Many o f  the major towboat , barg� , and shipping firms operate i n-bouse  
training programs . These programs generally are i ntended to  fami liari ze 
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personnel with company pol icy c oncerning operating and s af ety procedures and 
the use of  safety equipment . They also attempt t o  familiarize personnel 
with the cargoe s  handled by that part icular company . 

DATA ON PAST INCIDENTS 

The u . s . Coast Guard (1980)  publi shes annually a s ta t i s tical summary of 
commercial vesse l casualt ies . Although a great deal of information i s  
i nc luded , i t  i s  presented i n  a way that makes i t  d if f icult t o  extrac t 
informat ion about hazardous material s incident s . Part  of  the reason for  
thi s  is  that unti l  recent ly a hazardous materials i nc ident bad t o  be 
reported only i f  monetary damage exceeded $1500 or i f  death t o  personne l or  
i f  loss of  t ime because o f  injury were involved . The statistical summary 
information i s  based on data from USCG Casualty Investigat ion Report s and 
the acc ident report forms ( Form CG-2692 ) f i led by operators for e ach 
reportable incident . Supplement ing these are the record s of the Marine 
In spection Office that bas c ognizance over  the repairs . Unfortunately , this 
reporting proces s  i s  no t set up t o  make i t  particularly useful for obtaining 
a s ummary o f  information involving hazardous materials inc ident s .  Al so i t  
i s  no t possible t o  gathe r  informat ion on casualtie s a t  a particular 
location , for i nstance , at a dangerous bridge or a d i f f icult lock or a 

. crossroad where numerous accident s have occurred . 

S i gnif icant water t ransport casualties  are the subject o f  the USCG 
bearing procedure whe rei n  a bearing board i s  established and a detailed 
wri t ten report of  the conc lusions o f  the bearing is  made . In t he case o f  
serious accident s these USCG bearing report s are reviewed by the Nationa l  
Transport at ion Safety Board ( NTSB)  and the NTSB f iles i t s  own report t ha t  
usually contains recommendations  for USCG implementat ion . In add i tion t o  
these report s ,  various ports  ( i . e . , New York , New Or leans , Hous ton , San 
Franci sco , Puge t Sound , and Valde z , Alaska)  maintain ves se l  t raffic  systems 
and c ompile their own records but d o  not publish s ummary informat ion . These 
record s appear to be a useful research resource yet to be tapped . 

Obvi ously , hazardous materials t ransport i nc ident s can have a 
s ignificant impac t on the economi c fortune s o f  the companie s involved . 
Consequently , the individual operat ing companies  maintain detailed record s 
and analyse s o f  the experience o f  their  f leet s . Thi s information generally 
i s  kept conf idential and c onsidered proprietary but from t ime to t ime i t  i s  
made available i n  technical article s o r  speeche s wri t ten by corporate 
personne l . 

Various s tudies of  hazardous materials t ransport experience have been 
conducted . For example , Arthur D .  Lit tle ( 197 4 )  prepared a mode l economic 
and s afety analysi s  o f  the t ransportation of  hazardous substances i n  bulk 
and , the Committee on Hazardous Materials ( 197 3a ) prepared a long-range 
forecast c oncerning the bulk t ransport at ion of  hazardous materials by water 
which include s a case study of  ri sk exposure factors for hazardous material s  
flow i n  int racoastal waterways . 
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Card ( 1 9 7 5 )  repor t s  o n  a s tudy of  the e ffectiveness  of  double bot toms i n  
prevent ing spills , based o n  the records of 30 tank ves se l  casualt ie s  whi ch 
occurred in u.s. waters between January 19 69 and Apri l  1973 . This  s tudy 
showed that i f  the tankers involved had been f i t ted with double bot toms of  
1/ 1 5  the beam ( B )  in height , 90 percent o f  the spills  would not have 
occurred . If the double bot t om height had been 2 . 0 meters , only 1 case i n  
the 30  would have spilled . Th e  regulat i ons for Type s  I and I I  chemical 
ships spec ify B/15 or 6 m ,  whichever i s  less , and for Type s I and II ga s 
ships B/ 15 or  2 m ,  whichever i s  les s . 

The Mari t ime Transportat ion Research Board ( 19 8 1 )  has reported the 
r e sult s o f  some studies  of  pene t rat ion of  s ing le- and double-hull tank 
ba rge s due t o  collisions , rammings , and groundings . One analysis  of loaded 
d ouble-h ul l  barge acc idents showed that penetration o f  the i nner hul l was 
avoided in nearly 9 0  percent of  the accident s involving penetrat ion of  the 
outer hul l .  Another analysis , comparing s ing le- and double-hull barges 
i nd icated even higher effect iveness . OVer 50  percent of  the hazardous 
c arg oe s  l i s ted in 46 CFR , Table 151 . 05 ,  require double hulls or s ingle hulls 
with independent cylindrical cargo tanks . In spite of  severe accident s to 
s ome of the l at ter , whi ch carry c argoes such a s  chlorine and anhydrous 
ammonia , there have been no cargo spi lls from t hi s  barge type . 

