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1.0 SUMMARY 

The l i q u e f i e d  na tura l  gas (LNG) i n d u s t r y  employs a  v a r i e t y  o f  re lease pre-  

vent ion  and c o n t r o l  techniques t o  reduce the 1  i kel  ihood and the  consequences 

)f acc identa l  LNG re leases.  A s tudy o f  the  e f fec t i veness  o f  these re lease 

~ r e v e n t i o n  and con t ro l  systems i s  being performed by P a c i f i c  Northwest Labora- 

:ory (PNL) as p a r t  o f  t he  L ique f i ed  Gaseous Fuels Safety and Environmental 

:ontrol Assessment Program conducted by the U. S. Department o f  Energy, Of f  i c e  

~f the  Ass i s tan t  Secretary f o r  Environmental Pro tec t ion ,  Safety and Emergency 

'reparedness (DOEIEP). The o v e r a l l  ob jec t i ves  o f  t h i s  PNL research p r o j e c t  

i r e  t o  develop an adequate understanding o f  re lease prevent ion  and c o n t r o l  

systems and t o  i d e n t i f y  f a c t o r s  which may a l t e r  o r  n u l l i f y  t h e i r  usefulness. 

I .  1  STUDY APPROACH 

A  phased approach was se lec ted  t o  accomplish the  study ob jec t i ves .  F i r s t ,  

raeference desc r ip t i ons  f o r  the  bas ic  types o f  LNG f a c i l i t i e s  were developed. 

\n overview study was performed i n  the  nex t  phase o f  the  study t o  i d e n t i f y  

$ireas t h a t  m e r i t  subsequent and more d e t a i l e d  analyses. The f i n a l  phase of 

:he study i s  t o  conduct these more d e t a i l e d  analyses. 

This  r e p o r t  summarizes the  r e s u l t s  o f  the  f i r s t  two 'steps i n  the  above 

~ p p r o a c h .  The s p e c i f i c  o b j e c t i v e s  o f  t h i s  e f f o r t  were t o :  1 )  cha rac te r i ze  

;he LNG f a c i l i t i e s  o f  i n t e r e s t  and t h e i r  re lease prevent ion  and c o n t r o l  systems; 

!) i d e n t i f y  poss ib le  weak 1 inks  and research needs; and 3)  p rov ide  an a n a l y t i c a l  

Framework f o r  subsequent d e t a i l e d  analyses. The i n fo rma t ion  presented i n  t h i s  

r e p o r t  has prov ided a necessary bas is  f o r  t he  f i n a l  (ongoing) phase o f  t he  PNL 

i tudy and a l s o  background in fo rma t ion  t o  a s s i s t  t he  o v e r a l l  p lanning of tech- 

~ i c a l  e f f o r t  i n  t he  DOE/EP Program. 

The LNG f a c i l i t i e s  analyzed i nc lude  a  re ference expo r t  te rmina l ,  marine 

i 'essel , impor t  te rmina l ,  peakshaving f a c i l  i t y ,  t r u c k  tanker,  and sate1 1  i t e  

' ' a c i l i t y .  This  r e p o r t  inc ludes  a  re ference d e s c r i p t i o n  f o r  these f a c i l i t i e s ,  

: p r e l i m i n a r y  hazards ana lys i s  (PHA), and a  1  i s t  o f  rep resen ta t i ve  re lease scen- 

? r i o s .  Whi le t h e  emphasis o f  t h i s  overview study i s  on re lease prevent ion,  



release control i s  implicit  in many release prevention approaches. The refer-  

ence f a c i l i t y  descriptions outline basic process flows, plant layouts, and 
safety features.  The PHA ident i f ies  the important release prevention opera- 
t ions.  Representative re1 ease scenarios provide a format for  discussing 
potential i n i t i a t ing  events, effects  of the release prevention and control 

systems, information needs, and potential design changes. These scenarios 

range from re la t ive ly  frequent b u t  low consequence releases to  unlikely b u t  

large releases and are  the principal basis for  the next stage of analysis. 

1.2 STUDY RESULTS 

This overview study has identified some important release prevention 
features tha t  merit more detailed consideration in the next phase of the stud; 
These are  summarized below for  each of the LNG f a c i l i t i e s  analyzed. 

1.2.) E x ~ o r t  Terminal 

The storage and loading sections of the export terminal have the potentii 

fo r  the largest  LNG releases. Key storage section components include the 

inner and outer tank s t ructure,  the pressure control systems, the internal 
shutoff valves, and the 1 iquid-level indicators and alarms. Important loadin! 

section components include the t ransfer  1 ine, the loading arms and coupling 

mechanism, and the loading emergency shutdown systems. In addition, the 

operator interface can have a s ignif icant  e f fec t  on release prevention for  a l '  
systems i n  the f a c i l i t y .  

1.2.2 Marine Vessel 

The largest  potential s p i l l s  of LNG from the marine vessel occur when 
one or  more of the cargo tanks rupture. Failure or faul ty  operation of the 
cargo handl i ng system general 1 y resul t s  i n  small er spfl 1 s . Important cargo 
handling system components include the primary tank s t ructure,  the outer and 
inner hul ls ,  the cargo tank level indicators,  and safety valves. Important 
cargo handl ing system components include the 1 iquid header, crossover 1 ine, 

valves, and the emergency shutdown system. The human element is  also a fact01 
during tanker loading and unloading. Crewman and operator traininq and good 
communications between ship and terminal personnel a re  par t icular ly important 



1.2.3 Import Terminal 

The storage section and the unloading sections of the import terminal 
have the potential for  the largest  LNG releases. The key storage and unload- 
ing components are the same as those of the export terminal. 

1.2.4 Peakshaving Facili ty 

The storage system and the vaporization system have the potential fo r  
the largest  LNG releases from a peakshaving f ac i l i t y .  Key storage section 
release prevention components include the inner and outer tank structure,  

the pressure control system, the tank discharge l ine ,  and the storage tank 
pump vessel. Important vaporization system release prevention components 
include the vaporizer heat exchanger tubes and water bath tank, the vaporizer 

discharge l ine ,  and the temperature controller on the discharge l ine.  In 

addition, the operator interface can have a significant e f fec t  on release 
prevention for  a l l  systems i n  the f ac i l i t y .  

1.2.5 Truck Tanker 

The L N G  truck tanker i s  analyzed as part  of the peakshaving f a c i l i t y  
scoping assessment. Important transportation and transfer system release 

prevention components include the double-shell truck tank, the operator inter-  

face, and the pressure r e l i e f  devices. 

1.2.6 S a t e l l i t e  Facili ty 

The storage system of the s a t e l l i t e  f a c i l i t y  has the potential fo r  the 
largest  L N G  releases. Key storage section components include the inner and 
outer t a n k  structure,  the pressure control system, the tank discharge l ine ,  
the LNG recirculation l ine ,  the storage tank pump vessel, and the boiloff 
heaters. 

1.2.7 Information Needs 

In performing th i s  overview study, additional information needs were 
identified.  Some of these needs were specific to the f a c i l i t y  being analyzed 

and are discussed i n  the respective sections of th i s  report. More general 

information gaps and needs were identified in such areas as the structural 



i n t e g r i t y  o f  s torage tanks when sub jec t  t o  hazardous cond i t ions ,  t he  opera tor  

i n t e r f a c e  and i t s  e f f e c t  on re lease prevent ion  and c o n t r o l ,  LNG equipment f a i l -  

u re  r a t e  data, and t h e  e f f e c t  o f  thermal c y c l i n g  on LNG equipment performance. 

1.3 DIRECTION OF CONTINUING STUDY 

The r e s u l t s  of t h i s  study show t h a t  the marine vessel, impor t  te rmina l ,  

and peakshaving f a c i l  i t y  con ta in  the  bas ic  re lease prevent ion and c o n t r o l  e l e -  

ments u t i l i z e d  i n  t he  LNG indus t r y .  B u i l d i n g  upon these r e s u l t s ,  PNL has 

i n i t i a t e d  more d e t a i l e d  assessments o f  LNG impor t  terminal  and peakshaving 

f a c i l i t y  re lease prevent ion  and c o n t r o l  systems. Marine vessel re1  ease preven- 

t i o n  and c o n t r o l  was considered i n  a  separate p o r t i o n  o f  the  DOEIEP Assessment 

Program (A r thu r  D. L i t t l e ,  Inc.  1980). The o b j e c t i v e  o f  the  d e t a i l e d  impor t  

te rmina l  and peakshaving f a c i  1  i t y  assessments i s  t o  est imate re1 ease frequencies 

and vo l  umes f o r  t h e  rep resen ta t i ve  re1 ease sequences i d e n t i f i e d  i n  t h i s  overview 

study. The e f f e c t  o f  a l t e r n a t i v e  re lease prevent ion  and con t ro i  systems and 

procedures w i l l  be examined and compared on a  q u a n t i t a t i v e  basis .  Studies are  

a l so  being conducted by PNL on LNG f i r e  and vapor c o n t r o l  systems, LNG storage 

tank operat ions, and human f a c t o r s  i n  LNG re lease prevent ion  and c o n t r o l .  



INTRODUCTION AND ANALYTICAL APPROACH 

L i q u e f i e d  Natura l  Gas (LNG) p lays  an important  r o l e  i n  meeting the  energy 

needs o f  t he  U.S. and o the r  countr ies.  Since one u n i t  volume o f  LNG i s  equiva- 

l e n t  t o  600 u n i t  volumes o f  na tu ra l  gas, l a r g e  volumes o f  gas can be economi- 

c a l l y  s to red  and t ransported i n  t he  l i q u e f i e d  form. I n  the  Uni ted States, LNG 

has a  twenty-year record  s f  sa fe  handl ing and use. However, as i s  t r u e  f o r  a l l  

la rge-sca le  energy r e l a t e d  i ndus t r i es ,  LNG operat ions have some p o t e n t i a l  f o r  

acc idents t h a t  present r i s k s  t o  p roper ty  and 1  i f e .  Expected changes i n  i n d u s t r y  

s i z e  and c h a r a c t e r i s t i c s  and the  s c a r c i t y  o f  d e t a i l e d  knowledge about safety 

r e l a t e d  issues have generated the  need f o r  an i n teg ra ted  sa fe ty  and envi ron-  

mental c o n t r o l  assessment o f  LNG operat ions. The Energy Research and Develop- 

ment Admin i s t ra t i on  (ERDA) i n i t i a t e d  a  research program i n  1977 t o  meet t h i s  

need. This  program has evolved i n t o  the  L ique f i ed  Gaseous Fuels (LGF) Safety 

and Environmental Control  Assessment Program conducted by the  U.S. Department 

of Energy, O f f  i ce o f  Envi ronmental Pro tec t ion ,  Safety and Emergency Preparedness 

(DOEIEP). The p lan  f o r  t h i s  DOE Program i s  presented i n  the  f i r s t  LGF Program 

Status Report. (U.S. Department o f  Energy 1979). 

The LNG i n d u s t r y  employs a v a r i e t y  o f  re lease prevent ion and c o n t r o l  tech-  

niques t o  reduce the  l i k e l i h o o d  and the  consequences o f  acc identa l  LNG re leases.  

These re lease prevent ion and c o n t r o l  systems a re  being s tud ied  by P a c i f i c  North- 

west Laboratory (PNL) as p a r t  o f  the  DOEIEP Assessment Program. The o v e r a l l  

ob jec t i ves  o f  t he  PNL study a re  t o  develop an adequate understanding o f  re lease 

prevent ion and c o n t r o l  systems u t i l  i zed  i n  the  LNG i n d u s t r y  and i d e n t i f y  f a c t o r s  

which may a l t e r  o r  n u l l i f y  t h e i r  e f fec t iveness ,  This  r e p o r t  conta ins the  r e s u l t s  

of  the  f i r s t  two phases o f  t h i s  e f f o r t  which together  p rov ide  an overview o f  

re lease prevent ion and c o n t r o l  i n  LNG processing, t r a n s p o r t a t i o n  and storage. 

2.1 STUDY PURPOSE AND ANALYTICAL APPROACH 

The purpose o f  t h i s  s tudy was t o  p rov ide  i n fo rma t ion  t o  a s s i s t  the  p lan-  

n ing  o f  t he  DOE/EP Assessment Program and to. supply a  bas is  f o r  decision-making 

by the  var ious  p a r t i e s  invo lved w i t h  LNG sa fe ty  and environmental c o n t r o l .  To 

f u l f i l l  these goals the  s p e c i f i c  ob jec t i ves  o f  the  PNL study are  t o :  



I d e n t i f y  impor tan t  fea tures  and poss ib le  weak l i n k s  o f  LNG re lease 

prevent ion  and c o n t r o l  systems 

I d e n t i f y  da ta  needs and i n fo rma t ion  gaps 

Recommend approaches f o r  ob ta in ing  t h i s  necessary a d d i t i o n a l  i n fo rma t ion  

I d e n t i f y  p o t e n t i a l  areas where re lease prevent ion  and c o n t r o l  systems 

can be e f f e c t i v e l y  improved 

A phased a n a l y t i c a l  approach was adopted t o  accomplish t h e  above o b j e c t i v t  

The elements o f  t h i s  approach a re  i nd i ca ted  i n  F igure 2.1 and described below. 

Faci 1 i t y  
Descr ipt ion 

Scopi ng Assessment 
o f  Release Prevention 
and Control Systems 
o f  LNG F a c i l i t i e s  

) This Report 

Supporting 
Release Prevention 
Systems o f  Indicated 
F a c i l i t i e s  

Assessment of F i r e  
and Vapor Control 
Systems o f  Indicated 
F a c i l i t i e s  

t----: 

Final  Output 

FIGURE 2.1 . A n a l y t i c a l  Approach f o r  LNG Release 
Prevent ion and Control  Study 



2.1 . I  Reference Facil i t y  Descriptions 

The basic f a c i l i t i e s  for  LNG processing, transportation and storage are  

i l lus t ra ted  in Figure 2.2 and include the export terminal, marine vessel, import 
terminal, peakshaving f a c i l i t i e s ,  truck tanker and s a t e l l i t e  f a c i l i t y .  

The f i r s t  study phase focused on developing reference descriptions for  
each of these LNG f a c i l i t i e s .  I t  was recognized that  there are many design 
alternatives and tha t  there are no "standard" designs for  these f a c i l i t i e s .  

The reference designs developed and used i n  t h i s  study were based primarily on 
recently constructed or proposed LNG f a c i l i t i e s .  The reference f a c i l i t y  
descriptions provide a common basis for  evaluating representative release 
prevention and control systems. 

2.1.2 Overview Study 

The reference descriptions were used i n  the second study phase to perform 

an overview, or f i r s t  level analysis,  to  identify information needs and release 

prevention and control areas which may merit more detailed study. A preliminary 

hazards analysis (PHA) was performed in which potential hazard conditions were 
outlined for  each major subsystem or component. The ef fec t  of hazardous condi- 

t ions and existing prevention and control measures are described. Using the 

resul ts  of the PHA, a l i s t  of representative release events were developed for  
each f a c i l i t y .  These events range from relat ively frequent b u t  low consequence 
releases to  unlikely b u t  large releases that  are typical of the range of hazards 

involved in LNG operations. Possible in i t ia t ing  events, the influence of the 
release prevention and control systems, additional information required for  
further analysis, and potential design and operational changes were assessed on 
a preliminary basis. The representative release events form the basis for  the 
quantitative evaluation of the release prevention and control systems in the 
next phase of analysis. 

2.1.3 Detailed Assessment 

The t h i r d  phase of the study ( t o  be presented in l a t e r  reports of th i s  

s e r i e s )  consists of more detai 1 ed analyses recommended by the overview assess- 

ment. Because many LNG processing and storage operations are similar a t  

different  LNG faci 1 i t i e s ,  the more detailed release prevention and control 
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Export  Terminal - a l a r g e  capac i ty  f a c i l i t y  which receives n a t u r a l  gas, 
l i q u e f i e s  i t  a f t e r  c lean ing  and s to res  the  LNG u n t i l  i t  i s  loaded on 
marine vessels f o r  shipment t o  an impor t  te rmina l .  

Marine Vessel - ocean-going sh ip  u t i l i z i n g  e i t h e r  se l f - suppor t i ng  o r  mem- 
brane LNG storage tanks. 

Import  Terminal - a l a r g e  capac i ty  f a c i l i t y  which rece ives  LNG from ocean- 
going tankers,  s to res  i t  and r e g a s i f i e s  i t  t o  supply base-load demands. 

Peakshaving F a c i l i t y  - a r e l a t i v e l y  small capac i ty  gas treatment,  1 ique-  
f a c t i o n  and storage u n i t  w i t h  a h igh  capac i ty  vapor izer  t o  supply peak- 
shaving needs when the p i p e l i n e  capac i ty  cannot meet peak demand. 

Truck Tanker - an over-the-road cryogenic t r a i l e r  ( w i t h  t r a c t o r )  construc-  
t e d  w i t h  double w a l l s  and i n s u l a t i o n  i n  t he  annular space. 

S a t e l l i t e  F a c i l i t y  - a small f a c i l i t y  s i m i l a r  t o  a peakshaving f a c i l i t y  
b u t  w i t h o u t  a l i q u e f a c t i o n  u n i t .  LNG i s  suppl ied normal ly  by tank t r u c k  
f rom a peakshaving f a c i l i t y .  

FIGURE .2.2. LNG Fae i l  i t y  Operations 



assessments concentrate on a smaller number of f a c i l i t i e s  and uni t  operations. 
For the faci 1 i t i e s  of in te res t ,  representative re1 ease scenarios developed 
in the overview study are being quantified in terms of frequency of release 

and release quantity. Fault t ree  and event t ree  methods are being used where 

appropriate, and design a1 ternatives quantitatively compared on the basis of 
changes they ef fec t  in the frequency or quantity of LNG releases. 

2.1.4 Fire and Vapor Control Assessment 

Fire and vapor control aspects are being considered in another phase of 
th i s  study. The frequencies and consequences of the representative release 
scenarios are to  be reevaluated in terms of vapor generation and f i r e  potential .  

Finally, siniple event t rees  are to  be prepared and used to  compare f i r e  and 

vapor control systems design a1 ternatives. 

2.1 .5 Supporting Research 

The overview study identified and suppl ied general information required 

in subsequent detailed re1 ease prevention and control assessments. The resu l t s  
of the overview phase also suggest the need for  more detailed study of LNG 

storage tank operations and human factor  effects  i n  LNG release prevention and 

control. 

2.2 ORGANIZATION OF THIS REPORT 

The balance of th i s  report provides an overview of release prevention and 

control systems for each of the representative LNG fac i l  i ty  types considered 
in th i s  study. Sections 3 through 7 ,  respectively, provide summary assessments 
of the export terminal, marine vessel, import terminal, peakshaving plant and 
s a t e l l i t e  f a c i l i t y .  The truck tanker assessment i s  included w i t h  the assess- 
ment of the peakshaving f a c i l i t y .  Each of these sections provides an indepen- 
dent summary overview of a particular f a c i l i t y ,  including 1 )  a characterization 
of the basic faci l  i ty  and i t s  re1 ease prevention and control systems, 2) the 
identification of knowledge gaps and research needs, and 3 )  an analytical 

framework fo r  further detailed analyses. 



General conclusions and recommendations resulting from this study are  

presented i n  Section 8. Appendixes A through G contain an overview of the 
LNG industry, detailed f a c i l i t y  descriptions and data sources, and analyses 

of representative release events. Final ly  , Appendix H summarizes the process 
flow diagram symbols used in th i s  report. 



3.0 ASSESSMENT OF LNG EXPORT TERMINAL 

This  s e c t i o n  presents t h e  overview study o f  t he  re fe rence LNG expo r t  

te rmina l  . 

3.1 SUMMARY SYSTEM DESCRIPTION 

The re fe rence f a c i l  i t y  used f o r  t h e  expo r t  te rmina l  overview study i s  

designed t o  d e l i v e r  400 MMscfd o f  na tu ra l  gas from Alaska t o  t he  lower f o r t y -  

e i g h t  s ta tes .  The p l a n t  cons i s t s  o f  two 200-MMscfd l i q u e f a c t i o n  t r a i n s ;  two 

550,000-bbl s torage tanks; a 2,200-ft p i e r  and t r e s t l e ;  and a l oad ing  p l a t f o r m  
3 t o  accommodate a 130,000-m (820,000-bbl ) LNG marine vessel.  The major opera- 

t i o n s  performed a t  t he  p l a n t  and t h e  p l a n t  s a f e t y  systems are  b r i e f l y  descr ibed 

i n  t h e  f o l l o w i n g  paragraphs. A d e t a i l e d  d e s c r i p t i o n  i s  presented i n  

Appendix B. 

3.1 .1 Gas Treatment 

The n a t u r a l  gas feed t o  t he  p l a n t  con ta ins  smal l  q u a n t i t i e s  o f  C02 and 

water which are  so l  i d s  a t  t h e  f i n a l  l i q u e f a c t i o n  temperature o f  -260°F. To 

prevent  p lugg ing  i n  t he  l i q u e f a c t i o n  heat  exchangers, each t r a i n  has an amine 

scrubber t o  remove " a c i d  gases" (C02 and H2S) and a molecular  s i eve  adsorber 

t o  separate water .  A f t e r  t reatment,  t h e  gas i s  rou ted  t o  the  l i q u e f a c t i o n  

equipment. 

L i q u e f a c t i o n  

R e f r i g e r a t i o n  f o r  the  f a c i  1  i t y  i s  prov ided by a propane precool ed , mixed 

r e f r i g e r a n t  cyc le .  The feed gas i s  f i r s t  cooled t o  -30' by evaporat ing Propane, 

~ n d  i s  then l i q u e f i e d  and cooled t o  -260°F by heat  exchange w i t h  a multicompo- 

aent  mixed r e f r i g e r a n t .  The propane c y c l e  a1 so c h i  11 s  t he  mixed r e f r i g e r a n t .  

I n  each t r a i n ,  t he re  a r e  th ree  l e v e l s  o f  propane c o o l i n g  and one main cryogenic  

  eat exchanger where heat  exchange w i t h  the  mixed r e f r i g e r a n t  takes p lace.  

Three gas- tu rb ine-dr iven  compressors p rov ide  t h e  work f o r  each t r a i n ' s  r e f r i g -  

? r a t i o n  cyc le .  Each t r a i n  a l s o  has a feed gas booster  compressor. 



3.1 . 3  Storage 

Liquefied natural gas leaves the main cryogenic heat exchanger a t  -260°F 

and 560 psig and, on entering one of the storage tanks, i s  l e t  down to  0.9 ps 

Storage a t  the f a c i l i t y  cons i s t s  of two 550,000-bbl, flat-bottomed, double-wa 

aboveground LNG s torage tanks. The inner tank i s  constructed of 9% nickel 

s t e e l  and the  outer  she1 1 of A1 31 carbon s t e e l .  The annular space between 

the  walls i s  insula ted with expanded pe r l i t e .  

The outer  tank has a lap-welded, dome-shaped s tee l  roof. Suspended from 

the  roof of the  outer  tank i s  a lap-welded metal deck t h a t  serves as  a c e i l i n  

f o r  the  inner t a n k .  The inner and outer  tank f loors  a r e  separated by a layer  

of foamglass, a nonflammable, load-bearing insula t ion.  The outer tank f l oo r  

rests on a ringwall foundation a t  the  perimeter and compacted sand i n  the 

center .  The sand 1 ayer contains e l e c t r i c  heating elements t o  prevent " f ro s t  

heave." The outs ide  diameter of each tank i s  225 f t ,  and the overall  height 

i s  146 f t .  

To maintain the  tank a t  -260°F and 0.9 psig, boil-off vapor resu l t ing  f r  

heat leakage i n to  the tank i s  removed and compressed f o r  use a s  p lant  fue l .  

Pressure and vacuum r e l i e f  valves a r e  provided t o  protect  the s torage tanks 

from pre'ssure va r ia t ions .  

3.1.4 Loading 

There a r e  f i v e  LNG t r an s f e r  pumps per tank, each w i t h  a capacity of 

15,000 gpm. A t  t h e  normal loading r a t e  of 55,000 gpm, 10-11 hrs a r e  required 
3 t o  load a 130,000-m ship.  

The LNG i s  pumped v i a  an insula ted,  36-in. t r an s f e r  l i n e  t o  the loading 

platform located a t  the end of a 2,200-ft-long pier .  The loading platform 

supports  four 16-in. LNG loading arms, one 16-in. vapor return arm, two vapor 

re tu rn  compressors, and a 48-ft-high control tower. 

During loading, vapor displaced from the s h i p ' s  tanks i s  returned t o  

shore via  the 16-in. vapor return arm, the vapor return compressors, and the 
24-in. vapor return 1 ine. When a ship i s  not being loaded, LNG i s  c i rcu la ted  

through the  36-in. t r an s f e r  1 ine and back t o  the storage tanks through a 4-in 

rec i rcu la t ion  l i n e .  



3.1.5 Safety Systems 

Combustible gas detectors, flame detectors, and temperature sensors are  
located throughout the plant area. These sensors act ivate  alarms that  indicate 

the exact location of a sp i l l  or f i r e  on a graphic panel in the contol room. 

Various pieces of equipment in the plant are connected to  the Emergency 
Shutdown (ESD) system. The ESD has two major c i r cu i t s :  the Master Emergency 

Shutdown (MES) which shuts down the who1 e faci 1 i ty and the Loading Emergency 
Shutdown (LES) which shuts down jus t  the loading system. The ESD i s  activated 

by certain of the sensors described above, by l imits  on certain process con- 
t rol  variables, or by the plant operators. 

Spill containment a t  the plant i s  provided by dikes in various areas. 
Each storage tank i s  encircled by a concrete dike 55 f t  high and 285 f t  in 

diameter. Each liquefaction t ra in  i s  surrounded by a low-level dike, and a 

common impoundment area serves the three refrigerant storage tanks. 

Pressure re l ie f  valves are used to  protect various processing equipment, 

tanks, and piping in the f a c i l i t y .  Gas discharges from these valves, except 
those from the storage tanks, enter the f l a re  header system and are directed 
to  the f l a re  stack for  incineration. The storage tank re l ie f  valves vent to  

the atmosphere. Liquid discharges are collected and returned to  the storage 
tank. A portion of the flash gas generated from cargo f i l l i n g  i s  vented to 
the atmosphere through the vapor return vent. 

The f i r e  control system consists of a f i r e  water loop with hydrants and 

monitor nozzles and a dry chemical system which includes fixed systems with 
permanent nozzles, fixed systems w i t h  hoselines, and portable extinguishers. 

High-expansion foam systems are  not used because of the cold weather a t  the 
terminal . 

3.2 SYSTEM LEVEL ANALYSIS 

The purpose of the system level analysis i s  t o  identify those sections of 

the export terminal tha t  are  most c r i t i ca l  with respect to release prevention 

and control. The evaluation of each system i s  based largely on two factors:  



1 )  the quantity of a potential release of hazardous material due to  e i ther  the 

inventory or  the flow r a t e  and 2) an estimate of the re la t ive  probability of a 

release (low, medium, high). 

3.2.1 Gas Treatment and Liquefaction 

Operati on of the 1 i quefaction t ra in  (and associated gas treatment system) 

involves the use of four hazardous materials: 

1 . natural gasILN6 (98% CH4, 1 % C2H6 , 1 % N 2 )  

2 .  propane (gas and 1 iquid) 

3 .  mixed refrigerant consisting of nitrogen, methane, ethylene, and propane 

(gas and l iquid)  

4. monoethanol aniine ( M E A )  scrubbing solution. 

The major hazards associated with the f i r s t  three are the flammability of the 

gas and the cold temperature of the l iquid.  The fourth, MEA,  i s  both toxic 
and combusti bl e .  

Table 3.1 gives the flow ra te ,  process operating conditions, and an e s t i -  
mate of the inventory of each of the four materials. This data i s  for  each of 
the two liquefaction t rains .  

There are  two general modes for  releases f r ~ m  the liquefaction system: 

leak or rupture in pipes, vessels, valves, pumps, e tc .  

discharge from the process re1 ief valves (ei ther  to  the f l a r e  stack or  

back to  the storage tank). 

Generally, one containment barrier i s  provided ( i  .e. ,  a single leak* or  rupture 
w i  11 resu l t  in a re1 ease).  In some cases, two fa i lures  are  required fo r  a release 

(e.g., fa i lure  of tubing in heat exchanger she1 1 s would not r e su l t  in a release) .  
All l iquid releases from the liquefaction system are confined to  the liquefaction 

area by low-level dikes. No re l ie f  valves i n  the liquefaction section exhaust 

direct ly  to  the atmosphere. 

In an emergency, the MES blocks the natural gas feed l ine  and isolates  the 

liquefaction system from the r e s t  of the f ac i l i t y .  This system i s  activated by 



TABLE 3:l. Liquefaction Section - Inventories and Flow Rates 

Opera t ing  Cond i t ions  
I n v e n t o r y  Flow Rate Pressure Temperature 

M a t e r i a l  ( g a l  1  ons [ s c f ] )  (gpm [ s c f d l )  ( p s i g )  ( O F )  

LNGINatural Gas 1 . 2 x 1 0 3 [ 1 . 0 x 1 0 5 ]  1 . 7 x 1 0 3 [ 2 . 0 x 1 0 8 ]  5 0 0 t o 6 0 0  8 0 t o - 2 6 0  

Propane 1.0 x  l o 4  [3.1 x  l o 5 ]  1.4 x  l o 4  [6.0 x  10 1 ( a )  1  t o  240 129 t o  -35 

M i x e d R e f r i g e r a n t  3 . 6 x 1 0 ~ [ 1 . 7 ~ 1 0 ~ ]  5 . 8 ~ 1 0 ~ [ 4 . 0 ~ 1 0 ~ ] ( ~ )  1 6 7 t o 6 5 0  2 5 0 t o  -30 

MEA S o l u t i o n  1.0 x 10  - - 1  . O  x  10 - - ( a )  480 t o  520 -- 2  2  

( a )  Because b o t h  r e f r i g e r a t i o n  c y c l e s  and t h e  MEA system a r e  c l o s e d  loops,  t h e  a c t u a l  f l o w  
i n t o  t h e  system i s  zero,  so t h e  f l o w  r a t e s  g i v e n  a r e  t h e  normal c i r c u l a t i o n  r a t e s .  

f i r e  detectors throughout the plant ,  by the gas detectors  i n  the compressor 
building, o r  manually from several locations throughout the plant .  The l a rges t  

6 potential  re lease  of natural gas from the system i s  about 1.4 x 10 sc f ,  assum- 

ing the system can be isola ted in  10 minutes. The probabil i ty of t h i s  re lease  

i s  estimated to  be low. 

3 .2 .2  Storage 

The storage section includes the  two main LNG storage tanks a s  well as  

three  small re f r igeran t  storage tanks. The hazardous material s stored a t  the 
f a c i l i t y  a r e  L N G ,  propane, and ethylene. All three a re  hazardous because of 

t h e i r  flammability, and LNG and ethylene a re  a l so  hazardous because of the  cold 

temperatures a t  which they a r e  stored.  Ethylene i s  moderately hazardous i f  

inhaled. Table 3.2  gives the  s izes  of the storage tanks and the storage condi- 
t ions  f o r  each mater ia l ,  and a l so  includes the normal flow r a t e s  in to  and out  

o f  the  tanks. 

The main LNG storage tanks and the ethylene storage tank a r e  low-pressure, 
double-wal 1 ed, cyl i ndri cal storage tanks. Only the inner tank i s  constructed 
of materials  su i tab le  f o r  cryogenic temperatures, so f a i l u r e  of the inner tank 
would probably lead t o  f a i l u r e  of the outer tank. The two propane tanks a r e  
ful  ly  pressurized, sing1 e-wal led ,  spherical storage tanks. 

Besides gross f a i l u r e  of the  storage tanks, there  a re  two other general 
re lease  modes i n  the  storage section:  

leak o r  rupture i n  i n l e t  and o u t l e t  piping and f i t t i n g s  

discharge t o  the atmosphere from the storage tank r e l i e f  valves. 



TABLE 3.2. Storage Section - Inventories and Flow Rates 

Vol ume Flow Rates Operating Conditions 
Storage No. of Per Tank In/Out Pressure Temperature 
Tank Tanks (gallons) ( g ~ m  [scfdl) ( ~ s i g )  (OF) 

L N G  2 2.3 lo7 3.3 lo3 [4,0 lo8] 0.9 -260 

Propane 2 1.7 x 10 5 - - 200 60 
Ethylene 1 1.0 x 10 5 - - 0.5 -155 

The MES iso la tes  the LNG storage tanks from the r e s t  of the plant in the 

event of an emergency. The MES can be activated by a high level or high or 

low pressure in the LNG storage tanks. The largest  possible sp i l l  in the stor- 
7 age area i s  4.6 x 10 gallons, resulting from fa i lure  of bo th  LNG storage tanks. 

The probability of t h i s  release i s  estimated to  be low. 

3.2.3 Loading, 

LNG i s  the only hazardous material handled in the loading section of the 

plant. The loading section has two general modes by which LNG can be released 

from the system: 

leak or  rupture in pipes, f i t t i n g s ,  loading arms, connections, e t c .  

a discharge from the thermal re1 ief valves in the t ransfer  1 ine (routed back 

to  the storage tank). 

The main L N G  t ransfer  l ine  connecting the storage tank f a c i l i t i e s  with 

the loading platform i s  an insulated, low-pressure pipeline made of s ta inless  

s t ee l .  Because of the length (2,200 f t . )  and diameter (36 in . )  of the l ine ,  a 

single leak or  break can r e su l t  in  a large s p i l l .  The LES i s  designed to reduce 

the amount of LNG released in the event of a leak or break. The inventory and 

flow rates in the main t ransfer  l i ne ,  as well as the vapor return l ine  and liquid 

recirculation l ine ,  are  shown in Table 3 .3 .  The maximum s p i l l  in the loading 
5 system i s  approximately 1.7 x 10 gallons i f  the LES works properly. If  the 

5 LES f a i l s ,  the sp i l l  could be considerably larger - u p  to  7.0 x 10 gallons or 

more. The probability of t h i s  release i s  estimated to  be low. 



TABLE 3 .3 .  Loading Section - Inventories and Flow Rates 

Opera t ing  Cond i t ions  
I n v e n t o r y  Flow Rate Pressure Temperature 

L i n e  ( g a l l o n s  [ s c f ] )  (gpm [ s c f d l )  ( p s i g )  ( O F )  

36- in .  T r a n s f e r  L i n e  1.2 x l o 5  [ 9 . 6  x l o 6 ]  5.5 x l o 4  [6.6 x l o 9 ]  2  5  -258 

24- in .  Vapor Return - - 12.0 x l o 4 ]  -- [3.2 x l o 7 ]  5  -220 
L i n e  

4 - i n .  R e c i r c u l a t i o n  1.4 x l o 3  C1.2 x l o 5 ]  1.5 x l o 3  L1.8 x l o 8 ]  25 -258 
L  i n.e 

3 . 3  COMPONENT LEVEL ANALYSIS 

The system level analysis indicates that  the largest  inventories and flow 
ra tes  of hazardous materials occur i n  the storage section and the loading sec- 
t ion. The maximum size of a sp i l l  or release from these sections i s  orders of 
magnitude larger than the largest  sp i l l  or release possible i n  the 1 iquefaction 
section (including gas treatment). However, the majority of the processing 
equipment and plant piping i s  i n  the liquefaction section, so there appears to  
be a greater likelihood of a sp i l l  or release i n  t h i s  section. As a resu l t ,  a 
component level analysis i s  presented for  a l l  three sections. 

This component level analysis consists of a prel iminary hazards analysis 
( P H A ) .  The PHA's for  the export terminal operations are  given in tabular form 
i n  the fol lowing sections. The potential hazards, e f fec ts ,  and existing pre- 
ventive and control measures are  outlined. 

For active components (e.  g .  , pumps, control 1 e rs ,  compressors, e lec t r ica l  
components), two or more separate fa i lures  are required in most cases fo r  a 
significant release. For passive components (e.g., p i  ping, process vessels) , 
a single fa i lure  can r e su l t  i n  a release, b u t  in many cases the emergency s h u t -  
down systems are  designed to  l imi t  the release. 

Gas Treatment and Liquefaction 

The resu l t s  of the preliminary hazards and analysis for  the liquefaction 
section are  shown i n  Table 3.4. (Component numbers given in the table re fer  to  
designations used i n  Appendix B.) Because of the complexity of the liquefaction 
uni t ,  the l i s t  i s  quite long. Many of the postulated in i t i a t ing  events are  leaks 



TABLE 3.4. Pre l im inary  Hazards Analys is  f o r  the  Gas Treatment and L ique fac t i on  System 

Poten t ia l  E x i s t i n g  
Hazard Preventive & Control  

Component Condi t ion E f f e c t  - Measures 
-- 

1. Gas ~ i ~ e l i n e s  i n  Rupture o r  leak Release o f  na tu ra l  gas 
amine system 

2 .  Amine contactor ,  V-3 a )  F a i l u r e  t o  scrub o u t  C02 a) Po ten t ia l  p lugging i n  
cryogenic heat  exchangers 

b)  Rupture o r  leak  b )  Release o f  na tu ra l  gas and 
amine l i q u i d  

3. Amine s t r i p p e r .  V-4 a)  F a i l u r e  t o  scrub ou t  C02 

b )  Rupture o r  leak  

4. Piping, pumps, 
valves, e t c  i n  amine 
system 

5. Gas i p e l i n e s  i n  
moTe s ieve sec t ion  

6. Water se a ra to r ,  V-6, 
and mofe s ieve  
u n i t s .  V-7 

7. Regeneration system 

8. Feed gas p i p i n g  and 
valves UD t o  Drooane 
exchangers, ELI 23, 
122, 121 

Rupture o r  leak 

Rupture o r  leak 

a )  F a i l u r e  t o  remove water 

b )  Rupture o r  leak  

a)  F a i l u r e  t o  regenerate 
mole sieves 

b) Rupture o r  leak 

Rupture o r  leak 

9. Feed gas p i p i n g  and Rupture o r  leak 
valves f rom propane 
exchangers t o  main 
cryogenic heat 
exchanger, E-102 

10. keed gas t u b i n g  i n  Rupture o r  leak 
propane exchangers 
E-123, 122, 121 

11. Feed gas tub ing  i n  Rupture o r  leak 
main cryogenic heat  
exchanger, E-102 

12. Mole s ieve d r i e r s ,  Rupture o r  leak 
V-7; f i l t e r ,  V-101; 
a i r  cooler.  E-101; 

a)  Po ten t ia l  p lugging i n  
cryogenic heat exchangers 

b )  Release o f  amine 1 i q u i d  

Release o f  amine l i q u i d  

Release o f  na tu ra l  gas 

a)  Po ten t ia l  p lugging i n  
cryogenic heat exchangers 

b )  Release of na tu ra l  gas 

a )  Water carryover  i n  feed 
gas - p o t e n t i a l  p lugging 
o f  cryogenic heat exchangers 

b )  Release of na tu ra l  gas 

Release o f  na tu ra l  gas 

Release o f  na tu ra l  gas p lus  
some 1 i q u e f i e d  heavy hydro- 
carbons 

Natura l  gas leaks i n t o  propane 
r e f r i g e r a n t  

Natura l  gas leaks i n t o  
mixed r e f r i g e r a n t  

Release of na tu ra l  gas 

- - - -  
and scrub column, 
Y-102 



TABLE 3.4. ( con td )  

Poten t ia l  
Hazard 

Component Condi t ion 
E f f e c t  

13. Feed gas booster a)  Tr ips ou t  o r  w i l l  n o t  s t a r t  a )  L ique fac t ion  t r a i n  

compressor shut down 
b j  Rupture o r  leak  b )  Release o f  na tu ra l  gas 

i n  compressor b u i l d i n g  

14. Scrub column, V-102, a) Pump w i l l  n o t  s t a r t  o r  
l i q u i d  o u t l e t  and stops dur ing  operat ion 
pump, P-102 

b)  Rupture o r  leak 

15. L i q u i d  l i n e s  and 
valves i n  r e f r i g e r -  
a t i o n  preparat jon 
u n i t ,  V-141, 142, 143 

16. Vapor l i n e s  i n  
r e f r i g e r a n t  prep 
u n i t ,  V-141, 142, 143 

17. LNG product 1  i n e  t o  
s torage ( i n c l u d i n g  
product  va lve ) 

18. LNG c o n t r o l  system 

Rupture o r  leak  

Rupture o r  l e a k  

a Rupture o r  leak  
b l  Heat leak 

a)  L ique fac t ion  t r a i n  must 
be shut down 

b )  S p i l l  o f  heavy hydro- 
carbons and na tu ra l  gas 

S p i l l  o f  heavy hydrocarbon 
l i q u i d  and some vapor 

Release o f  heavy hydrocarbon 
vapors and some l i q u i d  

a )  S p i l l s  LNG 
b )  Excess vapor f l a s h i n g  i n  

tank 

Equipment f a i l u r e  o r  improper Pressure i n  t h e  tank 
se tpo in t  r e s u l t s  i n  product increases - if LNG goes t o  
t o  storage being too  warm storage a t  -240°F, the  tank 

w i l l  reach 1.8 p s i g  i n  16-40 
minutes depending on how 
many b o i l o f f  compressors a re  
running 

19. Re f r ige ran t  expansion a Rupture o r  leak I a )  Re1 ease o f  r e f r i g e r a n t  
va l  ve b F a i l u r e  t o  operate p roper l y  

1. W i l l  n o t  open 1. Prevents opera t ion  o f  
r e f r i g e r a n t  system, 
na tu ra l  gas feed must 
be stopped 

2. W i l l  n o t  c lose 2. Main cryogenic heat  
exchanger does n o t  
operate proper1 y 

E x i s t i n g  
Prevent ive & Control  

Measures 

Gas de tec to rs  i n  compressor 
b u i l d i n g  a c t i v a t e  v e n t i l a t i n g  
fan and c o n t r o l  b u i l d i n g  openings 

Level o f  l i q u i d  w i l l  b u i l d  up 
i f  pump stops; l e v e l  i n d i c a t o r  
alarm w i l l  warn operator  

High pressure would open the 
vent va lve a t  1.8 p s i g  and 
a c t i v a t e  the ESD system. 

R e l i e f  valves would open a t  
2.0 p s i g  

LNG product va lve w i l l  reduce 
product ion r a t e  i f  s u f f i c i e n t  
coo l ing  i s  n o t  avai lab le;  t h i s  
prevents warm product from 
e n t e r i n g  the storage tank 



TABLE 3.4. (contd)  

Component 

20. Re f r ige ran t  l i q u i d  
l i n e  from separator 
V-112, t o  main cryo-  
genic heat exchanger, 
E-102 

21. Re f r ige ran t  l i q u i d /  
vapor tub ing  i n  E-102 

22. Re f r ige ran t  vapor l i n e  
from separator,  V-112 
t o  E-102 

23. Main cryogenic heat 
exchanger, E-102 

W 
I 
-I 24. Re f r ige ran t  1 i n e  from 
o E-102 t o  compressor 

C-111 

25. F i r s t  stage r e f r i g e r a n t  
compressor, C-111 

Po ten t ia l  E x i s t i n g  
Hazard Preventive & Control  

Condit ion E f f e c t  tleasures 

Rupture o r  leak S p i l l s  r e f r i g e r a n t  l i q u i d  

Rupture o r  leak 

Rupture o r  leak 

Re f r ige ran t  l i qu id /vapor  leaks 
i n t o  r e f r i g e r a n t  vapor, 
process upset 

Releases r e f r i g e r a n t  vapor 

a) Rupture o r  leak i n  exchanger Release o f  r e f r i g e r a n t  vapor 
shel 1 

b)  Large heat leak  r e s u l t i n g  from b )  Reduction i n  LNG produced 
from i n s u l a t i o n  f a i l u r e ,  e t c  o r  pressure bui ldup i n  LNG 

tub ing  and poss ib le  pres- 
sure bu i ldup  i n  main heat 
exchanger shel 1 

Rupture o r  leak Release o f  r e f r i g e r a n t  vapor 

a) Rupture o r  leak a )  Release o f  r e f r i g e r a n t  
vapor 

b)  T r ips  ou t  o r  w i l l  no t  s t a r t  b)  Refr igerant  f l o w  stops and 
LNG product ion stops, 2nd 
stage compressor may over- 
heat i f  no t  shut down 
q u i c k l y  

26. Second stage Same as 1 s t  stage 
r e f r i g e r a n t  
compressor, C-112 

27. P ip ing  and valves from Rupture o r  leak 
2nd stage compressor, 
C-112 t o  propane 
exchangers, E-123 

Same as 1 s t  stage except t h a t  
1 s t  stage may overheat i f  n o t  
shut down q u i c k l y  

Release o f  r e f r i g e r a n t  vapor 

( i n c l u d i n g  a i r  coo le r  
C-112) 



TABLE 3.4. (contd)  

Poten t ia l  E x i s t i n g  

Hazard Preventive & Control  
Condi t ion E f f e c t  Measures 

Component 

28. Re f r ige ran t  tubes i n  
propane exchangers, 
E-123, 122, 121 

29. P ip ing  and valves from 
propane heat 
exchangers t o  h igh  
pressure separator,  
v-112 

30. L ines c a r r y i n g  l i q u i d  
propane t o  propane 
exchangers, E-123, 
122, 121 

31. L ines ca r ry ing  propane 
vapor back t o  compres- 
sors , C-121, 122, 123 

32. Propane compressor 
suc t ion  drums, V-121. 
122, 123 

33. Propane compressors, 
C-121, 122, 123 

34. Flow c o n t r o l l e r  on 
mi xed r e f r i g e r a n t  
compressor, C-1 1 1 , 

35. Mixed r e f r i g e r a n t  
compressor, C-117 
112 

Rupture o r  leak  

Rupture o r  leak  

Rupture o r  leak  

Rupture o r  leak  

Rupture o r  leak  

a)  Rupture o r  leak  
b)  l r i p s  ou t  and w i l l  n o t  s t a r t  

Flow i s  reduced below minimum 
compressor capaci ty  by f l o w  
c o n t r o l l e r  f a i l u r e  o r  operator  
e r r o r  

Loss o f  feed gas t o  the 
1 ique fac t ion  t r a i n  

36. Propane compressors Loss of feed gas t o  l i q u e f a c -  
C-121, 122, 123 t i o n  t r a i n  

37. Main cryogenic heat Low feed gas r a t e  t o  l i q u e f a c -  
exchanger, E-102 t i o n  t r a i n  

Mixed r e f r i g e r a n t  leaks i n t o  
propane 

Release o f  r e f r i g e r a n t  vapor 
and l i q u i d  

Re1 ease o f  1 i q u i d  propane 

Release o f  propane vapor 

Re1 ease o f  propane vapor 

a )  Release o r  propane vapor 
b)  Shutdown o f  l i q u e f a c t i o n  

t r a i n  

Compressor begins surg ing 
and could even tua l l y  f a i l  
and re lease mixed r e f r i g e r a n t  

Expansion valves wi 1 1 c lose 
automatical l y  and compressors 
w i l l  be on t o t a l  recyc le  

Control  system puts compres- 
sor  i n t o  t o t a l  recyc le  

Poor heat t r a n s f e r  due t o  
poor mixed r e f r i g e r a n t  l i q u i d  
d i s t r i b u t i o n  

Feed gas f l o w  w i l l  s top auto- 
m a t i c a l l y  and r e f r i g e r a n t  cycles 
w i l l  go t o  t o t a l  recyc le  

Compressor has shutdown switches 
f o r  pressure (h igh  and low), 
temperature (h igh  and low), and 
v i b r a t i o n ;  i n  the case o f  surging, 
v i b r a t i o n  sw i tch  would probably 
shut down compressor 



Component 

38. Propane compressor 
C-121, 122, 123 

39. Mi xed r e f r i g e r a n t  
compressor, C-121, 
122, 123 

40. Liquefaction t r a i n  

41. Level c o n t r o l l e r  i n  
propane f l a s h  drums 

42. Compressor shutdown 
switches 

a )  Mixed r e f r i g e r a n t  
compressors 

b )  Propane compressor 
c )  Feed gas compressor 

TABLE 3.4 .  

Potent ial  
Hazard 

Condition 

Improper control s e t t i n g s  o r  
con t ro l le r  f a i l u r e  

Trips out and will  not 
s t a r t  

Loss of a i r  coolers i n  r e f r i g -  
e ran t  systems, E-111, 112, 
124, 125 

a )  Controller f a i l s  and f l a s h  
drums f i l l s  with l iqu id  

b) Controller f a i l s  and f l a s h  drum 
loses l iquid level  

Fail t o  operate properly 

( c o n t d )  

Existing 
Preventive & Control 

-- Effect Measures 

Compressor surges and could 
eventual ly f a i l  

Loss of cooling t o  main heat 
exchanger 

Refr igerant  systems and feed 
gas wil l  begin t o  heat up 

a )  Liquid propane could 
reach compressor suc t ion ,  
possible  f a i l u r e  of  
propane compressors, 
C-121, 122, 123 

b) Insuf f ic ien t  cooling of the  
feed gas and mixed r e f r i g  
e ran t  

Compressors a r e  not shu t  down 
i n  the  event of high vibra-  
a t i o n ,  over temperature, e t c .  
This could lead to f a i l u r e  of  
the  compressor 

Compressor shutdown, e i t h e r  
manually o r  from high vibrat ion 
switches 

L N G  flow c o n t r o l l e r  would c lose  
due t o  high o u t l e t  temperature; 
propane compressor would go 
i n t o  t o t a l  recycle  automati - 
cal l y  

Product temperature c o n t r o l l e r  
wil l  s top  feed gas flow and 
r e f r i g e r a n t  systems wil l  go t o  
t o t a l  recycle;  i f  not shu t  down, 
the system pressure wi l l  r i s e  
quickly and a c t i v a t e  the r e l i e f  
valves 

Same a s  40 (above) 

Compressors can be shut down 
manual l y  



o r  ruptures i n  pipes, valves, vessel and similar components. Key components i n  

the liquefaction uni t ,  as indicated by the PHA, are l i s t ed  below: 

Process Control System. Control of the liquefaction t ra in  i s  quite com- 
plicated. Often two or  three process variables are multiplied together 
to  get a signal for  a control valve. Improper control point set t ings 
or fa i lure  of the control loop can resu l t  in insufficient cooling of the 
feed gas and excess vapor in the storage tank, surging of the refrigera- 
tion compressors (and possible fa i lure  of the compressor or  the i n l e t  and 
out le t  p i  ping) , 1 iquid carryover to  the compressor suction, and numerous 
other potential ly  hazardous conditions. The probabi 1 i ty of these types 
of fai lures  i s  estimated to  be medium. 

Refrigerant Compressors. These 1 arge, gas- turbi ne-driven, centrifugal 
compressors can f a i l  from changes i n  the operating conditions of the 
refrigerant cycle. Low flow rates can cause surging, and changes in the 
suction conditions (temperature and pressure) can cause liquid to con- 
dense in the compressor. Proper operation of the shutdown switches f o r  
h i g h  pressure, temperature, vibration, e tc . ,  i s  necessary to  prevent 
f a i lu re  of these compressors. The ab i l i t y  of the control system to pre- 
vent upsets and to  p u t  the refrigerant cycles into total  recycle i n  

emergency situations i s  c r i t i ca l  t o  safe operation of the compressors. 
The probability of a compressor fa i lure  i s  estimated to  be medium. 

3 . 3 . 2  Storage 

The preliminary hazards analysis fo r  the storage section is presented i n  

Table 3.5. Important components i n  the LNG storage section, as identified by 
the PHA, are  l i s t ed  below. 

Pressure Control System. T h i s  includes the boiloff compressors, the 
pressure indicators and controllers,  and the tank re l ie f  valves. The 
probability of fa i lure  for  these types of components i s  estimated to  
be medium. 



TABLE 3.5. Preliminary Hazards Analysis f o r  the  LNG Storage Tanks and Boiloff Systems 

Potent i  a1 E x i s t i n g  
Hazard Preventive & Control  

Condit ion E f f e c t  Measures Component 

1.  Storage tank, T-201, 202 a) Leak o r  rupture i n  inner  cryogenic a) S p i l l s  LNG i n t o  space bet- 
b a r r i e r  ween tanks, could cause 

f a i l u r e  o f  ou te r  tank 
and co l lapse  o f  tank 

b)  Leak o r  rupture o f  o u t e r  tank from 
1. Overpressure 1. W i l l  l i k e l y  f a i l  a t  r o o f -  

she1 1 j o i n t  and depres- 
sure the tank 

2. Underpressure 

3. Other causes 

2. Vapor l i n e s  i n t o  and o u t  Leak o r  rupture 
o f  tank 

3. B o i l  o f f  compressor and a) Leak o r  rupture 
c o n t r o l l e r ,  C-221, 222 b)  F a i l s  t o  operate proper ly  

1. W i l l  no t  run 

2. Runs a t  f u l l  speed on ly  

4. Pressure re1 i e f  va lve(s)  F a i l s  t o  operate p roper l y  
a)  Opens below se t  pressure 

b )  F a i l s  t o  open on demand o r  opens 
above s e t  pressure 

5. Vacuum r e l i e f  va lve(s)  F a i l s  t o  operate proper ly  
a) Opens above set  pressure 

b)  F a i l s  t o  open on demand o r  
opens below set  p o i n t  

2. Col lapse o f  ou te r  tank could 
cause f a i l u r e  o f  i nner  
tank 

3. Same as b2 above 

Depressures the tank 

Inner  tank const ructed o f  9% N i  
s tee l  which has good cryogenic 
p roper t ies  

Pro tec t ion  against  overpressure 
i s  provided by a vent va lve 
which opens @ 1.8 p s i g  and 12 
r e l i e f  valves which open @ 2.0 
ps ig.  

Low pressure would a c t i v a t e  
emergency gas supply t o  tank 
@ 0.2 psig; vacuum r e l i e f  
valves would open @ 0.03 p s i g  

Same as b2 above 

a)  Depressures the  tank Same as b2 above 

1. Pressure i n  tank r i s e s  High pressure would a c t i v a t e  
a larm and would open con t ro l  
va lve t o  vent @ 1.8 ps ig;  
pressure r e l i e f  valves would 
r e l i e v e  @ 2.0 ps ig.  

2. Pressure i n  tank f a l l s  Same as b2 above 

a)  Tank depressures u n t i l  Maintenance and inspec t ion  o f  
va lve closes re1 i e f  va l  ves 

b )  Pressure i n  the tank con- 
t i nues  t o  r i s e  and tank 
could f a i l  f rom over pres- 
sure 

a. Tank depressures t o  Same as 4 above 
atmospheric pressure 

b )  Pressure i n  tank cont inues 
t o  f a l l  and tank could 
f a i l  f rom underpressure 



Component 

6.  LNG f i l l  l i n e s  and other  
l i q u i d  l i n e s  enter ing 
the  top  o f  the tank 

7. LNG withdrawal l i n e s  
from the bottom o f  the 
tank 

8. I n s u l a t i o n  between inner  
and ou te r  tank wa l l s  

9. Storage tank 

10. Storage tank 

11. Foundation heater 

TABLE 3.5. (contd)  

Poten t ia l  
Hazard 

Condi t ion E f f e c t  - 
Leak o r  rupture a)  I f  l i n e s  are i n  operat ion 

LNG s p i l l s  i n t o  d iked area 
o r  onto tank 

b )  I f  the  l i n e s  are n o t  i n  
operat ion and the  break 
occurs before the  f i r s t  
blocked valve, the tanks 
w i l l  be depressured 

Leak o r  rupture before f i r s t  b lock See loading system PHA 
valve 

I n e f f e c t i v e  

O v e r f t l l  

Rol l over  

F a i l  s t o  operate 

Heat leak r e s u l t s  i n  increased 
b o i l  o f f  and p o t e n t i a l  over- 
pressure o f  the  tank; could 
a lso  r e s u l t  i n  c o l d  spot on 
ou te r  tank wa l l  and p o t e n t i a l  
f a i l u r e  o f  ou te r  tank 

S p i l l s  LNG i n t o  annular space 
between tanks; could cause 
f a i  1 ure o f  ou te r  tank 

Excessive vapor produced; could 
cause pressure increase i n  
tank 

Ground under foundation 
freezes and the resu l  t i  ng 
f r o s t  heave could cause 
storage tank t o  f a i l  

E x i s t i n g  
Preventive & Control  

Measures 

Low temperature de tec t ion  i n  
tank d i k e  would a c t i v a t e  MES 

Same as above 

I f  pressure i n  tank r i ses ,  same 
as 3 above 

A t  95% o f  f u l l  capacity,  alarm 
i s  act ivated;  a t  98% o f  f u l l  
capaci ty ,  2nd a larm i s  sounded 
and a l l  l i q u i d  i n l e t  and o u t l e t  
l i n e s  are closed automat ica l ly  

Tank has top  and bottom f i l l  noz- 
z les t o  mix d i f f e r e n t  densi t ies 
o f  LNG; tank has thermocouples 
which can i n d i c a t e  s t r a t i f i c a t i o n  
and p o t e n t i a l  r o l l o v e r ;  tank can 
be r e c i r c u l a t e d  from top t o  bottom 
and v i c e  versa 

I f  r o l l o v e r  does occur and pressure 
i n  tank r i ses ,  same as 3 above 



TABLE 3.5. (con td)  

Component 

12. Propane storage tanks 

13. Ethylene storage tank 

14. Master Emer ency Shut- 
down (MEs? 

a)  detectors  
b )  t ransmi t te rs  
c )  con t ro l  1 e rs  
d)  i s o l a t i o n  valves 
e)  s h u t o f f  switches 

Po ten t ia l  
Hazard 

Condit ion 

F a i l u r e  o f  tank s h e l l  o r  i n l e t  and 
o u t l e t  nozzles and f i t t i n g s  

a)  F a i l u r e  o f  outer  tank s h e l l  
b)  F a i l u r e  o f  i nner  tank s h e l l  

c )  Fa i lu re  o f  l i q u i d  o u t l e t  nozzles 
before the f i r s t  b lock va lve  

Fai 1 s t o  operate p roper l y  

E x i s t i n g  
Preventive & Control  

E f f e c t  Measures 

a) I f  break i s  above l i q u i d  
1 eve1 , propane vapor i s  
released 

b )  I f  break i s  below l i q u i d  
l e v e l ,  propane l i q u i d  i s  
re1 eased 

a)  Release o f  e thy lene vapor 
b)  L i q u i d  eth lene s p i l l s  i s  

ou te r  tank and ou te r  tank 
could f a i l ,  re leas ing  
ethy lene 

c )  E n t i r e  contents o f  the tank 
would be released 

Terminal systems a re  n o t  shut A l l  func t ions  o f  the  MES can be 
down and i s o l a t e d  automati- performed manually 
c a l l y  i n  an emergency 



Internal Shutoff Yalves. I f  the  l iqu id  o u t l e t  l i ne s  from the tank rupture 

before the f i r s t  block valve, these internal  shutoff valves can be closed 
t o  prevent the  e n t i r e  tank contents from sp i l l i ng .  The probabil i ty of an 
internal  shutoff valve f a i l u r e  i s  estimated t o  be medium. 

Storage Tank Level Indicators and Alarms. These alarm i n  the control room 
and ac t iva te  the  MES t o  prevent over f i l l ing  the inner storage tank. The 
f a i l u r e  of level indicators  and alarms i s  estimated t o  have a medium 
probabil i ty.  

Storage Tank Insulation.  Improper i n s t a l l a t i on  of insula t ion o r  subsequent 

loss  of effectiveness can cause cold spots on the carbon s tee l  outer  shel l  

and possible f a i l u r e  of e n t i r e  tank. The loss  of insula t ion effectiveness 
is estimated t o  have a low probabil i ty.  

Outer Tank. This protects the insula t ion from exposure t o  the elements 
and protects the  inner tank from external events such as  f i r e s  and explo- 
s ions  in the plant ,  sabotage, and severe storms. The probabil i ty of a 

f a i l u r e  of the outer tank i s  estimated t o  be low. 

Inner Tank. Bui l t  of 9% nickel s t e e l ,  t h i s  shell  i s  exposed t o  tempera- 

tures  ranging from -260°F t o  ambient (when out of se rv ice ) .  A leak o r  

crack in t h i s  shel l  could eventually lead to  f a i l u r e  of the  e n t i r e  tank. 
The probabil i ty of such a f a i l u r e  i s  estimated t o  be low. 

While not nearly a s  large  a s  the  LNG s torage tanks, the re f r igeran t  storage 
tanks a l so  pose a potential  hazard. Several f a i l u r e s  of t h i s  s i z e  and type of 

tank have been reported, and the  proximity of these tanks t o  the LNG storage 
tanks makes t h e m  even more important. 

3 . 3 . 3  Loading 

Operation of the  loading section i s  not complicated. However, f o r  re lease  
prevention and control purposes, the  loading section may be the most c r i t i c a l  
portion of the  export terminal because of the  high flow r a t e s ,  the  long length 

of the  t rans fe r  l i n e s ,  and the  large  diameter valves and f i t t i n g s .  The 

preliminary hazards analysis  f o r  the loading section i s  shown in  Table 3.6. The 

PHA shows the  following components t o  be most important with respect  to  re lease  

prevention and control .  



TABLE 3.6. Pre l im inary  Hazards Analys is  f o r  t h e  Loading System 

Component 

1. 36" t r a n s f e r  1  i n e  on 
1 oadi ng dock 

2 .  36" t r a n s f e r  l i n e  
and 4" r e c i r c u l a t i o n  
l i n e  between dock and 
the  shore 

3. Valves i n  t r a n s f e r  l i n e s  
from load ing  pumps, 
P-201, 202, t o  sh ip  
coup1 i ng 

4. Valves i n  dock d r a i n  
l i n e s  

5. Loading arm 

Poten t ia l  
Hazard 

Condit ion 

Rupture o r  leak 

a) Rupture o r  leak 

b)  Large heat leak ( i n s u l a t i o n  f a i l -  
ure, etc.)  

a)  Rupture 
b)  F a i l u r e  t o  operate p roper l y  

1. W i l l  no t  open 

2. W i l l  no t  c lose 

3. Close too f a s t  

a) Rupture o r  leak 
b)  F a i l u r e  t o  operate p roper l y  

1. W i l l  not  open 
2. W i l l  no t  close 

a)  Rupture 

b)  Bad connection w i t h  sh ip ' s  f lange 
c )  Excessive sh ip  movement 

E f f e c t  

S p i l l s  LNG i n t o  bas in under 
dock 

a )  S p i l l s  LNG on t r e s t l e  and i n  
water 

b )  Possible overpressure o f  
1  i n e  

S p i l l  LNG 

1. Can n o t  load sh ip  o r  
r e c i r c u l a t e  

2. No major e f f e c t  on loading 
may n o t  be able t o  r e c i r -  
c u l a t e  

3. F l u i d  hamner and poss ib le  
p ipe  rup tu re  and s p i l l  o f  
LNG 

a)  S p i l l s  LNG i n t o  bas in under 
dock 

1. Can n o t  d r a i n  load ing  arms 
2. S p i l l s  LNG i n t o  dock d r a i n  

a)  S p i l l s  LNG i n t o  bas in under 
dock o r  i n t o  water 

b )  S p i l l s  LNG i n t o  water 
c )  Ruptures loading arm and 

s p i l l s  LNG 

E x i s t i n g  
Preventive & Control  

Measures 

Low temperature de tec to r  i n  s p i l l  
basin, gas de tec to r  on dock, o r  
low pressure i n  t r a n s f e r  l i n e  w i l l  
w i l l  a c t i v a t e  LES 

Low pressure w i l l  automat ica l ly  
a c t i v a t e  LES 

High pressure w i l l  automat ica l ly  
a c t i v a t e  LES; l i n e s  are equipped 
w i t h  thermal r e l i e f  valves 

If on dock, same as 1 above 
I f  on t r e s t l e ,  same as 2 above 

LES i s  programmed so t h a t  b lock 
va lve c l o s i n g  r a t e s  w i l l  n o t  
cause f 1 u i  d  hamner 

Same as 1 above 

Same as 1 above 

Same as 1 above 

Each loading arm has motion sen- 
sors which automat ica l ly  a c t i -  
vate the  LES; i f  the LNG 
s p i l l e d ,  i t  would d r a i n  i n t o  
s p i l l  basin; low temperature 
de tec to r  would a c t i v a t e  LES 
i f  i t  had n o t  a1 ready been 
ac t i va ted  



TABLE 3.6. (Contd) 

Potent ial  
Hazard 

Component Condition - Effect  

6 .  Transfer  l i n e s  from a )  Rupture o r  leak a )  Sp i l l  L N G  i n t o  diked area 
shore valve t o  load- 
ing pump, P-201, 202, 
dl scharge valves b) Heat leak ( insu la t ion  f a i l u r e ,  b) Possible overpressure of 

e t c )  of  l i n e  

7 .  Sendout pumps a )  Fail to  s t a r t  a )  Reduces loading r a t e  
b) Leak or  rupture i n  pump o r  piping b)  S p i l l s  LNG i n t o  diked area 

8. Suction and discharge a )  S p i l l s  LNG i n t o  diked area 
valves 

1 .  Will not open 1 .  Reduces loading r a t e  
2. Will not c lose  2. No e f f e c t  

9 .  Common pump suct ion l i n e  Rupture o r  leak before f i r s t  block S p i l l s  LNG i n t o  diked area 
valve 

C3 
10. Valves i n  common suct ion 

I l i n e  
4 

cD 

11. Block valve in  tank 

12. Suction l i n e  between 
inner  tank wall and 
ou te r  tank wall 

a )  Leak o.r rupture 
b) Fail t o  operate  properly 

1 . Will not open 
2. Will not c lose  

Fai 1 s t o  operate  properly 
a )  Will not open 
b) Will not c lose  
Rupture or leak 

a )  S p i l l s  LNG i n t o  diked area 

1 .  Can not load sh ip  
2. No e f f e c t  

a )  Can not load sh ip  
b) See 9 above 

S p i l l  of LNG between tanks,  
could cause f a i l u r e  of ou te r  
tank and possibly inner  tank 

13.  Vapor re tu rn  compressors Vapor i s  not returned t o  sh ip  during Pressure i n  the  tank decreases 
and vapor re tu rn  l i n e  sh ip  loading - tank wil l  reach 0.2 psig i n  

10-15 minutes a t  normal load- 
ing r a t e s  

14. Loading Emergency Shut- Fai ls  t o  operate  properly 
down (LES) 
a de tec tors  
b 1 t r ansmi t te r s  
c )  control 1 e r s  
d)  i s o l a t i o n  valves 
e )  shutoff  switches 

The loading system i s  not shut 
down and i so la ted  automati- 
c a l l  y i n  an emergency 

Existing 
Preventive & Control 

Measures 

Gas o r  low temperature de tec tor  
a t  pump building would a c t i v a t e  
MES 

Gas o r  low temperature de tec tor  
a t  pump building would a c t i v a t e  
the  MES 

Same a s  1 above 

Same as  1 above 
Block valve i n  tank makes i t  

possible  t o  s top  flow out  of 
tank 

Low temperature de tec tor  i n  
insu la t ion  would a c t i v a t e  MES 

Block valve in  tank makes i t  
possible  t o  s top  flow out of 
tank 

Low pressure would a c t i v a t e  
emergency gas supply D 0.2 
psig and shutdown loading 
system. Re1 i e f  valves woul a 
open D 0.03 psig 

All funct ions of t h e  LES can be 
performed manually 



36-in. Transfer Line. This includes the 36-in. valves, expansion 

j o in t s ,  and other f i t t i n g s .  The l i n e  i s  approximately 2,200 f t  long, 
and a leak or  rupture i n  any section could r e s u l t  in a large s p i l l .  The 
probabil i ty of a t rans fe r  l i n e  rupture i s  estimated t o  be low. 

Loading Arms and Ship Coupling Mechanism. These components must be able  
t o  handle the  cold temperature of the  LNG and the  movement of the  ship.  
Proper operation of the  swivel j o in t s  i s  pa r t i cu la r ly  important. The 
probabi l i ty  of a loading arm f a i l u r e  i s  estimated t o  be low. 

Loading Emergency Shutdown System. If t h i s  system operates a s  intended, 
i t  wil l  prevent o r  l im i t  the s i ze  of many s p i l l s  in the  loading section.  
Of primary importance i s  the  proper operation of detectors and sensors 

t h a t  a c t i va t e  the system, the  a b i l i t y  of the  36-in. valves t o  function 

s a t i s f a c t o r i l y  i n  the  event of an emergency shutdown, and the performance 
of the  ship  coupling mechanism i n  an emergency. 

3.3.4 Operator Interface 

Although the  plant  operators a r e  not t r ad i t i ona l l y  viewed a s  plant  compo- 

nents, they a r e  essent ia l  t o  the proper operation of the plant .  The in te r face  
between operator actions and plant  operations i s  therefore a c r i t i c a l  fac to r  
re la t ing  to  re lease  prevention and control .  

Operators perform a number of diverse tasks a t  the  export terminal, most 

of which r e l a t e  t o  re lease  prevention and control e i t he r  d i r ec t l y  o r  ind i rec t ly .  
During normal plant  operations, the operators r u n  the  plant within s e t  l im i t s  
and standards t o  prevent conditions t h a t  may lead t o  re leases .  During o f f -  
standard conditions, the operators must respond appropriately t o  alarms, 
indicators ,  and other s ignals  to  prevent releases from occurring o r  t o  l i m i t  
re leases  in progress. Plant inspection and maintenance i s  a l so  important t o  

iden t i fy  and remedy conditions t ha t  may lead t o  subsequent re leases .  

Because of the number of operator tasks performed a t  the  f a c i l i t y ,  the  
probabil i ty of operator e r ro r  i s  judged t o  be medium t o  high. The probabil i ty 
of LNG o r  natural gas re leases  resul t ing from operator e r ro r s  var ies  from a 

high probabil i ty of a small re lease  t o  a low probabil i ty of a maximum release .  



3.4 REPRESENTATIVE RELEASE EVENTS AND INFORMATION NEEDS 

Using the  r e s u l t s  o f  t he  system l e v e l  and the  component l e v e l  analyses, a  

l i s t  o f  p o t e n t i a l  r e lease  events considered t o  be rep resen ta t i ve  o f  t he  expor t  

te rmina l  was developed. The rep resen ta t i ve  re1  ease events a re  1  i sted i n  

Table 3.7. P re l im ina ry  analyses f o r  these events a re  presented i n  Sect ion G . l  

o f  Appendix G. The rep resen ta t i ve  re lease events range f rom r e l a t i v e l y  f r e -  

quent b u t  1  ow consequence re1  eases t o  un l  i k e l y  b u t  1  arge re1  eases. They form 

t h e  bas is  f o r  t he  q u a n t i t a t i v e  eva lua t i on  o f  t he  re lease prevent ion  and c o n t r o l  

systems i n  t he  nex t  phase o f  ana lys is .  

TABLE 3.7. Representat ive Release Events f o r  an LNG Expor t  Terminal 

1  . Rupture o f  t he  36-in.  main t r a n s f e r  1  i n e  between the  l oad ing  pumps and 
t h e  dock. 

2. Rupture o f  t he  24-in.  l i q u i d  o u t l e t  l i n e  between the  storage tank and the  
f i r s t  b lock  valve. 

3. Rupture o f  a  16- in .  l oad ing  arm. 

4. Storage tank pressure r e l i e f  va lves open. 

5. Storage tank vacuum r e l i e f  va lves open. 

6. I nne r  tank i s  o v e r f i l l e d  w i t h  LNG. 

7. Complete f a i l u r e  o f  s torage tank. 

8. Rupture o f  18- in.  feed gas l i n e  i n  l i q u e f a c t i o n  t r a i n .  

9. Rupture o f  23-in. mixed r e f r i g e r a n t  l i q u i d  p i p i n g  between h igh  pressure 
separator  and main cryogenic  heat  exchanger. 

10. Rupture o f  10- in.  nozz le t o  propane/mixed r e f r i g e r a n t  exchanger. 

11. F a i l u r e  o f  a  r e f r i g e r a n t  compressor (propane o r  mixed r e f r i g e r a n t ) .  

12. Rupture o f  12- in .  t r a n s f e r  l i n e  from l i q u e f a c t i o n  area t o  the  s torage 
tanks. 

13. Rupture of o u t l e t  nozz le o r  p i p i n g  on r e f r i g e r a n t  s torage tanks (propane, 
e t h y l  ene) . 

I n  per forming t h e  overview study, severa l  areas r e q u i r i n g  a d d i t i o n a l  i n f o r -  

mat ion were i d e n t i f i e d .  Some o f  these a re  o u t l i n e d  below. 

Emergency Shutdown (ESD) System. O f  p a r t i c u l a r  i n t e r e s t  a re  t he  l o c a t i o n  

and number o f  de tec to rs  t h a t  a c t i v a t e  the  ESD, how q u i c k l y  the  shutdown 

occurs, e x a c t l y  what equipment i s  shu t  down and what va lves are  closed, 

and d e t a i l s  on t h e  inspec t ion ,  t e s t i n g ,  and maintenance o f  the  system. 



e P l a n t  P i p i n g  Network. D e t a i l s ,  such as diameter,  l eng th ,  w a l l  th i ckness ,  

and m a t e r i a l s  o f  c o n s t r u c t i o n  a r e  needed f o r  t he  p i p i n g ,  vessels ,  va lves,  

l o a d i n g  arms, expansion j o i n t s ,  e t c . ,  t h a t  make up t h e  p l a n t  p i p i n g .  

S t r u c t u r a l  Mechanics o f  Storage Tanks. A key f a c t o r  i n  t h i s  area i s  t h e  

e f f e c t  o f  va r i ous  hazard c o n d i t i o n s  on t h e  s t r u c t u r a l  i n t e g r i t y  o f  t he  

tank.  Such c o n d i t i o n s  i n c l u d e  overpressure,  o v e r f i l l i n g  t h e  i n n e r  tank,  

and a  f i r e  o r  exp los ion  i n  another  area o f  t he  p l a n t .  The e f f e c t  of 

heatup and cooldown on t h e  tank,  t h e  p o t e n t i a l  problems encountered 

d u r i n g  these t r a n s i t i o n s ,  and t h e  c o r r e c t  heatup and cooldown procedures 

a r e  necessary f o r  more d e t a i l e d  ana l ys i s .  

L i q u e f a c t i o n  P l a n t  Process Con t ro l .  Impor tan t  f a c t o r s  i n c l u d e  t h e  

d e t a i l s  o f  t h e  c o n t r o l  scheme, p o t e n t i a l  hazard c o n d i t i o n s  t h a t  can 

r e s u l t  f r om improper c o n t r o l ,  and s t a r t u p  and shutdown procedures. 

F a i l u r e  Rate Data. The overv iew s tudy  o f  t he  e x p o r t  t e rm ina l  cons idered 

t h e  p o t e n t i a l  r e l e a s e  frequency i n  a  q u a l i t a t i v e  manner. A more d e t a i l e d  

s tudy  o f  t h e  e x p o r t  t e rm ina l  r e l e a s e  p reven t ion ,  de tec t i on ,  and c o n t r o l  

systems must c a r e f u l l y  cons ider  t h e  l i k e l i h o o d  o f  t h e  re l ease  i n i t i a t i n g  

event  and t h e  r e l i a b i l i t y  o f  t he  re l ease  de tec to r s  and c o n t r o l  systems. 

Due t o  t h e  l a c k  o f  ope ra t i ng  exper ience o f  LNG f a c i l  i t i e s ,  1  i t t l e  da ta  

i s  a v a i l a b l e  f o r  LNG equipment f a i l u r e  r a t e s .  

Operator I n t e r f a c e .  R e l i a b i l i t y  i n f o r m a t i o n  on ope ra to r  tasks  performed 

a t  t h e  f a c i l i t y  i s  needed. 



4.0 ASSESSMENT OF LNG MARINE VESSEL 

The overv iew s tudy  o f  t h e  re fe rence  LNG mar ine vessel  i s  presented i n  t h i s  

sec t i on .  

4.1 SUMMARY SYSTEM DESCRIPTION 

The tanker  used as a bas i s  f o r  t h e  LNG mar ine vessel  scoping assessment 
3  i s  a 125,000-m vessel  w i t h  f i v e  Kvaerner Moss-t,ype sphe r i ca l  tanks.  The 

t anke r  i s  designed t o  operate 345 days pe r  year ,  w i t h  20 days a l lowed f o r  

misce l laneous de lays and r e p a i r s .  The approximate cargo d e l i v e r a b i l i t y  o f  t h e  

vessel  i s  90% o f  cargo c a p a c i t y  on a t y p i c a l  voyage, w i t h  b o i l o f f  vapors f rom 

t h e  s to rage  tanks used as f u e l .  The s h i p  has a des ign  speed o f  20 knots,  and 

takes 10-15 hours t o  l oad  o r  un load under normal c o n d i t i o n s .  The bas i c  s h i p  

and i t s  p r o p u l s i o n  system, t he  cargo s to rage  tanks, and t h e  cargo hand1 i n g  

system a r e  b r i e f l y  descr ibed  i n  t h e  f o l l o w i n g  paragraphs. A d e t a i l e d  desc r i p -  

t i o n  i s  presented i n  Appendix C. 

4.1 . I  Bas ic  Ship and Propu ls ion  System 

The vessel  i s  designed t o  meet r i g i d  requi rements f o r  bo th  impact and 

damaged s t a b i l i t y .  Wing s i d e  b a l l a s t  tanks and a double h u l l  th roughout  t h e  

vessel  reduce t h e  p o s s i b i l i t y  o f  damage t o  t he  cargo tanks i n  t h e  event  o f  

c o l l i s i o n  o r  grounding. Each sphe r i ca l  cargo tank  i s  supported by a v e r t i c a l  

c y l  i nde r .  The t o p  o f  t h e  c y l  i nder i s  we1 ded t o  t h e  equator  o f  t he  cargo tank,  

and t h e  bottom i s  welded t o  t h e  s h i p ' s  h u l l  s t r u c t u r e .  Only over  a  smal l  

p o r t i o n  o f  t h e  h o l d  l e n g t h  and depth do t h e  sphe r i ca l  s to rage  tanks come c l o s e  

t o  t h e  h u l l .  A t  l o c a t i o n s  o t h e r  than  midtank, t h e  s h i p  can w i t hs tand  g r e a t e r  

p e n e t r a t i o n  and g r e a t e r  impact  v e l o c i t y .  

The sh ip ,  which i s  926 f t  l o n g  and has a deadweight o f  63,600 l ong  tons, 

i s  powered by a heavy-duty mar ine steam t u r b i n e  r a t e d  a t  43,000 shp. Steam 

f o r  t h e  t u r b i n e  i s  generated i n  two h igh-pressure b o i l e r s  by bu rn ing  b o i l o f f  

gas and bunker f u e l .  I n  a d d i t i o n  t o  s tandard n a v i g a t i o n a l  equipment, t h e  

vessel  has severa l  s a f e t y  f e a t u r e s  t o  improve manueve rab i l i t y  and p reven t  

s o l l i s i o n s ;  these  i nc l ude :  



bow t h r u s t e r s  f o r  improved maneuverabil i t y  

l o r a n  p r e c i s i o n  posi  t i o n - f  i x i n g  equipment 

b r idge c o n t r o l  o f  main engine 

c o l l i s i o n  avoidance system. 

4.1.2 Cargo Storage Tanks 

Each cargo storage tank i s  120 f t  i n  diameter and i s  cons t ruc ted  o f  

5083-0 aluminum a l l o y .  The tanks a re  i n s u l a t e d  w i t h  polyurethane foam app l ie l  

t o  t he  ou te r  sur face o f  the sheres. Normal b o i l o f f  f rom the  tanks i s  0.15% tc 

0.25% o f  f u l l  tank volume per  day. The tanks are hydropneumatical ly t es ted  tl 

31 ps ig  and equipped w i t h  re1  i e f  valves t o  p r o t e c t  the  tanks f rom overpressur '  

The cargo tanks a re  designed on a " l eak -be fo re - fa i l u re "  basis,  and no 

secondary b a r r i e r  o r  emergency containment system i s  provided. A l eak  

d e t e c t i o n  system c o n s i s t i n g  o f  a d r i p  pan w i t K  a l i q u i d - t i g h t  cover i s  

prov ided beneath each tank. 

4.1.3 Cargo Handl ing System 

The s h i p ' s  cargo handl i n g  system cons i s t s  o f  t he  1 i q u i d  cargo handl i n g  

system, the  vapor hand l ing  system, and the  r e c i r c u l a t i o n  and purg ing systems. 

The l i q u i d  cargo handl ing system inc ludes  the  main l i q u i d  header, t he  

crossover l i n e  and valves f o r  l oad ing  and unloading from e i t h e r  s i d e  3 f  the  

vessel, the  i s o l a t i o n  l i n e  connect ing the  header and crossover, l oad ing  and 

unloading l i n e s  a t  each tank, and t h e  unloading pumps i n  each tank. 

The main vapor header, a vapor l i n e  t o  each tank, t he  crossover l i n e  and 

valves f o r  accept ing o r  r e t u r n i n g  vapor f rom both sides o f  t he  ship,  b o i l o f f  

compressors and heaters, and the  gas supply t o  the  b o i l e r s  make up the  vapor 

hand l ing  system. 

The r e c i r c u l a t i o n  system cons i s t s  o f  a spray header, a smal l  spray pump 

i n  each tank, and a spray nozzle i n  each tank. This  system i s  used t o  cool  

down the  tanks and t o  keep the  tanks c o l d  on b a l l a s t  voyages. The purg ing  

system inc ludes  a small l i q u i d  n i t rogen  storage tank, an i n e r t  gas generator,  

a warmup heater,  and an LNG vapor izer .  



The emergency shutdown (ESD) system i s  incorportated i n  the cargo hand1 ing 

system so t ha t  any cargo !landling operation can be stopped quickly. Activation 

of the ESD causes the  :allowing actions:  

1 .  Valves in  these l ines  a re  closed: l iquid  crossover; vapor crossover; 

liquid/vapor header i so la t ion  l ines ;  the unloading, loading, and vapor 

l i ne s  of each tank; and the  boi ler  feed gas l i ne .  

2. The following equipment i s  shut down: the submerged cargo pumps, the 

boiloff  compressor, and the boi ler  feedgas heater .  

In most instances, the ESD i s  activated manually in  response t o  an emergency 

condition. The ESD i s  automatically activated by the high-high level indicators  

in  the cargo storage tanks and by excessive ship movement during loading. I t  i s  

a l so  activated in the event of a f i r e  by several thermal fuses located throughout 

the  ship.  

The ship personnel a l so  have the capabi l i ty  t o  ac t iva te  the  terminal ESD 

system. Terminal operators can close the ships loading/unloading valves as  

par t  of the terminal shutdown procedure. 

4 .2  SYSTEM L E V E L  ANALYSIS 

The purpose of the system level analysis  i s  to  ident i fy  those sections of 

the  marine vessel t ha t  a re  most c r i t i c a l  with respect  t o  re lease  prevention and 

control .  The evaluation of each system i s  based largely  on two factors :  

1 ) the quanti ty of a potential  re lease  of hazardous material due t o  e i t he r  the  

inventory or the flow r a t e  and 2 )  an estimate of the  r e l a t i ve  probabil i ty of a 

re lease  (low, medium, high). 

Sp i l l s  from L N G  tankers can be divided in to  two broad c lasses :  s p i l l s  

resul t ing from equipment f a i l u r e s  o r  misuse of equipment during normal opera- 

t ion  (Category I )  and s p i l l s  resul t ing from external forces (Category 11).  

Category I s p i l l s  a re  most l i ke ly  while the vessel i s  loading o r  unloading. 

The cargo handling system of the ship i s  most important with respect  t o  
Category I s p i l l s .  Coll isions,  groundings, and severe storms a r e  examples of 

external forces which could cause Category I1 s p i l l s .  The cargo storage tanks 



a r e  the  portion of the s h i p  most l i ke ly  affected by external forces .  Category I1  

s p i l l s  a r e  most l i ke ly  while the  ship i s  i n  t r a n s i t .  

Table 4.1 shows the inventories,  flow r a t e s ,  and operating conditions f o r  

the  various par t s  of the vessel .  

TABLE 4.1. Selected Operating Parameters f o r  the LNG Marine Vessel 

Normal 
Typ i ca l  Opera t ing  Cond i t i ons  

Component M a t e r i a l  I n v e n t o r y  Flow Rate P ressu re (ps i  g )  Ternperture("F) 

Cargo Storage LNG 6 . 6 ~ 1 0  ga l  ea 10,000 gpm 
6 1 t o  2 -260 

Tanks ( 5 )  

L i q u i d  Header LNG 1 . 7 ~ 1 0  ga l  50,000 gpm 1 t o  100 -260 
4 

and Crossover 

Vapor Header Na tu ra l  Gas 2.3x10"cf 7.0 t o  22.0 1 t o  2 
and Crossover MMscf d 

2 
Gas Supply L i n e  N a t u r a l  Gas 7 .Ox10 scf 7.0 MMscfd 5 0 

t o  B o i l e r s  

Spray Header LNG 2 . 0 ~ 1 0  g a l  200 gpm 10 
2 
e 

L i q u i d  N i t r o g e n  2 6.6x10"al --- --- 
Storage Tank 

4.2.1 Cargo Handling System--Category I S p i l l s  

A s p i l l  o r  r e lease  of LNG o r  natural gas from the cargo handling system 

i s  hazardous because: 1 ) the vapor i s  flammable and a ser ious  f i r e  and/or 

explosion i s  possible,  and 2 )  the  cold l iquid  could cause ser ious  s t ruc tu ra l  

damage t o  the  s h i p .  

There a r e  three  general modes by which LNG o r  natural gas can be released 

from the  cargo handling system: 

leak o r  rupture i n  pipes, f i t t i n g s ,  valves, e t c .  
discharge of r e l i e f  valves t o  the atmosphere 

misoperation of valves in the system. 

The l a rge s t  possible s p i l l  from the  cargo handling system i s  on the order 

of 67,000 gallons (a rupture of the 1 iquid header during loading o r  unloading) 

assuming the emergency s i t ua t i on  i s  recognized, the emergency shutdown (ESD) 

system operates as  designed, and the s p i l l  causes no serious s t ruc tu ra l  damage 



t o  the  ship.  The ESD shuts  down alld i s o l a t e s  the  loading/unloading system 

w i t h i n  about 1 minute a f t e r  i t  i s  act ivated.  I t  is  act ivated automatically i n  

the  event of a f i r e ,  excessive ship  movement a t  the dock, o r  ove r f i l l i ng  of a 
cargo tank. The system can be act ivated manual l y  a t  the bridge, the cargo con- 
t r o l  room, and the deck. A f a i l u r e  of the ESD would r e s u l t  i n  a s i gn i f i c an t l y  

l a rge r  s p i l l ,  up t o  about 520,000 gal lons ,  because of the high flow r a t e s .  The 
probabi l i ty  of this re lease  is  estimated t o  be low. 

4.2.2 Cargo Storage Tanks--Category I1 S p i l l s  

Grouping s p i l l  s from cargo s torage tanks and Category I1 s p i l l s  together 

does not imply t h a t  s p i l l s  from the cargo storage tanks cannot r e s u l t  from 
f a i l u r e  o r  misoperation of ship  equipment. However, i t  i s  assumed t h a t  

external  causes pose the  most s i gn i f i c an t  hazard t o  the sh ip ' s  cargo tanks. 

The most l i ke ly  cause of a re lease  from the cargo storage tanks i s  

penetration of the tanks by another ship  during a co l l i s i on .  I f  the e n t i r e  
6 contents of one tank a r e  sp i l l ed ,  the re lease  would be 6 .6  x 10 gallons 

(25,000 m'), a s  shown i n  Table 4.1. The maximum s p i l l  ( i f  a l l  f i v e  tanks a r e  
l o s t )  i s  3.3 x lo7 gallons (125,000 m3). These a r e  very large  re leases ,  but 

i t  should be noted t ha t  the  probabi l i ty  of these re leases  being instantaneous 

i s  low. The re lease  would most 1 i kely spread out  over hours o r  even days. 

The s h i p  has a double hull thoroughout t h a t  protects  the  storage tanks i n  

a co l l i s i on  o r  grounding. The ship  a l so  has various navigational equipment t o  
help prevent co l l i s i ons  and groundings. 

Basic Ship and Propulsion System 

Failures o r  misoperation i n  the  r e s t  of the s h i p  can ind i rec t ly  r e s u l t  i n  

a re lease  of LNG o r  natural gas. Events of t h i s  nature can generally be 
grouped i n to  three  broad c lasses :  

1 .  defects  and f a i l u r e s  i n  the s h i p ' s  s t r uc tu r e  t h a t  a f f e c t  the  cargo tanks o r  
cargo hand1 i ng sys tem 

2. f a i l u r e  of navigation equipment o r  navigational e r ro r  t h a t  r e s u l t s  i n  a 
ramming or  grounding 



3. f a i l u r e  of the  propulsion system, i n  which case the  boiloff  gas must be 
vented. 

6 3 Maximum s i ze  of the  re lease  is  6.6 x 10 gallons (25,000 m ) i f  one 
7 3 tank ruptures and 3.3 x 10 gallons (125,000 m ) i f  a l l  tanks a r e  l o s t .  The 

probabil i ty of t h i s  re lease  is estimated t o  be low. 

4.3 COMPONENT L E V E L  ANALYSIS 

The system level analysis  indicates t ha t  the l a rge s t  potential  s p i l l s  of 

LNG occur when one o r  more of the cargo tanks rupture. Failures o r  misopera- 
t ion of the cargo handling system generally r e s u l t  in smaller s p i l l s .  However, 
because there i s  more equipment involved and because the human element plays a 
large ro le ,  s p i l l  s a r e  much more probable i n  the cargo handl ing system. Failure 
in other portions of the  ship can ind i rec t ly  r e s u l t  i n  a s p i l l  o r  re lease  from 
the cargo handl ing system o r  the cargo tanks, and a r e  included i n  those sect ions  

fo r  t h i s  analysis .  

For passive components (e.  g .  , pi ping and cargo tanks) ,  general l y  only 

one f a i  1 ure (e .  g. , a pipe break) i s required fo r  a release.  The emergency 
shutdown system i s  designed t o  l im i t  the s i ze  of these re leases .  For ac t ive  
components (e .  g . , motors, compressors, valves, control 1 e r s )  , usually two f a i  1 - 
ures a r e  required t o  i n i t i a t e  a release.  In many cases, one of the  f a i l u r e s  
i s  f a i l u r e  on the  par t  of the crewmen t o  recognize and respond cor rec t ly  t o  
s i tua t ion .  The emergency shutdown system is ,  in some cases,  automatically 
act ivated when a component f a i l s .  

4.3.1 Cargo Handling System 

The r e su l t s  of a preliminary hazards analysis  (PHA) f o r  the  cargo handlinq 
system a re  shown in Table 4.2. Based on t h i s  analysis ,  the  following components 
a r e  iden t i f i ed  a s  being the  m ~ s t  c r i t i c a l  w i t h  respect  t o  re lease  prevention 

and control : 

Liquid header, crossover l i n e ,  and valves. Because of the  high flow r a t e s ,  

a leak o r  rupture can r e s u l t  i n  a large  s p i l l .  I t  i s  a l so  possible f o r  

crewmen t o  loisvalve the  system and cause a large  s p i l l .  Maximum s p i l l  



TABLE 4.2. Preliminary Hazards Analysis of Cargo Handling System 

- Component P o t e n t i a l  Hazard Condi_t+_ - - - - -- -. - - - - 

Rupture o r  l e a k  

- t' feet _ _ _  _ _  

S p i l l s  LNG on deck p l a t e  

Ex i s tLng  P r e v e n t i v e  a n d  Con t ro l  flea<!?r_es_ 

D r i p  pans a r e  l o c a t e d  where l eaks  a re  
expected (flange:, va lves,  e t c ) .  Crew- 
nlan w o t ~ l d  a c t i v a t e  ESD t o  i s o l a t e  t he  
sys t?rn 

1 .  L i y i d  header and 
crossover  1  i n e  

Crewnran would a c t i v a t e  ESD t o  i s o l d t e  
sys tern. 

Rupture o r  1  eak 

1  . R!III~,II~+! o r  l eak  

S p i l l s  LNG on deck p l a t e  and 
l a r q e  tank 

1 .  s p i l l s  IN(; nn $deck p l d i e  

2. Tank va l ves  ( l i q u i d  
l i n e s )  

Satne as No. 1 except  t h a t  l o a d i n y  area 
has qas d e t e c t o r  t o  p r o v i d e  e a r l y  warn- 
i n g  o f  s p i l l .  

3. L i q u i d  c rossover  
va l ves  ( l odd i t t g  
va l ves )  

2. F a i l s  open o r  i s  l e f t  
open by ope ra to r  e r r o r  

2. s p i l l s  I N S  i n t o  water  i f  
l oad inq /un load ing  1s 
t a k i n q  p lace  on t he  
o t h e r  i i d r  n f  t hp  s h i p  

3. p r ~ v e n t s  l oc~ t l i ng /un load -  
i n g  From t h a t  s i d e  o f  
t he  sh ip .  I T  va l ve  
c l o i ~ s  t oo  f a s t ,  cou ld  
cause f l u i d  hammer and 
f a i l u r e  o f  1  i q t ~ i d  
header 

3 .  r a i l s  c l osed  o r  i s  c l osed  
by ope ra to r  e r r o r  

4 .  Vapor header and 
crossover  l i n e  

Rup t t~ re  o r  l e a k  Releases n a t u r a l  gas 

5. Tank v a l v e  (vapor 
l i n e  t o  vapor 
header) 

1 .  Rupture o r  l eak  
2. F a i l s  c l osed  o r  i s  l e f t  

c l osed  by ope ra to r  e r r o r  

1. Relea5es nat , t~ra l  qas 
2 .  Pressure i n  tank w i l l  

i nc rease  ds no vapor i s  
r~n loved  

3. Tank cannot be i s o l a t e d  
i n  cttlerqency 

1 .  Releases n a t u r a l  gas 
2. R e l e a s r i  n a l u r a l  gas i f  

l oad ing /un load ing  i s  
t a k i n g  p lace  on t he  
o t h e r  s i d e  o f  t he  s h i p  

3. h a d i n g - - p r e v e n t s  vapor 
f rom be ing  r q t l ~ r n e d  t o  
shore wl i ich cou ld  cause 
overpressure o f  cargo 
tank and underpressure 
o f  t e r ~ l ~ i n a l  s torage tank 

Unload ing- -prevents  vapor 
from hf?inq re tu rned  f rom 
shore which cotr ld cause 
undcrpress~ l t -e  o f  cargo 
tank 

S p i l l <  LNG on deck p l a t e  
same as 140. 1  above 

S p i l l s  L N G  on deck p l a t e  
s a w  as No. 1  above 

Sa fe t y  va l ves  prevent  tank from f a i l u r e  
due t o  overpressure 

3.  F a i l s  open o r  i s  l e f t  
open hy  o p e r a t o r  e r r o r  

6. Vapor c rossover  
va l ves  ( l o a d i n g  
va 1  ves) 

1. Rupture o r  l eak  
2. F a i l s  open o r  i s  l e f t  

open by ope ra to r  e r r o r  

Gas d e t e c t o r  p rov ides  e a r l y  warn ing 

3. F a i l s  c l osed  o r  i s  l e f t  
c l osed  by ope ra to r  

Both  cargo tanks and te rm ina l  tanks a r e  
p r o t e c t e d  by  s a f e t y  va lves t o  p reven t  
f a i l u r e  f r om overpressure and under- 
pressure 

7 .  Spray header Ruoture o r  l eak  S a w  as 140. 1  above 

Sane as Yo. 1  above 8. Tank va l ves  ( l i q u i d  
1  i n e  t o  spray 
header) 

Rupture o r  l eak  

9. Coupl ings t o  l o a d i n g  
arms 

Disconnected wh i 1  e  1  oad ing 
o r  un load ing  i s  s t i l l  i n  
progress 

S p i l l s  LNG on the  deck and 
i n  t he  water  

10. B o i l o f f  cottipressors 
and vapor r e t u r n  
compressors 

1. Rupture o r  l eak  
2. T a i l  t o  ope ra te  
3. Run a t  f u l l  speed o n l y  

1. R e l e a w s  ndtul-nl  qns 
2. Cargo tank p r e s s t ~ r e  

increasc!s 
3 .  Cargo tank press l l re  

r l e ~ r c a ~ e s  

Tanks a re  p ro tec ted  by s a r e t y  valve; t o  
prevent  f a i l u r e  front overpress l l re  and 
underpressure 

11. ?pray pumps and 
nozz les  

F a i l  t o  ope ra te  p r o p e r l y  Tanks cannot he coo led down 
o r  k r p t  c o l d  wlien pmpty 



TABLE 4.2. (contd)  

Component 

Gas supply l i n e  t o  
b o i l e r s  

13. B o i l o f f  heaters 

14. Emergency Shutdown 
System 

a. detectors and 
process i n s t r u -  
ments 

b. t ransmi t te rs  

c. c o n t r o l l e r s  

d. valves and 
switches 

15. L i q u i d  N storage 
tank an8 associated 
p i p i n g  up t o  i n e r t  
gas generator 

16. R e l i e f  valves on 
vapor header (gas 
main) 

17. Valve t o  forward vent 
r i s e r  

18. Propulsion p l a n t  o r  
b o i l e r s  

Po ten t ia l  Hazard Condit ion E f f e c t  

Rupture o r  leak  Release o f  na tu ra l  gas 

Fai 1 t o  operate Cold gas would en te r  gas 
supply l i n e  t o  bo i le rs .  
This  could cause f a i l u r e  o f  
carbon s tee l  p i p i n g  o r  
equipment. 

F a i l  t o  operate p roper l y  Cargo handling system i s  no t  
i s o l a t e d  and shut down i n  
an emergency s i t u a t i o n  

Rupture o r  leak  S p i l l s  N on deck. Could 
cause dgck p la tes  t o  crack. 
A l l  purging on the sh ip  
would be stopped 

F a i l  t o  open on demand Pressure i n  vapor header 
continues t o  r i s e  and vapor 
header o r  o ther  equipment 
connected t o  i t  could f a i l .  

F a i l s  open o r  i s  l e t  open by Natural gas o r  LNG i s  
operator  released ou t  the  r i s e r  

F a i l  t o  operate Ship cannot move under i t s  
own power. A l l  b o i l o f f  gas 
has t o  be vented. 

E x i s t i n g  Preventive and Control Measures 

Gas supply l i n e  t o  the  propuls ion equip- 
ment i s  a double p ipe  w i t h  the gas 
being c a r r i e d  i n  the inner  pipe. The 
annular space i s  purged w i t h  N2 and the  
gas analyzed f o r  CHd. 

Redundant heaters 

System can be ac t i va ted  manually i f  
detectors o r  t ransmi t te rs  f a i l .  