Wi th respect to gas ships , through t he end o f  1980 there have been 5 , 4 20 
voyage s ( 10 , 840  loaded port t rans it s )  of  LNG ships without  a spi l l  due to 
c ollisions , rammings ,  or  ground ings . ( There have been small  spills  during 
cargo t ransfer . )  There have been two significant groundings o f  large LNG 
t ankers with no pene tration o f  the i nner bot tom and no spi l l . O f  the 5 , 4 20 
voyage s ,  254  were to the United States , 37 3 were from Alaska to Japan , 1 , 54 9 
were t o  Japan,  and 3 , 3 34 were t o  Europe ( private communication from the 
Society o f  Internationa l Ga s  Tanker and Terminal Operators , Ltd . ) . The 
number o f  voyages o f  liquefied gas ships carrying LPG , e thylene , e tc . , i s  
e s t imated t o  be ten t ime s  that  o f  LNG . Data on spi lls  are not available . 
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Chapter 5 

APPLICATION OF RISK ASSESSMENT METHODS 

POTENTIAL USCG APPLICATIONS 

The scope of potential applicat ions for quantitat ive r isk analysi s by 
the USCG i s  quite large a s  illustrated by the following example s :  

1 .  Bulk shipments  of hydrogen peroxide are not permit ted today . 
Should hydrogen peroxide be permi t ted aboard ship in bulk? Shoul d 
the USCG approve a request  t o  ship hydrogen peroxide o f  60 to  70 
percent concentration , given the nature of  its hazard s?  

2 . Sa fety relief device s prevent t ank overpre ssuri zation during a 
fire , reducing the chance of  a large and rapi d cargo re lease . 
Sinee , on occasion , safety valve s do leak , small releases must be 
expected . Thus , there i s  a t rad e-of f between small infrequent 
re leases and large  releases during f ire s .  For very hazardous 
chemical s (e . g . , chlorine ) ,  should safety rel ie f  device s be 
required? The United S tates requires them , but o ther countrie s 
di sagree . 

3 . Ch lorine i s  re stricted t o  bulk shipment in  barges with no more 
than 4 tanka , each no larger than 300 tons . Current ly , i t  i s  
prohibited aboard ship  in bulk . I s  t hi s  reasonable ? Should 
chlorine be prohibi ted aboard shi p? 

4 .  Vapor recovery systems re turn c argo vapors t o  shore during tanR 
loading . The alternat ive i s  t o  release the vapors to  the 
a tmosphere . Long vapor return p ipes when f illed with f lammable 
fue l-ai r mixture s can t ransform a fire i nt o  a more dangerous 
detonation .  Which a re safer , vapor recovery systems or vent ing 
direct ly t o  the atmosphere? 

5 . Ba rges c an remain i n  service for 50  years or  more and tank vessels 
for 40  years or  more . Should liquefied ga s carriers be permi t ted 
to sai l when they are decades old? Should the USCG e stabli sh 
mandatory scrapping date s for liquef ied gas carrier s ?  Is there 
anything about l ique fied gas carriers that require s a maximum 
lifet ime? Can one distinguish between the cargo containment 
port ion and the re st  of �he ship? 
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6 .  How many back-up sys tems should the USCG require for chemical 
cargoe s ?  To prevent tank overfilling , for example , the Coas t  
Guard c ould requi re a t rained t ankerman , a high level alarm , a nd  
an ove rflow valve . 

7 . How much redundancy should the USCG require i n  e lec tronic 
navigat ion device s ?  Radars , for example , can fai l . Should two be 
i ns talled ? Should there be more than two? 

8 .  Which i s  superior i n  maximiz ing crew safe ty , forward or af t 
deckhouse s?  USCG regulations now f avor aft  d eckhouses .  Which 
arrangement give s the crew more protect ion? 

9 .  Which provides more protection during t ank loading , automatic or 
manua l shutdown s?  Automatic  shutdowns can fai l and crewmen may 
not pay attention .  I f  both t ypes a re used , the aut omatic shutdown 
may not be maintaine d  and /or the crewmen may fail to  pay 
a t tention , counting on the automatic device t o  prevent overf low.  

10 . With open gauging ,  the crew i s  exposed t o  cargo vapor s but i s  able 
to monitor c lose ly the l iquid leve l in the c argo t ank. W i th 
closed  gauging the crew i s  protec ted from vapors but the liqui d 
leve l measurement depends on equipment that c ould f ai l ,  caus ing 
ove rflow ,  tha t could pol lute the air and wate r . Which is safer 
overall , open or c lo sed gauging? 

11 . For molten cargoe s , high vent riser s may become blocked if , during 
the loading , the tank i s  overf illed and the liquid cools and 
solidif ie s . If blocked , a vent riser  cannot relieve overpres sure 
and the cargo tank may rupture . Are high vent risers safe for use 
with molten cargoe s ?  

12 . If  a t ank i s  stowed on deck , i t  can be cooled during a f ire by 
water spray , but i t s  fire exposure factor i s  high . The f i re 
exposure fac tor i s  re lated t o  the amount of  thermal radiation 
received . If stored in  a cargo hold , the f ire exposure factor i s  
much l ower , but the t ank cannot eas i ly be cooled by spray . Where 
should portable tanks be located? 

13 . To wboats are c la ssed a s  uninspected although they move large 
tonnage s o f  cargo (including hazardous material s )  through major 
c ities on waters that require high and reliable perf ormance . 
Should towboat s be inspected in  a manner analogous t o  ocean-going 
ves sel s ?  