Valves can be c losed and equipment shut- 
down manually i f  c o n t r o l l e r s ,  valves, 
o r  switches f a i l .  

Valves a re  inspected and tested per iod i -  
c a l l y  



s i ze  would be around 67,000 gallons i f  the ESD works properly. The 

probabil i ty of f a i l u r e  fo r  these types of components is estimated to  

be low. 

Emergency Shutdown (ESD) system. I f  this system f a i l s  to  operate in an 

emergency, a very large s p i l l  could r e su l t .  In the case of a rupture of 

the l iquid  header, the  s p i l l  could be as large  as 520,000 gallons. Proper 

interconnection of the  terminal and ship ESD systems i s  important to  ensure 

a f a s t ,  complete, and safe  shutdown in  emergencies. 

Tanker loading and unloading, including operation of the cargo hand1 ing 

system and the  terminal equipment, i s  the segment of L N G  baseload operations 

i n  which the human element plays i t s  biggest ro le  w i t h  respect  t o  re lease  

prevention and control .  "Human considerations" par t i cu la r ly  important in  pre- 

venting sp . i l l s  during tanker loading and unloading a re :  

crewman and operator t ra ining--par t icular ly  f o r  emergency s i tua t ions  

good communications between ship and terminal personnel. 

4.3.2 Cargo Storage Tanks 

Table 4.3 presents the preliminary hazards analysis  (PHA) of the  L N G  

s torage portion of the vessel .  Components t ha t  a re  most important w i t h  respect  

to  re lease  prevention and control are:  

Primary bar r ie r .  A rupture o r  leak i n  the spherical aluminum tanks can 
6 r e s u l t  in a large  s p i l l  (up t o  6.6 x 10 ga l lons ) .  The probabil i ty of 

tank f a i l u r e  i s  estimated to  be low. 

Outer and inner hulls .  These protect  the primary bar r ie r  from a 
co l l i s ion .  They a l so  contain ba l l a s t  water t ha t ,  i f  i t  leaks ou t ,  could 

ruin tank insula t ion and freeze on the cargo tanks. The probabil i ty of 

such a f a i l u r e  is estimated t o  be low. 

Cargo tank l iquid-level  indicators.  I f  these f a i l ,  the  tank can be 

over f i l l ed .  Liquid will  overflow out the vapor l i ne s  and could cause 

s ign i f ican t  damage i n  o ther  portions of the ship.  The probabil i ty of a 
level indicator  f a i l u r e  i s  estimated t o  be medium. 



TABLE 4.3.  Preliminary Hazards Analysis of Cargo Storage Tanks 

Col~~ponen t 

1 .  Cargo tank 

2. Equdtor ia l  r i n g  and 
and support 

3. Cargo tank .l i q u i d  
l e v e l  i n d i c a t o r s  

4. Safety valves on 
cargo tank (pressure 
re1 i e f )  

5 .  Safety valves on 
carg, tanks (vacuum 
re1 i e f )  

6 .  Cargo tank i n s u l a t i o n  

7. Car o tank pressure 
i n % i c a t o r / c o n t r o l  l e r  

8. Outer and inner  h u l l  

- l o ten t ia l  tiazard Condi t ion 

Rupture or  leak 

Rol lover  

F a i l s  t o  support the tank 

Give i n c o r r e c t  readings o r  
f a i l  t o  a c t i v a t e  ESD system 

Do n o t  ope11 on demand 

Open a t  lower pressure than 
design 

Do n o t  open on demand 

Open a t  higher- pressure than 
desiyn 

I n e f f e c t i v e  

Gives i n c o r r e c t  readings o r  
f d i l s  to  operate 

Outer and inner  h u l l  are 
penetrated i n  a c o l l i s i o n  
o r  yroundi ny 

E f f e c t  - - . .- - - -. . . - - - - 

S p i l l s  LNG on the deck or The cargo tanks are designed t o  " leak"  
i n t o  d r i p  pdil below.tank. before they " f a i l " .  A d r i p  Pan i s  

l oca ted  beneath the tank t o  catch sr~ ia l l  
leaks.  A gas de tec to r  i n  t h i s  area pro- 
vides e a r l y  warnings i n  case o f  leaks.  

Pressure i 1 1  tank increases Tanks have sa fe ty  valves s e t  a t  3.5 p s i g  
to  p r o t e c t  against  f a i l u r e  fro111 over- 
pressure 

Tank would f d l l  i n t o  hold 
area and could f a i l  and 
s p i l l  e n t i r e  conte l l ts .  

Cargo tank i s  o v e r f i l l e d  and Each tank has two independent l i q u i d  
l i q u i d  f lows out  the vapor l e v e l  i n d i c a t o r s  
l i n e  and i n t o  the vapor 
header. From rhere i t  can go 
t o  the compressors, the 
compressor 1 ines, o r  the 
vent l i n e s ,  o r  the vent 
r i s e r .  

Pressure i n  tank colrt i l luc5 Safety valves open a t  3.5 p s i g  and tank 
to  r i s e  and tank cou ld  can wi thstand a t  l e a s t  31 p s i g  i n  vapor 
overpres5ure spdce. Each tank has two safety  valves. 

Valves are inspected and tested p e r i o d i -  
c a l l y .  

Releases na tu ra l  gab t o  Valves are inspected and tested p e r i o d i -  
vapor header ur~necessdri  l y  c a l l y  

Pressure i n  the tank con- Valves are inspected and tes ted  p e r i o d i -  
t inues t o  f a l l .  c d l l y  

N i s  admitted t o  the ta r~k  Valves are inspecled and tes ted  p e r i o d i -  
i nnecessar i l y  ca l  l y  

Increase i n  h o i l o f f  which 
111ay have t o  be vented. 
Could cause Increase i n  
tank prebsure. 

Increase o r  decredse i n  tdnk 
pressure 

Cargo tarlk5 may be ruptured. 
B a l l a s t  water i s  released 
and \\ray r u i n  the i n s u l a t i o l l  
and freeze on the tarik. 

The sh ip  conta ins the f o l l o w i n g  sa fe ty  
features t o  improve nuneuverabi 1 i t y  and 
prevent c o l l i s i o n s :  
1)  bow t h r u s t e r  
2) l o r a n  p r e c i s i o n  p o s i t i o n  f i x i n g  

equipment 
3) b r idge  c o n t r o l  o f  main engine 
4 )  c o l l i s i o n  avoidance system 



Safety valves on cargo tanks, hold areas, and vapor l ine.  These protect 

the storage tanks from overpressure and underpressure. The fa i lure  of a 

safety valve i s  estimated to  have a low probability. 

Navigational safety equipment. This equipment (1 isted previously) aids 

ship personnel in avoiding collisions and groundings. The probability of 

navigational safety equipment fa i lure  i s  estimated to  be medium. 

Collisions or groundings pose the most s ignif icant  threat  to  the cargo 

storage tanks. Therefore, the ab i l i t y  of the ship to avoid collisions (by 
special navigational equipment) and the col l is ion resistance of the hulls and 

the primary barrier are  of utmost importance in preventing s p i l l s  from the 

cargo storage tanks. 

The collision resistance of several LNG vessels has been calculated based 

on the Minorsky equation. The Minorsky method i s  a semianalytical approach 

based on data for  50 actual col l is ions.  With th is  method, the velocity of a 

s t r iking ship required for  penetration of the cargo tanks of the LNG vessel can 

be calculated. Appendix C of t h i s  study contains further discussion pertain- 

ing to  the collision resistance of L N G  vessels. Included in th i s  discussion 

i s  a plot of the c r i t i ca l  velocity versus displacement of the s t r iking ship. 

4.4 REPRESENTATIVE RELEASE EVENTS 

Based on the resul ts  of the preceding system and component level analyses, 

a l i s t  of potential release events considered to  be representative of the 

marine vessel was developed. These representative release events appear in 

Table 4.4. Section 6 . 2  of Appendix G includes preliminary analyses of these 

events. The representative re1 ease events range from re1 a t i  vely frequent b u t  

low consequence releases to  unl i kely b u t  large releases. They form the basis 

for  the quantitative evaluation of the release prevention and control systems 

in the next phase of analysis. 

In performing the overview study, several areas requiring additional infor- 

mation were identified.  Some of these are outlined below. 



TABLE 4.4. Representative Release Events f o r  an LNG Marine Yessel 

1.  Rupture o r  leak i n  one of the LNG cargo tanks 
2 .  Cargo tank i s  over f i l l ed  

3.  Pressure safe ty  valves re l i eve  t o  the atmosphere 
4. Rupture o r  leak i n  the l iquid  cargo handling system 
5. Rupture o r  leak i n  the vapor handl ing system 

6. Release of L N G  o r  natural gas from ship due t o  misoperation of the 

cargo handl ing system. 

Coll i sion Probabi 1 i t y .  Several analyt ical  methods have been appl ied to  
Coast Guard co l l i s ion  data t o  determine the probabil i ty of an LNG vessel 

being involved in  a co l l i s ion .  These methods usually include a sa fe ty  

fac tor  f o r  LNG vessels t o  account fo r  the additional navigation and safe ty  
equipment on board and the  special navigational procedures used. Additional 

research and analysis  i s  needed t o  develop a standard method f o r  calcula t ing 
these probabi 1 i t i  es.  

Effects of a Coll ision on an LNG Vessel. While the c r i t i c a l  velocity fo r  
penetration of the storage tanks has been calculated,  l i t t l e  a t t en t ion  has 

been given t o  the  e f f ec t s  of a co l l i s i on  on other portions of the  ship such 
as  the cargo handling system and the propulsion system. 

Cargo Handling System. A complete piping and instrument drawing of the 

cargo handl i ng system i s  needed. 

Effects of S p i l l ,  Fi res ,  and Explosions. The e f f ec t  of these events on 
the s t ruc tura l  i n t eg r i t y  of the  ship,  on the cargo handling system, and 
the  cargo tanks needs t o  be determined. 

Failure Rate Data. The overview study of the marine vessel considered 

re lease  frequency i n  a qua l i t a t i ve  manner. A more deta i led study of the  

marine vessel ' s  re1 ease prevention, detection,  and control systems must 

ca re fu l ly  consider the likelihood of the re lease  i n i t i a t i n g  event and 

the  re1 i ab i l  i t y  of the  re lease  detection and control systems. Due t o  

the lack of operating experience of LNG f a c i l i t i e s ,  l i t t l e  data i s  ava i l -  

able  f o r  LNG equipment f a i l u r e  ra tes .  



Operator I n t e r f a c e .  Re1 i a b i  1 i t y  i n fo rma t i on  on opera tor  tasks  performed 

i n  sh ipp ing  and cargo handl ing operat ions i s  needed. 





5.0 ASSESSMENT OF LNG IMPORT TERMINAL 

This section presents the overview study of the  reference LNG import 

terminal . 

5.1 SUMMARY SYSTEM DESCRIPTION 

The reference LNG import terminal consis ts  of a marine terminal f o r  tanker 

unloading, two 550,000-bbl storage tanks f o r  LNG storage,  compressors and send- 

out  pumps, and a vaporization system including both fa l l ing-f i lm,  open-rack, 

seawater vaporizers and gas-fired,  submerged combustion vaporizers. The major 

operations performed a t  the  plant  a r e  b r i e f l y  described i n  the following para- 

graphs. The plant  sa fe ty  systems a r e  a l so  described. A de ta i led  descript ion 

i s  presented i n  Appendix D. 

5.1 . I  Marine Terminal and Unloading System 

The marsine terminal f o r  the LNG import f a c i l i t y  cons i s t s  of a dock and a 

6,000-ft t r e s t l e  supporting a roadway and f l u id  t r ans fe r  l i ne s .  The four major 

t r ans fe r  l i n e s  include a 42-in. main LNG t r ans fe r  l i n e  from the t r e s t l e  t o  tne 

LNG s torage f a c i l i t y ,  a 16-in. vapor re turn  l i n e  t o  maintain adequate pressure 

in  the s h i p ' s  s torage tanks during unloading, a 4-in. LNG rec i rcu la t ion  l i n e  

t o  keep the LNG unloading 1 ines cold when not unloading a vessel ,  and a 10-in. 

Bunker "C" fuel o i l  l i n e .  

Four 16-in.-diameter a r t i cu la ted  LNG loading arms a r e  located on the dock 

a t  the terminal. The loading arms connect w i t h  a 24-in. t r ans fe r  l i n e .  Two 

s e t s  of four  24-in. l i ne s  connect t o  a 42-in. header which t i e s  i n to  the 42-in. 

t r ans fe r  1 ine. 

The marine terminal includes berths t o  accommodate two vessels ,  one on 

each s ide  of the t r e s t l e .  However, only one ship can unload a t  a time. A 
control tower over1 ooks the  ship  unloading operations. 

5.1.2 Storage System 

LNG storage a t  the f a c i l i t y  cons i s t s  of two flat-bottom, double-wal l ed ,  

aboveground LNG s torage tanks w i t h  a capacity of 550,000 bbl each. The inner 



tank i s  constructed of 9% nickel-s teel ,  which possesses excel lent  low tempera- 

tu re  d u c t i l i t y .  The outer tank i s  constructed of carbon s t e e l ,  which possesse 

a very poor low temperature d u c t i l i t y .  The dimensions of the tank a r e :  

i  nner diameter : 215 f t  

outer  diameter: 225 f t  

inner shell  height: 88 f t  

outer  tank she1 1 height: 98 f t  

overall  tank height : 146 f t .  

The high l iquid  level of LNG in the  tank i s  approximately 87 f t ,  9 i n .  

Expanded p e r l i t e ,  a nonflammable material ,  insula tes  the  annular space 

between the  inner and outer she l l s .  A r e s i l i e n t  f ibe rg lass  blanket i s  wrappec 

around the outside of the inner shell  t o  a l l ev i a t e  pressures resu l t ing  from 

movement of the inner shell  due t o  thermal cycling. Foamglass blocks, a load- 

bearing insula t ion,  a r e  used t o  insula te  the tank bottom. 

A 4-ft- thick reinforced concrete s lab  supports each tank. An e l ec t r i c a l :  

heated sandbed i s  located beneath the  tank. This prevents the so i l  beneath t t  

tank from freezing and causing frostheave. Engineered f i l l  i s  located d i rec t '  

beneath the s lab.  

The tanks a re  designed t o  withstand instantaneous wind gusts u p  t,o 104 

mph, earthquakes up t o  7 on the Richter scale ,  and a maximum horizontal accel-  

era t ion of 0.21 g. All piping to  the inner tank enters  through the  roof of 

the  storage tank. 

A concrete dike wall surrounds each storage tank. Each dike will  hold 

approximately 133% of the capacity of one storage tank. The ins ide  of the  

dike wall i s  l ined w i t h  insula t ing material t o  reduce the evaporation r a t e  of 

any sp i l l ed  LNG. 

A weather shie ld  extending from the top of the concrete dike t o  the oute 

tank roof keeps precipi ta t ion from f a l l i ng  in to  the annular space. 

Normal tank boiloff  and vapors from LNG tanker unloading a r e  handled by 

vent gas compressor system. Storage tank pressure is  maintained by returning 



vapors from the  vent  gas compressor. Excess vapors are  compressed by f u e l  gas 

and p i p e l i n e  compressors t o  be used as f u e l  o r  f o r  d e l i v e r y  t o  the  gas t rans-  

miss ion  p i p e l i n e .  

5.1 .3 Compressors and Sendout Pumps 

Th is  sec t i on  o f  the  p l a n t  inc ludes a l l  o f  the  equipment opera t ing  a t  h igh  

pressure (up t o  1300 ps ig ) .  There a r e  ten  major compressors a t  the  f a c i l i t y :  

f o u r  c e n t r i f u g a l  b o i l o f f  compressors t h a t  take suc t i on  on the  storage tanks and 

boost  t he  gas t o  10 ps ig;  th ree  two-stage, r e c i p r o c a t i n g  f u e l  gas compressors 

t h a t  take gas from the b o i l o f f  compressors and increase the  pressure t o  150 ps ig ;  

and th ree  two-stage, r e c i p r o c a t i n g  pipe1 i n e  compressors t h a t  compress the  gas 

t o  1300 ps ig .  Only the  b o i l o f f  compressors run  cold.  A f u e l  gas preheater 

heats the  b o i l o f f  before i t  enters the  f u e l  gas compressors. 

Each storage tank conta ins two submerged, pr imary sendout pumps t h a t  boost 

t he  LNG t o  60 ps ig.  These are  fo l lowed by 10 secondary pumps. The secondary 

pumps are  submersi b l  e, pot-mounted, 15-stage u n i t s  t h a t  r a i s e  the  LNG pressure 

up t o  1300 ps ig .  

5.1.4 Vapor iza t ion  System 

The vapor i za t i on  system f o r  the  impor t  terminal  inc ludes two major types 

o f  LNG vapor izers:  f a l l i n g - f i l m ,  open-rack, seawater vaporizers, and gas - f i r ed  

submerged combustion vapor izers.  These vapor izers prov ide  the p l a n t  w i t h  a  

t o t a l  ou tpu t  capac i ty  o f  1  b i l l i o n  s c f d  o f  gas. 

Baseload vapor i za t i on  occurs i n  f i v e  f a 1  1  i ng - f i lm ,  open-rack, seawater 

vapor izers w i t h  a  t o t a l  capac i ty  o f  550 MMscfd. LNG i s  in t roduced through mani- 

f o l d s  a t  t h e  bottom o f  banks o f  v e r t i c a l  panels constructed o f  spec ia l  extruded 

f i n s .  The LNG passes upward i n s i d e  the panels, where i t  i s  heated by the  sea- 

water  t h a t  f a l l s  as a  f i l m  over t he  ou ts ide  o f  t he  panels. Natura l  gas emerges 

a t  the  top, where i t  i s  c o l l e c t e d  i n  a man i fo ld  and rou ted t o  the p i p e l i n e .  

The f a l l i n g  water f i l m  used i n  t h i s  design gives extremely h igh  heat t rans-  

f e r  coe f f i c i en ts ,  which reduces the  amount o f  i c e  formed, thus ma in ta in ing  h igh  

performance. With t h i s  open type o f  system, the l i m i t e d  amount o f  i c e  t h a t  



forms does no t  i n t e r f e r e  w i t h  the  f l o w  o f  water. The panels o f  f i nned  tubes 

and a l l  p a r t s  i n  contac t  w i t h  the  LNG are made o f  aluminum a l l o y ,  which mainta ins 

i t s  s t rength  a t  low temperature. 

For standby o r  peaking vapor izat ion,  f o u r  submerged gas - f i red  vapor izers 

having a  t o t a l  capac i ty  o f  450 MMscfd are  used. The gas - f i red  vapor izers a re  

used approximately 800 hours per year. 

The gas - f i red  vapor izers a re  designed so t h a t  burners exhaust h o t  combustion 

gases downward through a  downcomer and i n t o  a  water bath below the  1  i q u i d  sur- 

face. The exhaust forms bubbles i n  the water, causing turbulence, mixing, and 

a  "1 i f t i n g "  ac t ion .  Th is  fo rces  the  water up a t  a h igh  v e l o c i t y  through an 

annular space created by a  we i r  around the  downcomer. The water f lows over t h e  

top  o f  t he  w e i r  and i n t o  the  more quiescent tank. A heat  exchanger tube c o i l  

f o r  t he  LNG i s  located i n  the  annular space between the  we i r  and the  downcomer, 

where i t  i s  scrubbed by the  warm gas-water mixture.  Th is  t rans fe rs  the  heat t o  

t h e  LNG and vaporizes it. The vapor izers consume f u e l  gas equ iva lent  t o  1.5 t o  

2% o f  the  LNG vaporized. 

The i n l e t  p ip ing,  a l l  p i p i n g  i n s i d e  the  vapor izers t h a t  comes i n  contac t  

w i t h  the  LNG, and the  o u t l e t  p i p i n g  t o  the  f i r s t  f lange are  a l l  s t a i n l e s s  s tee l  

cons t ruc t i on  on both the  seawater and the  gas- f i red  vaporizers. An independent 

containment d i ke  i s  inc luded i n  the  seawater vapori.zer area t o  conta in  any LNG 

re lease t h a t  might  occur. 

5.1.5 Safety Systems 

The p l a n t  Emergency Shutdown (ESD) sys tern has th ree separate c i  r c u i  t s  : 

t h e  Master Emergency Shutdown (MES) , the Vaporizer Emergency Shutdown (VES) , and 

t h e  Offshore Emergency Shutdown (OES) . These systems automati c a l l  y shut  down 

and i s o l a t e  po r t i ons  o f  t he  f a c i l i t y  or ,  i n  the case o f  the  MES, t h e  whole f a c i l i t y .  

I t  takes about 30 seconds t o  shut  down t h e  p lan t ,  once the  ESD i s  ac t iva ted.  The 

shutdown systems a re  ac t i va ted  by detectors located throughout t h e  p lan t ,  by 1  i m i  t s  

on c e r t a i n  process con t ro l  var iables,  o r  by the p l a n t  operators. 

Combus ti b l  e  gas detectors, UV f 1  ame detectors, and temperature sensors 

a re  located throughout the  p l a n t  area. These detectors a c t i v a t e  alarms t h a t  

i n d i c a t e  the  exact  l o c a t i o n  o f  a  s p i l l  o r  f i r e  on a  graphic panel i n  the  

con t ro l  room. 



The f i r e  control system consis ts  of fixed and portable dry chemical extin- 
guishers,  high-expansion foam systems, and a f i r e  water system. 

5.2 SYSTEbI LEVEL ANALYSIS 

The purpose of the system level analysis  i s  to  ident i fy  those sections of 
the  import terminal t ha t  a re  most c r i t i c a l  w i t h  respect  to  re lease  prevention 
and control .  The evaluation of each system i s  based largely  on two fac tors :  
1 )  the quanti ty of a potential  re lease  of hazardous material due t o  e i t he r  the  
inventory o r  the flow r a t e  and 2 )  an estimate of the r e l a t i v e  probabil i ty of 

a re lease  (low, medium, high). 

Process operation conditions f o r  a l l  sect ions  of the  import terminal, 

i ncl udi ng flow r a t e s ,  temperatures, pressures, and p i  pel i ne s i ze s ,  a r e  presented 
in  Table 5.1. 

5.2.1 Marine Ternii nal and Unloading Sys tem 

The primary hazards involved i n  hand1 i n g  LNG a t  a marine terminal a r e  the  

flammability of the gas and the cold temperature of the l iquid .  

There a r e  two primary methods by which LNG or  natural gas can be released 
from the unloading system: 

1 eak or rupture in  valves, pipes, f i t t i n g s ,  loading and t rans fe r  arms, 
e t c .  

pressure re1 ief  valve discharges from t rans fe r  1 ines.  

A containment system i s  located under the unloading platform t o  c o l l e c t  
a l l  s p i l l s  from the  loading arms. Drain valves a r e  included i n  the  t rans fe r  

1 ine  so i t  can be drained in to  the  containment system under the dock. Any 

re lease  of LNG between the terminal and shore would f a l l  in to  the  ocean. A 

containment bar r ie r  follows the ship unloading 1 ine from shore t o  the storage 

tanks. Because of the s i ze  of the t rans fe r  l i n e  and the associated h i g h  flow 
r a t e s ,  a s ingle  leak o r  break can r e s u l t  i n  a large s p i l l .  The maximum re lease  

in  the marine terminal area i s  approximately 960,000 gallons fo r  a large  rupture 
of the  42-in. t r ans fe r  l i ne .  The probabil i ty of this re lease  is estimated t o  be 
low. 



TABLE 5.1 . System Capac i t i es  and Flow Rates 

System Component 

Marine Terminal 42-in. LNG Transfer L ine  
and Unloading 
System 4- in .  LNG Rec i rcu la t ion  

L i n e  

16-in. Vapor Return L ine  

Storage Storage Tank 

Sendout Pumps Primary In-Tank Pumps 

20-in. Tank O u t l e t  L ine 

Secondary Pumps 

24- i n  . Secondary Pump 
Sendout L ine 

Vapor izat ion Seawater Vaporizers 
System 

Submerged Combustion 
Vaporizers 

Compressors B o i l o f f  Compressor 

Fuel Gas Compressor 

P i p e l i n e  Compressor 

Number o f  Flow Rate -- Operang-Condi t i o n s  
Components I n  Out-- Pressure $& Temperature (:FI 
1 53,000 gpm 53,000 gpm 100 -258 

1 1,500 gpm 1,500 gpm 60 -258 

1 16 ~ M s c f d ' ~ )  16 ~ M s c f d ' ~ )  10 -152 

2 53,000 gpm 4,000 gpm 0.8 -258 

2/Tank 4,000 gpm 4,000 gpm 60 -258 

l/Tank 4,000 gpm 4,000 gpm 60 -258 

10 8,550 gpnl 8,550 gpm 1,280 -252 

1 8,550 gpm 8,550 gpm 1,280 -252 

5 4,700 gpm 550 MMscfd 1,300 -252 t o  30 

4 3,850 gpm 450 MMscfd 1,300 -252 t o  30 

-- 

(a) Flow r a t e  dur ing  unloading operat ions. 



5.2,2 Storage System 

LNG i s  the only hazardous material s tored a t  the terminal. LNG i s  hazar- 
dous because of the cryogenic storage temperatures and the  flarnmabil i ty  of the 

vapor. 

There a re  three primary methods of re lease  i n  the storage area:  

storage tank f a i l u r e  

leak o r  rupture from i n l e t  o r  ou t l e t  p i p i n g ,  f langes,  valves, f i t t i n g s ,  

e t c .  

atmospheric discharge from a r e l i e f  valve. 

The inner container of the LNG s torage tanks i s  constructed of 9% nickel 

s t e e l ,  su i tab le  f o r  operating a t  cryogenic temperatures. The outer tank i s  

constructed of carbon s tee l  and i s  susceptible t o  f rac ture  i f  contacted with 

any LNG or  cold vapors. Thus, f a i l u r e  of the inner tank would probably lead t o  

f a i l u r e  of the outer tank. Each L N G  storage tank i s  surrounded by an insulated 
concrete dike wall t o  contain any s p i l l s  of L N G  from the tank. 

Each tank has pressure and vacuum re l i e f  valves to  protect  agains t  tank 

overpressure .and underpressure. An auxi l iary  gas supply system a l so  protects 

the  tanks from underpressure. Activation of the Master Emergency Shutdown (MES) 

automatically stops a l l  flows in to  and out of the tanks and i so l a t e s  them from 

the  r e s t  of the plant .  The probabil i ty of a gross f a i l u r e  of a storage tank i s  

estimated to  be low. 

5.2.3 Compressors and Sendout Pumps 

The hazards involved with operation of t h i s  equipment a re  the cold tempera- 
tu re  of L N G ,  the flammability of the L N G  vapor, and the high pressure a t  which 
some of the  components operate. 

There a r e  two general means by which LNG o r  vapor can be released from 
these systems: 

f a i l u r e  of piping, valves, f i t t i n g s ,  e tc .  

f a i l u r e  of the compressors or  pumps. 



E i t h e r  t h e  Master  Emergency Shutdown (MES) o r  t h e  Vapor Emergency Shutdown (VES), 

when a c t i v a t e d ,  s tops  t h e  LNG sendout pun~ps and i s o l a t e s  them f rom t h e  s to rage  

tank  and t h e  vapo r i ze rs .  The MES a l s o  shuts  down and i s o l a t e s  t h e  compressor 

sys tem. 

The secondary pumps a r e  l o c a t e d  i n  t h e i r  own d i ked  area which has a  

d r y  chemical f i r e  ext inguishment  system and a  high-expansion foam system. 

The maximum s p i l l  i n  t h i s  area o f  t he  p l a n t  i s  approx imate ly  23,000 ga l l ons ,  

assuming t h e  MES i s  a c t i v a t e d  p rompt ly  and f u n c t i o n s  as designed. The p robab i l - .  

i t y  o f  t h i s  r e l ease  i s  es t imated  t c  be low t o  medium. The s p i l l  c o u l d  be as 

l a r g e  as 100,000 ga l l ons  i f  t h e  system has t o  be shu t  down manual ly .  

5.2.4 Vapo r i za t i on  System 

Vapor - i za t ion  occurs i n  two types o f  vapor ize rs :  f a l l i n g - f i l m ,  open-rack, 

seawater vapo r i ze rs  and gas - f i r ed ,  submerged combustion vapo r i ze rs .  The gas- 

f i r e d  peak ing vapo r i ze rs  opera te  approx imate ly  30 days/yr.  

Pr imary methods f o r  LNG and vapor r e l ease  i nc l ude :  

l e a k  o r  r u p t u r e  f rom i n l e t  and o u t l e t  p i p i ng ,  va lves,  f l anges ,  f i t t i n g s ,  

e t c .  

e 1 eaks f rom vapo r i ze r  hea t  t r a n s f e r  t u b i n g  o r  c o i l s .  

A conta inment  d i k e  surrounds t he  vapo r i ze r  area t o  c o n t a i n  any s p i l l s  t h a t  

m i g h t  occur  there .  Both t he  seawater vapo r i ze rs  and t h e  submerged combustion 

vapo r i ze rs  a r e  connected t o  t h e  Vapor ize r  Emergency Shutdown (VES) c i r c u i t .  

When ac t i va ted ,  t h i s  system shuts  down t h e  feed  pumps t o  t h e  vapor ize rs ,  i s o l a t e s  

t h e  vapo r i ze rs  f rom t h e  r e s t  o f  t he  p l a n t ,  and ven ts  a l l  gas hand1 i n g  equipment 

t o  t h e  v e n t  header. The VES i s  a u t o m a t i c a l l y  a c t i v a t e d  by t h e  l o s s  o f  seawater 

f low, by h i g h  wate r  temperature,  by low o u t l e t  gas temperature,  and by UV f lame 

d e t e c t o r s  i n  t h e  area. I t  can a l s o  be a c t i v a t e d  manual ly  f rom t h e  v a p o r i z e r  

area and t h e  c o n t r o l  room. A c t i v a t i o n  o f  t he  MES a u t o m a t i c a l l y  a c t i v a t e s  t h e  

VES. 

The maximum re lease  i n  t h i s  area would probably  r e s u l t  f rom a  f a i l u r e  o f  

t h e  24-in. 1 i q u i d  t r a n s f e r  1  i n e  f rom the  secondary pumps t o  t h e  vapo r i ze rs .  A 

r e l e a s e  o f  100,000 ga l  o f  LNG i s  es t imated  as t he  maximum s p i l l  s i z e  t h a t  can 



occur from this area.  T h i s  assumes the YES i s  not act ivated o r  f a i l s  to  func- 

t ion properly. If the VES operates a s  designed, the s p i l l  would be 1 imi ted to  
23,000 gallons. The probabil i ty of t h i s  re lease  is estimated t o  be low t o  
medium. In the  event of loss  of seawater o r  fuel gas, f a i l u r e  of the  VES can 

a l so  r e s u l t  i n  f a i l u r e  of the  vaporizer o u t l e t  l i ne s .  (The cold LNG could 
contact  the  carbon s teel  o u t l e t  1 ines and cause them t o  crack.) 

5.3 COMPONENT LEVEL ANALYSIS 

The system level analysis  indicates t ha t ,  a1 though the l a rges t  potential  

re leases  are  from the unloading and storage systems, s ign i f ican t  re leases  could 
come from any of the four systems a t  the import terminal. As a r e s u l t ,  a 

component level analys is  i s  presented fo r  a l l  four systems. 

The component level analysis  consis ts  of a preliminary hazards analysis  

(PHA). The PHAs f o r  the  major components i n  each of the  import terminal systems 

a r e  presented in tabular  form i n  the following subsections. Each PHA includes 

potential  hazards, e f f ec t s ,  and ex i s t ing  preventive and control measures. 

I t  i s  important to note t ha t  some of the re leases  presented i n  t h i s  sect ion 

require f a i l u r e  of more than one component. For example, a l i n e  rupture could 

occur from a heat leak resul t ing i n  a pressure buildup and a r e l i e f  valve f a i l u r e .  

5.3.1 Marine Terminal and Unloading System 

The unloading system may be the  most c r i t i c a l  system a t  the terminal. 
Extremely high flow r a t e s ,  combined w i t h  natural forces  such a s  large  waves, 

winds, earthquakes, e tc . ,  make t h i s  system a major concern. The PHA f o r  the  
unloading system is given i n  Table 5.2. 

The following components a r e  judged t o  be the  most important w i t h  respect  
t o  re lease  prevention and control:  

a The 42-in. Main Transfer Line. This l i n e  includes various valves, expansion 
j o in t s ,  and other f i t t i n g s .  A leak o r  rupture i n  this l i n e  could r e s u l t  i n  

a large  s p i l l .  The probabil i ty of a t rans fe r  l i n e  rupture is estimated t o  

be low. 



TABLE 5.2. Preliminary Hazards Analysis for the Marine Terminal 
and Unl oadi ng Sys tern 

Poten t i  a1 
Component Hazard Cond i t ion  E f f e c t  

E x i s t i n g  Prevent ive  
and Cont ro l  Measures 

16 - i n .  l oad ing  F issure  o r  break LNG re lease 
arni 

A  s p i l l  containment system i s  
prov ided under t l i e  l oad ing  arms 

Clos ing o f  app rop r i a te  1  oading 
arm b lock  va l ve  

LNG remaining i n  l i n e  i s  dra ined 

24-in. p i p e  p r i o r  LNG surge 
t o  a i r -opera-  
t e d  va l ve  

F i ssu re  o r  break 

Poss ib le  increase i n  
pressure 

Regu la t ion  o f  s h i p ' s  pumps, 
re lease  through pressure r e l i e f  
va lve  i n  24- in .  l i n e  

LNG re lease A s p i l l  containment system i s  pro- 
v ided under t h e  l oad ing  arms 

Clos ing o f  app rop r i a te  l oad ing  
arm b lock  va l ve  

LNG'remaining i n  l i n e  i s  dra ined 

16- in.  l oad ing  
arm 

Bad f l ange  connect ion 
w i t h  s h i p  

LNG re lease i n t o  water 

LNG re lease 

Shutdown o f  pumps 

24- in.  p i p e  
d i r e c t l y  a f t e r  
a i  r -opera ted 
va l ve  

F i ssu re  o r  break A c t i v a t i o n  o f  OES system unless 
t he re  a r e  va lves  i n  t he  1  i q u i d  
header t o  i s o l a t e  each 24- in .  l i n e  
from each o the r  

42- in.  l i q u i d  
header 

F i ssu re  o r  break LNG re lease Drainage o f  LNG remaining i n  t he  
l i n e s  

A i r -opera ted 
va l ve  

F a i l u r e  t o  c l ose  i f  break 
occurs i n  t h e  l i n e  

LNG re lease  
and unable t o  i s o l a t e  
24- in.  l i n e  and l oad ing  
arms 

LNG re lease 

LNG f l o w  i s  backed up o r  
stopped 

OES system a c t i v a t e d  

Drainage o f  LNG remaining i n  t h e  
l i n e s  

A c t i v a t i o n  o f  OES system Rupture 

Unloading 1  i nes  Blockage o r  r e s t r i c t i o n  
o f  l i n e  

C los ing o f  app rop r i a te  va lves  t o  
i s o l a t e  problem i f  n o t  i n  main 
l i q u i d  header 

Pressure bu i l dup  re1 eased through 
pressure s a f e t y  va l ve  

Drainage o f  LNG i n  1  i n e  

A c t i v a t i o n  o f  OES system 42- in.  l i q u i d  F i ssu re  o r  break LNG re lease 
t r a n s f e r  1  i ne Remaining LNG i s  dra ined 

16- in.  vapor F i ssu re  o r  break du r i ng  LNG re lease 
r e t u r n  1  i n e  r e c y c l e  t o  cool  down 

1  .ines 

OES system i s  ac t i va ted ,  d r a i n  
LNG 

F i ssu re  o r  break du r i ng  LNG vapor re lease 
vapor r e t u r n  

I s o l a t i o n  o f  damage by c l o s i n g  
app rop r i a te  b lock  va lves  

A c t i v a t e  OES system 

Increased vapor r e t u r n  Pressure bu i l dup  
f l o w  r a t e  

Vent gas compres- F a i l u r e  t o  opera te(a l1)  No vapor r e t u r n  t o  s h i p  
s o r  

A c t i v a t i o n  o f  t h e  i n l i n e  pres- 
sure  s a f e t y  va l ve  

A c t i v a t i o n  o f  OES system 

LNG tanker  Any hazardous c o n d i t i o n  Release o f  l oad ing  arms 
from s h i p  

A c t i v a t i o n  o f  OES system 

A c t i v a t i o n  o f  MES system Marine t r e s t l e  Large winds o r  earthquake Poss ib le  co l l apse  o f  
t r e s t l e  



TABLE 5.2. (Contd) 

Poten t i a l  
Component Hazard Cond i t ion  

4- in .  r e c i r c u -  F issure  o r  break 
l a t i o n  l i n e  
du r i ng  r e c i  rcu-  
l a t i o n  

Valves i n  dock Rupture o r  l e a k  
d r a i n  1  ines  

F a i l u r e  t o  open 

F a i l u r e  t o  c l ose  

9% n i c k e l  s tee l  F issure  o r  break 
i n n e r  b a r r i e r  

I n s u l a t i o n  Excessive heat  l e a k  

Carbon s t e e l  F issure  o r  break 
o u t e r  b a r r i e r  

E l e c t r i c a l  heater  F a i l u r e  t o  operate 
f o r  s torage tank 

Vent gas compressor F a i l u r e  t o  operate 
( a l l  o f  them, no back- 
up a v a i l a b l e )  

F a i l s  t o  t u r n  o f f  

Storage tank and Large earthquake 
d i k e  (7  on R ich te r  sca le)  

Of fshore  Emer- F a i l s  t o  a c t i v a t e  upon 
gency Shutdown demand 

E x i s t i n g  Prevent ive  
E f f e c t  and Cont ro l  Measures 

LNG re lease I s o l a t i o n  o f  damage by c l os -  
i n g  app rop r i a te  va lves  

Shutdown o f  p r imary  pumos 

Drainage o f  LNG i n  l i n e s  

LNG re lease t o  dock d r a i n  A c t i v a t i o n  o f  OES system 

Can ' t  d r a i n  l oad ing  arms 

LNG re lease t o  dock d r a i n  A c t i v a t i o n  o f  OES system 

LNG leakage i n t o  annular A c t i v a t i o n  o f  MES system 
space 

Poss ib le  co l l apse  o f  LNG s p i l l  can be conta ined 
e x t e r i o r  b a r r i e r  by an i n s u l a t e d  concrete 

d i ke  capable o f  ho ld ing  133% 
o f  tank capac i ty  

Pressure bu i l dup  B o i l  o f f  compressors hand1 e  
smal le r  amounts o f  pressure 
bu i l dup  

Bu i ldup i n  b o i l o f f  l i n e  can be 
handled by t he  ven t  s tack  
header 

Pressure r e l i e f  valves d i s -  
charge vapor t o  t he  atmosphere 
i n  t he  case o f  an excessive 
pressure bu i l dup  

Heat l eak  cou ld  c rack  LNG s p i l l  contained by i n s u l a t e d  
and co l l apse  the  tank concrete d i k e  

Pressure g rad ien t  f rom Pressure g rad ien t  e q u i l i b r a t e d  
i n n e r  tank t o  annulus by t he  vapor r e t u r n  l i n e  
due t o  vapor re lease 
o f  annulus 

Poss ib le  s o i l  f r e e z i n g  A c t i v a t i o n  o f  MES system 
r e s u l t i n g  i n  f r o s t  
heaving, s torage tank 
co l lapse,  LNG s p i l l ,  
p o s s i b l e  d i k e  co l l apse  

Unable t o  r e t u r n  vapor A c t i v a t i o n  o f  MES system 
t o  t he  s torage tank, 
poss ib le  underpressur i -  I f  the  pressure drops below 
z a t i o n  0.15 ps ig ,  a  backup gas system 

supp l ies  na tu ra l  gas f rom t h e  
t ransmiss ion p i p e l i n e  t o  t h e  
s torage tank 

Overpressur iza t ion  

I f  the  pressure reaches 0.031 
psig,  t h ree  12- in .  vacuum r e l i e f  
va lves  open t o  t he  atmosphere 

A c t i v a t i o n  o f  MES system 

I f  pressure reaches 1.5 psig,  
t h ree  12- in.  presure valves open 
t o  t he  atmosphere 

Pressure and vacuum s a f e t y  va lves  
a r e  f r e q u e n t l y  checked t o  ensure 
opera t ion  

Large LNG s p i l l  

The unloading system would Operator de tec t s  ma l func t i on  
n o t  shut  down automat i -  and responds 
c a l l  y  ~n an emergency 



Loading Arms and Ship Coupling Mechanism. The a b i l i t y  of the loading arms 

t o  maintain t h e i r  mobi 1 i ty i s  a primary concern. Redundant sensing devices 
on each arm detect  excessive motion and automatically ac t iva te  the Offshore 
Emergency Shutdown (OES) system. The thermal s t r e s se s  the  arms undergo as 

they a r e  repeatedly warmed and cooled are  of major concern. A good 
arm-to-ship connection i s  a1 so important. The probabil i t y  of a loading 

arm f a i l u r e  i s  estimated t o  be low. 

The Offshore Emergency Shutdown (OES) System. When operating properly, 

t h i s  system can l im i t  and control the amount of re lease  t h a t  can occur. 

However, i f  t h i s  system does not operate properly and a manual shutdown 

i s  necessary, the amount of L N G  released can increase s ign i f ican t ly .  

5.3.2 Storage System 

Table 5.3 shows the PHA f o r  the storage system. Components of primary 
concern, as  iden t i f i ed  by the PHA,  a re :  

Pressure Control System. This system includes the  boiloff  compressors, 

the  pressure/vacuum re1 i ef val ves, and pressure control 1 e r s  and indicators  

on i n l e t  and o u t l e t  1 ines .  The probabil i ty of f a i l u r e  f o r  these types of 

components i s  estimated to be medium. 

LNG Level Indicators and Alarms. These components sound an alarm in the 

control room and ac t iva te  the Master Emergency Shutdown system t o  prevent 

ove r f i l l i ng  the  storage tank. The f a i l u r e  of level indicators  and alarms 
i s  estimated t o  have a medium probabil i ty.  

e Outer She1 1 . This carbon s tee l  shel 1 protects the inner. shel 1 and i nsul a- 
t ion from the  environment and surroundings. The probabil i ty of a f a i l u r e  
of the  outer  shell  i s  estimated t o  be low. 

Annular Space Insulation.  This prevents excessive boiloff  of LNG vapors. 

The insula t ion a l so  protects the carbon s teel  outer  tank from being exposed 

t o  the cryogenic temperature of the  L N G .  The loss  of insula t ion e f fec t ive-  

ness i s  estimated t o  have a low p,robabi 1 i t y .  

Inner Shell .  This 9% nickel-steel  i s  continually exposed t o  cryogenic tem- 
peratures. Thus, any f a i l u r e  of t h i s  tank could r e s u l t  i n  a complete 



TABLE 5.3. P re l im ina ry  Hazards Ana lys is  f o r  t h e  Storqge System 

Component 

Roof-shell j o i n t  

Primary sendout 
Pump 

Suct ion and d i s -  
charge valves 
i n  primary 
pumps 

30-i n. vapor 
r e t u r n  l i n e  

36-in. b o i l o f f  
1 i n e  

Out le t  l i n e  o f  
storage tank 
p r i o r  t o  f a i l -  
safe operated 
va l  ve 

Potent i  a1 
Hazard Condit ion 

F a i l u r e  from overpres- 
s u r i z a t i o n  o r  f a t i g u e  

F a i l u r e  t o  operate (one) 

Leak o r  rupture 

Rupture 

E f f e c t  

Large vapor release 

Unable t o  t r a n s f e r  LNG 
t o  vaporizers 

Unable t o  t r a n s f e r  LNG 
t o  vaporizers 

Decreases the discharge 
r a t e  

Decrease i n  sendout r a t e  
o f  LNG 

E x i s t i n g  Preventive 
and Control Measures 

Operations are continued a t  a 
slower r a t e  u n t i l  a second 
pump can be ac t i va ted  

A1 1 1 oadi ng operat ions stopped 

Shutdown o f  appl icable pump 
and a c t i v a t i o n  o f  standby pump 

A c t i v a t i o n  o f  backup pump 

Fissure o r  break Release o f  r e t u r n  vapor I s o l a t i o n  o f  the l i n e  by c los ing  
t o  storage tank in-1 i n e  block valves 

Shutdown o f  vent gas compressor 

Shutdown o f  peaking vaporizers , 
i f  i n  operat ion 

Regulation f a i l u r e  Pressure bui  l dup Excess vapors t o  vent stack 
o f  vent gas compressor header 

Ac t i va te  standby vent gas com- 
pressor 

Fissure o r  break LNG vapor release Ac t i va t ion  o f  MES system 

Fissure o r  break LNG release 

R e s t r i c t i o n  i n  the  l i n e  Pressure bui ldup 
o r  heat leak 

Upper o u t l e t  1 i n e  Fissure o r  b r e a ~  
d i r e c t l y  a f t e r  
f a i l  -safe opera- 
ted  valves 

Lower o u t l e t  l i n e  Fissure o r  break 
d i r e c t l y  a f t e r  
f a i l - s a f e  opera- 
ted valves 

LNG release 

LNG release 

I s o l a t i o n  o f  the l i n e  by shut- 
down o f  pr imary pump and c l o s i n g  
o f  o u t l e t  l i n e  block va lve 

Shutdown o f  LNG pump 

Excess vapors o r  LNG from pres- 
sure bui ldup vented t o  atmosphere 
v i a  pressure r e l i e f  va lve 

I s o l a t i o n  o f  the l i n e  by c l o s i n g  
f a i l - s a f e  valve i n  o u t l e t  l i n e  

I s o l a t e  l i n e  by shu t t ing  down 
appropriate pump and c l o s i n g  appro- 
p r i a t e  va l  ves 

I s o l a t e  l i n e  by shu t t ing  down 
appropriate pump and c los ing  
appropr ia te valves 



TABLE 5.3  ( C o n t d )  - 

Component 

Upper or  lower 
out le t  l ines  
a f t e r  in i t i a l  
fai l-safe 
operated valves 

Storage tank main 
out le t  l ine  

Potential Existing Preventive 
Hazard Condition Effect and Control Measures 

Line res t r ic t ion  or heat Pressure buildup Shutdown of appropriate pump 
leak 

Isolation of l i ne  by closing 
appropriate valves 

Fissure or break LNG release 

Excess vapors or LNG to atmos- 
phere via pressure re1 ief  valve 

Isolate 1 ine by closing appro- 
priate valves 

Shutdown of primary pumps fo r  
appropriate tank 

Restriction or  heat Pressure bui 1 dup Isolate l i ne  by closing appro- 
leak priate valves 

Shutdown of primary pumps fo r  
appropriate tank 

20-in. sendout l i n e  Fissure or  break LNG release 

LNG res t r ic t ion  or heat Pressure buildup 
leak 

4-in. recirc. l i ne  Fissure or break LNG release 
prior to f a i l -  
safe operated 
valve 

Line restr ict ion Pressure bui 1 dup 
or  heat leak 

4-in. recirc. l i ne  Fissure or break LNG release 
a f t e r  fa i l -safe  
valve 

Line res t r ic t ion  or  Pressure buildup 
heat leak 

Outlet and send- Failure of valves to opera- 
out l ines f a i l -  t e  
safe control Open Unable to pump out LNG 
valves 

Excess vapors or  LNG to atmos- 
phere via pressure re1 ief  valve 

Activation of MES system 

Activation of MES system 

Excess vapors or LNG to atmos- 
via pressure re l ief  valve 

Activation of MES system 

Isolation of damage by closing 
appropriate block valves 

Activation of MES system 

Excess vapor or  liquid to a tms-  
phere 

Isolation of recirculation 1 ine 
by closing appropriate block 
valves 
Isolation of l i ne  by closing appro- 
priate block valves 

Excess l iquid to drain 

Unable to  pump out LNG Shutdown of appropriate pump, 
operations are  slowed down until 
malfunction i s  rectif ied 

Unable to pump out LNG Shutdown of pumps unless recir-  
culating the LNG in the tank or  
transferring i t  to another tank 



TABLE 5.3. (Contdl 

P o t e n t i a l  
Component Hazard Cond i t i on  

Pressure c o n t r o l  F a i l u r e  t o  open 
va lves  i n  vapor 
r e t u r n  1 i n e s  

Storage tank F a i l u r e  t o  open 
1 oad i  ng va l  ves 

Loading 1 i ne F issure ,  break, o r  
between 1 oading heat  l e a k  
va lves  and tank  
i n l e t  

Pressure o r  vacuum F a i l u r e  t o  open a t  
s a f e t y  va lves  app rop r i a te  pressures  

R e l i e f  va l ve  ven t  F a i l u r e  t o  open d u r i n g  
nozz le  pu rg ing  

36- in.  vapor o u t l e t  F i ssu re  o r  break 
l i n e  

T r a i l e r  un load ing F i ssu re  o r  break 
1 i n e  

Emergency Shutdown Fa i  1 u r e  t o  a c t i v a t e  
Systenl upon demand 

E x i s t i n g  P reven t i ve  
E f f e c t  and Cont ro l  Measures 

Unable t o  r e t u r n  vapor Vapor f rom gas p ipe1 i n e  
f rom t h e  v e n t  gas compres- r e t u r n e d  t o  s torage tank 
s o r  

Unable t o  t r a n s f e r  LNG t o  A c t i v a t i o n  o f  OES system 
t h e  s to rage  tank f rom 
t h e  s h i p  

LNG s p i l l  o r  p ressure  C los ing  o f  l o a d i n g  va lves  
b u i  1 dup 

A c t i v a t i o n  o f  OES system 

Excessive pressure  b u i l d u p  
i n  tank  due t o  hea t  l e a k  
handled by b o i l o f f  o r  p ressure  
s a f e t y  va l ve  

Pressure b u i l d u p  o r  
vacuum 

Poss ib le  tank  f a i l u r e  A c t i v a t e s  YES system 

Pressure b u i l d u p  f rom Can be re leased f rom b o i l o f f  
incoming N2 gas 1 i n e  

Close b lock  v a l v e  t o  vent  gas 
compressor 

Vent gas t o  ven t  s tack  header 

D iscont inue f l o w  o f  heated gas LNG vapor re lease  

Vent vapor t o  v e n t  s tack  header 

N2 purge gas l e a k  I s o l a t i o n  o f  damaged s i t e  by 
c l o s i n g  a p p r o p r i a t e  b l o c k  va l ves  

Flows i n t o  and o u t  o f  Operator de tec t s  m a l f u n c t i o n  
t h e  tanks would n o t  be and responds 
stopped automat ica l  1 y 
i n  an emergency 



storage system f a i l u r e  and the re lease  of large quan t i t i es  of L N G  and 

natural gas. The probabil-it; of such a f a i l u r e  i s  estimated t o  be low. 