14 . Should quantitative risk analysis  be undertaken f or a ll 
significant casualties on inland waterways ?  Such analyse s might 
reveal o ther or c ontributing risks , i tems that should be 
considered in future casualty investigations , and additiona l  i tems 
that should be inc luded in the Mari t ime Safety Information System .  
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15 . Sh ould a minimum rat io o f  towboat horsepower t o  tow t onnage be 
etablished to  assure adequate manueverabi lity under widely varying 
condition s ?  

16 . Al though the USCG d oe s  not have prime re sponsibility for site  
approval , it  doe s have responsibility  for  determining if  and i n  
what manner vessels may uti lize a f ac i l i ty . I s  t he present 
qualitat ive me thod o f  determining the sui tabi l i ty of  a new 
hazard ous materi als f ac i li ty s ite  adequate? 

17 . Doe s a particular port area  require a ves se l  t raf fic  control  
system (VTS ) t o  improve safety? Would the i ns t allation prove t o  
be cos t effec tive? 

The se re pre sentative appl icat ions range from simple sys tems composed of 
relatively few element s t o  large complex systems with many e lements , from 
l ow  c onsequence to  high c onsequence event s ,  and f rom moderate probabi lity to  
extremely low probabi lity for  the occurrence of  an incident . 

The most d if f icult regulat i ons t o be deve loped and enforced by the 
U SCG--and probably the mos t important for public safety--are those relate d 
t o  l ow  probability-high consequence event s i n  certain systems and 
s i tuations . These  regulations characteristically are based on little  or no 
d ire ct experi enc e  and as a result quant itat ive result s of  a r isk analysis  
may wel l  lack credibi lity and uti l i ty . There s t i l l  may be  benefit s from 
quali tat ive risk analysis  because the methodology requi re s o rderly , 
s t ructured  thinking that  reduce s the probabi lity tha t a significant element 
i n  the overall r i sk will be ove rlooked . 

Howeve r ,  in  the absence of an overall quantitat ive analysi s , the problem 
o f  decid ing the acceptabi lity of the e s t imated risk becomes much more 
difficul t because , at  thi s stage i n  the evolution of quant itative risk 
analysis  as a regulatory t oo l , the only approach is to  compare results with 
other ri sks tha t are being accepted . Wi thout overal l quantif icat ion, the 
c ompari son become s a mat ter of judgment or educated gue s s ing . Al though 
regulatory decisions  also should be based on consideration of corre sponding 
benefits  and on who bears the ri sks f or those benefits , a c ons istent , 
quanti tat ive approach t o  these considerations i s  not feasible a t  thi s t ime 
f or a f ie ld a s  diverse as water t ransportation of hazardous mate rial s .  

Give n  thi s situat ion , i t  appear s tha t  applicat ions o f  quanti tat ive risk 
analys is  by the Co ast Guard should inc lude those that meet the following 
criteri a : 

1 .  the s ituation or system being analyzed can be de f ined s o  all 
signif icant  element s are identified , 

2 . the object ive or purp ose o f  the analysis  i s  understood , and 

3 .  potent ia l consequence s warrant a careful analysi s .  
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A SAMPLE APPLICATION 

It was not f easible f or the pane l t o  undert ake a risk analysi s f or any 
of  the rea l decisions facing the Coas t Guard because of t ime and i nput dat a 
l imitat ions . Howeve r ,  a hypo thet ical casual ty sequence deve loped by another 
Nat iona l  Research Counci l group (Marine Board 197 9 )  provided a convenient 
means o f  i llustrat ing the use o f  some quantitat ive r i sk analysi s method s .  
Thi s hypothetica l  event was based on an actua l casualty (U . S . Coas t Guard 
19 72 ) . 

A b rief  descri ption o f  the hypo thetical incident i s  as  follows : A 
towboat pushing four barge s of  re frigerated anhydrous ammoni a (NR 3 ) 1  while  
proceeding downst ream on the Ohi o  River at  f lood stage , s t rike s  a highway 
b ri dge i n  the vi cinty of  Loui svi lle , Ke ntucky , as the re sult  o f  a s teer ing 
failure . The two lead barge s separate from the tow without ca rgo tank 
damage and bre ak apart . One barg e  ground s without incident , but the o ther 
proceed s downs tream and goe s over the McAlpine Dam with subsequent massive 
re lease o f  carg o .  

Al though a c omplete analysis would consider o the r possible consequences 
(e . g . , tow doe s no t break up , both ba rges go over the dam , the grounded 
barge s inks i nstead of  grounding ) ,  the assumed sequence has a large 
resultant consequence and i s  deserving o f  analysi s to  determine i t s  
probabi li ty .  

Fi gure 2 i s  a preliminary event t ree for the hypothet ical sequence 
imbedded in other possible sequence s .  The purpose of the risk analysis i n  
this  c ase i s  t o  est i mate the probabi l i ty o f  a massive release of  ammonia due 
t o  the coexi stence of  the highway bridge and the McAlpine dam .  

Probabi lities in  Figure 2 were a ssigned by pane l members o n  the bas i s  o f  
experienc e  and judgment . In  al l likelihood they are reasonab le , but they 
are pre sented here f or purposes of i llustra t ion only . Al though the 
hazardous material in thi s hypothetical casualty was anhydrous ammonia ,  
a ctual probabi li t ie s  would not change great ly for barg es carrying o ther 
hazardou s materials a s  long as the sequence description was the same . 
However , i f  the analysis  were extended t o  inc lude risk to  the public , t here 
would be major di fference s between cargoe s because of widely diffe ring type s 
and d egrees o f  hazard (e . g . , f lammabi lity , vapor toxici ty , pollution o f  
potable water ,  detonability) . 

The a ssumed sequenc e of events i s  indicated by asterisks i n  Figure 2 .  
The overal l probabi lity i s  obtained by multiplying the elemental 
probabi li t ies as f ollows : 

P • P APBPc lo /E rF fG 1• (1/ 50 ) (1 / 10 ) (1/10 ) (2 /3 ) (3 /4 ) (1/ 3 ) (9 /10 )  

- 3 x lo-5 
where P • probabi l i ty o f  mas sive re lease per t rip . 

Thi s i s  an ext remely simple example o f  one too l  used i n  quantitative risk 
analysis  as i t  might be appl ied in casualty s tudies . I f  the USCG PVM 
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or HACS (described earlier) were utilized , the analysis  could b e  extended t o  
estimat e risk t o  the public from thi s  sequence . Al so , other  event element s 
and o ther pos t-ramming sequences could have been analyzed . 

Variou s o ther tool s from the risk assessment field could be applied t o  
thi s sequence but were not because o f  t ime constraints .  The intent o f  t hi s  
very brie f example i s  t o  show some o f  the power of  the technique s i n  
d isc ipl ining the analysis , thereby making safety poss ibly more quant ifiable 
and certainly making safety analysi s more verifiable , reproducible , and 
c omprehensive . 

Even thi s s imple analysis  can be used t o  ident i fy act ions that may be 
deserving o f  ( furthe r )  considera t ion . Example s are : 

1 .  On ly the lead barg es broke away and , i ntui t ive ly , they appear t o  be 
the mos t vulnerable . Should lead ba rge s be restricted t o  le ss  
hazardous carg oe s ?  ( Note that barges carrying the more hazardous 
cargoe s are de signed to provide more protection for the ca rgo in  the 
event o f  a casualty . )  

2 .  In the hypothet ical casualty , the ini t ial event was a s teering 
failure on the towboat . Should backup steering systems be 
re quired? Should t owboats  be inspected to  be sure that  appropria te 
feature s are present and tha t  they are in  good condition? 

3 .  The towboat had twin screws but was unable to maneuver the t ow whi le 
bound downstream afte r  steering fai led . Should greate r horsepower 
be required , and should i t  be re lated to  tow s ize? 

4 .  Stronge r line s could be used t o  hold tows togethe r  and thi s i s  done 
in Europe on the Rhine Rive r .  Howeve r ,  thi s can result in deck 
f i t t ing failure . Which i s  the safe r  prac t ice?  

S .  It  should be  possible (a lbei t  expensive and complex ) to  equip barges 
with  anchor s and automatic release s that  funct ion when tow line s 
part . Is  thi s  worthwhi le f or the more hazardous c argoes t o  prevent 
uncontrolled  drif ting? 

6 .  A s tandby t owboat could be provided upstream o f  dams d uring periods 
o f  high wate r and swif t current s to corral  drift ing hazardou s  cargo 
barg es . Is  this prac tical and economically feasible ? 

Thi s short illus trat ion doe s not do  just ice to  the power o f  risk 
a ssessment and the t echnique s o f  which i t  consist s . S imi lar s tudies o f  
data , faul t tree  analysis , and common mode considerations would yield o ther 
i nsight s i nto the sequences typified by the one considered here in . 
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Appendix A 

THE USCG PROCES S FOR PROMULGATING REGULATIONS8 

The process by whi ch the USCG promulgates regulat ions is  slow and 
methodical . Each proposal i s  reviewed , pre sented for public comment , and 
d iscussed and reviewed again before becoming final . There are three 
ident ifiable stages in thi s  process : the conceptual stage , the proposa l 
s tage , and the f inal rule stage . The impe tus f or t he regulation can come 
from various sources : public awareness o f  a problem area , a Pre s idential 
d ire ctive , a s ta tute c alling for regulations (such as the fort and Tanker 
Safety Act of 197 8 )  o r ,  moa t  sad ly , a marit ime casualty .  

Once the need for c orrect ive act ion i s  demonstrated , a project manager 
is selected at USCG Headquarter s .  The projec t  manager examine s  the problem 
and looks a t  a lternat ive solut ions . He d ecides whe ther a regulation i s  the 
proper solution or whether some other answer might be more appropriat e .  
Mo at problema which c ome t o  the USCG f or considerat ion are handled i n  some 
othe r way than by regulat ion . I f  a regulat ion seems to  be the bes t  answe r ,  
however ,  the pro ject manager deve lops a work plan . 

The projec t  manager set a f orth the following points in hi s work p la n :  

1 .  Th e  need f or the regulat ion ( i . e . , what prompted the regulatory 
act ivity ) ;  

2 .  The objec tives t o  be accomplished and the means o f  accompli shment , 
stated a s  explicitly a s  possibl e ;  

3 .  Th e  a lternative s c onsidere d  and the various impac ts  the proposed 
alternative s  will have on the economy , the envi ronment , smal l  
businesse s , t he c i t ie s , l ocal g overnment s ,  consumers , the regulated 
part ies , and the genera l publi c ;  

4 .  The major problema or i s sue s expec ted to  be encountered in preparing 
the regulat io n; 

5 .  Th e  authori ty f or the regula tion; 

6 .  How the public input wi ll  be accommodate d ;  and 

7 .  Re commended priori ty and proposed t imetables f or preparation .  