5.3.3 Compressors and Secondary Pumps 

The r e s u l t s  of the  preliminary hazards analysis  of the  pumps and compres- 

sors  a re  presented i n  Table 5.4.  Because of the high pressures and large flow 

r a t e s ,  a pipe f a i l u r e  in these areas can r e s u l t  in a large  re lease  and could 
spray cold l iquid  o r  vapor, resul t ing in  f a i l u r e  of carbon s tee l  components in 

the  area .  Components of primary concern with respect  t o  re lease  prevention and 
control a re :  

Emergency Shutdown System. Proper operation of the ESD system can prevent 

o r  s ign i f ican t ly  reduce the s i ze  of releases in the vaporizer area .  

Secondary Pumps and 24-in. Sendout Line to  Vaporizers. This system not 
only accommodates a large  L N G  flow r a t e ,  b u t  operates a t  a very h i g h  pres- 

sure (1280 ps ig ) .  A 1 eak could spray L N G  and possibly cause f a i l u r e  of 

some other  component. The probabil i ty  of a rupture of the  sendout l i n e  

i s  estimated t o  be low. 

Fuel Gas Preheater. Failure of the fuel gas preheater o r  temperature con- 

t r o l l e r s  could allow cold L N G  o r  vapors to  reach carbon-steel components, 
resul t ing in the re lease  of L N G  o r  vapor. The probabil i ty of a preheater 
f a i l i n g  i s  estimated t o  be medium. 

5.3.4 Vaporization System 

Table 5.5 presents the PHA f o r  the vaporization system. Primary components 
of concern re la ted to  re lease  prevention and control include: 

Temperature Controllers and Alarms. These a re  probably the  most important 

components re la ted t o  re lease  prevention and control i n  this system. The 

temperature con t ro l le r s  monitor the vaporized LNG temperature and ad jus t  

the  incoming LNG flow r a t e s ,  the seawater i n l e t  r a t e  i n  the  seawater vapor- 

i z e r s ,  and the a i r l f ue l  r a t e s  and r a t i o s  in the gas-fired vaporizers. Any 
malfunction of these con t ro l le r s  could r e s u l t  in a hazardous s i t ua t i on ,  pos- 
s i b ly  causing the  re lease  of s ign i f ican t  quan t i t i es  of LNG o r  LNG vapor. 

The probabi 1 i t y  of a temperature control 1 e r  f a i l i n g  i s  estimated to  be 

medi u m .  



TABLE 5.4. P re l im ina ry  Hazards Ana lys is  f o r  t h e  
Secondary Pumps 

Poten t ia l  
Component Hazard Condit ion E f f e c t  

36-in. secondary Fissure, break, o r  heat LNG leak  o r  pressure 
Pump leak  bui ldup 

Secondary pump F a i l u r e  t o  operate (one) Rate o f  LNG sendout i s  
decreased 

More than one Rate o f  LNG sendout i s  
decreased 

Suct ion and d is -  
charge valves 

A l l  o f  them LNG sendout i s  stopped 
completely 

Leak o r  rup tu re  i n  pump Reduces LNG f l o w  r a t e  

Leak, rupture, o r  f a i l u r e  Reduces loading r a t e  
t o  operate pro- 
p e r l y  (won't  open o r  LNG re lease 
c lose)  

L i  ne between Fissure, break, o r  heat LNG s p i l l  o r  pressure 
b l o c k v a l v e  and leak  bui ldup due t o  heat 
Pump leak 

L ine  between b lock Fissure, break, o r  heat LNG s p i l l  o r  pressure 
va lve and 36-in. l eak  bui ldup due t o  heat leak  
feed 1 i n e  

O u t l e t  va lve from F a i l  t o  open (1 o f  9) Unable t o  send ou t  LNG 
Pump from pump 

(more than one) LNG sendout r a t e  i s  
decreased 

Compressors and 

Ex is t ing  Preventive 
and Control  Measures 

A c t i v a t i o n  o f  VES system 

Excessive pressure- can be 
re1 ieved t o  the atmosphere 
through pressure re1  i e f  valves 

S p i l l  contained by concrete 
d i k e  

A c t i v a t i o n  o f  backup pump 

I s o l a t e  pumps and associated 
l i n e s  by c los ing  appropr ia te 
valves 

A c t i v a t i o n  o f  backup pump 

A c t i v a t i o n  o f  VES system 

I s o l a t i o n  o f  pump and assocl- 
ated p ip ing  by c los ing  appro- 
p r i a t e  valves 

A c t i v a t i o n  o f  standby pump 

S p i l l  contained by concrete d i k e  

I s o l a t i o n  o f  pump and associ- 
ated l i n e s  by c los ing  appro- 
p r i a t e  b lock valves 

I s o l a t i o n  o f  pump by c los ing  
appropr ia te b lock valves 

S p i l l  contained by concrete d i k e  

A c t i v a t i o n  o f  standby pump 

Excessive pressure bui ldup can 
be re1  ieved t o  atmosphere through 
a pressure re1 i e f  va lve 

A c t i v a t i o n  o f  VES system 

Excessive pressure bui ldup can be 
re l ieved  t o  atmosphere v i a  a pres- 
sure re1 i e f  va lve 

S p i l l  contained by concrete d ike  

A c t i v a t i o n  o f  standby pump 

Shutdown o f  appropr ia te pump by 
c los ing  o f  b lock valves t o  and 
from pump 

Regulate primary pumps from 
storage tank 

Closing o f  appropr ia te i n l e t  and 
out1 e t  pump block valves 

A c t i v a t i o n  o f  standby pump 



TABLE 5.4. ( C o n t d )  

Potent ia l  
C o ~ ~ ~ l ~ o n e n t  Hazard Cond i t ion  E f f e c t  

E x i s t i n g  Prevent ive 
and Control  Measures 

I f  a l l  valves f a i l  t o  Complete blockage o f  LNG 
open f l o w  t o  vaport zers 

A c t i v a t i o n  o f  VES system 

Excessive pressure b u l l  dup can 
be r e l i e v e d  t o  atmosphere v i a  
pressure r e l i e f  valve 

L i q u i d  r e t u r n  F a i l  t o  open ( a l l  valves) Unable t o  r e t u r n  LNG t o  
valves from storage tanks 
secondary pumps 

Rec i rcu la te  LNG t o  tank v i a  out -  
l e t  l i n e s  from tank o r  f rom one 
tank t o  the  o the r  i f  needed 

(More than one) Unable t o  r e t u r n  LNG t o  
storage tanks 

Ac t i va te  backup pump and can 
r e c i r c u l a t e  LNG from o u t l e t  l i n e  
i f  needed 

One Unable t o  r e t u r n  LNG t o  
storage tanks 

Shutdown o f  t h a t  pump, a c t i v a t e  
backup pump 

Secondary o u t l e t  F i ssu re  o r  break LNG re lease 
l i n e  #13 

A c t i v a t i o n  o f  VES system 

S p i l l  contained by concrete 
d i k e  

LNG pumpout surge Pressure bu i l dup  Excessive pressure can be 
r e l i e v e d  t o  atmosphere v i a  pres- 
sure re1 i e f  va lve  

Regulat ion o f  l i q u i d  r e t u r n  by 
PIC valve i n  LNG sendout l i n e  
113 t o  re1 i eve  excessive f l o w  
r a t e s  

Heat l eak  Pressure bu i i dup  A c t i v a t i o n  o f  VES system 

Excessive pressures can be 
r e l i e v e d  v i a  the  pressure r e l i e f  
va lve  

I r ~ l e t  valve t o  Fa i  1 u re  t o  open 
secondary 
pumps on 20-in. 
sendout 1 i n e  

Unable t o  pump LNG 
through m i n  sendout 
l i n e  

Primary sendout pumps regu la ted 
t o  maximize f l o w  t o  t he  secondary 
pumps v i a  the  4- in .  c i r c u l a t i o n  
1 i n e  

4- in.  c i r c u l a t i o n  LNG surge 
1 i n e  

LNG r e c i r c u l a t i o n  f l o w  
t o o  g rea t  

Flow regu la to r  c o n t r o l l e r  ad jus t s  
va lve  on 20-in. sendout l i n e  t o  
increase the  f l o w  i n  t he  sendout 
1 i n e  r e s u l t i n g  i n  a decreased f l ow  
i n  t he  c i r c u l a t i o n  l i n e  

L i q u i d  r e t u r n  l i n e  Fissure,  break o r  heat LNG re lease o r  pressure 
#2 1 eak bu i l dup  

Block valves f rom a l l  pump o u t l e t s  
t o  l i q u i d  r e t u r n  l i n e  a re  c losed 

Block valves f rom l i q u i d  r e t u r n  
l i n e s  t o  storage tanks a re  c losed 

LNG can be r e c i r c u l a t e d  from one 
tank o r  t he  o the r  i f  need be 

S p i l l  contained by concrete d i ke  



TABLE 5.4. (Con td )  

Poten t ia l  Ex is t ing  Preventive 
Component Hazard Condit ion E f f e c t  and Control  Measures 

Vapor r e t u r n  l i n e  Fissure, break, o r  heat LNG vapor release, o r  Closing o f  block valves from 
from secondary leak  pressure bui  1 dup secondary pumps 
pumps t o  main 
vapor r e t u r n  
l i n e  #6 If a pressure bu i ldup  ex is ts ,  

vapor can be vented v i a  the  
r e l i e f  vent stack header 

Vapor L ine #8 Fissure o r  break 
between vent 
compressor and 
pneumatic valve 

Vapor surge 

Vapor l i n e  #8 Fissure o r  break 
between pneu- 
matic valve and 
f u e l  gas pre- 
heater 

Vapor surge 

E-201 f u e l  gas F a i l u r e  t o  operate 
preheater 

LNG release 

Pressure bui  1 dup 

LNG vapor release 

Extreme pressure 
bui  1 dup 

S l i g h t  pressure increase 

Unable t o  heat vapor from 
vent gas compressor 

C-202 f u e l  gas com- F a i l u r e  t o  operate (one) Unable t o  compress LNG 
pressor vapors 

Unable t o  compress LNG 
vapors 

Shutdown o f  cooldown process 

Shutdown o f  vent gas compressor 

Closing o f  pressure con t ro l  
valve i n  l i n e  

Shutdown o f  a l l  fue l  gas com- 
pressors and f u e l  gas preheatcr 

Closing o f  vapor r e t u r n  b lock 
valves 

I s o l a t i o n  o f  vapor r e t u r n  t o  
storage tank by c los ing  appro- 
p r i a t e  val ves 

Shutdown o f  compressors i f  
extreme pressure bui ldup and 
vapors t o  vent stack header 

Excess vapors t o  vent stack 
header only, i f  pressure b u i l d -  
up i s  no t  too severe 

I s o l a t i o n  o f  damage by c l o s i n g  
pneumatic valve and other  appro- 
p r i a t e  val ves 

Shutdown o f  f u e l  gas compressors 
and f u e l  gas preheater 

Excess vapors t o  vent stack header 

Excess vapors t o  vent stack header 

Excess vapors t o  vent stack header 

Shutdown o f  f u e l  gas compressors 

I s o l a t i o n  o f  fue l  gas compressor 
system by c los ing  appropr ia te 
valves 

Vent gas compressor regu la t ion  f o r  
vapor r e t u r n  on ly  

Ac t i va t ion  o f  backup compressor 
wi thout  loss  o f  f low 

A c t i v a t i o n  o f  backup compressor 

Vent gas compressor i s  regulated 
so as no t  t o  pass more vapor than 
the system can handle 



TABLE 5.4. (Con td )  

Vapor l i n e s  9, Fissure o r  break 
10, and 11 

( th ree)  

Vapor 1 i n e  #12 Fissure o r  break 

Po ten t ia l  Ex is t ing  Preventive 
Component Hazard Condit ion E f fec t  and Control Measures 

( th ree)  Unable t o  compress LNG I s o l a t i o n  o f  f u e l  gas compressor 
vapors and p i p e l i n e  compressor system 

by c los ing  appropriate va lve 

Shutdown o f  pipe1 i n e  gas com- 
pressors and f u e l  gas preheater 

Excess vapor e x i t s  vent stack 
header 

I s o l a t i o n  o f  f u e l  gas and pipe- 
1 i n e  gas compressors by c los ing  
appropr ia te b lock valves 

Regulation o f  vent gas compres- 
sors t o  accommodate vapor r e t u r n  
header 

Excess b o i l o f f  t o  vent stack 
header 

C- 203 p i  pel i ne F a i l u r e  t o  operate Unable t o  compress vapors Ac t i va t ion  o f  backup compressor 
compressors (one) t o  p i  pel i ne pressure wi thout  loss  o f  f l ow 

( two Unable t o  compress vapors A c t i v a t i o n  o f  backup compressor 
t o  pipe1 i n e  pressure 

Regulat ion o f  valves and vent 
gas compressor t o  accomnodate 
f o r  the decrease i n  flow r a t e  

Excess gas vented v i a  the vent 
stack header 

Unable t o  compress vapors I s o l a t i o n  o f  f u e l  gas t o  pipe1 i n e  
t o  p i  pel i ne pressure gas compressor system by c los ing  

appropr ia te valves 

Shutdown o f  f u e l  gas compressors 
and preheater 

Regulat ion o f  valves and vent gas 
compressor t o  accommodate f o r  vapor 
r e t u r n  on ly  

Vent gas t o  vent stack header 

I s o l a t i o n  o f  f u e l  gas and p i p e l i n e  
compressor system 

Shutdown o f  f u e l  gas compressor, 
p i p e l i n e  compressor, and f u e l  gas 
preheater 

Vent gas compressor accomnodates 
vapor r e t u r n  on ly  

Excess gas t o  vent  stack header 

LNG vapor o r  re1 ease 

LNG vapor release 



TABLE 5 - 5 .  P r e l  i m i n a r y  Hazards A n a l y s i s  f o r  t h e  Y a p o r i z a t i o n  System 

Component 

LNG l i n e  13 f rom 
secondary pumps 

Flow c o n t r o l  box 

F a l l i n g  f i l m  
vapo r i ze r  f i n  

Seawater i n l e t  
l i n e  

P o t e n t i a l  
Hazard Cond i t i on  E f f e c t  

F i ssu re  o r  break LNG s p i l l  

F a i l s  t o  r e g u l a t e  LNG Unable t o  c o n t r o l  i n l e t  
i n l e t  va l ve  f l o w  o f  LNG 

F a i l s  t o  r e g i s t e r  sea- Unable t o  know how much 
water  i n l e t  f l o w  LNG i n l e t  f l o w r a t e  i s  

r e q u i  r e d  

F a i l  s  t o  ope ra te  Unable t o  c o n t r o l  sea- 
water  and LNG i n l e t  
f l o w  r a t e s  

Plugs Other f i n s  w i l l  c a r r y  a  
f a s t e r  l o a d  

F i ssu re  o r  break Water i n l e t  r a t e  slowed 
o r  stopped 

Seawater vapo r i -  F i ssu re  o r  break 
ze r  i n l e t  l i n e  13 

Peaking vapo r i ze r  F i ssu re  o r  break 
i n l e t  l i n e  13 
d u r i n g  peaking 
ope ra t i ons  o r  
any t ime  i n  use 

LNG re lease  

LNG re lease  

LNG i n l e t  l i n e  13 Increased o r  r e s t r i c -  Pressure i nc rease  
t e d  f l o w  r a t e  

Master f l o w  Compl e t e  f a i  1  u r e  t o  Unable t o  c o n t r o l  f l o w  
c o n t r o l  box on opera te  r a t e s  and temperatures 
peaking vapor- 
i z e r  

LNG vapor e x i t  F i s s u r e  o r  break Vapor re lease  and tern- 
1  i n e  p e r a t u r e  read ings would 

drop 

E x i s t i n g  P reven t i ve  
and Cont ro l  Measures 

A c t i v a t i o n  o f  MES and VES systems 

Automat ic r e g u l a t i o n  o f  seawater 
i n l e t  

Shutdown and i s o l a t i o n  o f  appro- 
p r i a t e  vapo r i ze r  by c l o s i n g  b lock  
va lves  on i n l e t  and o u t l e t  LNG 
and seawater t r a n s f e r  1  i n e s  

C l o s i n g  o f  b l ock  va lves  t o  pre-  
ven t  LNG and seawater i n l e t  f l ows  
t o  i s o l a t e  t h e  vapo r i ze r  

S? ow down LNG f l o w  r a t e  t o  a1 1  ow 
f o r  t h e  p l u g  

Is01 a t i o n  o f  vapo r i ze r  by c l o s i n g  
i n l e t  and o u t l e t  b l ock  va l ves  

I f  a pressure  b u i l d u p  occurs due 
t o  i s o l a t i o n ,  p ressure  re1  i e f  
va lves  a r e  a c t i v a t e d  t o  t h e  v e n t  
s tack  header i n  t h e  e x i t  l i n e  f rom 
t h e  vapo r i ze rs  

Shutdown o f  seawater v a p o r i z e r  
system 

I s o l a t i o n  o f  break by c l o s i n g  
app rop r i a te  b l o c k  va lves  

A c t i v a t e  standby vapo r i ze rs  i f  
n o t  a c t i v a t e d  a1 ready 

Flow r a t e  i s  r e g u l a t e d  t o  accom- 
modate t h e  standby vapo r i ze rs  

Shutdown o f  peaking o r  standby 
vapo r i ze r  system 

I s o l a t i o n  o f  break by c l o s i n g  
a p p r o p r i a t e  b l o c k  va l ves  

Flow r a t e  i s  r e g u l a t e d  t o  accom- 
modate f o r  seawater o n l y  

LNG can be re leased  t o  t h e  atmos- 
phere i f  excess ive  pressure  occurs  

Flow r a t e s  a r e  r e g u l a t e d  
Is01 a t i o n  o f  v a p o r j z e r  

Vapors vented t o  ven t  s tack  header 
i f  needed d u r i n g  i s o l a t i o n  

I s o l a t i o n  o f  v a p o r i z e r  by c l o s i n g  
a p p r o p r i a t e  b l o c k  va l ves  



TABLE 5.5. ( C o n t d )  

Potenti a1 Existing Preventive 
Component Hazard Condition Effect and Control Measures 

Air flow entrance Fissure or  break Air needed for combustion Isolation of vaporizer by clos- 
1 ine would escane ing aporooriate block valves 

Fuel gas entrance Fissure or  break Fuel needed for combustion Isolation of vaporizer by clos- 
1 ine would esczpe ing appropriate block valves 

Fissure or break between Fuel needed for combustion Isolation of damage by closing 
valves would escape appropriate valves and ut i l iz ing 

bypass 1 ine via hand-operated 
valves 

Seawater i n l e t  l i ne  Fissure or  break Drop in bath water 1 eve1 Vaporizer is01 ation procedures 

Vapor l ine  prior Fissure or  break LNG vapor discharge Isolation of a l l  open rack sea- 
to check valve water vaporizers by closing appro- 

priate block valves 

30-in. l i ne  a f t e r  Fissure or  break 
peaking vapori - 
zers 

Odorant injection Fissure or  break 
1 ine 

Seawater return Fissure or  break 
l ine  16 

Inlet  l ine  to peak- Fissure or  break 
ing vaporizer 
a f t e r  air-opera- 
ted valves 

Inlet  1 ine to Fissure or  break 
peaking vapori - 
zer prior to 
val ves 

Air pump Failure to  operate 

TRC in out le t  Fai 1 ure to  operate 
vapor 1 ine 

Temperature recor- Failure to operate 
der in vaporizer 
out le t  l i ne  

Water.bath pump Failure to operate 
in peaking 

Excess vapors vented to vent 
stack header 

LNG vapor release Activation of MES and VES systems 

Unable to odori ze Activation of MES and VES systems 
va~or ized gas 

Temperature gradient in Isolation of vaporizer by closing 
return seawater in l e t  and out le t  block valves 

LNG release Activation of MES and VES systems 

LNG release Isolation of vaporizer by closing 
appropriate block valves 

Closing of seawater 1 i nes 

Unable to obtain the 
combus t i  bl e mixture 
of gases needed 

Unable to control flow Regulation of in l e t  flow by 
of in l e t  a i r  and fuel ap~ropr i a t e  valve 
gas to regulate tempera- 
ture of out le t  

Unable to control gas out- Shutdown of baseload vaporizer 
l e t  temperature by sea- system by closing appropriate 
water in l e t  flowrate block valves to discontinue i n l e t  

and out le t  flow ra te  of LNG and 
seawater 

Unable to cool burner Shutdown of vaporizer 

Isolation of damaged vaporizer 
by closing appropriate valves 



Vaporizer I n l e t  Lines, A leak o r  rupture i n  any vaporizer i n l e t  l i n e ,  
releasing cold LNG,  could possibly cause f a i l u r e  of other components in 
the  system t h a t  a re  not designed t o  withstand the extreme cold. 

Operator Interface 

Although the  plant operators a r e  n o t  t r ad i t i ona l l y  viewed as  plant  compo- 

nents, they a r e  essent ia l  t o  the  proper operation of the  plant .  The in terface  

between operator act ions  and plant  operations i s  therefore  a c r i t i c a l  f a c to r  
r e l a t i ng  to  re lease  prevention and control .  

Operators perform a number of diverse tasks  a t  the  import terminal, most 
of which r e l a t e  t o  re lease  prevention and control e i t h e r  d i r ec t l y  o r  ind i rec t ly .  

D u r i n g  normal plant  operations,  the operators r u n  the plant  within s e t  1 imi t s  

and standards t o  prevent conditions t ha t  may lead t o  re leases .  During of f -  
standard conditions, the  operators must respond appropriately t o  alarms, 

indicators ,  and other  s ignals  t o  prevent re leases  from occurring or to  l i m i t  

re leases  i n  progress. Plant inspection and maintenance i s  a l so  important t o  

ident i fy  and remedy conditions t ha t  may lead t o  subsequent re leases .  

Because of the number of operator tasks performed a t  the f a c i l i t y ,  the  

probabil i ty of operator e r ro r  i s  judged t o  be medium t o  high. The probabi l i ty  

of LNG or  natural gas re leases  resu l t ing  from operator e r ro rs  var ies  from a 

high probabil i ty of a small re lease  t o  a low probabil i ty of a maximum release .  

5 .4  REPRESENTATIVE RELEASE EVENTS 

Using the  r e su l t s  of the  analyses presented in Sections 5.2 and 5.3, a 
l i s t  of potential  re lease  events considered to  be representative of the import 
terminal was developed. These representative re lease  events a re  l i s t e d  i n  

Table 5.6.  Preliminary analyses of these events a r e  presented i n  Section G.3 

of Appendix G .  The representative re lease  events range from r e l a t i ve ly  f re -  
quent b u t  low consequence re leases  to  unlikely b u t  large  re leases .  They form 
the  basis f o r  the  quan t i t a t ive  evaluation of the  re lease  prevention and 

control systems i n  the  next phase of analysis .  

In performing the  overview study, several areas requiring addit ional  infor-  

mation were ident i f ied .  Some of these a r e  outl ined below. 



TABLE 5.6. Represen ta t i ve  Release Events f o r  an LNG Impor t  Terminal  

F a i l u r e  o f  9% n i c k e l - s t e e l  i n n e r  s to rage  tank .  

F a i l u r e  o f  carbon-stee l  o u t e r  b a r r i e r  f o r  LNG s to rage  tank.  

LNG re lease  f rom 16 - i n .  l o a d i n g  arms. 

F a i l u r e  o f  42- in .  l i q u i d  t r a n s f e r  l i n e  f rom un load ing  dock t o  shore. 

F a i l u r e  o f  42- in .  l i q u i d  t r a n s f e r  l i n e  f rom shore t o  s to rage .  

F a i l u r e  o f  20- in .  LNG t r a n s f e r  l i n e  f rom s to rage  t o  t h e  secondary pumps. 

F a i l u r e  o f  24- in .  LNG t r a n s f e r  1 i n e  f rom secondary pumps t o  vapo r i ze rs .  

Seawater v a p o r i z e r  f a i l  u re .  

Submerged combustion vapo r i ze r  f a i l u r e .  

Fa i  1  u r e  o f  v a p o r i z e r  e x i t  1  i nes. 

F a i l u r e  o f  f u e l  gas compressor s u c t i o n  l i n e .  

F a i l u r e  o f  4 - i n .  LNG r e c i r c u l a t i o n  l i n e .  

F a i l u r e  o f  16 - i n .  vapor r e t u r n  1  i n e  t o  s h i p ' s  tanks.  

F a i l u r e  o f  30- in .  vapor l i n e  f rom p i p e l i n e  compressors t o  gas t r ansm iss ion  

p i  pe l  i ne. 



Component Stresses  from Thermal Cycl ing. Many components, such as  the 
storage tanks, valves, unloading arms, and t rans fe r  l i n e s ,  undergo a number 
of thermal cycles. Exactly how many cycles each component i s  designed t o  
w i  thstand needs t o  be determined. 

e Terminal Piping Network. Details  such as  diameter, length, wall thickness,  
and materials  of construction a r e  needed f o r  the components t ha t  make up 
the  terminal piping. 

Structural  Mechanics of the Storage Tank. The e f f e c t  of hazardous con- 
d i t ions  on the s t ruc tura l  i n t eg r i t y  of the tank i s  of major importance. 
Such conditions include overpressure, ove r f i l l i ng ,  and f i r e  o r  explosion 
i n  the tank o r  nearby. A more deta i led description of the heatup and cool- 

down procedures i s  necessary f o r  a complete analysis  t o  be made. 

o LNG Vaporizer Process Control. More d e t a i l s  on the  temperature and flow 

control 1 e r s  a re  needed. Potential hazards and re1 ease prevention de ta i l  s 
r e l a t i ve  t o  these controls a re  a lso  needed. Additional d e t a i l s  on the 
s t a r t up  and shutdown procedures a re  required to  complete the  analysis  i n  

t h i s  area. 

Failure Rate Data. The overview study of the import terminal considered 

re lease  frequency i n  a qua l i t a t i ve  manner. A more deta i led study of the  
import terminal re lease  prevention, detection,  and control systems must 

ca re fu l ly  consider the  1 i kel i hood of the re1 ease i n i t i a t i n g  event and the 
r e l i a b i l i t y  of the  re lease  detection and control systems. Due t o  the lack 
of operating experience a t  LNG f a c i l i t i e s ,  l i t t l e  data i s  avai lable  f o r  
L N G  equipment f a i l u r e  ra tes .  

Operator Interface.  Re1 iabi  1 i t y  .information on operator tasks  performed 
a t  the  f a c i l i t y  i s  needed. 





6.0 ASSESSMENT OF LNG PEAKSHAVING FACILITY 

The overv iew s tudy  o f  t h e  re fe rence  LNG peakshaving f a c i l i t y  i s  presented 

i n  t h i s  sec t i on .  

6.1 SUMMARY SYSTEM DESCRIPTION 

The peakshaving f a c i l  i i y  overv iew study i s  based on a re fe rence  f a c i l  i ty  

designed t o  d e l i v e r  up t o  225 MMscfd o f  gas t o  t h e  p i p e l i n e  d u r i n g  peak-demand 

per iods .  The p l a n t  c o n s i s t s  o f  a  12.3-MMscfd gas t rea tment  system, a 6.3-MMscfd I 
l i q u e f a c t i o n  sec t ion ,  a  348,000-bbl s to rage  tank, a  225-MMscfd v a p o r i z a t i o n  

system, and a t r u c k  t e rm ina l  capable o f  sh ipp ing  o r  r e c e i v i n g  350 gpm o f  LNG. 

The major  ope ra t i ons  and t h e  s a f e t y  systems f o r  t h e  p l a n t  a r e  b r i e f l y  descr ibed  

i n  t h e  f o l l o w i n g  paragraphs. A d e t a i l e d  d e s c r i p t i o n  i s  presented i n  Appendix E. 

Gas Treatment System 

Natura l  gas f rom t h e  p i p e l i n e  f i r s t  en te rs  a  f i l t e r  separa to r  t o  remove 

any f r e e  l i q u i d s .  The 500-psia gas then passes through one o f  two mo lecu la r  

s i eve  adsorbers where mo i s tu re  and C02 a r e  removed. Each adsorber i s  capable 

o f  hand l i ng  up t o  about  12 MMscfd o f  gas. A f t e r  pass ing through t h e  adsorber,  

t h e  gas i s  f i l t e r e d  t o  remove dus t .  About h a l f  t h e  t r e a t e d  gas, $6 MMscfd, 

i s  r o u t e d  as feed  t o  t he  l i q u e f a c t i o n  u n i t .  The r e s t  o f  t he  gas i s  used t o  

regenera te  t h e  o f f - l i n e  adsorber.  The regene ra t i on  gas i s  f i r s t  heated t o  about 

550°F i n  a  g a s - f i r e d  s a l t  ba th  hea te r  and i s  then passed through t h e  o f f - l i n e  

adsorber.  Next, t h e  regene ra t i on  gas i s  f i l t e r e d  t o  remove dust ,  coo led i n  a  

f a n  coo le r ,  and passed through a separa to r  t o  remove f r e e  l i q u i d s .  The gas i s  

then  compressed back t o  l i n e  pressure (about 870 p s i a ) ,  coo led i n  another  f a n  

c o o l e r  t o  under 120°F,  and then re i n t r oduced  i n t o  t h e  p i p e l i n e .  

6.1.2 L i q u e f a c t i o n  System 

A f t e r  t reatment ,  t h e  n a t u r a l  gas i s  cooled and l i q u e f i e d  i n  a  mixed r e f r i g -  

e r a n t  c y c l e  t o  p rov ide  LNG f o r  s torage.  The l i q u e f a c t i o n  u n i t  i s  comprised o f  

a  c o l d  box, r e f r i g e r a n t  compressor and coo le rs ,  and r e f r i g e r a n t  s torage.  The 

c o l d  box cons i s t s  o f  heat  exchangers, separa to r  vessel  s  , and assoc ia ted  p i  p i n g  

and i n s t r u m e n t a t i o n  a l l  enc losed i n  an i n s u l a t e d  s h e l l .  A l l  c o l d  box equipment 



i s  constructed o f  s t a i n l e s s  s t e e l ,  except fo r  the heat exchanger tub ing  which 

i s  aluminum. The na tu ra l  gas feed enters  the c o l d  box a t  about 500 ps ia  and 

passed through a  s e r i e s  of s i x  heat exchangers where i t  i s  p rog ress i ve l y  cool1 

u n t i l  i t  i s  l i q u e f i e d .  The l i q u e f i e d  gas leaves the  c o l d  box a t  about -260°F 

and about 475 ps ia .  It i s  expanded t o  s l i g h t l y  above atmospheric pressure 
( ~ 1  ~ s i g )  as i t  i s  in t roduced i n t o  the  storage tank. 

The mixed r e f r i g e r a n t ,  which i s  made up o f  n i t rogen,  methane, ethylene, 

propane, butane, and pentane, i s  cooled and condensed i n  stages and then expa 

ded t o  p rov ide  coo l i ng  i n  the  cold-box heat exchangers. The r e f r i g e r a n t  i s  
then recompressed by a  two-stage compressor w i t h  i n t e r  and a f t e r  f an  coo lers  

f o r  heat  r e j e c t i o n .  The b o i l o f f  gases from the LNG storage tank a l so  prov ide  

coo l i ng  f o r  the  r e f r i g e r a n t  i n  th ree  cold-box heat exchangers. 

6.1.3 Storage System 

The LNG f rom the  l i q u e f a c t i o n  system i s  s to red  i n  a  f lat-bottomed, doubl 

wal led,  aboveground storage tank w i t h  a  capac i ty  o f  about 350,000 bbl  ( ~ 1 4 . 6  

m i l l i o n  g a l l o n s ) .  The i nne r  s h e l l  o f  the  tank i s  constructed o f  an aluminum- 

magnesium a l l o y  t h a t  has e x c e l l e n t  low temperature d u c t i l i t y .  The ou te r  she1 
o f  the  tank i s  made o f  carbon s t e e l .  The tank dimensions are:  

i nne r  tank diameter:  164 f t  

ou te r  tank diameter: 173 f t  

inne r  tank he igh t :  97 f t  

ou te r  tank he igh t :  134 ft. 

The annular  space between the  i nne r  and outer  tank w a l l s  i s  f i l l e d  w i t h  

expanded p e r l i t e  i n s u l a t i o n ,  w i t h  a  r e s i l i e n t  f i b e r g l a s s  b lanket  ad jacent  t o  

the  i nne r  w a l l  t o  p r o t e c t  t he  p e r l i t e  from excessive pressure due t o  expansio 

and c o n t r a c t i o n  o f  t he  i nne r  tank w a l l .  The c e i l i n g  o f  t he  i nne r  tank i s  a  

metal deck suspended from the  r o o f  o f  the ou ter  tank. P e r l i t e  i n s u l a t i o n  i s  

spread evenly over t he  deck. Open p ipe  vents are  i n s t a l l e d  i n  t he  deck so 

product  vapor can c i r c u l a t e  f r e e l y  i n  t he  i n s u l a t i o n  space t o  keep the  i n s u l a  

dry .  The ou te r  tank r e s t s  on a  concrete r i n g w a l l  foundat ion w h i l e  t he  i n n e r  

r e s t s  on load-bearing i n s u l a t i o n  placed on the  foundat ion s o i l  . E l e c t r i c  r e s  

tance heat ing  c o i l s  prevent  t he  s o i l  underneath the  tank from f reez ing .  



The storage tank i s  designed t o  operate a t  1.0 psig, w i t h  a maximum design 

pressure of 2.0 psig. The maximum external design pressure is 1 oz gauge. Tank 

pressure i s  controlled by adjusting the  boiloff  compressor recycle r a t e .  The 

tank i s  equipped with two pressure r e l i e f  valves venting t o  the atmosphere. In 

the event of an underpressure, gas from pipeline i s  brought back i n to  the  tank 

and, i f  underpressure l imi t s  a re  s t i l l  exceeded, two vacuum r e l i e f  valves admit 

a i r  t o  the tank. In the event of an emergency, the tank is isola ted by internal  

blockvalves on the i n l e t  and ou t l e t  l iquid  l ines .  The l iquid  level i n  the  

storage tank i s  monitored by a servo-powered, di spl acer-type 1 iquid 1 eve1 device 

and a d i f fe ren t ia l  pressure gauge. 

Boiloff gases from the storage tank a re  heated, compressed t o  pipeline 

pressure by one of two compressors, and cooled pr ior  t o  discharge t o  the  pipe- 

l i ne .  Each compressor i s  capable of handling 1 .2  MMscfd of gas. The boiloff  

gas design r a t e  i s  about 0.6 MMscfd, w i t h  an additional 0.3 MMscfd of f l a sh  gas 

during l iquefaction.  During l iquefact ion,  the boiloff  and f lash  gases a r e  

routed to the coldbox t o  provide extra  cooling, as described previously. 

6.1.4 Va~orizat ion Svstem 

LNG i s  pumped from the  storage tank to  the vaporizers by three ver t i ca l  

submerged, pot-mounted pumps. W i t h  one pump a s  a spare,  the to ta l  rated send- 

out  capacity fo r  two pumps i s  about 150 MMscfd (1245 gpm) a t  a discharge pres- 

sure  of about 900 psia.  The LNG i s  vaporized in tube bundles submerged i n  a 

heated water bath, a f t e r  which the  vaporized natural gas i s  reintroduced i n to  

the pipeline. The vaporizers, rated a t  75 MMscfd each, burn natural gas and 

bubble the resu l t ing  combustio? gases through a water bath t o  heat the tube 

bundles and thus vaporize the  LNG. With three vaporizers i n  service and one 

held as  a spare,  to ta l  vaporization capacity of the plant  i s  225 MMscfd. All 

vaporization equipment normal l y  carrying LNG i s  constructed of cryogenic 

materials ,  t o  the f i r s t  f lange on the vaporizer ou t l e t .  

6.1.5 rransportation and Transfer System 

Specially designed truck t r a i l e r s  can be used t o  t ranspor t  LNG both t o  and 

from peakshaving f a c i l i t i e s .  Truck t ranspor t  i s  mainly used t o  supply LNG e i t h e r  

t o  sate1 1 i t e  f ac i l  i t i e s  without 1 iquefaction capabil i ty  o r  to  temporarily isola ted 



sect ions  of pipeline.  A peakshaving f a c i l i t y  would l i ke ly  receive LNG only when 
i t s  l iquefact ion u n i t  i s  inoperative fo r  an extended period of time. 

The type of truck t r a i l e r  used fo r  L N G  t ranspor t  cons i s t s  of an inner ves- 
se l  of 5083 aluminum and an outer  vessel of carbon s t e e l .  The annular space is  

f i l l e d  with p e r l i t e  and maintained a t  a pressure of 50 microns t o  insu la te  the  

inner vessel .  The inner vessel i s  designed f o r  a maximum working pressure of 
70 psig b u t  typ ica l ly  operates a t  only s l i g h t l y  above atmospheric pressure. 

The numerous pressure re1 i e f  valves on the 1 iquid and vapor piping a1 1 exhaust 

t o  a conmon elevated vent stack.  Remotely operated shutoff  valves a r e  ins ta l  led 
i n  the l iquid  l i ne s .  The t r a i l e r  has a capacity of about 10,500 gallons and 
weighs about 60,000 lbs  when f u l l .  

The trucking terminal a t  the peakshaving plant  i s  diked and trenched f o r  

spi  11 re tent ion.  Trucks a r e  loaded and unloaded through 3-inch-diameter f l e x i -  

b le  metal hoses which connect d i r e c t l y  t o  s t a i n l e s s  s t ee l  pipes a t  the  terminal .  
The hoses a r e  drained a f t e r  each loadinglunloading pr ior  t o  disconnection. 

Small LNG sendout pumps a r e  used t o  load the  t r a i l e r s ;  pump capacity i s  

350 gpm yie lding a f i l l i n g  time of about 112 hour. Boiloff vapors from loading 
the  t r a i l e r  a r e  returned to  the  storage tank through a 2-inch vapor re turn  l i ne .  

Weight scales  and two overflow trycock valves indicate  the  l iqu id  level  i n  the 

t r a i l e r .  

Trucks can be unloaded by pumping b u t  a r e  more often emptied by using the  
vapor pressure above the  l iqu id .  I f  the vapor pressure is  i n su f f i c i en t  f o r  good 
t r an s f e r ,  a small amount of L N G  i s  vaporized i n  the pressure buildup co i l  and 
routed t o  the  top of the  tank t o  provide su f f i c i en t  pressure. 

6.1 .6 Safety Systems 

Combustible gas detectors ,  U V  flame detectors ,  and temperature sensors 
a r e  located throughout the  plant  area.  In the event of off-standard condit ions,  

these  detectors  a c t i va t e  alarms i n  the  control room. They can a l so  be s e t  

t o  automatically a c t i va t e  the  emergency shutdown system o r  the f i r e  control 

sys tern. 



The emergency shutdown system has two c i rcu i t s :  the Master Emergency Shu t -  

down (MES) and the Vaporizer Emergency Shutdown (VES). The systems can be 
activated e i ther  automatically by detector alarms or manually by the plant 

operators, and they take about 30 seconds to  shut down the plant. Upon ac t i -  
vation, the MES: 

de-energizes normal plant e lectr ical  c i r cu i t s ,  whi 1 e leaving essential  
plant e lectr ical  equipment energized 

closes valves a t  the plant boundaries to i so la te  the plant from the pipe- 

1 ine 

isolates  the LNG tank and dike area from the r e s t  of  the plant 

s e t s  a l l  control valves in the i r  f a i l s a fe  positions 

vents gas from a l l  gas-handling equipment and l ines  via the r e l i e f  header 

t o  the vent stack. 

The VES, when activated, shuts down the vaporizers and the LNG sendout pumps, 
isolates  the vaporizers from both the pumps and the pipeline and also isolates  

the pumps from the LNG storage tank, and vents gas from a l l  equipment and 

1 ines to  the vent stack. Both the MES and VES are energized by separate 
"Uninterruptable Power Supplies" which t r i p  the shutdown systems i f  they f a i l .  

The f i r e  control system consists of fixed and portable dry chemical f i r e  

extinguishers, high-expansion foam systems, Halon f i r e  extinguishing systems, 
and a fire-water system. Automatic venting and isolation systems help to pre- 
vent accumulations of flammable gas mixtures i n  enclosed areas and f a c i l i t a t e  
extinguishment of any f i r e s .  

The LNG storage tank and sendout pumps share a sp i l l  basin that  drains 

into a diked impoundment basin. The dike walls average 17 f t  in height. The 
impoundment basin i s  capable of holding about 480,000 b b l ,  or 1.37 times the 

capacity of the storage tank. High-expansion foam generation systems instal led 

in the sp i l l  basin can be activated e i ther  manually or  automatically. 

The trucking terminal i s  diked and trenched and i s  equipped with several 

dry chemical extinguishers. The sp i l l  basin capacity i s  greater than tha t  of 
a tank t r a i  1 e r  pl us the 1 oadi ng/unl oadi ng t ransfer  1 i nes . 



6.2 SYSTEM LEVEL ANALYSIS 

The purpose of the  system level analysis  i s  to  ident i fy  those sect ions  of 

the  peakshaving f a c i l i t y  t ha t  a re  the  most c r i t i c a l  with respect  to  re lease  

prevention and control .  The evaluation of each system i s  based largely  on two 
fac tors :  1 )  the quanti ty of a potential  release of hazardous material due to  

e i t h e r  the inventory or  the flow r a t e  and 2 )  an estimate of the r e l a t i v e  
probabi l i ty  of a re lease  (low, medium, high) .  

Process operating conditions, including capaci t ies ,  f l ob~  r a t e s ,  tempera- 

t u r e s ,  and pressures, a re  presented in  Table 6.1 fo r  major components of the  

gas treatment, l iquefact ion,  storage,  vaporization, and t ranspor ta t ion and 

t r ans f e r  systems. 

TABLE 6.1 . System Process Operation Conditions 

Major Number o f  Component Flow Rates Operating Condit ions 
System Components Components Capacit ies I n  Out Pressure Temperature 

Gas Treatment Adsorbers 2 17,000 s c f  12.3 MMscfd 12.3 MMscfd 500 ps ia  68°F 
L ique fac t ion  Cold Box 1 - -  6.3 W s c f d  6.3 MMscfd 485 ps ia  -257 t o  106°F 

(50 g w )  
Storage Storage Tank 1 348,000 bbl  6.3 MMscfd 200 MMscfd 15.8 ps ia  -257OF 

(50 gpm) (1660 gpm) 
Sendout Pumps 3 - - 150 MMscfd 150 Mflscfd 900 p s i a  -257°F 

(1245 gpin) (1245 gpm) 
Boi l o f f  Compressors 2 - - 0.9 MMscfd 0.9 MMscfd 870 p s i a  120°F 

Vaporization Submerged Combustion 4 - - 225 MMscfd 225 MMscfd 900 ps ia  -257 t o  70°F 
Vaporizers (1810 gpm) 

Transportat ion Truck T r a i l e r  1 10,500 gal 42 MMscfd 42 m s c f d  15 ps ia  -257°F 
and Transfer (350 gpm) 

6.2.1 Gas Treatment System 

The primary hazard associated with the gas treatment system i s  the flam- 
mability of the natural gas being handled. There a re  three primary methods of 

natural gas re lease  from the  system: 

adsorber vessel f a i l u r e  
leak or rupture in i n l e t  or ou t l e t  piping, f langes,  valves, e t c .  

tube f a i l u r e  in the  regeneration gas heater .  

When act ivated,  the  Master Emergency Shutdown (MES) system i so l a t e s  the  

gas treatment system from both the pipeline and the r e s t  of the plant  (except 



the  l iquefact ion system), a f t e r  which gas contained i n  the system i s  vented 
via the r e l i e f  header t o  the  vent stack.  However, assuming the  MES f a i l s ,  i t  

could take u p  t o  about 10 minutes t o  i so l a t e  the gas treatment system. Normal 

system flow during t h i s  time would r e s u l t  i n  a re lease  of 85,000 scf  of gas. 

This coupled w i t h  a system holdup of about 34,000 scf  gives a maximum re lease  
of 119,000 scf  of natural gas. The probabi l i ty  of this  re lease  is  estimated 

t o  be low t o  medium. 

6 . 2 . 2  Liquefaction System 

The l iquefaction system contains both natural gas and LNG.  Besides the 

flammability hazard, there  i s  a l so  the hazard associated w i t h  the  cryogenic 
temperature of the L N G .  The l iquefact ion system a l so  contains a mixed r e f r i g -  
e ran t  w i t h  hazards s imi lar  t o  those of the L N G .  

The primary method by which L N G  o r  natural gas can be released from the  

system i s  a leak o r  rupture i n  piping, f langes,  valves, f i t t i n g s ,  e t c .  The 

primary methods of re f r ige ran t  re lease  are :  

leak o r  rupture i n  piping, f langes ,  valves, f i t t i n g s ,  e t c .  
f a i l u r e  of separator vessel o r  re f r ige ran t  compressor. 

When act ivated,  the MES is01 a t e s  the  1 iquefaction system from the  r e s t  

of the  plant  except the gas treatment system. Thus, the maximum release  of 

natural gas and LNG from the  l iquefact ion system i s  the  same as  t ha t  from the  
gas treatment system, 119,000 s c f .  The probabi l i ty  of this re lease  i s  e s t i -  
mated t o  be low to  medium. The maximum re lease  of re f r ige ran t  i n  the system 
is 3,000 gallons,  which i s  the  cycle f l u id  storage capacity i n  the system. 
T h e  l a rges t  r e f r ige ran t  s torage tank i s  10,000 gal lons. 

6 .2 .3  Storage System 

There a r e  three  principal  methods of re lease  i n  the storage area:  

s torage tank f a i l u r e  

leak o r  rupture in i n l e t  o r  o u t l e t  piping, f langes,  valves, f i t t i n g s ,  

pumps, e t c .  

atmospheric discharge from a re1 i e f  valve. 



The inne r  s h e l l  of t h e  LNG storage tank i s  constructed o f  an aluminum- 

magnesium a l l o y  t h a t  can w i ths tand cryogenic temperatures. The ou te r  tank 

i s  constructed o f  carbon s tee l  and i s  suscept ib le  t o  f r a c t u r e  i f  contacted w i t h  

any LNG o r  c o l d  vapors. Thus, f a i l u r e  o f  the  i nne r  tank would probably l e a d  

t o  f a i l u r e  o f  the  ou te r  tank. 

A c t i v a t i o n  o f  t he  MES system stops any f lows i n t o  and o u t  o f  the  tank and 

i s o l a t e s  the  tank f rom the  r e s t  o f  the  f a c i l i t y .  The maximum re lease from the  

storage system i s  t he  t o t a l  capac i ty  o f  t he  tank, which i s  348,000 bbl  o f  LNG. 

A p ipe  break i n  a  12- in.  o u t l e t  l i n e  which leaks f o r  10 minutes be fore  the  b lock  

va lve  i s  c losed would r e s u l t  i n  a  l eak  o f  about 23 MMscf (280,000 ga l  ) .  The 

p r o b a b i l i t y  o f  these re leases i s  est imated t o  be low. 

6.2.4 Vapor izat ion System 

Vapor iza t ion  takes p lace i n f o u r  gas - f i r ed  ,. submerged combustion vapor izers.  

The vapor izers have the  capac i ty  t o  empty the  storage tank i n  about 15 days o f  

operat ion.  

Primary methods f o r  LNG o r  LNG vapor re1  ease from t h e  vapor i za t i on  system 

are: 

8 l eak  o r  r u p t u r e  i n  i n l e t  o r  o u t l e t  p ip ing ,  f langes, valves, f i t t i n g s ,  

e tc .  

f a i l u r e  o f  vapor izer  heat t r a n s f e r  tubes. 

The Vaporizer Emergency Shutdown (VES) system, when ac t i va ted ,  shuts down 

the  vapor izers and the  LNG sendout pumps, i s o l a t e s  the  vapor izers  f rom t h e  r e s t  

o f  the  p lan t ,  and vents a l l  gas-handling equipment and l i n e s  t o  the  vent  stack. 