8 Pr om the Proceed ing s  o f  the Marine Safety Counc i l , 37 ( 1980) : 158-9 . 
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The work plan is  given a pre liminary legal revi ew t o  determine whe ther 
there appears to be statutory authority to carry out the proposa l ;  i t  the n  
i s  reviewed by the o f f ic ials respons ible f or the program area conce rned . 
When the program d i rector o f  the regulat ion--a USCG Admi ral--i s sat i sf ie d  
that there i s  a need for the regulat ion and that the proposal i s  the best o f  
the available alternatives , the work plan i s  submit ted t o  the Marine Safet y  
Counc i l  (MSC ) f or c onsiderat ion . 

The Marine Safety Counc il  consi s t s  o f  seven Admirals and i s  chaired by 
the Chie f Counsel .  Included on the MSC are the program di rec tors 
re sponsible f or the major regulatory areas--merchant marine safety , marine 
environmental protect ion , boat ing ,  public and consume r affairs , and the 
o ther o ff ices which have an intere st in regulat ions deve lopment . 

The MSC reviews all the factor s  considered in  the work plan . Each 
member brings to bear the expert ise of hi s s taff  and the particular concern 
o f  hi s off ice . Only when the MSC i s  convinced tha t  a genuine need for the 
re gulat ion exi st s  and that the concept repre sent s the best  available 
alternat ive in terms of accompli shing the desired object ive s  doe s  i t  give 
i ts approval t o  proceed with the pro jec t . 

If the proposal involve s a s ignificant regulation , the work plan must 
rece ive the Commandant ' s  approval and eventually be reviewed by the 
Secre tary o f  Transportat ion and hi s staff . A signif icant regulation . i s one 
which will have extensive e conomic impact , u sually on the order o f  $100 
million or more , or otherwi se be of substant ial public interes t .  

Once a work plan i s  approved , the second s tage o f  the regulatory process 
begins : the preparat ion of  a proposal . A projec t  team is  assigned for  thi s 
t ask , and a docket i s  opened . The pro ject team usually c onsists  o f  the 
projec t manage r and a projec t counsel , although in more complex project s 
addit ional ind ividuals a lso part icipa te . 

The f irs t task of  the projec t team i s  t o  draf t proposed regulations that 
would apply t o  the area o f  concern . The proposal may t ake two f orms : an 
Advanc e Not ice o f  Proposed Rulemaking (ANPRM) or  a Not ice o f  Proposed 
Ru lemaking ( NPRM) . An ANPRM i s  usually a t entative suggest ion of possible 
approache s tha t might be taken in regulat ing an area o f  concern . Even 
though detailed spec ific proposals may be made at  thi s s tep , an ANPRM i s  
published solely t o  generate more informed comment regarding a specific  
i ssue . Al l comment s received are carefully reviewed to  determine whether 
there i s  suff icient  cause and justification to proceed with further 
rulemaking . An NPRM is  publi shed in l ieu of  an advance not ice when the 
Coas t Guard ha s a good idea o f  how the f inal rule should be stated . 

Vari ous administrat ive laws and regulat ions set forth the regulatory 
procedure that mus t  be followed i n  preparing regulatory proposal s .  
Ba sically , these laws and regulat ions say that the public normally must be 
given  the opportunity t o  comment before a regulation can be made final and 
e ffective . There are very f ew e xceptions to  this rule . 
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Once the regulatory proposal i s  completed by the pro ject team , it is 
sent out for internal USCG clearance . Interested partie s are given an 
opportunity to review and revi se the proposal before i t  is published . When 
all required clearances have been received , the appropriate USCG officer 
s igns the proposal and it is printed in the Federal Register for public 
comment . 

Because mos t people d o  not f ollow the dai ly Federal Register , the USCG 
also publishes not ice of regulatory actions in the "Keynote s"  sect ion of  the 
Proceedings o f  the Marine Safety Counc il . By doing this , the USCG is able 
to reach many more interested part ie s than it would if i t  adhered only to  
the requirement t o  publ ish in the Federal Regi ster . 

The comment period i s  a most important one . Partie s view the proposed 
regulation f or the f irst t ime and c an t ell the USCG wha t they think . 
Re sponsive comment by the public , particularly by affected partie s , i s  
necesssary i f  the f inal product i s  t o  be an e ffective , meaningful 
regulat ion . Comment s are usually in the form of a writ ten re sponse t o  the 
proposal published in the Federal Regi ster ; howeve r ,  public hearings a lso 
may be held to allow oral comment s to be presented . 

Af ter comments have been received , they are analyzed in detail by the 
projec t team . After all applicable input s have been reviewed and 
c onsidered , the next stage i s  e ntered . 

If  the proposal was an ANPRM , an NPRM i s  drafted . If the proposal was 
an  NPRM , a f inal rule i s  prepared . If an NPRM receive s  suf ficient negative 
comment , however ,  the USCG may withd raw the proposa l enti rely or may amend 
the notice so extensive ly that another not ice will be published and more 
public comment solicited . Mos t  regulations are published f i rst as NPRMs and 
then a s  f inal rules . 

Once the f inal rule i s  prepared , i t  goes through the same screening 
proces s  as the not ice . It  i s  more c losely scrutini zed during the review , 
however . Al l input in  re sponse t o  an NPRM i s  considered seriously . 

Once a f inal rule i s  signed by the Commandant or anothe r  appropriate 
o ff icial , the f inal regulat ion is published in  the Federal Register . It  
should be noted tha t the projec t team d raft s a preamble to  accompany the 
regulation .  I n  the preamble , the comments received after publicat ion of  a 
not ic e  are di scussed . It explains why some part s of  the regulat ion were 
changed and why some were not . The thought s and policy behind the 
regulat ion will be explained . It i s  a good idea to  retain thi s part o f  the 
Fe deral Register , a s  thi s information will not be published in the Code of  
Federa l Refulations . Usual ly , the regulation will become effect ive 30 days 
after publ catio n .  
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COMMODITY TONNAGE AND MONETARY VALUE 
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APPENDIX B 
1 9 7 9  Census Dat a  - Inbound Tanker 

Code Conunodity Name To tal Tons u . s .  Tons Fo re ign Tons u . s .  % To tal Value 

3330 Crude Pe t roleum 2485109 3 7  84 5 4 1 9 7  240056740 3 354 9 2 7 2 5800 
3 344 Fuel Oils , N . E . S .  4 66404 3 9  2 1 9 3 5 3 3  44446906 5 5 3 9144 7 1 3 5  
3410 Na t . Gas , Propane , e t c . 7 2 7 9 4 9 3  1 5 3 9803 5 7 3 9 6 90 21 5 2 2 1 5 3 7 5 0  
3345 Lubricat ing Oils , e t c . 7115581 4 4 3 385 6 6 7 2 1 9 6  6 1 5 3 7 6144 9 3  
3 34 1  Gas o l ine , J e t  Fue l , e t c . 6195809 2 54110 5941699 4 14 3 9144 6 2 3  
3 34 3  Gas Oils 3889156 4 99218 3389938 13 7 62119402 
3352 Mineral Tar s  & Product s 1 3 7 5 5 2 6  1 3 7 5 5 2 6  1 4 28 7 7 7 7 7  
3 2 2 5  Me tallic Ox ides , NEC 1344166 1344166 1 1 9 7 7 8 5 35 
3 354 Aspha l t , B t um .  Mixtures 1302038 1 4 3 7 1  128 7 6 6 7  1 1 2 01 7 0088 
0615 Molas ses 1301633 4 88 7 0  1 2 5 2 7 6 3  4 1 04 6 6 3 7 9 3  
5 2 2 1  Chem . Elemen t s , Inorgan ic 1082510 2 2 9 382 853128 21 684 9 6684 
5 1 7 1  Coa l  Tar Der iva t ives 5 3 7 1 8 7  5 3 7187 2 2 62 1 4 6 7 1  
4 2 4 3  Cocoanut O il 4 5 5 2 6 6  4 5 5 2 6 6  4 0 7 514107 
5174 Hydro carbons 34 5286 2 7 9 34 7 3 1 7 34 9  8 1 2 7 0 7 5003 
5 1 7 5  Alcoho l s , Mono . & Poly . 2 2 2 2 3 5  1 3 6 9 7  208538 6 7 2 68 9 6 2 1  
4 2 4 2  Palm O i l  1 38110 138110 83808358 
5621 Nitrogenous Fer t i l izers 106 7 7 0  106 7 7 0  1 2 9 4 8 7 7 2  
5622 Pho spha t ic Fer t i l izers 1064 2 6  1064 2 6  109 7 1 5 3 6  V1 
2 7 32 Gypsum , Plas ter , Limes tone 81318 81318 360639 N 

4244 Palm Kernel Oil 71518 7 1 5 18 61 3 2 7 1 7 3  
5 985 Chem . Compounds & Produc t s  618 7 9  618 7 9  2 5 3 5 5 8 9 3  
3232 Coke o f  Coal for Fuel 5 6 7 06 1 5 618 4 1088 28 5861615 
5 2 2 2  Inorganic Ac ids , e t c . 5 5 7 7 2 5 5 7 7 2  2033033 
51 78 N i trogenous Compounds 5 4 2 9 3  5 4 2 9 3  8 7 8 9 0 3 5 5  
5 1 7 2  Chemical s , Inds t rl . Orgnc . 38635 38635 2 9 6 9 2 3 2 8  
5 1 7 6  Epoxides , Ether s , e t c . 3 6 8 3 3  36833 20406080 
51 7 7  Organic Ac ids 2 8 6 5 3  28653 20954 9 7 9  
5 6 2 3  Potas s ic Fert ilizers 25166 2 5 1 66 1 5 6 5 2 8 5  
6411 Newsp r int Paper 2 3 2 7 2  2 3 2 7 2  8 2 08182 
9 311 Spec Transac t ions N .  Clas 14885 14885 1 1 4 0 7 9 9 8  
5910 Pes t i c ide , Herb ic i de , e t c . 14121 14 1 2 1  4 3944809 
5542 Wash ing Prepara t ions , NES 1 3 788 1 3 7 8 8  1 2 6 3 5 7 1 8  
5 2 6 0  Ino rganic Chems . ,  NES 1 2 3 2 5  1 2 32 5  209078 
2 32 0  Rubber , Gums , Unpro cessed 9304 5 1 7 7  4 1 2 7  56 9 2 6 7 5 5 0  
3353 P i t ch o f  Coal Tar 7888 7888 5 6 5 5 9 5  
6 7 1 2  P i g  Iron , Ca s t  Iron , Spieg 6982 6982 9 1 3 7 4 1  
1124 Ds t ld .  Al coho l i c  Bevgs 5 8 7 6  1 6  5860 5 1 6 7 9 34 
3351 Mineral Waxes & Pet . Jellies 5 78 2  5 7 8 2  1620130 
5884 Res ins & Res in Ma t e r ials 544 5 5 4 4 5  5044 7 6 2  
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APPENDIX B ( cont inued) 
1 9 7 9  Census Da t a  - Inb ound Tanker 