The maximum re lease from the  vapor i za t i on  system would occur i f  the  VES f a i l e d  

and the  system had t o  be shut  down manually, t a k i n g  up t o  10 minutes. Normal 

f l o w  through the  system du r ing  t h i s  t ime could r e s u l t  i n  a  re lease o f  up t o  

1.6 MMscf o f  LNG and LNG vapor. The p r o b a b i l i t y  o f  t h i s  re lease i s  est imated 

t o  be medium. 



6.2.5 Transportation and Transfer System 

LNG re leases  i n  the transportat ion and t rans fe r  system may occur a t  the  
truck terminal or  during t ranspor t  on public roads. Primary methods f o r  L N G  

re lease  a t  the terminal a re :  

leak o r  rupture i n  i n l e t  o r  ou t l e t  piping, f langes,  valves, f i t t i n g s ,  

e t c .  

f a i l u r e  of the double-shell tank t r a i l e r .  

A f a i l u r e  of the t r a i l e r  (due, f o r  instance, t o  overpressurization) would 

r e s u l t  in a maximum release  of 10,500 gallons of LNG.  The probabil i ty of such 
a re lease  i s  low. The probabil i ty of a leak in  a t rans fe r  1 ine i s  medium due 
t o  the operator in terface .  Such a leak continuing f o r  ten minutes a t  the nor- 
mal loading r a t e  would re lease  3,500 gal of L N G .  

The primary method f o r  re lease  i n  t ransport  i s  f a i l u r e  of the t r a i l e r  due 

t o  co l l i s ion  or  overturning. Overturning accidents f o r  L N G  t r a i l e r s  a r e  re la-  
t i ve ly  frequent because of t h e i r  high center of gravi ty .  However, the pro- 
babil i t y  of a release i s  low because of the s t ructural  in tegr i ty  of the double- 

shel l  t r a i l e r  construction. 

6.2.6 Summary 

The la rges t  re lease  t h a t  could occur from the LNG peakshaving f a c i l i t y  

would r e s u l t  from complete f a i l u r e  of the  storage tank. Signif icant  re leases  

could a lso  occur from pipe breaks in the various systems. Postulated re leases  
from pipe breaks, assuming t ha t  the leaks continue f o r  10 minutes before the  
systems a re  shut down, a re  presented in  Table 6.2.  

Based on t h i s  system level analysis ,  the two systems with the potential  
f o r  the l a rges t  re leases  a r e  the  storage and vaporization systems. 

6.3 COMPONENT L E V E L  ANALYSIS 

The purpose of the component level analysis  i s  t o  ident i fy  those components 

t h a t  a r e  most c r i t i c a l  with respect  t o  re lease  prevention and control f o r  each 

of the  systems. The system level analysis  indicates  t h a t  a s ign i f ican t  re lease  

could come from any of the  f i ve  systems. The la rges t  releases could come from 

the  storage and vaporization systems. 
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TABLE 6.2. Pos tu la ted  Releases from Pipe Breaks i n  a  
Peakshaving Fac i  1  i t y  

Cont i  nuous Leak T o t a l  1  0-Mi nu te  
Loca t i on  o f  Break Rate (scfm) Re1 ease ( s c f )  

G a s T r e a t m e n t S y s t e m O u t l e t  8 . 5 ~ 1 0 ~  1.2 x  10 5 ( a )  

(100% vapor, 485 p s i a )  

L i q u e f a c t i o n  System Out1 e t  8.5 l o 3  1.2 x 10 5 ( a )  

(0% vapor, 470 p s i a )  - - 
L i q u i d  O u t l e t  f r om Tank 2.3 x  l o b  2.3 x 10' 
(0% vapor, 15.8 p s i a )  

LNG Pump O u t l e t  Header 1  .O l o 5  1.3 x 10 6 (a )  

(0% vaPor, 900 p s i a )  , - 

Vapor ize r  O u t l e t  Header 1.6 x  10 5  1.6 x l o 6  
(100% vapor, 870 p s i a )  

T r a i  1  e r  Loading L i  ne 2.9 l o 4  2.9 x l o 5  
(0% vapor, 30 p s i a )  

( a )  Inc ludes  re l ease  c o n t r i b u t i o n  o f  holdup i n  system. 

A  p r e l  i m i  nary  hazards a n a l y s i s  (PHA) has been completed f o r  each system. 

The PHA dea ls  w i t h  t h e  ma jo r  components o f  each system and t h e  r e l a t e d  p o t e n t i a l  

hazard cond i t i ons ,  e f f e c t s ,  and e x i s t i n g  p reven t i ve  and c o n t r o l  measures. Each 

PHA i s  presented i n  t a b u l a r  form. 

I t  i s  impo r tan t  t o  no te  t h a t  some o f  t he  re leases  presented i n  t h i s  s e c t i o n  

r e q u i r e  f a i l u r e  o f  more than  one component. For example, a l i n e  r u p t u r e  c o u l d  

occur  f rom a  hea t  l e a k  ( r e s u l t i n g  i n  a  pressure b u i l d u p )  and a  r e 1  i e f  v a l v e  

f a i l u r e .  

6.3.1 Gas Treatment System 

The gas t rea tment  system i s  one o f  t he  l e s s  c r i t i c a l  systems i n  t h e  peak- 

shav ing f a c i l  i ty  w i t h  r ega rd  t o  r e l ease  p reven t i on  and c o n t r o l .  Th i s  i s  because 

o f  t h e  r e l a t i v e l y  low f l o w  r a t e s  and t h e  r e l a t i v e l y  smal l  holdup i n  t h i s  system 

as compared t o  o t h e r  systems i n  t he  f a c i l i t y .  The PHA f o r  t h e  gas t rea tment  

system i s  presented i n  Table 6.3. 

The f o l l o w i n g  components o f  t h e  system a r e  judged t o  be t h e  most impo r tan t  

w i t h  r espec t  t o  r e l e a s e  p reven t i on  and c o n t r o l ;  



TABLE 6.3. P r e l i m i n a r y  Hazards A n a l y s i s  f o r  t h e  Gas T rea tmen t  System 

Subsystem o r  Component Po ten t ia l  Hazard Cond i t i on  E f f e c t  E x i s t i n g  Prevent ive and Contro l  Measures 

Startup-Shutdown Operations 

1. Regeneration Gas Improper Valv ing o f  Gas t o  Heater Possib le  explos ion,  re lease o f  gas, ' f i r e  S ta r tup  procedures/operator exper t i se  
Heater Combustible gas and UV f i r e  detectors 

2. Adsorbers, F i l t e r s ,  Rapid Pressur i za t ion  on S ta r tup  Possib le  vessel f a i l u r e  and re lease  o f  gas S ta r tup  procedures/operator exper t i se  
Regeneration Heater P instrumentation/operation a t t e n t i o n  

MES s h u t o f f  va lves 

Steady S ta te  Operation 

1. Gas Feed Valve t o  F a i l s  Open 
F i l t e r  Separator 

F a i l s  Closed 

Rupture o r  Leaks 

2. F i l t e r  Separator Ruptures o r  Leaks 

3 .  Gas Feed Valve A f t e r  F a i l s  Open 

m F i l t e r  Separator 

F a i l s  Closed 

Ruptures o r  Leaks 

4. Gas Feed Valves t o  F a i l  Open 
Adsorbers 

F a i l  Closed 

Rupture o r  Leak 

5. Molecular  Sieve Rupture o r  Leak 
Adsorbers 

6. Gas Feed Valves F a i l  Open 
A f t e r  the  Adsorbers 

F a i l  Closed 

Rupture o r  Leak 

Possib le  overp ressur i za t ion  o f  f i l t e r  Maintenance and inspec t ion  
separator  

None - - 
Release o f  n a t u r a l  gas Maintenance and inspec t ion  

Release o f  n a t u r a l  gas and poss ib le  re lease  Maintenance and inspec t ion  
o f  l i q u i d s  P  inst rumentat ion/operator  a t t e n t i o n  

MES s h u t o f f  va lves 

Possib le  overp ressur i za t ion  o f  downstream Maintenance and inspec t ion  
components MES s h u t o f f  valves 

Notie - - 
Release o f  n a t u r a l  gas Maintenance and inspec t ion  

MES s h u t o f f  va lves 

Possib le  overp ressur i za t ion  o f  adsorbers Maintenance and i n s p e c t i o n  
o r  re lease  o f  feed gas t o  regenerat ion 
gas l i n e  

None - - 
Release o f  na tu ra l  gas Maintenance and inspec t ion  

MES s h u t o f f  va lves 

Release o f  n a t u r a l  gas (heated o r  unheated) Maintenance and inspec t ion  
and poss ib le  re lease  o f  absorbent m a t e r i a l  MES s h u t o f f  va lves 

Possib le  overp ressur i za t ion  o f  components Maintenance and inspec t ion  
o r  re lease  o f  unheated gas t o  the  T instrumentation/operator a t t e n t i o n  
absorber being regenerated 

None - - 
Release o f  n a t u r a l  gas Maintenance and inspec t ion  

MES s h u t o f f  va lves 



TABLE 6 . 3 .  (Contd) 

Subsystem o r  Component Po ten t ia l  Hazard Condi t ion E f f e c t  E x i s t i n g  Prevent ive and Contro l  Measures 

Steady S ta te  Operation 

7. Gas Feed Valve t o  F a i l s  Open 
Dust F i l t e r  

Possib le overp ressur i za t ion  o f  dus t  f i  1 t e r  

None 

Maintenance and inspec t ion  

F a l l s  Closed 

8. Dust F i l t e r  Ruptures o r  Leaks Releases o f  n a t u r a l  gas and poss ib le  re lease 
o f  dus t  

Maintenance and inspec t ion  
P instrumentation/operator a t t e n t i o n  
MES s h u t o f f  valves 

Possib le overpressur i  r a t i o n  downstream 
i n  system 

None 

Release o f  na tu ra l  gas 

Maintenance and inspec t ion  9. Gas Feed Valve F a l l s  Open 
A f t e r  Dust F i l  t e r  

F a i l s  Closed 

Ruptures o r  Leaks Maintenance and inspec t ion  
MES s h u t o f f  valves 

Maintenance and inspec t ion  10. Gas Feed Valves F a i l  Open 
i n  Regeneration 
Gas L i n e  F a i l  Closed 

Possib le overp ressur i za t ion  downstream 

P c o n t r o l  and f low inst rument ion/  
opera t ion  a t t e n t i o n  

No regeneration, excess feed gas t o  co ld  
box 

Rupture o r  Leak Release o f  na tu ra l  gas MES s h u t o f f  valves 

1 1 . C h e c k V a l v e P r l o r  F a i l s o p e n  
t o  Regeneration 
Gas Heater F a i l s  Closed 

Possib le backflow o f  heated gas Maintenance and inspec t ion  

No regeneration, excess feed gas t o  co ld  
box 

Release o f  na tu ra l  gas (coo l )  o r  heated Ruptures o r  Leaks Maintenance and inspec t ion  
MES s h u t o f f  valves 

12. Regeneration Gas Ruptures o r  Leaks 
Heater 

Release o f  na tu ra l  gas and poss ib le  f i r e  
due t o  burners c lose  a t  hand 

Maintenance and inspec t ion  
UV f lame de tec to r  and d ry  chemical 

f i r e  ext inguishers 
MES s h u t o f f  valves 

Release of na tu ra l  gas and poss ib le  re lease 
o f  dus t  

Maintenance and inspec t ion  
P instrumentation/operator 

a t t e n t i o n  
MES s h u t o f f  valves 

13. Dust F i l t e r  Ruptures or Leaks 

14. Fan Cooler Ruptures o r  Leaks Release o f  na tu ra l  gas Maintenance and inspec t ion  
MES s h u t o f f  valves 

Release o f  na tu ra l  gas Maintenance and inspec t ion  
MES s h u t o f f  valves 

15. Regeneration Gas Ruptures o r  Leaks 
Separator 

16. Regeneration Ruptures 6 r  Leaks 
Compressor 

Release o f  na tu ra l  gas a t  l i n e  pressure Maintenance and inspec t ion  
MES s h u t o f f  valves 



Regeneration Gas Heater. T h i s  component contains heat exchanger tubes 

that  carry natural gas. If  a tube ruptures or leaks, natural gas i s  

released i n  close proximity to the u n i t ' s  gas-fired burner, and a subse- 

quent f i r e  or explosion i s  possible. The probability of such a tube 

fa i lure  i s  judged to be medium. 

Molecular Sieve Adsorbers. These are large vessels (about 20 f t  high by 
5.5 f t  in diameter) tha t  contain gas under pressure (about 500 ps ia ) .  Thus, 
the gas holdup in these vessels i s  s ignif icant .  If a vessel ruptures or 

leaks, t h i s  holdup gas would be released along w i t h  any additional gas flow- 
ing into the system before the feed l ines  are closed. The probability of 
adsorber vessel fa i lure  i s  judged to be low because of design and maintenance 
considerations. 

Master Emergency Shutdown (MES) System. When operating properly, t h i s  
system l imits  the s ize of a release. However, i f  the system does not 
operate properly and a manual shutdown i s  necessary, the amount of natural 
gas released can be s ignif icant ly increased. 

6 .3 .2  Liquefaction System 

The 1 iquefaction system i s  another of the less  c r i t i ca l  systems i n  the 
peakshaving faci l  i ty because of i t s  re lat ively low flow rates and re1 atively 

small holdup. The PHA for  the liquefaction system i s  presented i n  Table 6.4 .  

System components of primary concern regarding release prevention and 
control are as follows: 

Temperature and Liquid Level Instrumentation and Controls. These a re  

probably the most important components related to release prevention and 
control in th is  system. The temperature controller i n  the LNG ou t le t  l ine  

ensures that  the LNG i s  suff ic ient ly  cold before i t  i s  sent to  the storage 
tank. If the controller f a i l s  and warmer LNG or natural gas is introduced 

into the storage tank, excessive flashing will occur in the storage tank 

resulting in increased tank pressure. If t h i s  increased pressure cannot 

be controlled by the boiloff system, the pressure re l ie f  valves will open 
and release LNG vapors. In the refrigerant system, temperature and liquid 



TABLE 6 '4. Prel iminary Hazards Analysis f o r  the  Liquefaction System 

Subsystem o r  Component Po ten t ia l  Hazard Condit ion E f f e c t  E x i s t i n g  Prevent ive and Contro l  Measures 

Startup-Shutdown Operations 

1. Re f r ige ran t  Cycle Too much o f  low b o i l i n g  components Overpressure on shutdown and warmup, rup tu re  R e l i e f  va lve and ven t  s tack 
Inven to ry  Makeup o f  r e f r i g e r a n t  containment High P alarm on compressor o u t l e t  

2. F I C  Set t ings,  Sepa- Opened too f a r  
r a t o r  L i q u i d  O u t l e t s  

3. LNG TRC 

Steady S ta te  Operation 

Set  too  h igh  

1. Natura l  Gas Sup- Break o r  other  i n t e r r u p t i o n  
p l y  L i n e  

Water I n  gas supply 

2. B o i l o f f  L i n e  Break o r  i n t e r r u p t i o n  

.3. B o i l o f f  Exchangers Re f r ige ran t  tube rup tu re  
E-211 t o  213 

4. L ique fac t ion  
Exchangers 
E-201 t o  206 

LNG tube rup tu re  

Re f r ige ran t  tube rup tu re  

She l l  f a i l u r e  

5. Vapor L i q u i d  Rupture 
Separator, Cold 
Box, V-201 t o  204 

L i q u i d  carryover 

L i q u i d  r e f r i g e r a n t  f l oods  V-205, b r i t t l e  Capacity o f  V-205 
f a i l u r e  i n  compressor suc t ion  l i n e ,  r e f r i g -  L im i ted  r e f r i g e r a n t  inventory 
e r a n t  re1  ease 

Excessive f l a s h i n g  upon letdown t o  tank Range o f  c o n t r o l l e r  might  be l i m i t e d  
pressure, tank b o i l o f f  capac i t y  exceeded Re1 i e f  va lves on LNG tank 

P and T inst rumentat ion on tank 

Release o f  pressur ized gas Master emergency shutdown (MES) 

Excess coo l ing ,  1 i q u i d  carryover  t o  V-205. Capacity o f  V-205 
poss ib le  carryover  o f  l i q u i d  t o  carbon Low T alarm 
s tee l  compressor suc t ion  

I c e  plugs LNG 1 ine; See Above High H20 a n a l y t i c a l  alarm 

Low P gas re lease w i t h  poss ib le  f i r e ,  reduced 0. Combustible gas/UV de tec to rs  
coo l ing  capac i t y  Bypass a t  tank 

Pressur i za t ion  o f  s h e l l ,  poss ib le  rup tu re  and Combustible gas de tec to r  
re lease t o  c o l d  box, l i q u i d  could f a i l  c o l d  L im i ted  inventory o f  r e f r i g e r a n t  
box w a l l  

P ressur i za t ion  o f  exchanger s h e l l ,  she1 1 w MES valve upstream o f  gas treatment 
should hold, unknown upset due t o  LNG i n  system 
r e f r i g e r a n t  

Possib le f l a s h i n g  o f  l a r g e  amount o f  r e f r i g -  Capacity o f  V-205 
erant, carryover  o f  l i q u i d  t o  V-205, b r i t t l e  Low T a larm 
f a i l u r e  I f  l i q u i d  passes V-205 

Pressurized gas re lease t o  co ld  box, poss ib le  Combustible gas de tec to r  
rup tu re  w R e l i e f  va lve  requ i red  on c o l d  box 

Release o f  r e f r i g e r a n t  t o  c o l d  box, poss ib le  Combustible gas de tec to r  
rup tu re  L im i ted  inventory o f  r e f r i g e r a n t /  

capaci ty  o f  separator 
Low L a larm 

L i q u i d  t o  V-205, b r i t t l e  f a i l u r e  i f  l i q u i d  L im i ted  inven to ry  o f  r e f r i g e r a n t  
passes V-205 Capacity o f  separators 

Flow stop age i n  vapor ou t le t ,  I n l t i a l  response might be l i q u i d  f a i l i n g  t o  
p l u g  (ice! o r  inadver tent  valve vapor ize be fo re  reaching V-205, even tua l l y  
c losure  suc t ion  pressure w i l l  r i s e  and coo l ing  power 

w i l l  drop o f f .  Process upset, no release. 



TABLE 6.4. (Con td )  

Subsystem o r  Component Po ten t ia l  Hazard Condi t ion E f f e c t  E x i s t i n g  Prevent ive and Contro l  Measures 

Steady S ta te  Operation 

6. Vapor L i q u i d  Sepa- Rupture Release o f  pressur ized r e f r i g e r a n t  
ra to rs .  In te rs tage  
and Af  te rcoo l  ers, 
v-2221, 222 Backflow from c o l d  box dur ing  B r i t t l e  f a i l u r e ,  re lease as above 

s ta r tup  

7. Vapor L i q u i d  Sepa- Rupture 
r a t o r  Low Pres- 
sure Re f r ige ran t  
V-205 

L iqu id  carryover 

8. In te rs tage  and Fan f a i l u r e  
A f t e r  Coolers 
E:221, 222 

Rupture 

9. Compressor. C-221 Motor f a i l u r e  
and 222 

Rupture 

10. Re f r ige ran t  Storage Tank rup tu re  
Cycle F lu id ,  L i q u i d  
N , Ethylene, Pro- 
pine, Isobutane. 
Pentane 

11. E l e c t r i c i t y  Supply F a i l u r e  

Release o f  r e f r i g e r a n t  

Combustible gas de tec to r  
L im i ted  inventory o f  r e f r i g e r a n t  
Low L alarm 

Check valve requ i red  i n  l i q u i d  o u t l e t  
High L alarm 
Combustible gas de tec to r  

L im i ted  inventory 
Combustible gas de tec to r  
Low L alarm 

B r i t t l e  f a i l u r e  downstream, re lease as Capacity o f  separator 
above High L alarm 

Low T alarm 

High T i n  second stage o f  compressor, l o s t  High T alarm 
coo l ing  capaci ty ,  system ad jus ts  auto- 
m a t i c a l l y  

Release o f  pressur ized r e f r i g e r a n t ,  
poss ib le  f i r e  

Combustible gas/UV f i r e  detector  
a t  c o l d  box, detectors requi red 
a t  coolers 

L im i ted  inventory 

Suct ion pressure r i s e s ,  r a p i d  l o s s  o f  coo l ing  Operator a t t e n t i o n  
capaci ty ,  1  ique fac t ion  stops 

L ique fac t ion  stops (see above), re lease Conlbustible gas de tec to r  
o f  pressur ized r e f r i g e r a n t  vapor L im i ted  inven to ry  

F i r e  detectors-automatic MES I n t e r l o c k  

F i r e  possib le,  i n v o l v i n g  o t h e r  tanks, UV f lame de tec to r  
vapor c loud t r a v e l i n g  t o  o t h e r  i g n i t i o n  Combustible gas detectors requi red 
source and l a r g e r  re lease near r e f r i g e r a t i o n  tanks 

Compressor and coo l ing  fans stop, no Operator a t t e n t i o n  
apparent consequence except LNG f l o w  
stop 

12. A i r  Supply F a i l u r e  Valves t o  sa fe  pos i t i on ,  LNG f l o w  stops Operator a t t e n t i o n  

13. LNG Flow Control F a i l s  open 
Valve 

14. Compressor Dis-  F a i l s  open 
charge Pressure 
Contro l  Valve 

F a i l s  c losed 

Pressure d r i ves  gas t o  s torage tank Venting capac i t y  o f  tank 
Design o f  p i p i n g  t o  minimize 
overs ize f l o w  
MES shutdown o f  gas feed 

Overpressure, poss ib le  downstream ruptures. High P a larm 
separators carryover  l i q u i d  Overdesign o f  equipment 

Compressor "Runs Away." overheats Automatic s h u t o f f  



l e v e l  ins t rumenta t ion  p ro tec ts  aga ins t  carryover  o f  l i q u i d  r e f r i g e r a n t  t o  

the  carbon s t e e l  compressor suc t i on  p ip ing .  I f  carryover  occurs, b r i t t l e  

f a i l u r e  o f  the  p i p i n g  accompanied by re lease o f  r e f r i g e r a n t  i s  l i k e l y .  

Minor mal funct ions o f  ins t rumenta t ion  and c o n t r o l s  are h i g h l y  probable bu t ,  

because o f  design considerat ions,  t he  probabi 1 i t y  o f  ma1 func t i ons  r e s u l t i n g  

i n  t he  aforementioned releases i s  judged t o  be medium. 

Heat Exchangers and Vapor-Liquid Separator Vessels. Leaks o r  rup tures  

i n  these vessels would r e s u l t  i n  the  re lease o f  r e f r i g e r a n t  t o  t he  c o l d  

box and poss ib l y  t o  the  environment. The p r o b a b i l i t y  o f  vessel f a i l u r e  

i s  judged t o  be low because o f  design and maintenance considerat ions.  

MES System. When ac t iva ted ,  t h i s  system l i m i t s  the  s i z e  o f  a re lease.  

However, i f  the system f a i l s  and a manual shutdown i s  requi red,  a much 

l a r g e r  re lease can occur.  

6.3.3 Storage System 

The storage system i s  probably the  most c r i t i c a l  i n  the  peakshaving f a c i l i t y  

w i t h  regard t o  re lease prevent ion  and c o n t r o l .  This  i s  due t o  the  l a r g e  LNG 

inventory  i n  t h i s  system. Table 6 .5  presents the  PHA f o r  the  storage system. 

Storage system components o f  pr imary concern w i t h  respect  t o  re lease pre-  

ven t i  on and c o n t r o l  i nc l  ude the  f o l l  owing: 

Inner  Tank She1 1 . F a i l u r e  o f  t h i s  component would cause the  maximum 

re lease o f  LNG o r  LNG vapor (up t o  348,000 bbl  o f  LNG). The probab i l  i ty  

o f  a f a i l u r e  o f  the  i n n e r  tank s h e l l  i s  judged t o  be low because o f  design 

considerat ions.  

Annular Space I n s u l a t i o n .  This  component i s  important  because i t  pre-  

vents excessive b o i l o f f  o f  LNG vapor and p ro tec ts  the  carboh s t e e l  o u t e r  

s h e l l  f rom cryogenic temperatures and subsequent f a i  1  ure. The l o s s  o f  

i n s u l a t i o n  e f fec t i veness  i s  judged t o  have a low p r o b a b i l i t y  due t o  design 

and opera t iona l  f a c t o r s .  

Outer Tank She l l .  This  carbon s tee l  s h e l l  prov ides a vapor - t i gh t  seal 

and p ro tec ts  the  i n n e r  s h e l l  and annular i n s u l a t i o n  from the  environment. 



T A B L E  6.5. Pre l iminary  Hazards Analysis  f o r  t h e  S torage  System 

Subsystem o r  Component Potential Hazard Condition- Effect Existing Preventive and Control Measure 

Startup-Shutdown Operations 

1. Storage Tank Inadequate nitrogen purge 

2. Purge Ring 

Possible explosive mixture when f i l l i n g  Startup procedure 
with LNG Operator expertise 

Fails  closed during purging Overpressurization and possible f a i l u re  of High P alarm on tank 
process outer tank, possible flammable gas mixture P re1 ief  valves 

between she1 1 s 

3. Inner Tank Cooldown monitoring system f a i l s  Tank f i l l s  too f a s t ,  result ing in rapid cool- Startup procedure 
or i s  inaccurate down with possible f a i l u re  of inner tank Operator expertise 

and release of LNG Spil l  basin 

4. Downcomer Disperses LNG unevenly Nonuniform cooldown of inner tank result ing Cooldown monitoring instru- 
in possible tank f a i l u re  and release of mentation 
natural gas o r  possible s t r a t i f i ca t ion  Operator a t tent ion  
and rollover Spil l  basin 

5. Storage Tank Heatup with hot natural gas too Overpressurization and possible f a i l u re  of Tank monitoring instrumentation 
rapid tank with release of natural gas P re l ief  valves 

Heatup procedure/operator expertise 

Thermal shock f a i l s  inner tank, LNG released Tank monitoring instrumentation 
to  outer tank which subsequently f a i l s  and Heatup procedure/operator expertise 
releases LNG Spil l  basin 

6. Combustible Gas Fails ,  results  in inadequate nitro- Possible explosive mixture when a i r  admitted Purging procedure 
Detector Sys tem gen purge to  tank Operator expertise 

Maintenance and inspection 

Steady Sta te  Condition 

1. Liquid Discharge Line ruptures o r  leaks 
Line 

2. Sendout Pumps Pump ruptures o r  leaks 

3. Sendout Pump Vessel Vessel ruptures or leaks 

4. Vapor Return Line Line ruptures o r  leaks 
from Pumps 

LNG released Block valves in l i ne  and in tank 
ou t l e t  

MES/VES 
Maintenance and inspection 

Pump leaks to  pump vessel ,  no release Low discharge P alarms on pumps, 
MES/VES 

Maintenance and inspection 

LNG released (sever1 ty greatly increased Vessel in tegr i ty  
i f  pump f a i l s  in conjunction) Block valves in l i ne  and in tank 

out le t  
Combustible gas detector alarm 
MES/VES 
Spill basin 

Natural gas released Piping in tegr i ty  
Combustible gas detector alarm 
MES/VES 



TABLE 6.5. (Contd) 

E x i s t i n g  Prevent ive and Contro l  Measures m s v s t e m  o r  Component Po ten t ia l  Hazard Condi t ion E f f e c t  

Steady S t a t e  Condi t ion 

5. Tank Foundation S e t t l e s  nonunifonnly Outer tank f a i l s ,  i nner  tank cannot support 
l oad  and f a i l s ,  LNG released 

I n t e g r i t y  of foundat ion 
Maintenance and inspec t ion  

a S p i l l  basin 

Heating c o i l  system f a i l s  F ros t  heaving f a i l s  tank, LNG released T instrumentation/operator a t t e n t i o n  
a Maintenance and inspec t ion  
a S p i l l  bas in  

6. LNG F i l l  L Ine  L i n e  ruptures o r  leaks LNG o r  na tu ra l  gas re leased P ip ing  i n t e g r i t y  
a Maintenance and inspec t ion  

S p i l l  basin 
a Combustible gas de tec to r  a larm 

7. High Level L i q u i d  F a i l s ,  and operator  does no t  LNG over f lows and leaks t o  ou te r  tank, 
Alann System n o t i c e  dangerous cond i t i on  on which i s  f a i l e d  by c o l d  and releases LNG 

l i q u i d  l e v e l  gauge 

Operator exper t i se /a t ten t ion  
a Temperature inst rumentat ion would 

i n d i c a t e  unusual c o n d i t i o n  
a S p i l l  bas in  

8. Inner  Tank She l l  Leaks o r  ruptures due t o  s t r u c t u r a l  LNG leaks t o  ou te r  tank, which i s  f a i l e d  
f a i l u r e  o r  earthquake by c o l d  and re leases LNG 

a Construct ion standards 
a Maintenance and inspec t ion  
a S p i l l  basin 

Inner  she1 1 moves o f f - cen te r  Forces due t o  p e r l i t e  compaction f a i l  tank, 
LNG re leased 

a L inear  movement i n d i c a t o r s  
a S t r a i n  gauges 
a S p i l l  basin 

a P and T inst rumentat ion on tank 9. Outer Tank She l l  She l l  f a i l s  o r  leaks 

Plane crashes i n t o  tank 

Sabotage, bomb explodes 

Loss o f  i nsu la t ion ,  heat ing o f  LNG and 
re lease o f  na tu ra l  gas 

Possib le r u p t u r e  o f  tank w i t h  re lease o f  
LNG and/or na tu ra l  gas and probable f i r e  

a S p i l l  bas in  
a F i r e  c o n t r o l  systems 

Probable rup tu re  o f  tank w i t h  re lease o f  
LNG and/or na tu ra l  gas and probable f i r e  

Secur i t y  measures 
S p i l l  basin 

a F i r e  c o n t r o l  systems 

Ro l lover  

Inner  s h e l l  f a i l s  

Rapid increase i n  vapor i za t ion  and over- 
p ressur i za t ion ,  poss ib le  f a i l u r e  o f  tank 
dome and re lease o f  na tu ra l  gas 

LNG leaks t o  ou te r  tank, which f a i l s  due 
t o  c o l d  and re leases LNG 

a P and T inst rumentat ion 
a Tank load ing  and mix ing  procedures 

a Construct ion standards 
a Maintenance and inspec t ion  
a S p i l l  basin 

10. Suspended Insu la ted  F a i l s  and f a l l s  i n t o  tank along Extreme c o l d  f a i l s  ou te r  tank dome and 
Deck w i t h  i n s u l a t i o n  na tu ra l  gas i s  released, debr i s  may f o u l  

out1 e t  va lves 

S t ruc tu ra l  i n t e g r i t y  o f  deck 
a Operator a t t e n t i o n  

a Low T alarm/operator a t t e n t i o n  
a Combustible gas detector  a larm 

Maintenance and inspec t ion  

11. B o i l o f f  Heat F a i l  
Exchanger 

Cold f a i l s  carbon s t e e l  l i n e s  and na tu ra l  
gas i s  re leased 



TABLE 6.5. ( C o n t d )  

Subsystem o r  Component- Po ten t ia l  Hazard C o ~ d i t i o n  E f f e c t  

Steady S ta te  Condi t ion 

12. Bo i  1 o f f  Compressors Compressor ruptures o r  1 eaks Release o f  na tu ra l  gas 

E x i s t i n g  Prevent ive and Contro l  Measures -- 

Block valves e i t h e r  s i d e  o f  compres- 
so r  

Con~bustible gas de tec to r  alarm 
Maintenance and inspec t ion  

Cannot handle b o i l o f f  yases Pressure bu i ldup  i n  s torage tank, poss ib le  
f a s t  enough rup tu re  o f  tank and re lease o f  na tu ra l  gas 

Adequate compressor design 
Maintenance and inspec t ion  
High P alarm on tank 
P r e l i e f  valves on tank 

13. Compressor A f t e r -  Leaks o r  ruptures 
coo le r  

Release o f  na tu ra l  gas Block valves e i t h e r  s ide  o f  a f t e r -  
coo le r  

Combustible gas detector  alarm 
o Maintenance and inspec t ion  

F a i l s  t o  adequately cool the  Shutdown o f  b o i l o f f  compressors, leading 
compressed b o i l o f f  gases t o  pressure bu i ldup  i n  tank and poss ib le  

rup tu re  

Adequate a f t e r c o o l e r  design 
Maintenance and inspec t ion  
High P alarm on tank 
P r e l i e f  valves on tank 

14. Tank Pressure F a i l s  open 
Re1 i e f  Valve 

Release o f  na tu ra l  gas, poss ib le  explos ive 
m ix tu re  i f  a i r  enters tank 

Maintenance and inspec t ion  
Tank P inst rumentat ionloperator  

a t t e n t i o n  

F a i l s  closed Pressure bu i ldup  i n  tank, poss ib le  f a i l u r e  
o f  tank dome and re lease o f  na tu ra l  gas 

Maintenance and inspec t ion  
High P a larm on tank 
B o i l o f f  system can he lp  reduce P 

15. Tank Vacuum F a i l s  open 
Re3 i e f  Valve 

Possib le re lease o f  na tu ra l  gas, poss ib le  
explos ive m ix tu re  as a i r  enters tank 

Maintenance and inspec t ion  
Tank P inst rumentat ionloperator  

a t t e n t i o n  

F a i l s  closed Possib le o u t e r  tank f a i l u r e  due t o  vacuum, 
w i t h  re lease o f  na tu ra l  gas 

Maintenance and inspec t ion  
Tank P instrumentation/operator 

a t t e n t i o n  
Low P sw i tch lna tu ra l  gas i n l e t  

va lve i n t e r l o c k  

16. Purge Ring F a i l s  open Natura l  gas re leased through r o o f  deck, per- 
l i t e  i n s u l a t i o n ,  and purge r i n g  

Maintenance and inspec t ion  

17. R e c i r c u l a t i o n  L i n e  Ruptures o r  leaks 
f rom Pump t o  Storage 
Tank 

Release o f  LNG Pip ing i n t e g r i t y  
PumpIMES i n t e r l o c k  
S p i l l  basin 
Combustible gas de tec to r  alarm 

18. Vapor Return L i n e  Ruptures o r  leaks 
f rom Pump t o  Storage 
Tank 

Release o f  na tu ra l  gas Combustible gas de tec to r  alarm 
Pump/MES i n t e r l o c k  
P ip ing  i n t e g r i t y  

19. Tank O u t l e t  Valve F a i l s  open and o u t l e t  l i n e  Release o f  tank contents 
f a i l s  before secondary valve 

S p i l l  bas in  
Maintenance and inspec t ion  
Operator at tent ionlmanual  shutdown 20. MES F a i l s  on demand Flows no t  stopped au tomat i ca l l y  i n  an 

emergency 



Failure of the outer tank she1 1 would resu l t  in large vapor releases 

and could possibly resul t  in the fa i lure  of the inner she l l .  The proba- 

bil i  ty of such a f a i l  ure i s  judged to be low. 

Tank Discharge Line to  Pumps. Failure of th i s  l ine  could resu l t  in the 

maximum release for  th i s  system i f  no valves functioned to  shut off tank 

flow. The probability of the 1 ine fa i l ing  i s  judged to be low because 

of the types of fa i lure  mechanisms considered. 

Storage Tank Pump Vessel. If the pump vessel were to  f a i l  and the feed 

valves to  the vessel were open, a large LNG release (14,000 gal ) could 

occur. The probability of the pump vessel fa i l ing  i s  judged to  be low. 

Pressure Control System. This system includes the boiloff compressor 

and heat exchangers, the pressure/vacuum re l ie f  valves, and pressure 

controllers and indicators on i n l e t  and out le t  l ines .  Failure of t h i s  

system could r e su l t  i n  over or underpressure in the storage tank which 

could lead to  tank fa i lure  and the subsequent release of a t  l eas t  part  

of the tank contents. Failure of individual components (e.g. ,  re1 ief  

valves f a i l i ng  open) could resu l t  in the uncontrolled release of LNG 

vapors. Failures of individual components are judged to have low to medium 

probabi l i t ies ;  the probabil i  ty of system fa i lure  resulting in the f a i lu re  

of the storage tank i s  low. 

6.3.4 Vaporization System 

Because of the relat ively h i g h  flow rates through th i s  system, i t  i s  one of 

the more c r i t i ca l  systems in the f a c i l i t y  with respect to release prevention and 

control. The PHA for the vaporization system i s  given in Table 6.6. 

The PHA ident i f ies  the following system components as being most important 

in terms of release prevention and control: 

Vaporizers. These components contain a number of heat exchanger tubes. 

If one or  more of these tubes f a i l ,  LNG i s  released t o  the vaporizer 

and a subsequent f i r e  or explosion i s  possible. The probability of a heat 

exchanger tube f a i lu re  i s  judged to be medium. 



TABLE 6.6. Preliminary Hazards Analysis for the Vaporization System 

Subsystem o r  Component Po ten t ia l  Hazard Condi t ion E f f e c t  E x i s t i n g  Prevent ive and Control Measures 

Startup-Shutdown Operations 

1. LNG Pump Discharge High 
Pressure S e t t i n g  

Low 

2. O u t l e t  Temperature 
C o n t r o l l e r  Se t t ing  

Low 

3. Throughput Flow High o r  turned up too r a p i d l y  
S e t t i n g  

4. B lock Valve Closing, LNG trapped between valves 
Various Locations 

Steady S ta te  Operation 

1. LNG Sendout Pumps Break 
Suct ion L i n e  

Vapor f l o w  c o n t r o l  va lve  t h r o t t l e s ,  no hazard I n t e g r i t y  o f  p i p i n g  
i f  p i p i n g  design adequate f o r  maximum pump Adequate design fo r  P 
pressure 

Low f l o w  through vapor izer ,  o u t l e t  tempera- Adequate thermal capaci ty  o f  bath t o  
t u r e  increase, burner f i r i n g  r a t e  goes t o  a l low f o r  f l o w  v a r i a t i o n s  
mi n T inst rumentat ion on o u t l e t  

P inst rumentat ion on pump o u t l e t  

LNG n o t  vaporized, poss ib le  cryogenic f a i l u r e  Low o u t l e t  T/VES i n t e r l o c k  
downstream 

LNG n o t  vaporized, poss ib le  cryogenic Low o u t l e t  T/VES i n t e r l o c k  
f a i l u r e  downstream Combustible gas de tec to r  and/or UV 

f i r e  de tec to r  alarm - Halon f i r e  
Possib le tube bundle f a i l u r e  from thermal ex t ingu isher  

shock 

Warms t o  ambient T, p ipe  burs ts  R e l i e f  valves between every p a i r  o f  
b lock  

Release r a t e  depends on break, d r i v e n  by Low T alarm i n  s p i l l  basin, MESIVES 
hydrau l i c  head i n  s torage tank I n t e r n a l  b lock  valve i n  tank o u t l e t  

2. LNG Sendout Pumps Body f a i l u r e  from T-shock o r  ex te r -  Leak forced by head i n  storage tank, r a t e  Low T a larm i n  s p i l l  basin, MESIVES 
na l  cause depends on crack s i z e  I n t e r n a l  b lock  valve i n  tank o u t l e t  

Deadheaded (valve f a i l u r e ,  c log,  o r  LNG vaporized i n  pump 
blunder) 

Vapor ven t  l i n e  

3. Transfer  L i n e  t o  Break 
Vaporizers 

Release r a t e  depends on break, d r i v e n  by .pumps Low discharge P alarms on pumps, MES/ 
YES 

4. Tank and Weir Fai lure,  complete o r  p a r t i a l  l o s s  Reduced heat  t rans fe r .  LNG n o t  vaporized, cryo-  L i q u i d  l e v e l  c o n t r o l l e r  - a l a n  
o f  water genic embrit t lement, f a i l u r e  downstream, Low product  T/VES i n t e r l o c k  

d i r e c t  f i r i n g  o f  tube bundle leading t o  See tube bundle 
f a i l u r e  

5. Tube Bundle F a i l u r e  o r  leak from thermal shock Po ten t ia l  explos ive m ix tu re  i n  tank 
co r ros ion  o r  ex te rna l  cause 

6. Burner and Downcomers Flameout 

Combustible gas de tec to r  alarm, 
Halon f i r e  ex t ingu isher  

Po ten t ia l  explos ive m ix tu re  i n  tank Burner UV flame de tec to r  alarm 

LNG n o t  vaporized, p o t e n t i a l  cryogenic f a i l u r e  Thermal s torage i n  water bath 
downstream A u x i l i a r y  e l e c t r i c  heater  

Low o u t l e t  T/VES i n t e r l o c k  



TABLE 6.6. (Contd) 

Subsystem o r  Component 

Steady S t a t e  Operation 

7. Burner Jacket  Water 
Pump 

8. Burner Gas o r  A i r  
Supply 

9. E l e c t r i c a l  Power 

10. Water Supply 

11. Overf low Dra in  

12. LNG Flow Contro l  
Valve 

13. Burner Gas and A i r  
Contro l  Valves (Vapor 
O u t l e t  T C o n t r o l l e r )  

(3, 
I 
N 
N 14. Vapor O u t l e t  L i n e  

Po ten t ia l  Hazard Condt t i o n  E f f e c t  E x i s t i n g  Prevent ive and Control Measures 

F a i l u r e  t o  operate Possib le thermal s t ress  f a i l u r e  o f  burner  Low discharge P sw i tch  on burner 
Jacket  pump opens water supply 

F a i l u r e  r e s u l t i n g  i n  flameout See burner  and downcomers Low P alarm on man i fo ld  

Fa i lu re ,  blower and burner jacke t  Flameout 
Pump stop 

Pressure loss  

Back pressure 

A u x i l i a r y  power supply 
See burner  and downcomers 

Loss o f  heat  t rans fe r ,  LNG n o t  vaporized Low l e v e l  a larm 

D i r e c t  f i r i n g  o f  tubes leads t o  tube bundle Vapor o u t l e t  T/VES i n t e r l o c k  
f a i l u r e  High T alarm i n  tank stack 

Tank overf lows, p o t e n t i a l  tank rup tu re  See tank and w e i r  f a i l u r e  
See tank and we i r  f a i l u r e  

F a i l s  open (normally closed) LNG n o t  completely vaporized Low vapor T/VES i n t e r l o c k  closes 
surrounding valves 

F a i l s  open (normally closed) LNG overheated, problem i f  water supply High T a larm i n  tank stack 
inadequate O u t l e t  T/VES i n t e r l o c k  

F a i l s  closed Flameout, LNG n o t  vaporized See burner and downcomers 

Break Vapor re lease  (small  break) MES/VES manually ac t i va ted  

Depressur izat ion causing LNG surge through Low vapor o u t l e t  T/VES i n t e r l o c k  
vapor izer  ( l a r g e  break), poss ib le  Low discharge P on sendout pumps. 
cryogenic f a i l u r e  MES/VES 



Natura l  Gas Discharge L i n e  f rom Vapor ize r .  If t h i s  carbon s t e e l  l i n e  f a i l s  

( p o s s i b l y  f r om c o l d  LNG o r  vapors) ,  LNG vapors o r  LNG w i  11 be r e 1  eased. 

The p r o b a b i l i t y  o f  t h i s  l i n e  f a i l i n g  i s  judged t o  be low cons ide r i ng  t h e  

temperature c o n t r o l  shutdown subsystem. 

Vapor izer  Water Bath Tank. I f  t h e  tank  f a i l s ,  t h e  l o s s  o f  wa te r  c o u l d  

r e s u l t  i n  e i t h e r  hea t  exchanger tube f a i l u r e  o r  d ischarge  l i n e  f a i l u r e .  

The p r o b a b i l i t y  o f  t he  tank  f a i l i n g  i s  judged t o  be low. 

Temperature C o n t r o l l e r  on Discharge L ine .  If t h i s  c o n t r o l l e r  f a i l s ,  t h e  

d ischarge  l i n e  cou ld  f a i l .  The p r o b a b i l i t y  o f  t h e  c o n t r o l l e r  f a i l i n g  i s  

judged t o  be medium. 

6.3.5 T ranspo r ta t i on  and T rans fe r  System 

The t r a n s p o r t a t i o n  and t r a n s f e r  system i s  one o f  t h e  l e s s  c r i t i c a l  systems 

i n  t h e  peakshaving f a c i l i t y .  The PHA, presented i n  Table 6.7, i d e n t i f i e s  t he  

f o l l o w i n g  system components judged t o  be most impo r tan t  w i t h  r espec t  t o  r e l ease  

p reven t i on  and c o n t r o l :  

Double She l l  Truck Tank. F a i l u r e  o f  t h i s  component causes t h e  maximum 

re lease  o f  LNG f o r  t h i s  system (10,500 gal  ) .  Furthermore, t he  re l ease  

may occur  on p u b l i c  roads where few o r  no re l ease  c o n t r o l  measures a r e  

ava i  1 ab le  and numerous sources o f  i g n i t i o n  a r e  present .  The probabi  1 i ty  

o f  a f a i l u r e  i s  low because of  t h e  ruggedness o f  t h e  doub le -she l l  tank. 

Truck Pressure R e l i e f  Devices. These components a r e  impo r tan t  because 

t h e i r  f a i  1 u r e  i n  an overpressure s i t u a t i o n  cou ld  1 ead t o  f a i l u r e  o f  t h e  

tank.  The p r o b a b i l i t y  o f  s imultaneous f a i l u r e  o f  these components i s  low 

because o f  t h e  redundancy o f  dev ices.  

Va l v i ng  and Valve Cont ro ls .  F a i l u r e  o f  these dev ices due t o  rear-end 

c o l l  i s i o n  would comple te ly  s tymie  emergency response measures, p o s s i b l y  

l e a d i n g  t o  a s low b u t  t o t a l  re lease.  The probabi  1 i ty O f  such a f a i l u r e  

i s  low because o f  j u d i c i o u s  v a l v e  placement. 

6.3.6 Operator  I n t e r f a c e  

A1 though t h e  p l a n t  opera to rs  a r e  n o t  t r a d i t i o n a l l y  viewed as p l a n t  compo- 

nents,  they  a r e  e s s e n t i a l  t o  t h e  p roper  o p e r a t i o n  o f  t h e  p l a n t .  The i n te r f ace .  



TABLE 6.7. Preliminary Hazards Analysis for the Transportation 
and Transfer System 

Subsystem or Potential Hazard Existing Preventive and 
Component Condition Effect Control Measures 

Normal Transportation 

1. Inner Tank Shell Metal fatigue from cool- Release of LNG Inspection 
down/heatup cycles Use of appropriate metal 
resul t i  ng in weakened/ Two 6" flatplate safety valves 
cracked t a n k  Outer shell slows release 

Use for an incompatible Release of LNG DOT regulations 
comnodi ty, resulting in Inspection 
tank corrosion and Shipper license 
possible cracking Unique connectors on f i 11 

line 
Two 6" flatplate safety valves 
Outer shell slows release 

Tank explosion 
Release of LNG 

DOT regulations 
Q Inspection 

Shipper 1 icense 
Unique connectors on f i l l  

1 ine 
Two 6" flatplate safety valves 
Outer shell slows release 

Rollover (of LNG) Rapid increase in Relief valves 
vaporization of LNG. Vent system 
Possible failure of 
inner tank. 

2. Outer Tank Shell Defective (corroded) Lowered failure threshold. Two 6" flatplate safety valves 
Potential heat 1 eaks. 0 Inspection 

Fails Loss of insulation. Re1 ief valves 
Increase in vaporization Vent system 
of LNG. Possible failure 
of inner tank. Line 
failure due to loss of 
structural rigidity. 

3. Main Liquid Line (3") Failure of line Re1 ease of LNG 

4.  Hose Connector Defective (loose seat) Release of LNG 
(Main liquid line) 

5. Manual Shut-off Valve Defective (loose seat) Release of LNG 
(Main liquid line) 

6. Emergency Shut-off Defective (loose seat) Release of LNG 
Valve (Main liquid 
1 ine) 

7. Pressure Build Line Failure of line 
( 2" )  

Release of LNG 

8. Manual Shut-off Valve Defective (loose seat) Release of LNG 

9. Automatic Shut-off Defective (loose seat) Release of LNG 
Valve (Pressure build 
1 i ne) 

Manual shut-off valve (3") 
Emergency shut-off valve (nor- 
mal ly  closed) 

Manual shut-off valve 
Emergency shut-off valve 

Emergency shut-off valve 

Manual shut-off valve 
Line i ntact 

Manual shut-off valve (2") 
Automatic shut-off valve 

Automatic shut-off valve 

Manual shut-off valve closed 
Line intact 



TABLE 6.7. (Contd) 

Subsystem o r  
Component 

Po ten t ia l  Hazard 
Condit ion 

E x i s t i n g  Preventive and 
E f f e c t  Control  Measures 

Normal Transpor tat ion 

F a i l s  open, wh i le  i s o l a -  
t i o n  va lve open 

Pressure increases i n  R e l i e f  valves 
tank and overpressures Vent system 
system 

10. Automatic Pressure 
B u i l d  Regulator 

F a i l s  closed, wh i le  
i s o l a t i o n  va lve open 

Pressure drop i n  tank I n s u l a t i o n  
n o t  compensated f o r .  F ron t  pressure gauge 
LNG heats up. Possible 
f a i l u r e  o f  i nner  tank. 

11. Vent l i n e  (3" )  

12. Main Safety Valve 
(3" POP-type) 

F a i l u r e  o f  1 i n e  

F a i l s  (70 p s i g  l i m i t ) ,  
tank overpressured and 
f a i l s .  