Co de CoDDD.odity Name To tal Tons U . S .  Tons Foreign Tons u . s .  % To tal Value 

4 231 Rapeseed Oil 4182 4182 3 3 7 1 6 5 1  
2331 Rubber s ,  Syn thet ic 3511 3511 2018639 
5 981 Wood & Res in Chem . Produc t s  2 9 5 3  2 9 5 3  941161 
4111 Fat s  & Oils o f  Fish 2889 2889 5 9 5 6 3 2  
0620 Sgr . Confec . No . Cho c . ,  e t c . 2862 2862 3 3 7 048 
6786 S t eel P ip e , Tubes , e t c . 2506 1 54 2 3 5 2  6 1 3 6 7 4 5 9  
7810 Pas sngr Autos & Vehic les 2396 2 3 9 6  104 5 3 4 9 5  
4 248 Vege table Oils , N . E . S .  2020 2020 2 2 7 0 7 1 5  
5 1 7 9  Organ ic Chemical s , N . E . S .  1 7 6 3  1 7 6 3  2 3 6 7 5 32 
5 1 7 3  Chemicals , Finished , Organic 167 5 1 6 7 5  1 798687 
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Co de Commodity Name To tal Tons U . S . Tons Fo reign Tons u . s .  % To tal Va lue 

3355 Coke , Pit ch , An t hra O i l  8 2 7 9056 14742 8 2 64 3 1 4  4 7 2032050 
5 2 5 3  Spec Ino rganic Compounds 241914 7 9 1 5 4 0  2 3 2 7 60 7  4 1 6 7 5 5 8 5 9 2  
5 1 7 3  Oth S p e c  Acyc Organ Cmpd 22104 7 0  7 5 6  2 2 0 9 7 14 928410754 
3345 Lub r ica t ing Oils , Grea ses 2184 7 1 2  1 1 3 2 1 8  2071494 5 31 95 33695 
081 0 Fee d  for Anm1 Ex Unm Crl 1 7 902 7 5  1 1 0  1 7 90165 329 7 2 6 7 8 3  
0440 Corn or Maize--Unmilled 14 5 2 5 4 7  1 64 352 1 288195 1 1  1 7 4 7 6 5 7 6 9  
2 2 2 2  Soybean , Ex Cof fee Sub s t  1 300222 63109 1 2 3 7 1 1 3  5 3 5 0 3 7 5 8 1 2  
5 112 Cyc l i c  Hydro carbons 1 1 7 9951 14 28 1 1 7 8 5 2 3  6 2 7 5 1 38 6 6  
0410 Wheat & Mes l in--Unmilled 1128654 2 3 9 385 889 2 6 9  2 1  1 5 9 5 6 9 3 3 7  
5 2 5 7  S o dm  N i t r  P t s sm Sul f , e t c . 1099281 1099281 211 319 388 
3410 Gas -Na t & Mf d 1080990 1080990 1 2 6820482 
4113 Anml- Fat , Oil , Inc . Wl Grease 969390 1424 9 6 7 9 6 6  5 2 5 60105 3  
4 2 3 2  Soybean O i l  E x  Hydrogena 854820 4871 849949 1 558946831 
5113 Halogen Der iv--Hydrocarb 4 24158 4 24158 14 8189290 
5171 Oth Spec Cycl ic Org Chem 421587 4 2 1 5 8 7  1 5 7 54 3300 
5621 Ammon Nitr, Sulf , etc . 410836 4 7 094 3 6 3 7 4 2  11 36086198 
3 344 Heavy Fuel O i l s  37 9183 19285 359898 5 4 4 3 6 2 2 7 8  
5982 Var Add i t ive Preps 2 9 005 9 2 8 2  289 7 7 7  3 1 7 2 5 8 364 
3341 Gas , Naphtha Der & Jet fuel 2 75019 2 7 5019 80545855 VI � 
2 7 4 3  Sulf ur�tve Elem o r  Recc 26634 2 7 3 7 9  258963 3 149061 5 1  
5 1 7 2  Oth S p e c  Int er Chem Cmpd 254351 2 5 4 3 5 1  202464538 
4 2 3 3  Co t t onsd O i l  Ex Hydrogn t 235345 2 3 5 34 5  1594980 7 5  
0615 Mo lasses 189 7 38 189 7 38 1600 9 5 1 2  
3343 Mtr Fuel Fuelo il-Lght #4 185403 4 35 7 5  141828 24 2 1 5 3 5 32 6 
2 71 3  Phospha t es--Crude & Apa t i �  182929 18 2 9 2 9  5 5 3 5 4 2 1  
5 6 2 9  Fer t i l izer , NSPF 1 3 2941 10098 1 2 284 3 8 24544513 
5111 Acycl ic Hydrocarbons 128869 1 28869 61231164 
5 2 5 2  Inorganic Ac ids 98483 98483 8 3 3 3 2 8 6  
3 3 5 2  Coal Tar , Oils-Creo , e t c . 9 3 7 4 2  9 3 7 4 2  6548818 
4 111 Menha Oil , Mar-Anml Oil 86115 86115 3 7 621628 
5988 Mis e  Chem Prod NSPF 8 2 2 05 2 9 3 1  7 9 2 74 4 3 3 7 01 9 08 
3351 P e t r  Jelly , Wax , Para f Wax 5 7891 5 7 8 9 1  154 71048 
5 1 7 8  Plas t ic iz er s , etc . 5 10 7 7  510 7 7  4 34 6 5 2 6 6  
5981 Turpen t ine , Res ins , P i t ch 46191 4 61 9 1  1 5 0 5 4 1 9 3  
04 30 Ba rley-Unmilled 4 2140 4 2140 100 4105 784 
5881 Thermoplas t ic Res ins 41385 6 4 1 3 7 9  41205210 
4 2 5 0  Unmix Oil--Corn Fix Veg 3 9 91 3 39913 319 7 6 5 2 3  
5622 Phospha t i c  Ftlzr , etc . 384 5 1  384 51 6606116 
5 1 7 9  Fa t ty Sub s t ances 3 5 5 2 1  3 5 5 2 1  2 2 600003 
5 1 74 Al cohol Mix , Monohyd , Acyc 2 8 601 2Rfi01  ? /, ? /, n 1 &.. 1 