Release o f  LNG Inspect ion procedures 

Release o f  LNG Burst  d i s c  sa fe ty  va lve (3", 
105 ps ig  l i m i t )  

13. Burst  Disc Safety F a i l ,  when main sa fe ty  Inner  tank f a i l s  
Valve and Manual va lve  f a i l s ,  overpressure Release o f  LNG 
Bl owdown Valve o f  tank 

e Outer tank vent  system 
e Outer tank s h e l l  slows re lease 

14. Shut-of f  Valve F a i l s  
(Gas r e t u r n  1 ine )  (2" )  

Release o f  LNG 

15. Burst  Disc Fai 1 s prematurely Release o f  na tu ra l  gas 
o r  a i r  admitted t o  
t r a i  1 e r  

e Per iod ic  inspect ion and 
rep1 acement 

Transpor tat ion Accident 

1 . Outer Tank Shel l  Overturn i n  accident,  Release o f  LNG 
f a i l u r e  o f  both tanks 

Double-walled tank r e s i s -  
t a n t  t o  f a i l u r e  

e R e l i e f  valves 
Vent system 

Impact f a i l s  shel l , .  LNG heats up, poss ib le  
loss  o f  i nsu la t ion .  f a i l u r e  o f  i nner  tank 

Puncture f a i l s  she l l ,  Release o f  LNG 
f a i l u r e  o f  both tanks. 

F i r e  f a i l s  s h e l l  LNG heats up, poss ib le  
f a i l u r e  o f  i nner  tank 

F i r e  overpressures s h e l l  Release o f  LNG 

Double-wal l e d  tank r e s i s -  
t a n t  t o  f a i l u r e  

I n s u l a t i o n  lends g rea t  heat 
res is tance 

Re1 i e f  va lves lvent  system 
Exce l len t  i n s u l a t i o n  

2. Inner  Tank Shel l  Impact s u f f i c i e n t  t o  f a i l  Release o f  LNG 
both s h e l l s  

Double-walled tank r e s i s t a n t  
t o  f a i l u r e  

Outer tank f a i l s  by Release o f  LNG 
impact. Loss o f  insu- 
l a t i o n ,  f i r e  f a i l s  
inner  she1 1 

Re1 i e f  va lves lvent  system 
On-board f i r e  con t ro l  system 

Outer tank f a i l s  by LNG heats up, 
impact. Loss o f  insu- overpressures inner  tank 
l a t i o n .  

Re1 i e f  va lves lvent  system 

3. D r i v e r  

4. Valve Controls 

Untrained (unaware o f  Possible tank f a i l u r e  
h igh g r a v i t y  center) and re lease o f  LNG 
mishandles and over- 
turns t ruck  

Tra in ing requirements (com- 
pany and DOT) 

Rear impact damages va lve Emergency response, 
c o n t r o l s  measures stymied, pos- 

s i  b l e  re lease o f  LNG. 

Control  box 



TABLE 6.7. (Contd) 

Subsystem o r  Po ten t ia l  Hazard E x i s t i n g  Preventive and 
Component Condi t ion E f f e c t  Control Measures 

Truck Loadinp 

1. LNG L ine  from Storage Ruptures o r  leaks wh i le  Release o f  LNG 
Tank t o  Truck Load- load ing  t rucks 
i n g  S t a t i o n  

Pip ing standards/operator 

2. Vapor Return L i n e  to 
Storage Tank from 
Truck Loading S t a t i o n  

Ruptures o r  leaks w h i l e  
loading t rucks 

Release o f  natura l  gas Pip ing standards/operator 
inspec t ion  
ESD, vapor r e t u r n  l i n e s  

Ruptures o r  leaks Release o f  LNG Valve maintenance and inspec- 
t ion/upstream va 
ESD, LAVB and C,IYJ We. MI4 

3. Truck Loading S t a t i o n  
F i l l  Valve 

L e f t  open a f t e r  l a s t  
l oad  o u t  

Release o f  LNG Preloading inspection/up- 
when upstream valve i s  stream valve, 
opened ESD, LAVB and C, WC, WM 

4. F l e x i b l e  Loading 
Hoses 

Rupture o r  leak Release o f  LNG o r  natura l  High-pressure hose standards 
gas Preloading inspect ion/ loading 

valve 
ESD. LAVB and C, WC, WM 

Truck moves w i t h  hose 
attached 

Release o f  LNG o r  natu- Wheels chocked, in te r locks ,  
r a l  gas operator  a t t e n t i o n  

ESD, LAVB and C, WC, W 

5. Ground Cables Bad condi t i o n  Possib le s t a t i c  spark. Preloading 'n  pec t ion  

f i r e  
1 3  p o s s i b l e e x p l o s i o n a n d  * W C , W , E X T g  

F a i l u r e  t o  hook up cables Possib le s t a t i c  spark, Preloading inspec t ion  
possib le explos ion and WC, WM, EXT 
f i r e  

6. Tank Atmosphere Oxygen present Possible explos ive mix- Preloading inspec t ion  
ture,  poss ib le  explos ion WC, WM, EXT 
and f i r e  F i t t i n g s  incompatible w i t h  

oxygen serv ice  
T r a i l e r  kep t  above atmos- 
pher i c  pressure 

7. T r a i l e r  Road Safety 
Valve 

F a i l u r e  t o  c lose  before 
loading 

Possib le re lease o f  sa fe ty  Loading procedures/loading 
valve and LNG o r  na tu ra l  valves 
gas ESD, LAVB and C, WC, W 

F a i l u r e  t o  open before 
re lease o f  t ruck  a f t e r  
loading 

Possib le overpressuriza- Postloading procedures 
t i o n  o f  t r u c k  tank, pos- Pressure gage 
s i b l e  rup tu re  o r  leak  

8. F i l l  Trycock Valves F a i l u r e  t o  open as i n d i -  
ca to rs  wh i le  loading 

Possible o v e r f  ill ing  o f  Loading procedures 
tank Scale readings o r  1 i q u i d  

l e v e l  gage 

Open empty t rycock 
ins tead  o f  87% o r  90% 
trycock 

Release o f  LNG Loading procedures 
Operator a t t e n t i o n  
Dike, LAVB and C 

9. Vapor Return Valve 
on Truck 

Ruptures o r  leaks Release o f  natura l  gas Valve maintenance and inspec- 
t i o n  
ESD 

L e f t  closed dur ing  load- 
i ng 

Pressur izat ion o f  t ruck  Loading procedures 
tank, possib le leak  o r  ESD, LAVB and C, WC, WM 
rup tu re  

(a )  Dike - Diked impoundment area 
( b )  LAVB - Loading Area Vapor B a r r i e r  
( c )  WC - Water Curta in 
(d )  WM - Water Monitors 
(e )  ESD - Emergency Shutdown System 
( f )  LAVE and C - Loading Area Vapor B a r r i e r  and Channels 
(g )  EXT - F i r e  ext inguishers 



TABLE 6.7. (Contd) 

Subsystem o r  Po ten t ia l  Hazard E x i s t i n g  Prevent ive and 
Component Condi t ion E f f e c t  Contro l  Measures 

Truck Loading 

10. Vaoor Return Valve R u ~ t u r e s  o r  leaks Release o f  natura l  gas Valve maintenance and 
a t '  Loading S t a t i o n  inspec t ion  

ESD 

L e f t  closed dur ing Pressur izat ion o f  t r u c k  * Loading procedures 
1 oadi ng tank, poss ib le  l eak  o r  ESD, LAVB and C, UC, WM 

rup tu re  

11. F i l l  Yalve on Truck quptures o r  l e j k s  Pelease o f  LNG o Valve naintenance an0 
inspec t ion  
Truck loading s tac ion  f i l l  
valve 
ESD, LAVB and C, VC, WM 

F a i l s  to  c lose completely Leak o f  LNG when f l e x i b l e  Vaive maintenance and inspec- 
hose i s  removed t i o n  

Sump dra ins 
Oike, LAVB and C 

12. Dra in Valves on Rupture o r  leak Release of LNG o r  Valve maintenance and 
F l e x i b l e  Hoses natura l  gas inspec t ion  

Loading valves 
ESD, LAVB and C, WC, WM 

L e f t  open a f t e r  l a s t  Release o f  L,VG o r  na tu ra l  Preloading inspec t ion  
1 oading gas when loading Loading valves 

ESD, LAVB and C, WC, WM 

Felease o f  LNG o r  na tu ra l  Maintenance and inspec t ion  
gas LAVB and C, WC, Wt4 

la .  R e l i e f  Valves F a i l  t o  r e l i e v e  p r e s s ~ r e  Overp res iu r i za t ion ,  pos- Inspect ion and t e s t i n g  
s i b l e  rup tu re  o r  leak Loading valves 

0 aurs t  d i sc  
ESO, LAVE and C 

? 5.  Zperator 

Truck Unl oadi n p  

F i l l s  warm t ruck  through Thermal shock o f  i nner  0 Loading procedures 
bottom f i l l  l i n e  s h e l l ,  poss ib le  rup tu re  Pressure gage 

o r  leak LAVE and C, ESO, WC, WM 

1 .  Unloading Valve on Rupture o r  leaks 
Truck 

2. F l e x i b l e  Unloading Ruptures o r  leaks 
Hoses 

3 .  S ta t ion  unloading Ruptures o r  leaks 
'la 1 ve 

4. Grounding Cables Bad c o n d i t i o n  

F a i l u r e  t o  hook up 
cab1 es 

Release o f  LNG o r  natu- 
r a l  gas 

Release o f  LNG o r  natu- 
r a l  gas 

Re1 ease o f  LNG o r  
na tu ra l  gas 

Possib le  s t a t i c  spark, 
poss ib le  explos ion and 
f i r e  

Possible s t a t i c  spark, 
poss ib le  explos ion and 
f i r e  

Valve maintenance and inspec t ion  
WM, Oike 

High-pressure hose standards 
0 Preunl oading inspect ion/  

unloading va lve 
#El, Dike 

e Valve maintenance and inspec- 
t i o n  
Truck unloading va lve 
WM 

Preunloading inspec t ion  
EXT, WM, EXT 

Preunloading inspec t ion  
EXT, WM, EXT 



TABLE 6.7. 

Subsystem o r  Po ten t ia l  Hazard 
Component Condit ion 

Truck Unloading 

5. Pressure Bui ldup C o i l  Rupture o r  leak 

6. R e l i e f  Valves F a i l u r e  t o  re1  ieve  pres- 
sure 

7. T r a i l e r  Road Safety F a i l u r e  t o  c lose before 
Valve unloading 

8. Drain Valves on 
F l e x i b l e  Hoses 

F a i l u r e  t o  open before 
re lease o f  t ruck  a f t e r  
unloading 

Rupture o r  leak 

L e f t  open a f t e r  
l a s t  unloading 

9. LNG Line from Truck Ruptures o r  leaks wh i le  
Unloading S t a t i o n  to unloading t rucks 
Storage Tank 

(Contd) 

E x i s t i n g  Prevent ive and 
E f f e c t  Contro l  Measures 

Release o f  LNG o r  na tu ra l  Pressure bu i ldup  system 
gas s h u t o f f  va lve  

Dike 

Overpressuri zation, Inspect ion and t e s t i n g  
possib le rup tu re  o r  leak  S t a r t  storage tank pump 

f o r  suc t ion  
Burs t  d i s c  

Possible re lease o f  sa fe ty  Preunloading inspect ion 
valve and LNG o r  na tu ra l  Dike 
gas 

Possib le overpressuriza- Postunloading procedures 
t i o n  o f  t ruck  tank, Pressure gage 
poss ib le  rup tu re  o r  leak  

Release o f  LNG o r  na tu ra l  Valve maintenance and 
gas inspec t ion  

Unloading valves 
Dike 

Release o f  LNG o r  na tu ra l  Preunloading inspect ion 
gas when unloading s t a r t s  Unloading valves 

Dike 

Release o f  LNG o r  Pip ing standards 
na tu ra l  gas Operator inspec t ion  

Dike, ESD 



between operator act ions  and plant  operations is therefore a c r i t i c a l  fac to r  

re1 a t i  ng t o  re1 ease prevention and control .  

Operators perform a number of diverse tasks a t  the peakshaving f a c i l i t y ,  

most of which r e l a t e  to  re lease  prevention and control e i t h e r  d i r ec t l y  o r  

ind i rec t ly  . During normal plant  operations, the operators run the  plant  within 

s e t  1 imits  and standards t o  prevent conditions t ha t  may lead t o  re leases .  During 

off-standard conditions, the  operators must respond appropriately to alarms, 
indicators ,  and other s ignals  t o  prevent releases from occurring o r  to 1 imit  
re leases  in  progress. Plant inspection and maintenance i s  a l so  important to  

iden t i fy  and remedy conditions t ha t  may lead to  subsequent re leases .  

Because of the number of operator tasks performed a t  the  f a c i l i t y ,  the 

probabil i ty of operator e r ro r  i s  judged to  be medium t o  high. The probabil i ty 
of LNG o r  natural gas re leases  resul t ing from operator e r ro r s  varies from a 
high probabil i ty of a small re lease  to  a low probabil i ty of a maximum release.  

6.4 REPRESENTATIVE RELEASE EVENTS 

Potential re lease  events considered to  be representative of the peakshaving 

plant  were ident i f ied  based on the system level and the component level analyses. 

The re lease  events f o r  the main f a c i l i t y  operations (gas treatment, 1 iquefaction,  
storage,  and vaporization) a re  l i s t e d  in  Table 6.8, and those f o r  transportat ion 

and t rans fe r  a re  l i s t e d  in  Table 6.9. Preliminary analyses of these events a r e  
presented in Section 6.4 of Appendix G .  The representative re lease  events 
range from r e l a t i ve ly  frequent b u t  low consequence re leases  t o  unlikely b u t  

large  re leases .  They form the basis  f o r  the quan t i t a t ive  evalaution of the  
re lease  prevention and control systems i n  the  next phase of analysis .  

In performing the  overview study, several areas requiring additional infor-  
mation were ident i f ied .  Some of these a r e  outlined below. 

Component Stresses from Thermal Cycl i ng. Many p1 an t  components ( i  ncl udi ng 
the  storage tank, piping, valves, and heat exchanger tubes) undergo thermal 
cycles d u r i n g  operation. These cycles produce s t r e s se s  t h a t  can r e s u l t  
i n  eventual component f a i l u r e .  Information i s  needed on the number of 

thermal cycles these various con~ponents can withstand pr ior  t o  f a i l u r e .  



TABLE 6.8. Represen ta t i ve  Release Events f o r  an LNG 
Peakshaving Faci  1  i ty  

1. Gas supply l i n e  f rom p i p e l i n e  f a i l s .  

2. Mo lecu la r  s i eve  adsorber vessel  f a i l s .  

3. Heat exchanger tube i n  r egene ra t i on  gas hea te r  f a i l s .  

4. LNG p i p i n g  i n  c o l d  box f a i l s .  

5.  R e f r i g e r a n t  compressor s u c t i o n  l i n e  f a i l s .  

6. R e f r i g e r a n t  s to rage  tank  f a i l s .  

7. LNG s to rage  tank f a i l s .  

8. LNG o u t l e t  l i n e  f rom s to rage  tank  f a i l s .  

9. LNG vapor vented through r e l i e f  va lves a f t e r  overpres-  
s u r i z a t i o n  o f  s to rage  tank .  

10. Sendout pump vessel  f a i l s .  

11. LNG supply  1  i n e  t o  vapo r i ze rs  f a i l s .  

12. Vapor ize r  hea t  exchanger tube  f a i l s .  

13. Na tu ra l  gas l i n e  f rom vapo r i ze rs  f a i l s .  

TABLE 6.9. Representat ive Release Events f o r  LNG T ranspo r ta t i on  
and T rans fe r  Operat ions 

1.  L i q u i d  l i n e  f r om s to rage  t o  t h e  t r u c k  l o a d i n g  s t a t i o n  f a i l s .  

2. F l  e x i  b l  e  1  oad i  ng/unl  oad i  ng hoses f a i  1  . 
3 .  Vapor r e t u r n  l i n e  from t h e  t r u c k  l o a d i n g  s t a t i o n  t o  s to rage  

f a i l s .  

4. L i q u i d  l i n e  f rom t h e  t r u c k  un load ing  s t a t i o n  t o  t he  s to rage  
tank  f a i l s .  

5. Truck LNG tank  f a i l s .  

6. T r a i l e r  p ressure  b u i l d u p  c o i l  f a i l s .  

P l a n t  and Component Cons t ruc t i on  D e t a i l s .  A d d i t i o n a l  i n f o r m a t i o n  concern- 

i n g  t h e  c o n s t r u c t i o n  o f  t h e  p l a n t  and i t s  i n d i v i d u a l  components would a l l o w  

more complete and d e t a i l e d  ana l ys i s .  Needed d e t a i l s  i n c l u d e  such t h i n g s  

as c o n s t r u c t i o n  m a t e r i a l s ,  th icknesses,  dimensions, v a l v e  placement, and 

equipment c o n f i g u r a t i o n s .  

S t r u c t u a l  Mechanics o f  t he  Storage Tank. The e f f e c t s  o f  hazardous condi -  

t i o n s  on t h e  s t r u c t u r a l  i n t e g r i t y  o f  t h e  tank  a re  o f  major  importance. 



Such conditions include overpressure, overf i l l ing,  and f i r e  or explosion 
in the tank or nearby. A more detailed description of the heatup and cool- 
down procedures i s  necessary for  a complete analysis to be accomplished. 

Failure Rate Data. The peakshaving f a c i l i t y  overview study considered 

release frequency in a qual i ta t ive manner. A more detailed study of the 
release prevention and control systems must carefully consider the l ike-  
lihood of the release in i t ia t ing  event and the r e l i a b i l i t y  of the release 
detection and control systems. Due to the lack o f  operating experience 

a t  LNG f a c i l i t i e s ,  l i t t l e  data i s  available for  LNG equipment fa i lure  rates .  

Operator Interface. Reliabili ty information on operator tasks performed 

a t  the f a c i l i t y  i s  needed. 





7.0 ASSESSMENT O F  L N G  SATELLITE FACILITY 

This section presents the overview study of the reference LNG s a t e l l i t e  

f a c i l i t y .  

7.1 SUMMARY SYSTEM DESCRIPTION - 

The reference f a c i l i t y  f o r  the s a t e l l i t e  plant  overview study receives L N G  

by truck from a  plant  with l iquefaction capab i l i ty ,  s to res  i t  un t i l  needed in a  

37,000-bb1 tank, and vaporizes i t  a t  r a t e s  of u p  t o  12 MMscfd. The major opera- 

t ions  performed a t  the p lan t ,  as  well as the plant  safe ty  systems, a re  described 

b r ie f ly  in the following paragraphs. A de ta i led  descript ion i s  presented in I 
Appendix F .  

7.1.1 Transportation and Transfer System 

Special ly designed truck t r a i l e r s  a re  used t o  t ranspor t  L N G  to  the s a t e l -  

l i t e  f a c i l i t y  from another f a c i l i t y  having l iquefact ion capab i l i ty .  Each 

truck t r a i l e r  includes an inner vessel of 5083 aluminum and an outer vessel 

of carbon s t e e l .  The annular space i s  f i l l e d  with p e r l i t e  and a  moderate 

vacuum of 50 microns i s  established t o  insu la te  the inner vessel .  The inner 

vessel i s  designed f o r  a  maximum working pressure of 70 psig.  Several pres- 

sure r e l i e f  valves a re  i n s t a l l ed  in the l iquid  and vapor piping on the truck 

t r a i l e r  and they a l l  exhaust t o  a  common elevated vent stack.  Remotely oper- 

ated shutoff valves a r e  i n s t a l l ed  in the l iquid  l ines .  The t r a i l e r  has a  

gross capacity of 11,550 gal and a  net capacity of 10,700 ga l ,  and i t  weighs 

about 60,000 l b  when f u l l y  loaded. 

The truck t r a i l e r  i s  loaded by t ransferr ing L N G  from a  storage tank t o  

the t r a i l e r  using the L N G  sendout pumps. The L N G  i s  pumped through 3-in. 

f l ex ib l e ,  high-pressure metal hose to  the t r a i l e r .  Boiloff vapors from 

loading a r e  returned t o  the storage tank through a  2-in. vapor return l i ne .  

Weight scales  provide the primary indication of a  f u l l  t r a i l e r  load. Two 

overflow trycock valves serve as backup l iquid  level indicators .  Both the 

l iquid  f i l l  and the vapor return hoses a re  drained pr ior  to  disconnection 

from the t r a i l e r .  



The t r u c k  t r a i l e r  i s  unloaded a t  t h e  s a t e l l i t e  f a c i l i t y  th rough  a  3 - i n .  

fl e x i  b l  e, h igh-pressure metal  hose connec t i  ng t he  t r a i  1  e r  t o  t h e  un load ing  

s t a t i o n .  The LNG i s  f o r ced  f rom t h e  t r a i l e r  i n t o  t he  s a t e l l i t e  s to rage  tank  

by t h e  vapor pressure above t h e  LNG i n  t h e  t r a i l e r .  I f  t h e  vapor p ressure  i s  

t oo  low, a  l i t t l e  LNG can be vapor ized  i n  t he  pressure b u i l d u p  c o i l  and r o u t e d  

t o  t h e  t o p  o f  t h e  tank  t o  inc rease  t h e  vapor pressure.  

7.1.2 Storage System 

A t  t h e  s a t e l l i t e  f a c i l i t y ,  LNG i s  s t o r e d  i n  a  f la t -bo t tomed,  double-wal l  , 
aboveground s to rage  tank  capable o f  h o l d i n g  37,000 b b l .  The i n n e r  w a l l  o f  

t he  tank  i s  cons t ruc ted  o f  aluminum-magnesium a l l o y  AA5083, which has exce l -  

l e n t  low temperature d u c t i l i t y .  The o u t e r  w a l l  o f  t h e  tank  i s  cons t ruc ted  

o f  A131 carbon s t e e l .  The dimensions o f  t he  tank a re :  

i n n e r  w a l l  d iameter :  69 f t  

o u t e r  w a l l  d iameter :  72 f t  

i n n e r  w a l l  h e i g h t :  63 f t  

o u t e r  s h e l l  h e i g h t :  7 3 f t .  

A  r e s i l i e n t  f i b e r g l a s s  b l a n k e t  i s  a t tached  t o  t he  o u t s i d e  o f  t h e  i n n e r  

w a l l .  The remainder o f  t h e  annu la r  space between t h e  i n n e r  and o u t e r  w a l l s  

i s  f i l l e d  w i t h  expanded p e r l i t e  i n s u l a t i o n .  The f i b e r g l a s s  b l a n k e t  p r o t e c t s  

t h e  p e r l i t e  from excess pressure due t o  expansion and c o n t r a c t i o n  o f  t h e  t ank  

w a l l s .  The bot tom o f  t h e  o u t e r  tank  s h e l l  s i t s  on a  r e i n f o r c e d  concre te  p i l e  

cap t h a t  r e s t s  on p i l e s  i n  t h e  ground. The p i l e  cap i s  aboveground, and a i r  

passage under t h e  tank  bot tom e l i m i n a t e s  t h e  need f o r  a  f ounda t i on  h e a t i n g  

system. B o i l o f f  gases from t h e  s to rage  tank  a r e  heated by e l e c t r i c  heaters ,  

compressed by one o f  two r e c i p r o c a t i n g  b o i l o f f  compressors, and coo led  p r i o r  

t o  d ischarge  i n t o  t h e  p i p e l i n e .  Each b o i l o f f  compressor i s  capable o f  d i s -  

charg ing  0.15 MMscfd o f  gas t o  t h e  p i p e l i n e .  The s to rage  tank  i s  designed 

t o  opera te  a t  1.0 p s i g  w i t h  a  maximum design pressure o f  2.0 p s i g .  The maxi- 

mum e x t e r n a l  des ign p ressure  i s  1  oz. gauge. The tank  i s  equipped w i t h  two 

pressure r e l i e f  va lves  t h a t  ven t  t o  t h e  atmosphere a t  2.0 p s i g  and two vacuum 

r e l i e f  va lves  t h a t  admi t  a i r  t o  t he  tank  a t  a  p ressure  o f  0.031 ps ig .  The 

l i q u i d  l e v e l  i n  t h e  s to rage  tank  i s  mon i to red  by a  servo-powered, f l o a t - t y p e  

l i q u i d  l e v e l  dev ice  and a  d i f f e r e n t i a l  p ressure  gauge. 



Two ver t ica l ,  submerged, pot-mounted pumps serve to  recirculate LNG in 
the storage tank and to pump LNG to  the vaporizers. Each pump has a design 

capacity of 6 MMscfd of gas for  a total  rated pumping capacity of 12 MMscfd. 

The pumps operate a t  a design temperature and pressure of -260°F and 130 psig, 
respectively. 

7.1.3 Vaporization and Sendout System 

Two submerged combustion vaporizers, each rated a t  6 MMscfd of gas, are 
used to  vaporize LNG a t  the s a t e l l i t e  f a c i l i t y .  The LNG i s  pumped from the 

storage tank to  the vaporizers a t  up t o  the total  rated design capacity of 

12 MMscfd. The vaporizers burn natural gas and bubble the hot combustion 
gases through a water bath surrounding the LNG heat exchanger tube bundles. 
The warm gas-water mixture heats the tube bundles and vaporizes the LNG. The 

vaporized natural gas i s  then introduced into the pipe1 ine. The i n l e t  piping, 
a l l  piping that  comes i n  contact with the LNG feed stream inside the vaporizers, 
and out le t  piping to  the f i r s t  flange are  a l l  s ta inless  steel construction. 

7.1.4 Safety Systems 

Various detectors,  alarms, and f i r e  protection equipment are  located 

throughout the sate1 1 i t e  faci 1 i ty:  

combustible gas detectors 

0 low temperature detectors w i t h  alarms in control room 

e Halon f i r e  extinguishing system 

e U V  f i r e  detectors tha t  automatically activate the Halon system and/or 

the Master Emergency Shutdown system 

20# dry chemical f i r e  extinguishers 

f i r e  hydrants. 

There are  two emergency shutdown systems: the Vaporizer Emergency Shut- 
down (VES) and the Master Emergency Shutdown (MES). The VES, when activated, 
automatically shuts down the vaporizers and the LNG sendout pumps and isolates  
the pumps from both the vaporizers and the LNG storage t a n k .  The VES can be 
activated manually a t  the vaporizers, the control room, or the ex i t  gates. 



The VES i s  normally act ivated automatically by a  temperature sensor i n  the  gas 

o u t l e t  l i n e ,  a  UV burner flame monitor, o r  the  water bath level indicator  on 

the  vaporizer tank. Upon ac t iva t ion ,  the  MES automatically i n i t i a t e s  the 

fol  lowing actions:  

Normal plant  e l ec t r i c a l  c i r c u i t s  a re  de-energized; essent ia l  plant  e l  ec- 

t r i c a l  equipment remains energized. : 

The plant  i s  i sola ted from the  natural gas system. 

The LNG tank and dike area i s  i so la ted  from the  remainder of the  plant .  

A1 1 control valves go t o  f a i l s a f e  posit ions w i t h  loss  of instrument a i r .  

Gas from a l l  gas handling equipment and l i ne s  i s  vented via the  r e l i e f  

header t o  the  vent stack.  

There i s  an impoundment area surrounding the LNG storage tank and sendout 
pumps, with earthen dike walls  averaging 10 f t  i n  height. The dike area i s  
capable of holding 44,000 bbl,  o r  1.19 times the  capacity of the storage tank. 
High-expansion foam generation systems a re  i n s t a l l ed  i n  the  impoundment area 
and can be act ivated e i t h e r  manually o r  automatically by low temperature 
detectors  o r  by UV f i r e  detectors located i n  the  impoundment sump. 

SYSTEM LEVEL ANALYSIS 

The purpose of the  system level analysis  is t o  ident i fy  those sect ions  
of the  s a t e l l i t e  f a c i l i t y  t h a t  a re  the most c r i t i c a l  w i t h  respect  t o  re lease  
prevention and control .  The evaluation of each system i s  based largely  on 

two fac tors :  1 ) the quanti ty of a  potential  re lease  due t o  e i t he r  the inven- 

tory o r  the flow r a t e  and 2 )  an estimate of the  r e l a t i ve  probabil i ty of a  
re lease  (low, medium, high). 

Process operating conditions, including capaci t ies ,  flow r a t e s ,  and pres- 

sures ,  a r e  presented i n  Table 7.1 f o r  major components of the t ranspor t  and 
t rans fe r ,  s torage,  and vaporization and sendout systems. 



TABLE 7.1. System Process Operating Conditions 

Opera t ing  
Ma jo r  No. o f  Component F low Rates Pressure 

Sy s  tem Components Components Capac i t y  In Out ( p s i g )  

T r a n s p o r t a t i o n  Truck T r a i l e r  1  
and T r a n s f e r  

Storage Storage Tank 

11,000 gal  350 gpm 350 gpm 0-25 

37,000 bb1 350 gpm 100 gpm 
(1.55 x 10 g a l )  

Pumps 2  -- 100 gpm 100 gpm 130 
V a p o r i z a t i o n  Submerged 
and Sendout Combustion 

100 gpm 12 MMscfd 120 

Vapor i ze rs  

7.2.1 Transportation and Transfer System 

The maximum release of LNG or LNG vapor expected in the transportation 
and t ransfer  system i s  about 11,000 gal of L N G .  This maximum release would 
resu l t  from loss of L N G  from a fu l ly  loaded truck t r a i l e r .  The primary causes 
of a maximum release from a truck t r a i l e r  are transportation accidents or 
explosions. The probability of a maximum release is judged to be low. Other 
lesser  releases are possible i n  t h i s  system, and the primary causes of a 
1 esser re1 ease are overpressurization and operator errors .  The probabi 1 i ty  
of lesser  releases i s  judged to be medium because of the operator interface 
and potential operator errors .  

Re1 ease control in the transportation and t ransfer  system i s  dependent 
on where the release occurs. For example, i f  the maximum release were to  

occur in the loading or unloading area, the L E G  would be contained onsite by 
the dikes, channels, and ground contours. However, i f  the maximum release 
were to  occur during transport between the loading f a c i l i t y  and the s a t e l l i t e  
faci. l i ty,  the release of LNG would most l ikely not be confined and would 

spread out according to  the contour of the land. The low probability of a 
maximum release is  based on the double-wall construction of the LNG truck 
t r a i l e r  and the good accident record of LNG trucks. 



7 . 2 . 2  Storage System 

The maximum release of LNG or LNG vapor expected in the storage system 
i s  about 37,000 bbl (1.55 x 1 o6 gal ) of LNG. This maximum release could 
resu l t  from e i ther  a complete fa i lure  of the inner tank shell or a complete 
break of the out le t  l ine  from the tank (assuming fa i lure  of internal or upstream 
valves). The primary causes of inner tank shell fa i lure  are internal over- 
pressurization, explosions , or external pressure forces. The primary cause 

of an out le t  l i ne  break i s  internal overpressurization. The probability of 
a maximum release i s  judged to be low. Other lesser  releases are possible 
in th i s  system, and the primary cause of a lesser  release i s  internal over- 

pressurization. These 1 esser re1 eases woul d most 1 i kely be LNG vapor re1 eases. 

The probabil i ty of 1 esser re1 eases i s  judged to be medium due t o  the number 
of in i t i a t ing  events tha t  could cause overpressurization. 

Release control in the storage system consists mainly of a large impound- 

ment area capable of holding the en t i re  contents of the storage tank. 

7.2.3 Vaporization and Sendout System 

The maximum release of LNG or natural gas expected in the vaporization 

and sendout system i s  estimated to  be 700 to 1,000 gal of LNG. This maximum 

release could resu l t  from e i ther  f a i lu re  of heat exchanger tubes in the vapor- 
izers (700 gal of LNG) or fa i lure  of the natural gas discharge l ine  from the 
vaporizers (about 1,000 gal of LNG or 83,000 scf of natural gas).  The primary 
causes of a f a i lu re  of the heat exchanger tubes are thermal cyclic s t resses  
or thermal shock. The primary cause of a fa i lure  of the natural gas discharge 
1 ine i s  the possibi l i ty  of thermal shock. The probability of a maximum release 
i s  judged to  be medium. Other lesser  releases are possible i n  t h i s  system, 
and the primary cause of a lesser  release i s  corrosion of heat exchanger tubes. 

Release control in the vaporization and sendout system i s  limited to  con- 

tainment of the LNG release from the heat exchanger tubes within e i ther  the 

vapori zer area or the sate1 1 i t e  faci l  i ty boundaries. 



7.3 COMPONENT LEVEL ANALYSIS 

The purpose of the component level analysis i s  t o  identify those compo- 

nents tha t  are  the most c r i t i ca l  with respect t o  release prevention and con- 

t r o l .  The system level analysis indicates that  a s ignif icant  release could 
come from any of the three systems a t  the s a t e l l i t e  plant. The largest  

release could come from the storage system. 

A preliminary hazards analysis ( P H A )  has been completed for  each system 

previously discussed. The PHA for each system deals with the major components 
of tha t  system and the related potential hazard conditions, e f fec ts ,  and 

existing preventive and control measures. 

Some of the releases in th i s  section require the fa i lure  of more than 

one component. For example, a l ine  fa i lure  could occur from internal over- 

pressurization and r e l i e f  valve fa i lure .  

7.3.1 Transportation and Transfer System 

The PHA for the transportation and t ransfer  system i s  presented in Sec- 
tion 6.3.5 for  the peak shaving plant and i s  not repeated here. The follow- 
ing components are judged to be the most important w i t h  respect to  release 
prevention and control: 

Double Shell Truck Tank. This component i s  important because i t s  fa i lure  
causes the maximum re1 ease of LNG or L N G  vapor (1 1,000 gal of L N G )  for  t h i s  
system. The probability of both shel ls  completely fa i l ing  i s  judged to  be 
low considering the low probability of accident, explosive, or overpressuriza- 
tion causes for  a complete fa i lure .  

Operator Interface. Although th i s  i s  not a mechanical coniponent, the 
probability of operator errors  i s  judged to be medium based on the number of 
operator tasks performed in th i s  system. The probability of LNG o r  LNG vapor 
releases due to  operator error  varies from a high probability of a small 
release to  a low probability of a maximum release. 

Truck Pressure Re1 i ef Devi ces. These components are important because 
the i r  fa i lure  in an overpressure situation could cause a complete fa i lure  

of the double shell truck tank. The probability of these components simul- 
taneous fa i lure  i s  judged to be low because of the redundancy of re l ie f  devices. 



7.3.2 Storage System 

The PHA r e s u l t s  f o r  t he  storage system are  presented i n  Table 7.2. The 

f o l l o w i n g  components a re  judged t o  be the  most important  w i t h  respect  t o  

re lease prevent ion  and c o n t r o l :  

I n n e r  Tank She l l .  F a i l u r e  o f  t h i s  component would cause the  maximum 
6 re lease of LNG o r  LNG vapor (37,000 bb l  o r  1.55 x 10 gal  o f  LNG) f o r  t h i s  

system. The p r o b a b i l i t y  o f  a f a i l u r e  o f  the  i nne r  tank s h e l l  i s  judged t o  be 

low because o f  design considerat ions.  

Annular Space I n s u l a t i o n .  Thi  s component i s  important  because i t  prevents 

excessive b o i l o f f  o f  t h e  LNG vapor, which cou ld  be a major cause o f  t he  i n n e r  

tank  s h e l l  f a i l u r e .  The i n s u l a t i o n  a l s o  p ro tec ts  t h e  carbon s t e e l  ou te r  s h e l l  

f rom cryogenic temperatures and subsequent f a i l u r e .  The l o s s  o f  i n s u l a t i o n  

i s  dependent on t h e  ou te r  tank s h e l l  f a i l i n g  f i r s t .  

Outer Tank She l l .  Th is  carbon s t e e l  s h e l l  p r o t e c t s  the  i n n e r  s h e l l  and 

annular  i n s u l a t i o n  f rom the  environment. F a i l u r e  o f  t he  ou te r  tank s h e l l  cou ld  

p o s s i b l y  r e s u l t  i n  t h e  f a i l u r e  o f  t he  i n n e r  tank s h e l l .  The p r o b a b i l i t y  o f  t h i s  

f a i l u r e  sequence i s  judged t o  be low. 

Tank Discharge L i n e  t o  Pumps. F a i l u r e  o f  t h i s  l i n e  cou ld  poss ib l y  r e s u l t  

i n  t he  maximum re lease f o r  t h i s  system i f  no valves ex i s ted  o r  func t ioned t o  

shut  o f f  tank f l o w  t o  the  pumps. I n  add i t i on ,  i f  the f a i l u r e  i s  between the  

i n n e r  and ou te r  tank  shel l s ,  t he  re leased LNG cou ld  f a i l  t he  ou te r  tank shel 1. 

The p r o b a b i l i t y  o f  t he  discharge l i n e  f a i l i n g  i s  judged t o  be low because o f  

t he  types o f  f a i l u r e  mechanisms considered. 

LNG R e c i r c u l a t i o n  L i n e  from Pumps t o  Tank. The f a i l u r e  o f  t h i s  component 

would re lease LNG t h a t  cou ld  spray on t h e  ou te r  tank s h e l l  and f a i l  it. The 

p r o b a b i l i t y  o f  t h e  l i n e  f a i l i n g  i s  judged t o  be low, b u t  t he  p r o b a b i l i t y  o f  a 

re lease f rom t h e  l i n e  causing the  ou te r  s h e l l  t o  f a i l  i s  judged t o  be medium. 

Storage Tsnk Pump Vessel. I f  the  pump vessel were t o  f a i l  and the  feed 
valves t o  the vessel were open, a l a r g e  LNG re lease (14,000 gal ) cou ld  occur.  

The p r o b a b i l i t y  o f  the pump vessel f a i l i n g  i s  judged t o  be low. 



TABLE 7.2. Preliminary Hazards Analysis for the Storage System 

Exist ing Preventive 
Subsystem o r  Component Potential Hazard Condition Ef fec t  and Control Measures 

Startup Operations 

1. Storage Tank Inadequate nitrogen purge Possible explosive mix- 
o f  tank. ture occurs when the 

tank i s  f i l l e d  w i th  LNG. 

2. Purge r i ng  Purge r i n g  f a i l s  closed Pressure bu i l d  up i n  
during the purging process. the outer shel l  with 

possible f a i l u r e  o f  
the outer shel l .  

3. Tank inner shel l  

4. Downcomer 

5. Operator 

Shutdown Operations 

1. Tank inner shel l  

Storage tank thermocouple Tank f i l l s  too fast .  
monitoring system f a i l s  o r  Thermal contraction and 
gives inaccurate readings thermal stress o r  shock 
on cooldorm. f a i l  the inner shel l  

w i th  a release o f  LNG, 
f a i l u r e  o f  the outer 
shell, and release o f  
natural gas and/or LNG. 

Downcomer does not dis- Inner shel l  undergoes 
perse 1 iqu id  properly. nonuniform cooldown. 

Lack o f  operator awareness Lack o f  control over 
(e.g., unconsciousness) the b o i l o f f  tr'eatment 
during cooldown. system a1 lows pressure 

t o  r i se .  

Heatup o f  LN6 wi th  hot 
natural gas i s  too rapid. 

Lack o f  operator awareness 
(e. g., unconsciousness) 
during heatup. 

2. Storage tank Combustible gas sensor 
system f a i l s  during 
purging. 

Uncontrolled cooldown 
with possible f a i l u r e  
o f  the inner shel 1. 

Possible overpressuri- 
zation wi th possible 
f a i l u r e  o f  inner tank 
and release o f  LNG. 

Inner shel l  may become 
off-centered and forces 
due to  per l  i t e  compac- 
t i on  may f a i l  the inner 
shel 1. Then LNG would 
be released between 
inner and outer shel ls, 
wi th the carbon steel 
outer shel l  f a i l i n g  due 
t o  cold and a release 
o f  LNG and natural gas. 

Possible explosive 
mixture when the tank 
i s  opened t o  the a i r .  

Startup check1 i s t ,  operator 
expertise, combustion gas 
sensor system. 

Maintenance and inspection/ 
bol l o f f  compressors can 
lower pressure i n  the tank, 
reopen re1 i e f  valve vent 
l i n e  valve, stop purge. 

Maintenance and inspection/ 
dike. 

Storage tank thermocouple 
monitoring system, operator 
attention/cessation o f  
cool down. 

Second operator i n  control 
room/alarms . 

Second operator i n  control 
room/al arms. 

Hea tup procedures, i nstru- 
mentation o f  heatup effects/ 
operator attention, re1 i e f  
valves , dike . 
Second operator i n  control 
room, inner shel l  movement 
indicators, s t ra in  gauges 
monitor stresses due t o  com- 
paction o f  per l  i te/dike.  

Purging procedure, operator 
expertise. 

Steady State Conditions 
1. L iquid f i l l  l i n e  Line ruptures o r  leaks. LNG or  natural gas i s  Piping Standards/operator 

released. inspection, t ruck u 1 ading 
Stat ion valve, ESD,?~? dike. 

Line broken by vehicular LNG o r  natural gas i s  Operator and/or dr iver  
damage. released. at tent lon/ t ruck unloading 

stat ion valve, ESD, dike. 

(a) ESD designates the Emergency Shutdown System, which includes both the Master Emergenc.! 
Shutdown (MES) and the Vaporizer Emergency Shutdown (VES). 



TABLE 7.2. (contd)  

Subsystem or Component Potential Hazard Condition 

2.  High level liquid System f a i l s  and operator 
alarm system does not notice dangerous 

condition on liquid level 
gauges ( f l oa t  type and 
di f ferent ia l  pressure 
type). 
Operator does not hear 
when alarm sounds due to 
lack of awareness (e.g. ,  
unconsciousness). 

3.  Tank inner she1 1 Earthquake f a i l s  the inner 
shel l .  

Plane crashes into tank 

Planted bomb explodes 
(sabotage) . 

Rollover occurs. 

4.  Tank outer shell Earthquake f a i l s  the outer 
she l l .  

Planted bomb explodes 
(sabotage). 

Existing Preventive 
Effect and Control Measures 

L N G  overflows the inner Operator attention,  temper- 
shel l .  L N G  f a i l s  the ature readings would indi- 
outer shel l .  Natural cate an unusual condition/ 
gas and/or LNG i s  dike. 
released. 

LNG overflows the inner Second operator in the con- 
shel l .  L N G  f a i l s  the trol  roomjdike. 
outer shel 1 .  Nat~~ral  
gas and/or L N G  i s  
re1 eased. 

Natural gas and/or L N G  Tank shell standardsldike. 
i s  released. If outer 
shell has not failed 
due to the earthquake, 
then i t  f a i l s  due to 
the cold. 

Possible rupture of Dike. 
inner shell with 
release of natural gas 
and/or LNG and probable 
f i r e .  

Probable rupture of Security measuresldi ke. 
outer and inner shel l s  
with re1 ease of natural 
gas and/or L N G  and 
probable f i r e .  

L N G  vaporization rap- Bottom loading of tank with 
idly increases. Possi- adequate mixing, adequately 
ble fa i lure  of inner designed boiloff system/ 
tank due to overpres- re l ie f  valves, vent system. 
surization resulting in 
release of L N G  between 
inner and outer shel l s ,  
carbon steel  outer 
shell f a i l s  due to cold, 
and LNG and natural gas 
are released. 

Possible fa i lure  of the Tank shell standardsldike. 
inner shell due to the 
possibil i ty of the 
outer shell collapsing 
with subsequent release 
of natural gas and/or 
L N G .  

Possible fa i lure  of the Tank shell standards, 
inner shell due to loss r e l i e f  valves/dike. 
of insulation, increase 
in vaporization, possi- 
ble overpressurization 
with subsequent release 
of natural gas and/or 
LNG. 

Outer shell f a i l s .  Pos- Security wasures/dike. 
sible fa i lure  of inner 
shell due to the possi- 
bil i ty  of the outer 
shell collapsing i f  the 
inner shell has not 
already fa i led  from the 
explosion, with subse- 
quent release of natu- 
ral gas and/or L N G  with 
 roba able f i r e .  



TABLE 7.2. (contd)  

Subsystem or Component Potential Hazard Condition Effect 

Possible failure of the 
inner shell due to loss 
of insulation, etc.,  as 
for 4 (earthquake), 2nd 
Effect above. 

Plane crashes into tank. Outer shell fa i ls .  Pos- 
sible failure of inner 
shell due to the possi- 
bility of the outer 
shell collapsing i f  the 
inner shel 1 has not 
already failed from the 
plane crash, with sub- 
sequent release of nat- 
ural gas and/or LNG 
with probable f i re .  
Possible failure of the 
inner shel 1 due to the 
loss of insulation, 
etc., as for 4 (earth- 
quake) 2nd Effect 
above. 

5. Boiloff heaters Both heaters fai l  due to Cold boiloff gases fai l  
(E-201, A or B) power outage. the carbon steel 1 ines 

a t  the exit of the 
heaters. Natural gas 
i s  released. 

6. Boiloff compressors Compressor ruptures or Natural gas released. 
(C-201, A or B) leaks. 

7. Compressor 
af tercooler 

8. Pressure relief 
valve 

Boil off gases can't be Pressure in storage 
treated fast  enough. tank rises. Possible 

overpressurization of 
the storage tank and 
subsequent failure of 
the outer shell, loss 
of insulation, increase 
in vaporization of LNG, 
possible failure of 
inner tank, and release 
of LNG. 

Aftercooler fa i l s  to ade- Hot gases are discharged 
quately cool the compressed into the pipeline. 
boiloff gases. 

Compressors are shut 
down and pressure rises 
in the storage tank 
because boiloff gases 
can't be treated. See 
6,  boi loff compressor 
effect above. 
Natural gas 4 s  released 
from the tank. 
Same as for 6. Boiloff 
compressor effect above. 

(1 of 2 )  valves fai l  to 
operate. 
Both valves fai l  to 
operate. 

Existing Preventive 
and Control Measures 

Re1 ief valves/dike. 

Dike. 

Relief valves/diked. 

Emergency power, mai nte- 
nance and inspection/low 
temperature indicator con- 
t rol ler  closes heater out- 
l e t  valves should the 
temperature get too low. 
Compressor specifications , 
preventive maintenance/ 
operator inspection, block 
valves on each side of 
compressor. 
Adequate compressor design/ 
pressure relief valves ( 2 )  
on tank, dike. 

Maintenance and inspection/ 
cmpressors are shut down. 

Maintenance and inspection/ 
relief valves on tank. 

Annual tests.  

Oi ke. 



TABLE 7.2. (contd) 

Exist ing Preventive 
and Control Measures Subsystem o r  Component Potential Hazard Condition 

(1 o f  2) valves f a i l  t o  
operate. 

E f fec t  

9. Vacuum re1 i e f  
valve 

Possible explosive 
atmosphere i n  tank. 
Possible explosion. 

Annual tests/ni  trogen 
purge. 

Both valves f a i l  t o  
operate. 

Possible f a i l u r e  o f  
outer shel l  due t o  high 
vacuum and subsequent 
loss o f  insulat ion,  
increase i n  vaporiza- 
t i o n  o f  LNG, possible 
f a i l u r e  o f  inner tank, 
and release o f  LNG. 

Outer shel l  f a i l s  due 
to cold and pressure 
forces, releasing LNG 
and natural gas. Inner 
tank may f a i l  due t o  
the possible collapse 
o f  the outer shell, 
releasing more LNG. 

Dike. 

10. Liquid discharge 
l i n e  p r i o r  to  
pumps 

Line ruptures or  leaks 
between inner and outer 
shells. 

Piping standards/ESD, dike. 

Line ruptures or  leaks 
a f t e r  the outer she1 1 . Natural gas and/or LNC 

are released. 
Pi ping standards/operator 
inspection, ESD, dike. 
block valves between each o f  
the 2 pumps and the discharge 
l i n e  and between the d is -  
charge l i n e  and vaporizers. 

Sendout pumps 
(P-201. A o r  B) 

Pump ruptures o r  leaks. None (pump i s  submerged 
i n  LNG). 

Maintenance and inspection. 

Sendout pump 
vessel 

Vessel ruptures o r  leaks. LNG I s  released t o  the 
impoundment area 
(releases much greater 
when pump f a l l s  i n  
conjunction). 

Vessel speci f icat ion,  main- 
tenance and inspection/ESD, 
dike. 

Line ruptures or  leaks. Natural gas i s  released. Pi p ing standards/operator 
inspection, shutof f  valves 
near the pumps, ESD, dike. 

Vapor return l i n e  
from pumps 

Recirculation 1 ine 
from pump to  stor-  
age tank 

Line ruptures or  leaks. LNG and/or natural gas 
i s  released. 

Piping standards/operator 
inspection, shutof f  valves 
near the pumps, ESD, dike. 

Foundation p i1  ings Pi1 ings don' t  se t t l e  Possible cracking and 
uniformly. f a i l u r e  o f  p i l i n g  cap. 

Proper ground tes t ing  and 
preparation, proper i ns ta l -  
l a t i on  o f  p i l ings .  

Pi1 ing  cap Cap f a i l s .  Possible f a i l u r e  o f  
inner and/or outer tank 
shel l  w i th  subsequent 
release o f  natural gas 
and/or LNG. 

Proper construction o f  
p i1  ing  cap/dike. 

Suspended insulated 
deck 

Deck f a i l s  and f a l l s  i n t o  
the inner tank along wi th  
insulation. 

Extreme cold f a i l s  the 
carbon steel  outer tank 
roof and natural gas i s  
released. 

Foam generation onto sur- 
face o f  LNG. 

Re l ie f  valve l i n e  
valves 

Line valves are closed 
when re1 i e f  valve 
release. 

Pressure f a i l s  the tank 
w i th  possible release 
o f  natural gas and/or 
LNG. 