Copyright © National Academy of Sciences. All rights reserved.

Application of Quantitative Risk Assessment Techniques in the U.S. Coast Guard Regulatory Process
http://www.nap.edu/catalog.php?record_id=19588

http://www.nap.edu/catalog.php?record_id=19588


Code Commodity Name 

4236  Sun flowe r Seed Oil 
0459  Buckwht , Oth Cerls--Unml d 
4400 Hydr Anml , Veg Oil & Fat s 
2471  Sawlogs , Veneer Logs- S o f t  
0421 Rice in Husk or Husked 
9310 Spec Trans , N t  Cla s s f d  
5544 Cleaning Preparat ions 
0422  Ric e-Semi o r  Whol Milled 

APPENDIX B (continued) 
1979  Census Data - Outbound Tanke r  

T o t a l  Tons U . S .  Tons Foreign Tons U . S .  % 

28084 28084 
25797  2574 7  50 100 
25264 25264 
2 312 7 2 3127 
22987 22987 
20184 7688 12496 38 
18196 18196 
12085 12085 

To tal Value 

18402196  
2 7 31 362 

1 7 3 34 599 
1 4 7 3820 
8060649 

524239 
11291 741 

4408981 

VI 
VI 
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Appendix  C 

BIOGRAPHICAL SKETCHES OF TRE PANEL MEMBERS 

ROBERT c . ERDMANN received a B . S .  and an M . s . from Newark College of 
Eng ineering and the University o f  Ca lifornia a t  Los Ange les ( UCLA) , 
re spectively . He obtained hi s Ph . D .  in  applied mechanic s and physics  at  the 
Ca lifornia In st itute of Technology and then j oined the f aculty at UCLA . Hi s 
present posit ion i s  a t  Science  Application Inc . where hi s technical 
i ntere sts  inc lude nuclear reactor safety and reliabi lity analysis  and risk 
analysi s  i n  engineering . 

WI LLIAM A CREELMAN JR .  rece ived a B . S .  from the u . s . Merchant Marine 
Academy . After various  positions with Lake Tanker s  Corporat ion and Nat iona l 
Oi l Transport Corpora tion he j oined The Na tional Marine Service . He i s  now 
president o f  the company . 

JAMES A .  FAY o btained a B . s .  from Webb Institute of  Naval Architecture , an 
M . S . from the Massachusett s Inst i tute of Technology (M . I . T . ) , and a Ph . D .  i n  
mechanical e ng ineering from Corne ll Universi ty . Af ter being a professor at  
Cornel l University he  became a profes sor of  mechanica l engineering at  
M .I . T .  Ga seous detonat ions , p lasma physics , air  and o i l  pollut ion , and 
liquefied  gas safety are among hi s research interest s . 

GEORGE W .  FELDMANN received A. B . , B . S . ,  and Ch . E . degrees  from Co lumbia 
Univers ity . After forty years with E .  I .  du  Pont de  Nemours and Co . he 
re tired and became a c onsultant . Hi s expert ise i s in rubber chemicals , 
fluorine and titanium proces s development , marine engineering , and movement 
o f  bulk dangerous products  by barge and ves se l . 

JAMES P .  FLYNN obtained  a B . S .  from Bucknel l  University and a Ph . D .  in 
chemi stry from Iowa S tate Universi ty . S ince graduation he has been employed 
by The Dow Chemica l Company and i s  pre sently a research associate . Hi s 
t echnical expert ise compr i se s  the evaluat ion o f  chemical hazard s , hazardous 
waste di sposal , and health and environmental regulat ions . 

DOUGLAS c. MacMI LLAN graduated from the Massachuset t s  Inst i tute of  
Technology with a B . S .  in  naval architecture . He has worked for the Federa l 
Shipbuilding and Dry Do ck Company , George G .  Sharp , and the Quincy 
Shipbui lding Divis ion o f  Genera l Dynamic s Corporation . Af ter hi s ret irement 
he became a c onsultant i n  nava l a rchi tecture . Mr . MacMi llan i s  a member o f  
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