Pressure can be lowered 
using boi l o f f  gas compressors. 

Purge r i ng  Purge r f ng  f a i l s  open. Natural gas i s  released 
through the deck, per- 
li te, and the purge 
r ing.  

Maintenance and inspection. 



B o i l o f f  l leaters.  I f  these f a i l ,  c o l d  b o i l o f f  gases w i l l  e i t h e r  f a i l  t h e  

carbon s t e e l  e x i t  l i n e s  o r  cause the  storage tank pressure r e l i e f  va lves t o  

open. I n  e i t h e r  case, LNG vapor (about 6,000 s c f  per  hour)  w i l l  be re leased 

u n t i l  t he  heaters can be f ixed.  The p r o b a b i l i t y  t h a t  both e l e c t r i c  heaters 

cou ld  f a i l  (e.g., power outage) i s  judged t o  be low t o  medium. 

Storage Tank Pressure R e l i e f  Valves. Proper opera t ion  o f  these valves 

du r i ng  p r e s s u r i z a t i o n  o f  t h e  tank would a1 low LNG vapor t o  be re leased f rom 

the  top  o f  t he  tank. F a i l u r e  of t h e  va lves t o  operate cou ld  a1 low overpressur iza  

t i o n  t o  f a i l  t h e  s torage tank. The p r o b a b i l i t y  o f  bo th  pressure r e l i e f  va lves 

f a i l i n g  t o  operate i s  judged t o  be low. 

7.3.3 Vapor iza t ion  and Sendout System 

The PHA r e s u l t s  f o r  t h e  vapo r i za t i on  and sendout system are  presented i n  

Table 7.3. The f o l l o w i n g  components a re  judged t o  be the  most impor tan t  w i t h  

respec t  t o  re lease prevent ion  and c o n t r o l  : 

Vapor izer  Heat Exchanger Tubes. I f  one o r  more o f  these tubes f a i l ,  LNG 
i s  re leased t o  t h e  vapor izer  and a subsequent f i r e  o r  exp los ion  i s  poss ib le .  

An est imated maximum re lease  f rom t h i s  type o f  f a i l u r e  i s  about 700 ga l  o f  

LNG. The p r o b a b i l i t y  o f  a  heat  exchanger tube f a i l u r e  i s  judged t o  be medium. 

Natura l  Gas Discharge L ine  f rom Vaporizer.  I f  t h i s  carbon s tee l  l i n e  

f a i l s  (poss ib l y  f rom c o l d  LNG vapors),  an est imated re lease o f  LNG vapor o r  

LNG o f  1,000 gal  (83,000 s c f )  i s  poss ib le .  The p r o b a b i l i t y  o f  t h i s  l i n e  

f a i l i n g  i s  judged t o  be low cons ider ing  the  temperature c o n t r o l  shutdown 

subsystem. 

Vapor izer  Water Bath Tank. I f  the  tank f a i l s ,  t h e  l o s s  o f  water cou ld  

r e s u l t  i n  e i t h e r  heat  exchanger tube f a i l u r e  o r  discharge l i n e  f a i l u r e .  The 

p r o b a b i l i t y  o f  t h e  tank f a i l i n g  i s  judged t o  be low. 

Temperature C o n t r o l l e r  on the  Vapor izer  Discharge L ine .  I f  t h i s  c o n t r o l l e r  

f a i  1  s  , t h e  discharge 1 i n e  cou ld  f a i  1  . The probabi 1  i ty  o f  t he  c o n t r o l  1  e r  f a i l  i n g  

i s  judged t o  be medium. 



TABLE 7.3. Pre l  i m i  nary Hazards 
Sendout System 

Subsystem o r  Component Po ten t ia l  Hazard Condi t ion 

S ta r tup  and Shutdown 

Operations 

1. LNG pump discharge Discharge pressure i s  se t  
pressure too high. 

2. Vaporizer bath Bath temperature i s  j e t  
temoerature too low. 

3. Japor f l ow  Flow c o n t r o l l e r  s e t t i n g  i s  
c o n t r o l l e r  too h igh o r  turned up too 

r a p i d l y .  

Steady State Condit ions 

1. LNG t r a n s f e r  l i n e  L ine ruptures o r  leaks. 
t o  vapor izers 

2. Tube bundle Tubes rupture o r  leak due 
t o  e i t h e r  thermal shock, 
co r ros ion  o r  exrernal  
cause. 

3. LNG fl,ow c o n t r o l  Valve f a i l s  open (normal ly  
valve f a i l s  c losed) .  

4. Natura l  gas l i n e  L ine  ruptures o r  leaks. 
from vapor izers t o  
the p i p e l i n e  

5. Tank and w e i r  Tank and/or we i r  rup tu re  
o r  leak. 

6 .  aurner and 
downcomer 

Burner ceases burn ing 

Analys is  f o r  t he  Vapor iza t ion  and 

E x i s t i n g  Prevent ive 
E f f e c t  and Contro l  Measures 

Vapor f l ow  through the P ip ing  design. 
f l ow  con t ro l  va lve i s  
t h r o t t l e d  (no hazard i f  
p i p i n g  design i s  ade- 
quate f o r  the maximum 
pump pressure) .  

LNG m y  no t  be t o t a l i y  E S ~ ( ~ )  i n t e r l o c k e d  w i t h  
vaporized w i t h  poss ib le  the low vapor o u t l e t  
cryogenic f a i l u r e  o f  temperature. 
carbon s tee l  p i p i n g  
downstream. 

LNG m y  n o t  be t o t a l l y  
vaporized (see 2, 
E f f e c t ) .  

LNG i s  released. (The 
s i z e  o f  re lease i s  
dependent on whether 
the pumps are running. ) 

LNG i s  released t o  the 
vapor izer  tank water .  
Po ten t ia l  explos ive 
gas mixture i n  the tank 
w i t h  poss ib le  f i r e  due 
t o  burners .close a t  
hand. 

LNG i s  n o t  completely 
vaporized. Probable 
thermal shock f a i l u r e  
o f  the carbon s tee l  
l i n e s  a t  the o u t l e t  o f  
the vapor izer  w i t h  a 
subsequent re lease o f  
LNG and na tu ra l  gas. 

Natura l  gas i s  released. 
I f  there i s  a  l a r g e  
break, the depressur i -  
za t ion  may cause LNG to 
surge through the vapor- 
i z e r ,  re leas ing  both LNG 
and natura l  gas. 

P a r t i a l  o r  complete loss  
o f  water o r  lower ing o f  
water l e v e l  which 
r e s u l t s  i n  reduced heat  
t rans fe r ,  LNG no t  
t o t a l l y  vaporized, 20s- 
i i b l e  f a i l u r e  o f  carbon 
s tee l  p i p i n g  downstream 
due t o  thermal shock, 
and poss ib le  f a i l u r e  o f  
tubes due co thermal 
s t ress o r  shock. 

Po ten t ia l  explos ive 
m ix tu re  i n  downcomer 
and tank. LNG n o t  
t o t a l l y  vaporized w i t h  
poss ib le  cryogenic 
f a i  1  ure o f  carbon 
s tee l  l i n e s  downstream. 

P ip ing  standaras/ESD, d ike.  

Tube design and standards/ 
LNG i n l e t  s h u t o f f  valves, 
ESD, comoustible gas detec- 
t i o n  alarm, Halon f i r e  
ex t ingu ish ing  systefi. 

~Wiinrenance and inspect ion,  
thermal capaci ty  o f  Nater 
i n  vapor izer  t a n k / s h u t o i i  
valve a f t e r  the f l o w  con- 
t r o l  va lve,  ESD, d ike.  

Pi p ing  standards/iSD, d ike.  

Tank and we i r  design/low 
l e v e l  alarm and f i l l  system, 
ESD i n t e r l o c k e d  t o  low 
vapor product temperature, 
d l  ke. 

Adequate gas and a i r  sup- 
p l y ,  thermal capaci ty  o f  
water i n  the  vapor izer  
tank/UV flame de tec to r  
alarm, a u x i l i a r y  e l e c t r i c  
water bath heater, ESD 
in te r locked  t o  low vapor 
product temperature. 



TABLE 7 . 3 .  (contd) 

Existing Preventive 
Subsystem or Component Potential Hazard Condition Effect and Control Measures 

7. Burner jacket 
water pump 

Pump fa i l s  to operate. Possible thermal stress 
failure of burner. Pos- 
sible ignition source 
i f  LNG were released to 
the tank water. 

Maintenance and inspection, 
shutdown of burner. 

8. Burner gas supply Gas supply i s  stopped or 
cut off. 

Burner ceases burning 
(see 6, Effect). 

Pressure and flow indica- 
tors on the gas supply 
line (see 6). 
Pressure and flow indica- 
tors on the a i r  supply 
line (see 6) .  
Auxiliary power supply 
(see 6 ) .  

Air supply i s  stopped or 
cut off. 

Burner ceases burni ng 
(see 6,  Effect). 

9. Burner a i r  supply 

10. Electrical power Electrical power failure. Blower and burner 
jacket pump stop. 
Burner ceases burning 
(see 6,  Effect). 

11. Burner gas and a i r  
control (vapor out- 
l e t  temperature 
controller) 

Control fa i l s  open (nor- 
mally fa i l s  closed). 

LNG i s  overheated espe- 
cially i f  water level 
i s  inadequate. 

Maintenance and inspection/ 
ESD, gas supply valve. 

Control fa i l s  closed. LNG i s  not totally 
vaporized with possible 
cryogenic failure of 
carbon steel lines 
downstream. 

Maintenance and inspection1 
auxiliary electric water 
bath heater, ESD, U V  flame 
detector. 

12. Water supply Water pressure i s  lost.  Water level may fa l l  
slowly or rapidly, 
depending on other cir- 
cumstances. Drop in 
water level will mean 
possible loss f n  heat 
transfer and possibly 
LNG i s  not totally 
vaporized with possible 
cryogenic failure of 
carbon steel lines 
downstream. 

High temperature a1 a n  in 
tank stack, low level 
alarm, ESD interlocked to 
low vapor product temperature. 

13. Drain system . Back pressure existing in 
drain system. 

Tank may overflow, with 
possible tank rupture 
(see 5 ,  Effect). 

(See 5. ) 

(a)  ESD designates the Emergency Shutdown System, which includes both the bhster Emergency Shutdown (MES) and 
the Vaporizer Emergency Shutdown (VES) . 



7.4 REPRESENTATIVE RELEASE EVENTS 

Using the  r e s u l t s  o f  the  system l e v e l  and the  component l e v e l  analyses, 

a l i s t  o f  p o t e n t i a l  re lease events considered t o  be rep resen ta t i ve  o f  the  sa t -  

e l  1  i t e  f a c i  1  i ty  was developed. These rep resen ta t i ve  re1  ease events are  1 i sted 

i n  Table 7.4. P re l im ina ry  analyses f o r  these events are  presented i n  Sect ion 6.5 

of Appendix G. Release events f o r  t r a n s p o r t a t i o n  and t r a n s f e r  operat ions a re  

in t roduced i n  Table 6.9 o f  Sect ion 6 and a re  n o t  inc luded here. The representa- 

t i v e  re lease events range from r e l a t i v e l y  f requent  bu t  low consequence re leases 

t o  u n l i k e l y  b u t  l a r g e  re leases.  They form the basis  f o r  the  q u a n t i t a t i v e  evalu-  

a t i o n  o f  t h e  re lease prevent ion  and c o n t r o l  systems i n  the nex t  phase o f  

ana lys is .  

TABLE 7.4. Representat ive Re1 ease Events f o r  an LNG Sate1 1 i t e  F a c i l  i t y  

S a t e l l i t e  s torage tank f a i l s .  

E x i t  gas l i n e  from the  b o i l o f f  heaters f a i l s .  . 

L i q u i d  discharge 1 i n e  from the  s a t e l l i t e  s torage tank p r i o r  t o  t h e  sendout 

pumps f a i l s .  

Sendout pump vessel f a i l s .  

L i q u i d  r e c i r c u l a t - i o n  l i n e  f o r  t h e  sendout pumps f a i l s .  

Vapor r e t u r n  l i n e  f rom the  sendout pumps fa iqs .  

L i q u i d  l i n e  t o  the  vapor izers  f a i l s .  

Vaporizer heat  exchanger tubes f a i l .  

Natura l  gas l i n e  f rom the  vapor izers f a i l s .  

I n  per forming t h e  overview study, several areas r e q u i r i n g  a d d i t i o n a l  i n f o r -  

mat ion were i d e n t i f i e d .  Some o f  these a re  o u t l i n e d  below. 

Thermal Cyc l ing  Stresses. In fo rmat ion  i s  needed on the  number o f  thermal 

cyc les  the  storage tank and var ious  s izes  o f  pipes o r  t ub ing  can take  

p r i o r  t o  f a i l u r e .  

Operator I n te r face .  R e l i a b i l i t y  i n fo rma t ion  on operator  tasks r e l a t e d  t o  

1 oadi  ng , t ranspor t ,  and unloading i s  needed. 

LNG L ine  R e l i e f  Valves. R e l i a b i l i t y  i n fo rma t ion  f o r  opera t ion  o f  LNG 

1 i ne re1  i e f  va lves i s needed. 



Boiloff System. Additional information concerning the entire boiloff 
system, such as construction materials, valve placement, and temperature 
controllers, is needed. 

Storage Tank. Information concerning discharge valving for the tank is 
needed. 

Vaporizers. Information concerning the vaporizer internals, such as diam- 
eter of tubes, number of tubes, tube configuration, and flowrates, is 

needed. Information concerned with vaporizer tube corrosion probl ems is 

also needed. 

Failure Rate Data. The satellite facility overview study considered 
release frequency in a qualitative manner. A more detailed study of the 
re1 ease prevention and control systems must careful ly consider the 1 i ke- 

lihood of the release initiating event and the reliability of the release 

detection and control systems. Due to the lack of operating experience 
at LNG facilities, little data is available for LNG equipment failure 
rates . 





CONCLUSIONS AND RECOMMENDATIONS 

Th i s  overv iew s tudy  has cha rac te r i zed  t h e  bas i c  types o f  LNG opera t ions ,  

i d e n t i f i e d  i n f o r m a t i o n  needs r e l a t i n g  t o  LNG re lease  p reven t i on  and c o n t r o l  and 

p rov ided  an a n a l y t i c a l  framework f o r  a d d i t i o n a l  d e t a i l e d  analyses. Table 8.1 

summarizes t h e  f i n d i n g s  o f  t h i s  s tudy.  Th i s  i n f o r m a t i o n  p rov ides  t h e  bas i s  f o r  

ongoing r e l e a s e  p reven t i on  and c o n t r o l  s t ud ies  a t  PNL. Table 8.1 i s  organized 

i n  sec t i ons  t o  show t h e  u n i t s  opera t ions ,  key components, r e p r e s e n t a t i v e  re l ease  

events  and i n f o r m a t i o n  needs o f  r e p r e s e n t a t i v e  LNG f a c i l i t i e s .  

Gas t reatment ,  l i q u e f a c t i o n ,  s torage,  vapo r i za t i on ,  t r a n s f e r ,  and t r ans -  

p o r t a t i o n  a re  t he  b a s i c  u n i t  opera t ions  encountered i n  LNG f a c i l i t i e s .  The 

s to rage  and t r a n s f e r  ope ra t i ons  t y p i c a l l y  have t h e  p o t e n t i a l  f o r  t he  l a r g e s t  

LNG re leases .  The r e s u l t s  o f  t h i s  s tudy show t h a t  t he  mar ine vessel ,  impo r t  

t e rm ina l ,  and peakshaving f a c i l i t y  c o n t a i n  t h e  bas i c  r e l ease  p reven t i on  and 

c o n t r o l  elements u t i l i z e d  i n  t h e  LNG i n d u s t r y .  More d e t a i l e d  re l ease  p reven t i on  

and c o n t r o l  analyses a r e  recommended w i t h  emphasis on these f a c i l i t i e s .  ( a  > 
Components such as s to rage  tanks, t r a n s f e r  l i n e s ,  emergency shutdown, pressure/  

vacuum r e l i e f  va lves,  l i q u i d  l e v e l  i n d i c a t o r s  a r e  common t o  severa l  o f  t h e  

f a c i l i t i e s .  The r e l i a b i l i t y  o f  these types o f  components should be c a r e f u l l y  

cons idered i n  any d e t a i l e d  assessment. 

Representat ive re l ease  events  a r e  summarized i n  Table 8.1 f o r  each f a c i l i t y .  

These re leases  a re  t y p i c a l l y  p o s t u l a t e d  f o r  each u n i t  ope ra t i on  and a re  based 

upon t he  r e s u l t s  o f  t h e  p r e l i m i n a r y  hazards ana lys is .  These r e p r e s e n t a t i v e  

re l ease  u n i t s  range f rom r e l a t i v e l y  f r equen t  b u t  low consequence re leases  

(e.g., vapo r i ze r  f a i l u r e )  t o  u n l i k e l y  b u t  h i g h  consequence re leases  (e.g., 

s to rage  tank  f a i l u r e ) .  These re l ease  events a r e  f e l t  t o  be t y p i c a l  o f  the  

range o f  hazards i n v o l v e d  i n  t h e  LNG f a c i l i t y  opera t ions .  As seen f rom t h e  

summary t a b l e ,  most o f  t h e  re leases  i n v o l v e  s to rage  tank  f a i l u r e s ,  l eaks  o r  

r u p t u r e s  i n  p ipes,  and process equipment f a i l u r e s .  It i s  recommended t h a t  

these r e p r e s e n t a t i v e  re l ease  events be s u b j e c t  t o  q u a n t i t a t i v e  e v a l u a t i o n  d u r i n g  

t h e  n e x t  phase o f  a n a l y s i s .  

( a )  Marine vessel  r e l e a s e  p reven t i on  and c o n t r o l  was cons idered i n  a  separate 
p o r t i o n  o f  t h e  DOE Program (A. D. L i t t l e  1980). 



The overv iew s tudy  i d e n t i f i e d  i n f o r m a t i o n  needs i n  two bas i c  areas. F i r s t  

those s p e c i f i c  t o  t h e  f a c i l i t y  be ing  analyzed and t he  amount o f  system d e s c r i p -  

t i o n  d e t a i l  a v a i l a b l e  f o r  t h e  more d e t a i l e d  assessment phase. As shown i n  t h e  

summary t ab le ,  these types o f  i n f o r m a t i o n  needs i n c l u d e  such areas as emergency 

shutdown system s p e c i f i c s ,  p i p i n g  network des ign c r i t e r i a ,  and LNG vapo r i ze r  

process c o n t r o l .  Secondly, more general  i n f o r m a t i o n  gaps and needs were iden-  

t i f i e d  i n  such areas as t h e  s t r u c t u r a l  i n t e g r i t y  o f  s to rage  tanks when s u b j e c t  

t o  hazardous cond i t i ons ,  t h e  opera to r  i n t e r f a c e  and i t s  e f f e c t  on re l ease  

p reven t i on  and c o n t r o l ,  LNG equipment f a i l u r e  r a t e  data,  and t h e  e f f e c t  o f  

thermal c y c l i n g  on LNG equipment performance. It i s  recommended t h a t  these 

areas be cons idered i n  t h e  more d e t a i l e d  phase o f  ana l ys i s .  

B u i l d i n g  upon t h i s  s tudy,  PNL has i n i t i a t e d  more d e t a i l e d  assessments o f  

LNG i m p o r t  t e rm ina l  and peakshaving f a c i l i t y  r e l ease  p reven t i on  and c o n t r o l  

systems. The o b j e c t i v e  o f  t h e  d e t a i l e d  impo r t  t e rm ina l  and peakshaving f a c i l i t :  

assessments i s  t o  es t ima te  re l ease  f requency and volume f o r  t h e  r e p r e s e n t a t i v e  

re l ease  sequences i d e n t i f i e d  i n  t h i s  assessment. The e f f e c t  o f  a l t e r n a t i v e  

re l ease  p reven t i on  and c o n t r o l  systems and procedures w i l l  be examined and 

compared on a  q u a n t i t a t i v e  bas is .  S tud ies  have a l s o  been i n i t i a t e d  on human 

f a c t o r s  i n  LNG opera t ions ,  LNG s to rage  tank  opera t ions ,  and LNG f i r e  and vapor 

c o n t r o l  sys tenis. 



TABLE 8.1. Summary of LNG Facility Scoping Assessment 

Key Components W i t h  
R e p r e s e n t a t i v e  U n i t  Respect t o  R f l p a s e  

F a c i  1  i t y  Ope ra t i ons  P r e v e n t i o n I C o n t r o l  

E x p o r t  Termina l  - Gas t r e a t m e n t  - L i q u e f a c t i o n  process c o n t r o l  s y s t e v  - L i q u e f a c t i o n  - R e f r i g e r e n t  compressors - Storage - P ressu re  c o n t r o l  system - Loading - I n t e r n a l  s h u t o f f  va l ves  - LNG l e v e l  i n d i c a t o r s  and a larms - S to rage  tank  i n s u l a t i o n  - Ou te r  t ank  w a l l  - I n n e r  t a n k  w a l l  - 36 - i n .  t r a n s f e r  1  i n e  - Loading arm and s h i p  c o u p l i n g  
mechani sm 

- Loading emergency shutdown system - Opera to r  I n t e r f a c e  

Rep resen ta t i ve  Re1 ease Areas R e q u i r i n g  
Events  More I n f o r m a t i o n  --- 

1 .  Ruptured 36 - i n .  main  t r a n s f e r  l i n e  - Emergency shutdown 
between l o a d i n g  pu~ i~ps  and dock. system 

2. Ruptured 24 - i n .  l i q u i d  o u t l e t  l i n e  - P l a n t  p i p i n g  network  
between s t o r a g e  tank  and f i r s t  b l o c k  - S t r u c t u r a l  mechanics 
v a l v e .  o f  s to rage  tanks 

3 .  Ruptured 1 6 - i n .  l o a d i n g  arm - S t r u c t u r a l  mechanics 
4. Storage tank  p ressu re  o r  vacuum - L i q u e f a c t i o n  p l a n t  

r e1  l e f  v a l v e s  open. process c o n t r o l  
5. I n n e r  tank o v e r f i l l e d  w i t h  LNG. - F a i l u r e  r a t e  d a t a  
6. Complete f a i l u r e  o f  s t o r a g e  t a n k .  - Operator  i n t e r f a c e  
7 .  Ruptured 1 8 - i n .  gas f eed  l i n e  i n  w i t h  systems and 

l i q u e f a c t i o n  t r a i n .  components 
8. Ruptured 20 - i n .  mixed r e f r i g e r a n t  

l i q u i d  p i p i n g  between h i g h  p ressu re  
sepa ra to r  and ma in  c r yogen i c  h e a t  
exchanger.  

9 .  Ruptured 1 0 - i n .  nozz le  t o  propanelmixed 
r e f r i g e r a n t  exchanger.  

10. F a i l u r e  o f  r e f r i g e r a n t  compressor.  
11 .  Ruptured 1 2 - i n .  t r a n s f e r  l i n e  f r o m  

l i q u e f a c t i o n  a rea  t o  t h e  s t o r a g e  tanks .  
12. Ruptured o u t l e t  nozz le  o r  p i p i n g  on  

r e f r i g e r a n t  s t o r a g e  tanks .  

Mar i ne  Vessel - B a s i c  s h i p  opera-  
t i n g  and p r o p u l -  
s i o n  systems - Cargo s t o r a g e  - Cargo h a n d l i n g  

I m p o r t  Termina l  - Mar ine  t e r m i n a l  
and u n l o a d i n g  
system - Storage - V a ~ o r i z a t i o n  

Peakshav ing F a c i l i t y  - Gas t r e a t m e n t  
- L i q u e f a c t i o n  - S to raqe  
- V a p o r i z a t i o n  - Truck t r a n s p o r t a -  

t i o n  and t r a n s f e r  

S a t e l l i t e  F a c i l i t l  - Truck t r a n s p o r -  
t a t i o n  and t r a n s -  
f e r  - S to rage  - V a p o r i z a t i o n  

- L i q u i d  header,  c rossove r  l i n e  and 
and va l ves  - Emergency shutdown system - P r imary  b a r r i e r  - Outer  and i n n e r  h u l l s  - Cargo t a n k  l i q u i d - l e v e l  i n d i c a t o r s  - Pressure/vacuum r e 1  i e f  v a l v e s  

- N a v i g a t i o n  equipment - Opera to r  i n t e r f a c e  

1 .  Ruptured LNG ca rgo  t ank .  - C o l l i s i o n  p r o b a b i l i t y  
2 .  O v e r f i l l e d  ca rgo  t ank .  - E f f e c t s  o f  c o l l i s i o n  
3. Pressure r e l i e f  va l ves  r e l e a s e .  on LNG vesse l  
4.  Rupture  o r  l e a k  i n  cd rgo  h a n d l i n g .  - Cargo h a n d l i n g  system 

system. des ign  
5 .  Rupture  o r  l e a k  i n  vapor  h a n d l i n g  - E f f e c t s  o f  s p i l l s ,  

system. f i r e s ,  and exp los ions  
6 .  M i s o p e r a t i o n  o f  ca rgo  h a n d l i n g  - F a i l u r e  r a t e  data  

systern r e s u l t s  i n  LIJG/vapor r e l e a s e .  - Ope ra to r  i n t e r f a c e  

- Main  t r a n s f e r  l i n e  - Loading arms and s h i p  c o u p l i n g  
mechanism 

- O f f s h o r e  emergency shutdown system 
- P ressu re  c o n t r o l  system 
- LNG l e v e l  i n d i c a t o r s  and a larms 
- S to rage  tank  o u t e r  s h e l l  - Annular  space i n s u l a t i o n  
- S to rage  tank  i n n e r  s h e l l  
- Emergency shutdown system 
- Secondary pumps and sendout l i n e  

t o  v a p o r i z e r s  
- Fue l  gas p r e h e a t e r  
- Temperature c o n t r o l l e r s  and a larms - V a p o r i z e r  i n l e t  l i n e s  
- Opera to r  i n t e r f a c e  

- Regene ra t i on  gas h e a t e r  
- I4o lecu la r  s i e v e  adso rbe rs  
- Emergency shutdown system 
- Temperature and l i q u i d  l e v e l  

i n s t r u m e n t a t i o n  and c o n t r o l s  - Heat  exchangers and v a p o r - l i q u i d  
s e p a r a t o r  vesse l s  - Storage tank  i n n e r  s h e l l  - Annular  space i n s u l a t i o n  

- S to rage  tank o u t e r  s h e l l  - Tank d i scha rge  l i n e  t o  pumps - S to rage  tank pump vesse l  - Vapo r i ze rs  - Vapo r i ze r  d i s c h a r g e  l i n e  - V a p o r i z e r  w a t e r  b a t h  - Double s h e l l  tank t r u c k  - Truck p r e s s u r e  r e l i e f  dev i ces  
- Truck v a l v i n g  and c o n t r o l s  
- Opera t o r  i n t e r f a c e  

- Double s h e l l  t ank  t r u c k  
- Opera to r  i n t e r f a c e  
- Truck p r e s s u r e  r e l i e f  d e v i c e s  - S to rage  tank  i n n e r  s h e l l  
- Annu la r  space i n s u l a t i o n  
- S to rage  tank o u t e r  s h e l l  
- Storage tank  d i s c h a r g e  l i n e  t o  

Pumps - LNG r e c i r c u l a t i o n  l i n e  f r o m  
pumps t o  tank 

- S to rage  tank pump vesse l  - B o i l o f f  hea te rs  
- Vapo r i ze r  h e a t  exchanger tubes - N a t u r a l  gas d i s c h a r g e  l i n e  f r om 

v a p o r i z e r  - V a p o r i z e r  wa te r  b a t h  
- Temperature c o n t r o l l e r  on  v a p o r i z e r  

d i s c h a r g e  1 i n e  

1 .  F a i l u r e  o f  i n n e r  s to rage  tank .  - Component s t r e s s e s  
2. F a i l u r e  o f  s t o r a g e  tank  o u t e r  b a r r i e r .  f r om thermal  c y c l i n g  
3. Release o f  LNG f rom l o a d i n g  arms. - Termina l  p i p i n g  n e t -  
4. F a i l u r e  o f  LNG t r a n s f e r  l i n e  f r om work des ign  c r i t e r i a  

u n l o a d i n g  dock t o  shore.  - S t r u c t u r a l  mechanics 
5. F a i l u r e  o f  LNG t r a n s f e r  l i n e  f r o m  o f  t h e  s to rage  tanks 

shore t o  s t o r a g e .  - LNG v a p o r i z e r  process 
6 .  F a i l u r e  o f  LNG t r a n s f e r  l i n e  f r o m  c o n t r o l  

s t o r a g e  t o  secondary pump. - F a i l u r e  r a t e  d a t a  
7 .  F a i l u r e  o f  LNG t r a n s f e r  l i n e  f r om - Opera to r  i n t e r f a c e  

secondary pumps t o  v a p o r i z e r s .  
8. Fa i  1  u r e  o f  seawater - type v a p o r i z e r .  
9. F a i l u r e  o f  submerged combust ion- type 

v a p o r i z e r .  
10. F a i l u r e  o f  v a p o r i z e r  e x i t  l i n e s .  
11. F a i l u r e  o f  f u e l  gas compressor s u c t i o n  

l i n e .  
12 .  F a i l u r e  o f  LllG r e c i r c u l a t i o n  l i n e .  
1 3 .  F a i l u r e  o f  vapor  r e t u r n  l i n e  t o  s h i p ' s  

t anks .  
14. F a i l u r e  o f  vapor  1  i n e  f r om p ipe1  i n e  com- 

p resso rs  t o  gas t r a n s m i s s i o n  p i p e l i n e .  

1 .  F a i l u r e  o f  n a t u r a l  gas supp l y  l i n e .  - Component s t resses  
2.  F a i l u r e  o f  m o l e c u l a r  s i e v e  adso rbe r  f r om thermal  c y c l i n g  

v e s s e l .  - P l a n t  and component 
3. F a i l u r e  o f  r e g e n e r a t i o n  gas h e a t e r  des ign  d e t a i l s  

hea t  exchange tube  - S t r u c t u r a l  mechanics 
4 .  F a i l u r e  o f  LPlG p i p i n g  i n  t h e  c o l d  box. o f  s to rage  tanks 
5. F a i l u r e  i n  r e f r i g e r a n t  compressor sec- - F a i l u r e  r a t e  d a t a  

t i o n  l i n e .  - Opera to r  i n t e r f a c e  
6 .  F a i l u r e  o f  r e f r i g e r a n t  s t o r a g e  tank .  
7 .  F a i l u r e  o f  LNG s t o r a g e  tank .  
8. F a i l u r e  o f  LNG s t o r a g e  tank o u t l e t .  
9 .  Ven t i ng  o f  n a t u r a l  gas t h rough  p res -  

su re  r e l i e f  va lues .  
10. F a i l u r e  o f  sendout pump vesse l  . 
11. F a i l u r e  o f  LNG supp l y  1  i n e  t o  v a p o r i z e r s .  
12. F a i l u r e  o f  v a p o r i z e r  hea t  exchanger t ube .  
13.  F a i l u r e  o f  n a t u r a l  gas l i n e  f r o m  v a p o r i z e r s .  
14.  F a i l u r e  o f  t r a n s f e r  l i n e  f r om s t o r a g e  t o  

t r u c k  l o a d i n g .  
15 .  F a i l u r e  o f  f l e x i b l e  l o a d i n g l u n l o a d i n g  hoses. 
16.  F a i l u r e  o f  t r u c k  l o a d i n g  t o  s t o r a g e  vapor  

r e t u r n  l i n e .  
17. F a i l u r e  o f  t r u c k  LIiG t a n k .  
10. F a i l u r e  o f  t r a i l e r  n ressu re  b u i l d u p  c o i l .  

1 .  F a i l u r e  o f  t h e  s t o r a g e  tank .  - Thermal c y c l i n g  
2. F a i l u r e  o f  e x i t  gas l i n e  f r om b o i l o f f  s t r e s s e s  

hea te rs .  - LNG 1  i n e  r e 1  i e f  
3. F a i l u r e  o f  l i q u i d  d i s c h a r g e  l i n e  f r o m  v a l v e s  

t h e  s a t e l l i t e  s t o r a g e  tank p r i o r  t o  - B o i l o f f  system des ign  
t h e  sendout pumps. and c o n s t r u c t i o n  

4 .  F a i l u r e  o f  sendout  pump v e s s e l .  - Storage tank  des ign  
5 .  F a i l u r e  o f  l i q u i d  r e c i r c u l a t i o n  l i n e  and c o n s t r u c t i o n  

f o r  t h e  sendout  pumps. - V a p o r i z a t i o n  des ign  
6 .  F a i l u r e  o f  vapo r  r e t u r n  l i n e s  f r om t h e  and c o n s t r u c t i o n  

sendout pumps. - F a i l u r e  r a t e  d a t a  
7. F a i l u r e  o f  t h e  l i q u i d  l i n e s  t o  t h e  - Opera to r  i n t e r f a c e  

v a p o r i z e r s .  
8. F a i l u r e  o f  t h e  v a p o r i z e r  h e a t  exchanger 

t ubes .  
9. F a i l u r e  o f  t h e  n a t u r a l  gas l i n e  f r om t h e  

v a p o r i z e r s .  
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APPENOIX A 

LNG INDUSTRY OVERVIEW 

To provide for  continuing ava i lab i l i ty  of natural gas, particularly to  

high-priority customers, the natural gas industry has pursued various methods 

of supplementing i t s  supplies of natural gas both on an annual basis and 

during periods of peak demand. Liquefied natural gas ( L N G )  i s  one source of 

such supplemental gas suppl ies.  This appendix br ief ly  describes the various 

types of LNG f a c i l i t i e s  and the principal operations carried out a t  these 

f a c i l i t i e s .  Vapor dispersion and f i r e  control systems are also discussed 

br ief ly .  The reference L N G  f a c i l i t i e s  considered in th i s  study are discussed 

in detai l  in Appendices B through F. 

This appendix i s  based largely on information presented in a U.S. Depart- 

ment of Energy report (1978). Further, more detailed information on LNG 

f a c i l i t i e s  and components can be found in two reports by the American Gas 

Association (1 973a and 1973b). Discussions of safety practices and require- 

ments, design c r i t e r i a ,  and codes and standards for  LNG f a c i l i t i e s  are also 

available in the l i t e ra tu re  (Bri t ish Cryogenics Council 1970, Allan e t  a l .  1974, 

Ball 1973, Ball 1976). 

A.l L N G  FACILITIES 

LNG f a c i l i t i e s  extend natural gas supplies to  meet two basic types of 

demand: 1 )  base-load, year-round demand and 2 )  seasonal peak-use demand. 

Briefly, L N G  f a c i l i t i e s  f a l l  into the following categories: 

Export Terminal s are 1 arge-capaci ty (1 85 to  1500 MMscfd 1 iquefaction 

capaci ty) faci 1 i t i e s  that  receive, clean, and 1 i quefy natural gas and 

s tore  the resulting LNG unti 1 i t  i s  loaded on ocean-going tankers for  

shipment to  base-load import terminals. The reference export terminal 

fo r  th i s  study i s  described in detail  in Appendix B. 

L N G  Marine Vessels (Tankers) are  ocean-going ships and barges tha t  trans- 

port LNG from export terminals to  import terminals. The on-board LNG 

storage tanks are  of e i ther  the self-supporting or the membrane design. 

Basically, a self-supporting tank i s  s t ructural ly  independent of the 



s h i p ' s  h u l l ,  whereas a membrane t a n k ' s  s t r u c t u r a l  suppor t  i s  p rov ided  by 

t h e  s h i p ' s  h u l l .  Vessels on o r d e r  o r  i n  o p e r a t i o n  f o r  U.S. t r ades  range 
3 3 i n  s i z e  f r om 40,000 t o  130,000 m , b u t  vessels  o f  up t o  165,000 m a r e  

under cons ide ra t i on .  A d e t a i l e d  d e s c r i p t i o n  o f  t h e  re fe rence  mar ine 

vessel  i s  presented i n  Appendix C o f  t h i s  s tudy.  

Impor t  Terminal  s  (Base-Load Fac i  1  i t i e s )  a r e  1 arge-capaci  ty (1  50 t o  

1000 MMscfd) f a c i  1  i t i e s  r e c e i v i n g  noncont i  nen ta l  LNG f rom ocean-going 

tankers ,  s t o r i n g  it, and r e g a s i f y i n g  i t  t o  supply  base- load demands on 

t h e  i m p o r t i n g  company. Storage c a p a c i t i e s  g e n e r a l l y  range f rom 200,000 

t o  3,000,000 b b l  o f  LNG. Appendix D presents  a  d i scuss ion  o f  t h e  

re fe rence  i m p o r t  t e rm ina l  f o r  t h i s  s tudy .  

Peakshaving F a c i l i t i e s  have gas t rea tment ,  l i q u e f a c t i o n ,  and s to rage  u n i t s  

o f  r e l a t i v e l y  smal l  c a p a c i t y  coupled w i t h  h i gh -capac i t y  vapo r i ze rs  t o  

supp ly  e x t r a  gas when t h e  normal p i p e l i n e  capac i t y  cannot meet peak 

demands. Storage c a p a c i t i e s  range f rom 45,000 t o  630,000 b b l  o f  LNG. 

Dur ing  warm weather and o t h e r  pe r i ods  o f  low demand, su rp lus  gas i s  

l i q u e f i e d  and s t o r e d  f o r  l a t e r  use. The re fe rence  peakshaving f a c i l i t y  

i s  d iscussed i n  Appendix E o f  t h i s  s tudy.  

Sate1 1 i t e  F a c i l i t i e s  a r e  smal l  f a c i l i t i e s  s i m i l a r  t o  peakshaving p l a n t s  

b u t  w i t h o u t  l i q u e f a c t i o n  c a p a b i l i t y .  LNG i s  supp l i ed  norma l l y  by t ank  

t r u c k s  ( b u t  c o u l d  a l s o  be supp l i ed  by barge, p i p e l i n e ,  o r  r a i l  t a n k e r s ) .  

The l a r g e r  s a t e l  1  i t e  p l a n t s  (over  about  5000 bb l  o f  LNG s to rage  c a p a c i t y )  

a r e  f i e l d  erected,  whereas sma l l e r  u n i t s  g e n e r a l l y  use s h o p - b u i l t  

c ryogen ic  tanks  f o r  s torage.  A d e t a i l e d  d e s c r i p t i o n  o f  t h e  re fe rence  

s a t e l l i t e  p l a n t  f o r  t h i s  s tudy  i s  presented i n  Appendix F. 

Tank Trucks a r e  over- the-road c ryogen ic  t r a i  1 e r s  ( p u l l e d  by t r a c t o r s )  

cons t ruc ted  w i t h  doub le -she l l  tanks i n s u l a t e d  i n  t h e  annu la r  space. The 

tankers '  c a p a c i t i e s  a r e  on t h e  o r d e r  o f  10,000 ga l l ons .  The equipment 

and ope ra t i ons  used f o r  t r u c k  t r a n s p o r t  a r e  discussed i n  Appendix E, 

t oge the r  w i t h  peakshaving opera t ions .  



A . 2  PRINCIPAL OPERATIONS AT LNG FACILITIES 

I n  t h e  course o f  LNG product ion and u t i l i z a t i o n ,  f o u r  p r i n c i p a l  u n i t  

operat ions a re  t y p i c a l l y  involved:  

gas t reatment  

1  i q u e f a c t i o n  

storage 

vapor iza t ion .  

As p rev ious l y  discussed, these operat ions are  n o t  a1 1  performed a t  each type 

o f  f a c i l i t y .  F igure A . l  shows which operat ions r e l a t e  t o  each type o f  f a c i l i t y .  

Transport  between f a c i l i t i e s ,  by e i t h e r  sh ip  o r  t ruck ,  may a l so  be involved.  

Each o f  t he  major operat ions are  b r i e f l y  discussed i n  the  f o l l o w i n g  sub- 

sec t ions .  More d e t a i l e d  d iscussions are  inc luded i n  the  appropr ia te  f a c i l i t y  

desc r ip t i ons  (Appendices B through F ) .  

GAS TREATMENT 

LIQUEFACTION 

STORAGE 

VAPORIZATION 

EXPORT MAR l NE IMPORT PEAKSHAVING SATELLITE 
TERM l NAL VESSEL TERM l NAL PLANT PLANT 

FIGURE A. I .  P r i n c i p a l  Operations Performed a t  Various LNG F a c i l  i t i e s  



A.2.1 Gas Treatment 

Since 1  i q u e f a c t i o n  o f  na tu ra l  gas requ i res  temperatures as low as -260°F, 

any cons t i t uen ts  i n  t h e  gas t h a t  might  s o l i d i f y  a t  cryogenic temperatures 

must be removed ( o r  reduced t o  s u f f i c i e n t l y  low concentrat ions)  t o  prevent  

p lugging o f  p i p i n g  o r  valves and f o u l i n g  of heat exchangers. Two such con- 

s t i t u e n t s  found i n  a l l  na tu ra l  gas feedstock a re  water and carbon d iox ide .  

I n  add i t i on ,  heavy hydrocarbons (e .g., hexane, benzene, 1  u b r i c a t i n g  o i l s ) ,  

dust, and s u l f u r  compounds used as odorants must be removed. The processes 

and equipment used are  r e l a t i v e l y  convent ional and have been adapted from 

o the r  gas processing operat ions.  

Water i s  u s u a l l y  removed us ing  molecular sieves ( s y n t h e t i c  z e o l i t e  absor- 

bants) , though a c t i v a t e d  alumina, a c t i v a t e d  bauxi te,  and s i l  i c a  gel  have been 

used as s o l i d  desiccants. Most p lan ts  have th ree  d r y i n g  towers: t he  f i r s t  

i n  se rv i ce  f o r  d ry ing  the  gas, the  second being regenerated by counter f low ing 

heated d ry  gas, and the  t h i r d  coo l ing .  Dehydration us ing  g l y c o l  s o l u t i o n s  

has a l s o  been used, b u t  t h i s  process alone does n o t  remove enough water and 

thus i s  genera l l y  u t i l i z e d  as a  f i r s t - s t a g e  dehydrat ion system fo l lowed by 

a  f i n a l  d r y  desiccant  step. 

For carbon d iox ide  and s u l f u r  compound removal, both wet and d r y  processes 

a r e  used; t he  amine process and the  molecular s ieve process are  most w ide l y  

used. 

The amine process i nvo l ves  a  chemical r e a c t i o n  between the  gas contaminate 

and t h e  amine s o l u t i o n  i n  a counter f low column. The amine s o l u t i o n  i s  then 

s t r i p p e d  o f  t h e  C02 and H2S gases i n  a  d i s t i l l a t i o n  column by the  a d d i t i o n  o f  

heat  which reverses t h e  chemical reac t i on .  

The molecular  s ieve  process f o r  C02 removal has been used ex tens i ve l y  i n  

peakshaving p l a n t s  i n  recent  years. One advantage t o  t h i s  process i s  t h a t  t he  

molecular  s ieve  may simultaneously remove both  water and carbon d i o x i d e  i n  

a  s i n g l e  u n i t .  Molecular  sieves are  syn the t i c  z e o l i t e  compounds t h a t  selec- 

t i v e l y  adsorb gases and l i q u i d s  from process streams. As i n  o the r  processes 

f o r  c o n s t i t u e n t  removal, a  regenerat ion step i s  necessary i n  which t h e  s ieve 

i s  warmed and purged t o  re lease the  adsorbed contaminates. 



The Rect iso l  process u t i l i z i n g  an organic solvent ,  usua l l y  methanol, i s  

a1 so used i n  some instances f o r  removal o f  C02 and H20. 

The type of process and equipment used a t  a  p a r t i c u l a r  p l a n t  i s  determined 

by the  p l a n t  designers based on normal engineer ing and cos t  f a c t o r s .  

A.2.2 L iaue fac t i on  

The l i q u e f a c t i o n  sec t i on  o f  an LNG p l a n t  provides f o r  the removal o f  

sens ib le  and l a t e n t  heat from the  incoming na tu ra l  gas t o  conver t  i t  t o  a  

l i q u i d  a t  atmospheric pressure. L ique fac t i on  p lan ts  can be designed i n  

several d i f f e r e n t  ways depending on engineering and cos t  requirements, so 

o n l y  a  b r i e f  general d iscussion o f  the  processes i s  prov ided here. 

The two bas ic  means o f  l i q u e f a c t i o n  are  the  cascade cyc le  and the  expander 

cyc le .  These a re  both standard r e f r i g e r a t i o n  cyc les,  d e t a i l s  o f  which are  

w ide l y  a v a i l a b l e  i n  t he  l i t e r a t u r e .  

The cascade cyc le  uses the  f o l l o w i n g  major equipment components: 

compressor u n i t  o r  u n i t s  

heat exchangers 

coo l i ng  tower 

ins t rumenta t ion  and c o n t r o l  system. 

The c y c l e  u t i l i z e s  a  se r ies  o f  r e f r i g e r a n t s  t o  sequen t ia l l y  ob ta in  a  lower 

temperature i n  each step. The r e f r i g e r a n t s  used prov ide  over lap  i n  t h e i r  

condensation and vapor iza t ion  temperatures w i thou t  r e q u i r i n g  extensive pres- 

sures. A mod i f ied  vers ion  o f  the  cascade cyc le  uses a  blend o f  r e f r i g e r a n t s  

i n  a  s i n g l e  r e f r i g e r a n t  c i r c u i t  and thus requ i res  on l y  a  s i n g l e  compressor. 

The expander cyc le  u t i l i z e s  the  Joule-Thomson e f f e c t  t o  prov ide d i r e c t  

coo l i ng  as the  compressed gas expands i s e n t r o p i c a l l y  through an engine o r  

t u rb ine ,  producing work. The amount o f  r e f r i g e r a t i o n  produced i s  re1 a ted  

d i r e c t l y  t o  both the  amount o f  gas and the  r a t i o  o f  the  expander i n l e t  and 

o u t l e t  pressures. I n  na tu ra l  gas l i q u e f a c t i o n ,  t he  expander cyc le  i s  

u t i l i z e d  p r i m a r i l y  where l a r g e  q u a n t i t i e s  o f  gas a re  a v a i l a b l e  a t  h igh  

pressures (e.g., from high-pressure t ransmiss ion systems). The major equip- 

ment components i n  t he  expander cyc le  i nc lude  an expansion tu rb ine ,  heat 



exchanger u n i t ,  compressor u n i t  f o r  recompression, and ins t rumenta t ion  and 

c o n t r o l .  

A.2.3 Storage 

Storage systems f o r  LNG i n v o l v e  a bas ic  conta iner  f o r  the  l i q u i d ;  an 

i n s u l a t i o n  system t o  c o n t r o l  heat t r a n s f e r  t o  t he  l i q u i d ;  p ip ing ,  valves, 

pumps, etc. ,  f o r  t r a n s f e r  o f  l i q u i d  i n t o  and ou t  o f  storage; a vapor c o n t r o l  

system; and var ious  ins t rumenta t ion  f o r  determin ing the  s ta tus  o f  the  tank 

and i t s  contents.  

Large LNG storage tanks are  designed t o  s to re  the  b o i l i n g  l i q u i d  a t  

vapor-space pressures u s u a l l y  i n  the  range 0.5 t o  2 p s i  above atmospheric 

pressure. A t  these pressures the  l i q u i d  i s  a t  temperatures near -260°F. 

(Some small tanks, p a r t i c u l a r l y  t r u c k  tanks, a re  designed f o r  opera t ion  a t  

somewhat h igher  temperatures and pressures.) L i q u i d  l o s s  r a t e s  by b o i l i n g  

a re  he ld  a t  1 ow values, t y p i c a l  l y  0.1 percent  per  day o r  less ,  by means o f  

i n s u l a t i o n  t h a t  l i m i t s  heat  i n f l u x  t o  the  l i q u i d .  The vapor space pressure 

i s  maintained above atmospheric pressure i n  o rder  t o  preclude leakage o f  a i r  

i n t o  the  vapor space; t he re  are  upper and lower l i m i t s  f o r  t he  vapor space 

pressure f o r  each tank design based on s t r u c t u r a l  i n t e g r i t y  cons idera t ions .  

Maintenance o f  t h e  tank pressure w i t h i n  these l i m i t s  requ i res  pressure sensors 

and con t ro l  o f  t h e  r a t e  o f  withdrawal o f  l i q u i d  and vapor, p lus  pressure and 

vacuum vents f o r  p r o t e c t i o n  aga ins t  over-or under-pressure due t o  unusual 

c i  rcumstances . 
Most LNG tanks a re  c y l i n d r i c a l ,  w i t h  f l a t  bottoms r e s t i n g  on the  ground 

o r  on a s t r u c t u r a l  p l a t f o r m  above the  ground. Care must be taken i n  design- 

i n g  tanks t o  be b u i l t  on the  ground t o  consider  the  e f f e c t s  o f  heat conduc- 

t i o n  from the  e a r t h  i n t o  the  tank, e s p e c i a l l y  t he  p o s s i b i l i t y  o f  f r o s t  heave 

o f  t h e  s o i  1. T y p i c a l l y ,  cryogenic storage tanks a re  bu i  1 t w i t h  two w a l l  s. 

The i nne r  tank i s  constructed o f  appropr ia te  ma te r i a l s  t o  w i ths tand the  

cryogenic temperatures associated w i t h  the LNG. The ou te r  tank i s  n o t  designed 

t o  ho ld  LNG, b u t  prov ides both weather p r o t e c t i o n  f o r  t he  tank i n s u l a t i o n  

and a vapor - t i gh t  seal around the  i n n e r  tank. I n  most tanks the  two w a l l s  a re  

both metal,  'but some tanks have been constructed w i t h  a prestressed concrete 

i n n e r  w a l l  t o  con ta in  the  l i q u i d .  One tank has been b u i l t  w i t h  a concrete 



ou te r  w a l l ,  t he  l i q u i d  containment c o n s i s t i n g  o f  a  mylar-aluminum laminate 

supported aga ins t  p l a s t i c  foam i n s u l a t i o n  by a  metal l a t t i c e  framework. The 

i nne r  tank i n  most cases does n o t  have a  vapor - t i gh t  top; i n s u l a t i o n  i s  sup- 

po r ted  on a  l i g h t  framework over the  top  o f  the  tank, and vapor d i f f u s e s  i n t o  

the  whole i n s u l a t i o n  space. Th is  type o f  design makes adequate purg ing o f  a  

tank i n t o  o r  o u t  o f  se rv i ce  somewhat more d i f f i c u l t .  Special  plumbing i s  

t he re fo re  prov ided t o  f a c i l i t a t e  purg ing the  i n s u l a t i o n .  

I n l e t  and o u t l e t  p i p i n g  f o r  LNG penetrates the  tank e i t h e r  through the  

w a l l  near the  bottom o r  d i r e c t l y  through the  bottom, o r  enters the  tank through 

t h e  r o o f .  I n  t he  l a t t e r  case, sendout pumps are  mounted i n  the  l i q u i d  on 

the  f l o o r .  Designs i n  which p i p i n g  does n o t  penetrate the  bottom o r  the w a l l  

below the  l i q u i d  sur face are  p re fe r red  because o f  t he  reduced 1 i .ke l ihood o f  

s p i l l i n g  the  e n t i r e  contents o f  the  tank. However, i n c l u s i o n  o f  an i n t e r n a l  

va lve  a t  t he  opening i n  the  tank reduces the  p o s s i b i l i t y  o f  such s p i l l a g e .  

I n l e t  p i p i n g  i s  designed t o  avo id  s t r a t i f i c a t i o n  o f  LNG by p rov id ing  f o r  

adequate mix ing  o f  new LNG w i t h  o l d  LNG. Th is  can be done i n  p a r t  by i n j e c t -  

i n g  heavier  LNG a t  t he  top, and v i c e  versa, and by appropr ia te  design o f  the  

nozzles t o  promote mix ing.  

M a t e r i a l s  f o r  i n n e r  tanks, p ip ing ,  and o the r  components sub jec t  t o  tem- 

peratures ranging f rom ambient t o  cryogenic must r e t a i n  s t reng th  and d u c t i l i t y  

throughout t h a t  range. A l a r g e  amount o f  research has es tab l ished c e r t a i n  

metals,  e s p e c i a l l y  9  percent  n i c k e l  s tee l ,  s t a i n l e s s  s tee ls ,  and c e r t a i n  

aluminum a l l o y s ,  as having appropr ia te  s t reng th  and d u c t i l i t y  c h a r a c t e r i s t i c s ,  

i n  both base metal and welds, f o r  t h i s  serv ice.  The 9  percent  n i c k e l  s t e e l  

and 5083 aluminum a l l o y s  a re  genera l l y  used f o r  metal i n n e r  tanks o f  l a r g e  

conta iners,  whereas s t a i n l e s s  s t e e l s  a re  used f o r  p ip ing ,  components, and 

some smal le r  storage tanks. These m a t e r i a l s  a re  recognized i n  standards, 

e.g., API 620 (1971 ) , as being s u i t a b l e  cryogenic m a t e r i a l s  f o r  LNG serv ice.  

Concrete a1 so i s  recognized i n  NFPA 59A (1975) and o the r  codes and standards 

by reference as an acceptable ma te r i a l  f o r  conta iners sub jec t  t o  LNG tempera- 

tu res ;  t he  standards s p e c i f y  requirements f o r  measuring, mixing, p lac ing ,  

t e s t i n g ,  etc. ,  i n  o rder  t o  ob ta in  concrete w i t h  des i rab le  p rope r t i es  f o r  low 

temperature serv ice .  



The safety and r e l i a b i l i t y  of LNG storage tanks and associated piping and 
components depends on many aspects of design, construction, tes t ing,  opera- 

t ion ,  and maintenance, a l l  of which are covered i n  considerable detail  i n  the 

applicable codes and standards. A f i r s t  step i n  the planning of a f a c i l i t y  

i s  the choice of a s i t e ,  and an important factor in the s i t e  selection i s  the 

su i t ab i l i t y  of the so i l  fo r  a tank foundation. Detailed designs of the tank 

and accessories wi l l ,  of course, include complete specifications for  a l l  
materials t o  be used, fo r  methods of assembly, for  tes t ing and inspection of 
c r i t i ca l  materials, welds, e t c . ,  and for  proof testing of the vessel when 
completed. Among the many factors which must be considered during design 

are: seismic loads, including the possibi l i ty  of l iquid sloshing out of the 
inner tank into the insulation space; secondary loads including wind,  snow, 

etc . ;  requirements fo r  p u r g i n g ;  requirements for  mixing and f o r  instrumentation 

to  minimize possible s t r a t i f i ca t ion  and i t s  e f fec ts ;  cool down requirements; 
and pressure and vacuum control. 

All above-ground L N G  tanks are  surrounded with dikes to  contain spi l led 

material and to  l imit  the hazards resulting from the s p i l l .  Most dikes for  

large tanks are earthen, and generally are low in profi le ,  i . e . ,  the height 
i s  small compared t o  the horizontal dimensions. A few f a c i l i t i e s  have high 

dikes made of concrete; some of these additionally have insulation applied to  
the f loor  and lower walls of the impoundment to  reduce vapor generation i n  

case of a s p i l l .  In  order for  a dike to  serve the intended purpose, i t  i s  

necessary tha t  the drainage of surface water be provided fo r ,  without a t  the 
sa.me time providing a pathway through the dike wall fo r  LNG.  The dike should 
be relat ively impervious to  LNG and should be res i s tan t  to  damage by forces 
such as earthquakes, floods, e tc .  

Various codes, standards, and guidelines require or  suggest the volumes 
of dikes, the positions of tanks within dikes, distances from dikes to  pro- 

perty l i nes ,  e t c .  For example, NFPA 59A (1975) specifies tha t  a dike have a 
volume equal to  tha t  of the fu l l  container i f  there i s  only one container 

within the dike or ,  i f  more than one, tha t  a sp i l l  of one tank will not damage 

another by exposure to  f i r e  or to  low temperatures. Some codes provide fo r  

dike volumes greater than 100 percent of tank volume. These requirements are  



based on t h e  a n t i c i p a t e d  need f o r  e x t r a  allowance f o r  f r o t h i n g  o f  s p i l l e d  

LNG, allowance f o r  vapor storage du r ing  t h e  e a r l y  moments o f  t he  s p i l l  t o  

reduce the  d i spe rs ion  hazard, and t o  reduce the  l i k e l i h o o d  o f  l i q u i d  s losh ing  

over  t he  top  o f  t h e  d ike .  Although i n  the  pas t  most d ikes have been b u i l t  

w i t h  s o i l ,  i nc reas ing  cons idera t ion  i s  being given t o  ma te r i a l s  w i t h  more 

favorable heat t r a n s f e r  c h a r a c t e r i s t i c s ,  such as i n s u l a t i n g  concrete. 

To minimize the  p o t e n t i a l  hazards ( p r i m a r i l y  t o  p l a n t  personnel and t o  

p l a n t  equipment) from r e l a t i v e l y  small s p i l l s ,  the  area enclosed by the  d i k e  

i s  graded around processing and 1 i q u e f a c t i o n  equipment, vaporizers, pumps, 

p ip ing ,  etc . ,  so t h a t  LNG s p i l l e d  i n  these areas w i l l  d r a i n  away from the  

equipment i n t o  a sump i n  a remote corner  o f  t he  impoundment area. 

A.2.4 Vapor iza t ion  

Vapor izat ion ( o r  r e g a s i f i  c a t i o n )  i s  accompl i shed us ing  re1 a t i v e l y  standard 

and we1 1 -proven equipment. The f i r s t  s tep o f  r e g a s i f i c a t i o n  requ i res  the  

pumping o f  t h e  LNG t o  a s u f f i c i e n t  pressure so t h a t  the  na tu ra l  gas can en te r  

t he  t r a n s p o r t a t i o n  system, e i t h e r  a t  d i s t r i b u t i o n  o r  t ransmiss ion system 

pressures. Three types o f  standard pumps are  being used a t  t he  present  t ime. 

These are: 

v e r t i c a l  mu1 t i  staged deep-we1 1 t u r b i n e  pumps 

mu1 ti staged submersi b l  e  pumps 

mul t i s taged ho r i zon ta l  pumps. 

The type o f  pump used i s  dependent upon engineer ing f a c t o r s  (such as discharge 

pressure, volume, and f l e x i  b i l  i ty needed) as we1 1 as economics. 

The LNG i s  vaporized by the  t r a n s f e r  o f  heat  t o  a l i q u i d  which then heats 

t h e  LNG t o  i t s  bubble po in t ,  vaporizes it, and superheats the  vapor t o  d i s -  

charge temperature. Here again, a number o f  f ac to rs ,  such as whether t h e  

f a c i l i t y  i s  baseload o r  peakshaving, w i l l  determine which method o f  vaporiza- 

t i o n  i s feas ib le .  Vaporizers a re  categor ized as : 

i n t e g r a l  f i r e d  

remote f i r e d  

ambient heated 

process heated. 



I n  t he  in tegra l -heated vaporizers, the  tubes through which the  LNG flows 

can be heated by d i r e c t  impingement o f  a  flame, by r a d i a t i o n ,  by convect ion of 

h o t  combustion gases, o r  by a  hea t - t rans fe r  medium such as water between the  

f lame and tub ing  c a r r y i n g  the  LNG. The l a t t e r  i s  a1 so c a l l e d  a  submerged 

combustion vapor izer .  I n  remote-heated vaporizers, the  pr imary heat source 

i s  remote from the  vapor iz ing  exchanger and an in te rmed ia te  hea t - t rans fe r  

f l u i d  i s  used. The f l u i d  i s  heated i n  a  b o i l e r  o r  f i r e d  heater  and then 

pumped t o  t h e  vapor izer  where i t  vaporizes the  LNG and warms the  na tu ra l  gas. 

Ambient heated vapor izers are  used i n  small LNG i n s t a l l a t i o n s  and u t i l i z e  

atmospheric a i r ,  sea water, o r  geothermal waters as t h e i r  heat source. Process 

heated vapor izers  e x t r a c t  t h e i r  heat from another thermodynamic o r  chemical 

process o r  operate i n  such a  manner as t o  u t i l i z e  the r e f r i g e r a t i o n  e f f e c t  

a v a i l a b l e  from t h e  LNG. 

A r e l i a b l e  c o n t r o l  system i s  essen t i a l  t o  any o f  these vapor izers t o  

ensure t h a t  gas i s  a v a i l a b l e  a t  the  o u t l e t  a t  the  requ i red  pressure, tempera- 

t u re ,  and f l o w  r a t e  and t o  p rov ide  p r o t e c t i o n  f o r  the  f a c i l i t y  by l i m i t i n g  

pressure and temperature. I f  the temperature and/or pressure l i m i t s  a re  

exceeded, t he  c o n t r o l  system must p rov ide  f o r  shut-down o r  o the r  p r o t e c t i v e  

response. I n  add i t i on ,  normal purge and f lame sa fe ty  c o n t r o l s  a re  employed i n  

the  opera t ion  o f  f i r e d  vapor izers.  I c e  format ion on vapor izer  tubes can a l so  

be a  problem, and the re fo re  means o f  d e t e c t i n g  and prevent ing  such format ion 

are  provided. 

A.3 VAPOR DISPERSION AND FIRE CONTROL SYSTEMS 

LNG f a c i l i t i e s  a re  designed w i t h  fea tures  and equipment t o  l i m i t  o r  con- 

t r o l  t he  hazards o f  vapor d i spe rs ion  and o f  f i r e .  Both passive fea tures  and 

a c t i v e  sys terns a re  i n c l  uded. 

Basic l i m i t a t i o n  o f  both the  d i spe rs ion  and the  r a d i a t i o n  hazard i s  

determined by s e l e c t i o n  o f  s i t e s ,  d is tances from proper ty  l i n e s  t o  the  i n s i d e  

sur face o f  t h e  d ike,  and l o c a t i o n  o f  t he  tank ( o r  tanks) and o the r  equipment 

w i t h i n  t h e  d ike .  I n  a d d i t i o n  t o  these considerat ions,  s i g n i f i c a n t  f a c t o r s  i n  

con t ro l  1  i ng t h e  vapor d i spe rs ion  hazard i nc lude  1  i m i t a t i o n  o f  t he  bo i  1  i n g  

r a t e  o f  s p i l l e d  LNG by choice o f  d ike- face mater ia ls ,  l i m i t a t i o n  o f  t o t a l  



vaporization r a t e  by configuration of the dike f loor ,  and design of the dike 

to  have vapor holding capacity, e i ther  by oversizing the dike i t s e l f  or by 

adding a t i gh t  vapor fence on the top of the dike. Other techniques fo r  con- 

t rol  of the dispersion hazard have been considered, such as open vapor fences, 

water sprays, high-expansion foams, blowers to  increase mixing with a i r ,  e t c .  

Some faci 1 i t i e s  are  equipped with automatic foam equipment actuated by signals 

from low temperature detectors in the sump f loor ,  so tha t  foam can be pro- 

duced and del ivered in %I5 seconds (Drake and Wesson 1976). 

Fire hazard control begins with careful planning of the f a c i l i t y  to  l imit  

exposure of parts of the plant to  f i r e s  in other par ts ,  as suggested above. 

Passive techniques of f i r e  control also include the use of f i r e  res i s tan t  

construction, such as concrete and ablative,  subliming, and intumescent 

coatings. Many such materials have been tested under radiation and flame 

impingement conditions and the resul ts  have been summarized (Drake and Wesson 

1976). Active protective techniques include systen~s fo r  spraying water direct ly  

on tanks and other structures near f i r e s  for  temperature control. The designs 

of such systems are  covered in various codes and standards (Drake and Wesson 

1976). Water curtains are  also used between potential sp i l l  areas and vulner- 

able equipment a t  some f a c i l i t i e s .  As indicated above, some f a c i l i t i e s  have 

instal led foam systems for  rapid placement of foam blankets; t h i s  serves two 

purposes, reduction of vapor generation ra te  and radiation reduction in case 

of f i r e .  Finally, systems for  application of dry chemicals for  extinguishment 

of LNG f i r e s  are  in general use. 
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APPENDIX B 

FACILITY DESCRIPTION OF R E F E R E N C E  L N G  EXPORT TERMINAL 

Export terminals,  both planned and operating, a r e  1 i s t ed  i n  Table B.l 

together w i t h  per t inent  d e t a i l s .  Export terminals a r e  located i n  Algeria,  

Alaska, Borneo, Abu Dhabi, Indonesia, Chile, I ran ,  and Libya. Special ly designed 
3 cryogenic tankers ranging in capacity from 50,000 t o  130,000 m t ranspor t  the 

L N G  from the  export terminals t o  the import terminals located in Japan, Europe, 

and the  United S ta tes .  By 1985, these export f a c i l i t i e s  a re  projected t o  

increase the t o t a l  United S ta tes  natural gas supply by about 7000 MMscfd, o r  

about 12% of expected U.S. gas supplies.  

Baselpad operations in  the  United S ta tes  began in 1969 with the Alaska- 

Japan project  t h a t  exports 135 MMscfd of gas. Two addit ional  baseload l ique- 

fac t ion f a c i l i t i e s  a r e  planned f o r  operation i n  Alaska; one with an expected 

l iquefaction capacity of 400 MMscfd and the other  with a l iquefact ion capacity 

of 3375 MMscfd. 

B.1 BASIC PROCESS FLOW 

A block flow diagram f o r  an L N G  export terminal i s  shown i n  Figure B.1. 

The descript ion o f  the LNG export terminal was developed using information 

from the sources l i s t e d  i n  Section B.5. The major un i t  operations involved a r e  

gas treatment, l iquefact ion,  s torage,  and marine vessel loading. 

Natural gas i s  supplied t o  the terminal through about 50 miles of offshore 

and 240 miles of onshore pipeline with a maxin~um allowable operating pressure 

of 1000 psig. A t o t a l  of about 440 MMscfd of gas i s  received by the plant .  

About 40 MMscfd of t h i s  i s  used t o  meet plant  fuel requirements, and the  

remainder of the  gas ( ~ 4 0 0  MMscfd) i s  1 iquefied and sen t  t o  storage.  Allowing 
3 f o r  storage tank losses  through bo i lo f f ,  estimated t o  be about 44 m of LNG 

per day, about 4.8 days a r e  required t o  f i l l  one of the two 550,000-bbl storage 

tanks. 



TABLE B. 1  . I n t e r n a t i o n a l  Base1 oad LNG L i q u e f a c t i o n  F a c i l  i t i e s  

L i q u e f a c t i o n  
P l a n t  Capac i ty  S to ra  e Ca a c i  t Type o f  Storage 

Company and P l a n t  S i t e  ~IINSC~~) Type o f  c y c l e  1 ~ c ~ y 7 R + ,  Con ta ine r  !ear o f  ope* 

Cantel, Arzew, A l g e r i a  200.0 Cascade 1,840 210 Aboveground 1963 e t  seq LNG 
( 3  x 70) (2-aluminum f o r  e x p o r t  t o  

1-9% n i c k e l )  England, France 

Sonatrach (LNG-1 ) ,  Arzew. A l g e r i a  1100.0 APCI -MCR 7,000 1,890 Aboveground 1976 
( 3  x 630) 98 n i c k e l  

Sonatrach (LNG-?), Arzew, A l g e r i a  1000 APCI-MCR 10,500 2,880 Aboveground 1979 

S o n a t r d ~ h  (LNG-3), Arzew, A l g e r i a  1500 N A N A I(A Aboveground 1979 

Esso L ibya ,  Marsa e l  Brega, L i bya  385.0 APCI-MCR 2,100 630 Aboveground 1970 
( 2  x 315) 9% n i c k e l  

Sonatrach - Phase 1, Skikda, A l g e r i a  430.0 TEALARC 2,500 700 Aboveground 1972 - Expo r t  t o  
(3  t r a i n s )  ( 2  x 350) 9% n i c k e l  France 

Sonatrach - Phase 11, Skikda, 170.0 PRICO 1,250 350 Aboveground 1977 
A l g e r i a  ( 1  t r a i n )  9% n i c k e l  

Sonatrach - Phase 111, Skikda, 350.0 PRICO 3,500 880 Aboveground 1978 
A l g e r i a  (2  t r a i n s )  ( 2  x 440) 9% n i c k e l  

Brune i  LNG, Lumut, Brune i ,  Borneo 750.0 APCI-MCR 4,050 1,131 Aboveground 1973 
( 3  x 377) 9% n i c k e l  

P h i l 1  ips-Marathon,  Kenai,  Alaska 

Abu Dhabi Gas L i q u e f a c t i o n  Co. L td . .  
Das I s l and .  Abu Dhabi 

P a c i f i c  A laska LNG Co., Cook I n l e t ,  
A laska 

Pe r tan~ ina /Mob i l  . Arun. N. Sumatra. 
Indones ia  

Pertamina/Huffco, Badak E. K a l i -  
mantan, I ndones ia  

Elnpresa Nac iona l  De Pe t ro leo  (ENAP), 
Cabo Negro, Chde 

E l  Paso Alaska, I nc . ,  P o i n t  Gra- 
v ina.  A laska 

Kangan LNG Co., I r a n  (on Pe rs ian  
G u l f )  

185.0 

350.0 

400.0 

1200 

550 

250 

3375 
( 8  t r a i n s )  

1200 

Cascade 

APCI-HCR 

APCI -E1CR 

APCI-IiCR 

APCI-MCR 

APCI -HCR 

"Opt imized"  
Cascade 

NA 

Aboveground 
a1 unlinum 

Aboveground 
9% n i c k e l  

Aboveground 
98 n i c k e l  

Aboveground 
9% n i c k e l  

Aboveground 
9% n i c k e l  

N A 

Abovey round 
9Z n i c k e l  

Aboveground 

1969 

1977 

1978 - Planned 

1977 

1978 

1980 - Planned 

1980 - Planned 

1983 - Planned 



FEED GAS 500 psig 
I N  400 MMcfd 
I 6 0 0 ~  
t 

- ~ 

KNOCKOUT DRUM 
AND FILTER 

I I 560 psig I 1 

400 MMcfd 

PROPANE MULTICOMPONCNT 
REFRIGERATION REFRIGERATION 

560 psig 
400 MMcfd 
6@F 

CLEAN-U P DRYING 
< 50 ppm H20 < 1 ppm 

LNG STORAGE 
2 - 550,000 BBL 
DOUBLE -WALLED 
ABOVEGROUND 

LNG TO 

9 5 , 0 g p , n  
25 psig 
- 2600~  

FIGURE B.1. Block Flow Diagram f o r  LNG Export Terminal 

Normal gas en te r i ng  the  p l a n t  i s  99+% methane. The gas enters  a t  approxi -  

mately 500 p s i g  and 60°F, and passes through a knockout drum and f i l t e r  t o  remove 

p i p e l i n e  scale and d i r t .  From t h e  f i l t e r ,  the  gas passes through an MEA scrub- 

ber  t o  remove a l l  t races  o f  C02 and H2S t h a t  might  be present.  The gas i s  then 

d r i e d  i n  a molecular  s ieve desiccant  dehydrator t o  a dew p o i n t  o f  about -100°F 

a t  500 ps ig .  Two p a r a l l e l  beds are  used i n  the  d ry ing  cycle, a l l ow ing  on-stream 

opera t ion  f o r  twelve hours f o r  each bed w h i l e  t he  o the r  bed i s  being regenerated. 

The t w o - t r a i n  l i q u e f a c t i o n  system i s  r a t e d  a t  400 MMscfd. The p l a n t  operates 

i n  t he  l i q u e f a c t i o n  mode 345 days per  year, w i t h  the  remaining 20 days a l l o c a t e d  

f o r  d e f r o s t i n g  and maintenance. This  p l a n t  incorpora tes  a propane precooled 

mu1 ti r e f r i g e r a n t  c y c l e  (MCR) f o r  1 iquefac t ion  o f  na tu ra l  gas. The propane-MCR 

design uses propane and a mixed r e f r i g e r a n t  system c o n s i s t i n g  o f  n i t rogen,  

methane, ethylene, and propane. Gas being l i q u e f i e d  f lows through th ree  stages 

of propane coo l i ng  fol lowed by two stages o f  mixed r e f r i g e r a n t  coo l ing .  The 

LNG produced e x i t s  a t  approximately -260°F and 15 ps ig ,  and i s  pumped t o  two 



550,000-bbl, double-wal led,  f l a t - bo t t omed ,  aboveground s to rage  tanks o f  

s tandard des ign  f o r  LNG. Normal b o i l o f f ,  which i s  about 0.05% o f  t o t a l  tank  

volume pe r  day, i s  compressed and used t o  supplement p l a n t  f ue l  requi rements.  

Three pumps s e r v i c e  each s to rage  tank, w i t h  two no rma l l y  used f o r  sendout 

ope ra t i ons  and t h e  t h i r d  on standby as a  spare; however, o n l y  one s to rage  tank  

can be emptied a t  a  t ime.  Loading o f  an ocean-going LNG tanke r  r e q u i r e s  about 

10 t o  12 hours a t  a  l o a d i n g  r a t e  o f  50,000 t o  60,000 gpm. Dur ing  load ing ,  t h e  

s h i p  d ischarges about 20,000 gpm o f  b a l l a s t  water  i n t o  t h e  sea. 

6.2 PLANT LAYOUT 

A  p l o t  p l a n  f o r  t h e  LNG e x p o r t  t e r m i n a l  i s  shown i n  F i g u r e  8.2. A l l  ma jo r  

f a c i l i t i e s  and f i r e  s a f e t y  components a re  shown. Key d is tances  t o  no te  f rom 

t h i s  p l o t  p l a n  i nc l ude :  

minimum d i s t a n c e  f rom s to rage  tank  t o  p l a n t  boundary--130 f t  

a d i s tance  f rom s to rage  tank  t o  p l a n t  area--800 f t  

d i s tance  f rom s h i p  l o a d i n g  dock t o  shore--2000 f t  

minimum d i s t a n c e  f rom main equipment ( l i q u e f a c t i o n  t r a i n s )  t o  p l a n t  

boundary--1 30 f t  

minimum d i s t a n c e  f rom s to rage  t ank  t o  main equipment ( c o l d  box)--420 ft. 

The s a f e t y  f e a t u r e s  shown i n  t he  f i g u r e  w i l l  be discussed w i t h  t h e  va r i ous  p ro -  

cesses t o  which t h e y  a r e  r e l a t e d .  

B.3 PROCESS DESCRIPTION 

The b a s i c  processes i nvo l ved  i n  t h e  e x p o r t  t e r m i n a l  a r e  descr ibed  i n  d e t a i l  

i n  t h e  f o l l o w i n g  subsect ions.  

B.3.1 Gas Treatment 

L i q u e f a c t i o n  o f  n a t u r a l  gas r e q u i r e s  process temperatures as low as -260°F. 

Any c o n s t i t u e n t s  o f  t h e  i n l e t  gas stream t h a t  may become s o l i d  a t  these tempera- 

t u r e s  must be removed t o  e l i m i n a t e  f o u l i n g  o r  p lugg ing  problems i n  t h e  l i q u e -  

f a c t i o n  u n i t .  The two c o n s t i t u t e n t s  found i n  a l l  n a t u r a l  gas streams t h a t  must 



FIGURE B.2. Plot  Plan f o r  LNG Export Terminal 
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be removed a r e  wate r  (H20) and carbon d i o x i d e  (Cop). I n  a d d i t i o n ,  heavy s t r a i g h t -  

cha in  hydrocarbons (such as hexanes) , c y c l  i c  hydrocarbons (such as benzene), 1  ube 

o i  l s ,  dust ,  hydrogen s u l  f i d e  (H2S), and odorant  mercaptan s u l f u r  must be removed 

i f  present .  

The process f low diagram f o r  t h e  gas t rea tment  s e c t i o n  i s  shown i n  F i g u r e  B.3. 

(Flow diagram symbols a r e  d e f i n e d  i n  Appendix H. ) Assoc ia ted  process c o n d i t i o n s  

a re  g i ven  i n  Table 8.2. 

TABLE B. 2. Gas Treatment Sec t i on  (one t r a i n )  

Pressure F lowra te  p e r  T r a i n  
Stream D e s c r i p t i o n  ( p s i g )  Temp. (OF) ( ~ ~ s c f d )  

Na tu ra l  Gas Feed From 500 60 
P i  p e l  i ne 

Na tu ra l  Gas Feed From 560 100 400 
C02 Removal U n i t  t o  
High Leve l  Propane 
C h i l l e r  

Na tu ra l  Gas Feed From 5  60 60 200 
Treatment Sec t i on  t o  
L i que fac t i on  Sec t i on  

Regenerat ion Gas 500 ~ 6 0  200 

Fuel Gas Make-up 500 6  0  

P r i o r  t o  l i q u e f a c t i o n ,  t h e  incoming n a t u r a l  gas passes through a  knockout 

drum and a  s e r i e s  of  f i l t e r s  t o  remove p i p e l i n e  sca le  and d i r t .  The n a t u r a l  

gas feed l i n e  then  passes on t o  t he  C02 and wate r  removal u n i t s .  

8.3.1.1 E2 Removal 

Carbon d i o x i d e  i n  i t s  f r e e  s t a t e  forms a  s o l i d  a t  -lOg°F and i t s  s o l u b i l i t y  

i n  LNG i s  about 250 ppm. The carbon d i o x i d e  con ten t  o f  t he  feed  gas i s  approx i -  

mate ly  800 ppm a t  500 p s i g  and 60°F and, thus,  must be reduced t o  p reven t  p lug-  

g i n g  i n  t h e  hea t  exchangers downstream. The amine process used f o r  C02 removal 

reduces t h e  carbon d i o x i d e  con ten t  t o  about 50 ppm. 



The amine process absorbs " a c i d  gases" (C02 and H2S s imu l taneous ly )  w i t h  

a l e a n  aqueous organic-amine s o l  u t i o n ,  monoethanolamine (MEA) . Feed gas f l o w s  

coun te r  c u r r e n t  t o  MEA s o l u t i o n  i n  a packed tower.  The abso rp t i on  process i s  

a chemical r e a c t i o n  between t h e  a c i d  gases, water ,  and amine i n  which amine 

carbonates, b icarbonates,  and h y d r o s u l f i d e s  a re  formed. The r i c h  amine s o l u t i o n  

i s  s t r i p p e d  o f  t h e  "ac id "  gases i n  a d i s t i l l a t i o n  column by t h e  a d d i t i o n  o f  

heat ,  as stea.m, which reverses  t h e  chemical  r e a c t i o n  and desorbs t he  "ac id "  

gases f rom t h e  s o l u t i o n .  The "ac id "  gases a r e  then  disposed of .  

Carbon d i o x i d e  removal r a t e s  o f  0.12 t o  0.20 s c f  pe r  g a l l o n  f o r  each 1 wt% 

MEA i n  s o l u t i o n  a r e  common. MEA s o l u t i o n  concent ra t ions  range f rom 15 t o  25 wt% 

i n  wate r .  A c i d - r i c h  amine s o l u t i o n s  have an upper sa fe  l i m i t  o f  a c i d  gas con- 

t e n t  beyond which t h e  s o l u t i o n  becomes seve re l y  co r ros i ve .  A genera l  r u l e  f o r  

t h i s  upper l i m i t  i s  0.45 moles C02/mole MEA. I n h i b i t o r s  a r e  added t o  t h e  MEA 

s o l u t i o n  t o  reduce c o r r o s i o n  and hydrocarbon foaming. 

Steaming requi rements f o r  r egene ra t i ng  t h e  LO2-r ich MEA s o l u t i o n  a r e  1.0 

t o  1.4 pounds o f  steam pe r  g a l l o n  o f  f l o w i n g  s o l u t i o n .  Under-designed equipment 

may sometimes be opera ted  a t  h i g h e r  throughputs ,  b u t  o n l y  a t  t h e  r i s k  o f  tower 

f l o o d i n g ,  inc reased  c o r r o s i o n  ra tes ,  incomplete s t r i p p i n g ,  and (most i m p o r t a n t l y )  

down-stream f reeze-ups.  

B.3.1.2 Water Removal 

A l i t t l e  wa te r  can cause b i g  problems i n  c ryogen ic  LNG process ing.  Tempera- 

t u r e s  go as low as -260°F. The l i q u e f a c t i o n  hea t  exchangers have s o p h i s t i c a t e d  

networks o f  sma l l -bore  heat-exchange tub ing .  F r o s t  o r  " r ime"  can fo rm on t h e  

sur faces  o f  t h e  t ub ing ,  adding i n t o l e r a b l e  r e s i s t a n c e  t o  heat  t r a n s f e r  and 

b l o c k i n g  gas f l ow .  

Water removal i s  accomplished i n  two s teps.  Evaporat ing propane (Sec t i on  

B.3.2.1) coo l s  t h e  gas t o  60°F, and 70% o f  t h e  wate r  vapor condenses and i s  

e a s i l y  separated ou t .  F i n a l  dehydra t ion  i s  e f f e c t e d  by pass ing t h e  gas through 

mo lecu la r  s i e v e  dess ican ts ,  D-201 and D-202, t o  a dew p o i n t  of about  -100°F 

a t  500 p s i g .  The mo lecu la r  s i eve  d r ye rs  reduce t h e  wate r  con ten t  t o  l e s s  than  

1 PPm. 



Molecular sieves are synthetic zeol i te  crystals  tha t  can perform precise 

separation of different  molecules. They can separate molecules selectively 

because of the i r  physical structure: a myriad of t iny,  precisely controlled 

pore openings and interconnected cavi t ies  within a crystal matrix. 

The crystals  are  activated for  adsorption by removing the i r  water of hydra- 

t ion. Because l i t t l e  or  no change in the remaining crystal structure occurs 

during th i s  dehydration, highly porous adsorbents are formed tha t  have an 

exceptionally strong selective a f f in i ty  for  water. As a resu l t  of th i s  selective 

action, coadsorption of hydrocarbons i s  minimized and maximum water adsorption 

capacity i s  achieved. 

The dehydration system i s  composed of a dual-bed instal la t ion a t  each of 

the liquefaction t ra ins ,  allowing on-stream operation of each bed for  twelve 

hours while the other bed i s  being regenerated. 

When the molecular sieves in the f i r s t  tower approach saturation, the 

in l e t  stream i s  switched to  the second tower. Heated natural gas, flowing i n  

the opposite direction of the stream tha t  was being dried, desorbs the entrapped 

water from the saturated molecular sieves in the f i r s t  tower. After leaving 

the tower, the warm, moisture-laden regeneration gas i s  cooled and compressed, 

and the water i s  condensed, separated, and removed from the stream. The 

regeneration gas then mixes with wet in l e t  gas prior to  the C02 removal unit 

(closed-cycle operation). The strength and integri ty  of the crystal l ine 

structure enables molecular sieves to  withstand repeated adsorption-desorption 

cycles. Once dry, the regenerated tower i s  cooled by a flow of cool dry gas 

coming from the f i r s t  dehydrating tower before being placed back in service. 

Switching from one tower to  the other i s  accomplished by an operator-initated 
automatic-control valve system. 

B.3.2 Liquefaction 

A t  the export terminal, natural gas i s  cooled and liquefied in two stages 

in a propane precooled mixed refrigerant cycle. A propane refrigerant cycle, 

similar to  the f i r s t  stage of a cascade liquefaction cycle, provides about 25% 

of the feed cooling required. The propane cycle reduces the temperature of the 

feed gas to  -30°F and condenses out the heavy hydrocarbons present. 



The c h i l l e d  feed  gas then  f l ows  t o  t h e  main c ryogen ic  heat  exchanger where 

a mixed r e f r i g e r a n t  l i q u e f i e s  t h e  gas and subcools i t  t o  -260°F. The p roduc t  

LNG i s  then  t r a n s f e r r e d  t o  t h e  s to rage  tanks.  

Table B.3 and F igu re  B.4 show t h e  d e t a i l s  o f  a l i q u e f a c t i o n  t r a i n .  The 

p l a n t  has two i d e n t i c a l  l i q u e f a c t i o n  t r a i n s ,  each w i t h  a capac i t y  o f  200 MMscfd. 

TABLE B.3. L i q u e f a c t i o n  Sec t i on  

Pressure Temp. F lowra te  
Stream D e s c r i p t i o n  ( p s i g )  ( O F )  (MMscfd) 

LNG f rom L i q u e f a c t i o n  560 -260 200 
Sec t i on  t o  Storage Tank 

Mixed R e f r i g e r a n t  167 120 398 
f r om Low-Pressure 
Compressor 

Mi xed R e f r i g e r a n t  6 00 250 39 8 
f rom High-Pressure 
Compressor 

Mixed R e f r i g e r a n t  5 80 -30 195 
Vapor t o  Main Cryogenic 
Heat Exchanger 

Mixed R e f r i g e r a n t  580 -30 195 
L i q u i d s  t o  Main Cryo- 
gen ic  Heat Exchanger 

Mixed R e f r i g e r a n t  Vapor 50 -30 20 
t o  Low-Pressure Stage 1 
Compressor 

Mixed R e f r i g e r a n t  
f rom Main Cryogenic 
Heat Exchanger t o  Low- 
Pressure Compressor 

Propane t o  F i r s t  Stage 
Compressor 

Propane t o  Second Stage 
Compressor 

Propane t o  T h i r d  
Stage Compressor 



PROPANE CYCLT MIXED R E f R I G f R A K I  C Y C E  

F I G U R E  8.4. Propane Precooled- Yul t i -  
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Flow D i a g r a m  





6.3.2.1 Propane Refrigerant Cycle 

The propane refrigerant cycle cools both the feed gas and the high-pressure 

mixed refrigerant t o  -30°F. Propane evaporating a t  three different  pressures 

provides three different  levels of cooling. 

High-level cooling takes place in E-123. Propane a t  100 psia evaporates 

a t  around 55°F and cools the feed gas and mixed refrigerant to  around 60°F. 

. After water i s  removed from the feed gas, both streams enter the medium-level 

exchanger, E-122. Here, evaporating propane a t  approximately 40 psia and 5°F 

cools the warm streams t o  10°F. 

The heavy hydrocarbons in the natural gas condense a t  t h i s  temperature and 

are  separated in the scrub column V-102. Vapors from the scrub column and 

the mixed refrigerant go to  the low level propane exchanger, E-121, where the i r  

temperature i s  reduced to  -30°F. Propane vaporizes a t  -35OF and 16 psia in 

E-121.  

Propane vapor from E-121, E-122, and E-123 i s  compressed in a three-stage 

centrifugal compressor, C-121, C-122, and C-123, and then cooled and condensed 

by cooling water. The heat removed from the natural gas i s  rejected to  the 

cooling water and the l iquid propane returns to  E-121, E-122, and E-123 t o  com- 

plete the cycle. 

Control of the cycle i s  quite complex. Basically, the propane vapor recycle 

i s  used t o  control the suction pressure of the f i r s t  stage compressor. Because 

centrifugal compressors are essent ial ly  constant head machines, t h i s  also con- 

t r o l s  the suction pressure of thc seccnd and third stage machines. Flow through 

the compressors i s  kept constant by adjusting the relat ive flow rates through 

the exchangers and through the recycle loop according to  the quantity of cooling 

required. The control system can handle a 60% step reduction in cooling load 

without adjusting the compressor speed. 

6.3.2.2 Mixed Refrigerant Cycle 

A multiconiponent mixed refrigerant cycle l iquefies and cools the feed gas 

to  -260°F. Nitrogen, methane, ethylsene, and propane make up the mixed refr ig-  

erant.  Pure nitrogen gas comes from an a i r  fractionation plant on s i t e .  Methane, 



ethy lene ,  and propane f o r  makeup a r e  separated f rom t h e  feed  gas i n  t h e  r e f r i g -  

e r a n t  p r e p a r a t i o n  u n i t .  

The mixed r e f r i g e r a n t  i s  cooled i n  t h e  f i r s t  two propane exchangers, E-123 

and E-122, and then  p a r t i a l l y  condensed i n  E-121. From E-121, t h e  mixed r e f r i g -  

e r a n t  e n t e r s  V-112 and i s  separated i n t o  l i q u i d  and vapor streams. The l i q u i d  

f rom V-112 i s  subcooled i n  t he  f i r s t  s tage o f  t he  main c ryogen ic  hea t  exchanger, 

E-102, and then  expanded i n t o  t h e  s h e l l  s i d e  o f  t he  f i r s t  s tage o f  E-102 t o  p ro -  

v i d e  coo l i ng .  Vapor f rom V-112 i s  cooled and condensed as i t  passes through t h e  

tube  s i d e  of b o t h  s tages of  E-102 and then  i s  expanded i n t o  t h e  s h e l l  s i d e  o f  t h e  

second s tage t o  p r o v i d e  c o o l i n g .  

Low-pressure (30  t o  50 p s i g ) ,  mixed r e f r i g e r a n t  vapor leaves t h e  f i r s t  

s tage o f  E-102 and i s  compressed t o  600 p s i g  by two c e n t r i f u g a l  compressors. 

The h igh-pressure vapor i s  cooled i n  two coo l ing-wate r  hea t  exchangers be fo re  

go ing t o  t h e  propane hea t  exchangers and comple t ing  t h e  cyc le .  

Pr imary c o n t r o l  o f  t h e  mixed r e f r i g e r a n t  c y c l e  i s  t h e  two l i q u i d  expansion 

va lves  on E-102. Con t ro l  o f  each va l ve  i s  f l ow;  however, t h e  s e t  p o i n t  f o r  

each c o n t r o l l e r  can be r e s e t  a u t o m a t i c a l l y .  S igna ls  p r o p o r t i o n a l  t o  temperature 

d i f f e r e n c e  a t  t h e  warm end o f  E-102 and C-11 s u c t i o n  p ressure  can r e s e t  t he  f l o w  

c o n t r o l l e r  f o r  t h e  f i r s t  s tage.  The f l o w  c o n t r o l l e r  f o r  t he  second s tage  can be 

r e s e t  by s i g n a l s  p r o p o r t i o n a l  t o  cold-end temperature d i f f e r e n c e  and C-11 s u c t i o n  

pressure.  D e t a i l s  o f  t h e  c o n t r o l  system were shown p r e v i o u s l y  i n  F igu re  B.4. 

The feed  gas t o  be l i q u e f i e d  leaves E-213 i n  t he  propane c y c l e  and en te r s  

t h e  main c ryogen ic  exchanger E-102. The gas i s  l i q u e f i e d  and subcooled by hea t  

exchange w i t h  t h e  mixed r e f r i g e r a n t .  A c o n t r o l  v a l v e  a t  t h e  o u t l e t  o f  E-102 l e t s  

t h e  gas down t o  s to rage  tank  p ressure  and c o n t r o l s  t h e  amount of LNG produced. 

The s e t  p o i n t  f o r  t h i s  c o n t r o l l e r  i s  t h e  p rese lec ted  LNG f l o w  r a t e .  However, i f  

t h e r e  i s  i n s u f f i c e n t  c o o l i n g  a v a i l a b l e  t o  meet t h i s  p roduc t i on  r a t e ,  t h e  s e t  

p o i n t  may be r e s e t  a u t o m a t i c a l l y  a t  a  lower  l e v e l  by s i g n a l s  p r o p o r t i o n a l  t o  t h e  

LNG o u t l e t  temperature and t h e  mixed r e f r i g e r a n t  compressor s u c t i o n  pressure.  



B.3.2.3 Liquefaction Equipment 

The propane refrigerant cycle uses standard horizontal, kettle-type, shell 

and tube heat exchangers as shown in Figure B.5. These exchangers are constructed 

of carbon s teel  and the tubes have extended surfaces to  increase the heat trans- 

f e r  area. 

1. NATURAL GAS OR MIXED REFRIGERANT INLET NOZZLE 
2. NATURAL GAS OR MIXED REFRIGERANT OUTLET NOZZLE 
3. L IQUID  PROPANE INLET NOZZLE 
4. PROPANE VAPOR OUTLET NOZZLE 
5. TUBES 
6. SHELL 
7. WEIR 
8. TUBESHEETS 
9. FLOATING HEAD 

10. STATIONARY HEAD 
11. CHANNEL COVER 
12. ADDITIONAL NOZZLES 

FIGURE B.5. Propane Refrigerant Heat Exchanger 

The main cryogenic heat exchanger, E-102, i s  a spiral  wound exchanger. I t  

has thousands of f ee t  of small -bore a1 uminum tubing arranged in two coil wound 

bundles, one for  the cold (or  upper) section of the exchanger and the other for  

the warm (or  lower) section. There are three tube sheets a t  each end of the 

lower section for  the mixed refrigerant l iquid,  mixed refrigerant vapor, a n d  fo r  

the feed gas. Figure 6.6 i l l u s t r a t e s  how the tubing i s  wound around a center 

mandrel and connected to  the tube sheets. 

Each liquefaction t rain for  the export terminal includes four compressors 

having a total  of 101,260 h . p .  The two MCR compressors and the propane corn- 

pressor are each driven by gas turbines rated a t  37,600 h . p .  (28 megawatts). 

The fourth compressor, the feed gas booster compressor, i s  driven by a smaller 

gas turbine (375 h . p10.28 megawatts) . 
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FIGURE B.6. Main Cryogenic Coil-Wound Heat Exchanger 

Materials of construction f o r  the refr igerat ion compressors are:  

8 f ine-grain carbon s t ee l  o r  2% nickel s tee l  case material f o r  the propane 

re f r igera t ion  cycle 

8 D2M Ni Resist  casings and 9% nickel s tee l  ro tors  f o r  MCR cycle. 

All four compressors a re  located i n  the compressor building (see  Figure B .2 ) .  

Each compressor has the following alarms and t r i p s :  

1. high discharge pressure alarm 

2.  suction and discharge h i g h  temperature alarm and t r i p  

3. various alarms and shutdowns f o r  seal o i l  and lube o i l  systems 

4. high bearing temperature alarm and t r i p  

5. excess vibration alarm and t r i p .  

B.3.2.4 Procedures 

Startup and Cooldown. To begin the  cooldown process, the propane and MCR 

systems a r e  charged with propane and natural gas respectively.  The compressors 
a r e  operated on t o t a l  recycle t o  check out the controls and instrumentation. 



A t  t h i s  point, the feed gas portion of the liquefaction t ra in  i s  pressurized 

up  to  the LNG product valve a t  the out le t  of E-102. The pressure control valve 

in the feed gas l ine  i s  placed on automatic a t  the design pressure of around 

600 psig. Next, the propane heat exchangers and the main cryogenic exchangers 

are pressurized with refrigerant gas. Refrigerant flow i s  then increased to  

maximum. As additional sections of the liquefaction t r a in  are pressurized, 

makeup refrigerant must bt added to  the system. 

As the refrigeraht gas cools and becomes more dense, the expansion valves, 

operated manually, are  par t ia l ly  closed. When the LNG temperature before 

expansion across the L N G  product value reaches i t s  design value of -250°F, the 

valve i s  cracked open to s t a r t  a small flow of LNG t o  storage. If the storage 

tank must also be cooled down, the procedure to  be followed a t  t h i s  point i s  

given in Section B.3.3. 

Assuming the tank i s  already cooled down, the next step i s  addition of 

the other components: ethylene, propane, and nitrogen. The refrigerants are  

pumped from the i r  storage tanks and added to the refrigerant a t  the suction side 

of the compressor. As the heavier components are added t o  the cycle gas, the 

ra te  of cooling and the power consumption of the compressor increase. 

When LNG production reaches approximately 50% of design ra te ,  the controls 

and instrumentation have been checked out completely, and refrigerant i s  a t  

design composition, control of the system i s  switched to  automatic and produc- 

tion i s  increased to  design rate.  

Shutdown. To shut down the liquefaction systenl, the flow of feed gas to  

the system i s  stopped and the compressors are e i ther  stopped or p u t  on total  

recycle. If the shutdown i s  going t o  be short or i s  unscheduled, the compres- 

sors are  usually l e f t  on total  recycle. If  the compressors are stopped and 

the system heats u p ,  some refrigerant i s  vented e i ther  through vent valves 

or re l ie f  valves. 

B.3.2.5 Release Prevention and Control Features 

The following detectors,  alarms, and f i r e  protection equipment are located 

in the liquefaction area: 



combustible gas detec tors  w i t h  alarms i n  the  con t ro l  room 

low temperature detectors w i t h  alarms i n  the con t ro l  room 

UV f i r e  de tec tors  t h a t  au tomat ica l ly  a c t i v a t e  the  ESD and alarm i n  c o n t r o l  

room 

d r y  chemical f i r e  ex t i ngu ish ing  system 

f i r e  water l i n e s  and hydrant. 

A d i ke  surrounds each l i q u e f a c t i o n  t r a i n  t o  conta in  s p i l l s  o f  r e f r i g e r a n t  

o r  LNG. The sur face beneath each l i q u e f a c t i o n  t r a i n  i s  sloped t o  d r a i n  s p i l l s  

away from t h e  equipment and i n t o  the  corners o f  the  containment area. Drains 

located a t  the  corners o f  t he  impoundment area ca r ry  both ra inwater  r u n o f f  and 

LNG s p i l l s  t o  the  LNG storage tank containment area. The mate r ia l s  f o r  the 

d ra ins  are  selected t o  w i ths tand cryogenic temperatures. 

Compressor b u i l d i n g s  inc lude a  two-stage v e n t i l a t i o n  system. The h igh-  

speed v e n t i l a t i o n  r a p i d l y  evacuates gas from the b u i l d i n g  i f  the gas concentra- 

t i o n  reaches 25% o f  the  LFL o f  methane. A second l e v e l  alarm, occur r ing  a t  a  

h ighe r  gas concentrat ion, au tomat ica l ly  shuts down the  compressor equipment. 

Gas sensors and flame detec tors  are  located above the  compressors and i n s i d e  

the  compressor b u i l d i n g .  V i s i b l e  and aud ib le  alarms are ac t i va ted  i f  gas con- 

cen t ra t i ons  reach 25% o f  LFL o r  i f  f i r e  i s  detected. I f  a  f i r e  i s  detected by 

a  UV detec tor ,  i t  automat ica l ly  ac t i va tes  the  Master Emergency Shutdown system. 

B.3.3 LNG Storage 

The LNG produced by t h e  l i q u e f a c t i o n  system i s  s tored a t  t he  f a c i l i t y  

u n t i l  i t  can be loaded on marine vessels f o r  export .  The storage system and 

r e l a t e d  equipment are  described here. 

The process f l o w  diagram f o r  the  storage sec t i on  (and f o r  the  marine 

te rmina l  which i s  described i n  Sect ion B.3.4) i s  shown i n  Figure B.7. Associ- 

ated process cond i t i ons  are  l i s t e d  i n  Table B.4. 
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TABLE B.4. Storage and Loading Sec t ions  

Pressure Temp. 
Stream D e s c r i p t i o n  ( p s i g )  (OF) F lowra te  

Independent Fuel  Gas - - - - - - 
Supply L i n e  

LNG Main T rans fe r  L i n e  2  5  -258 50,000 gpni 

LNG R e c i r c u l a t i o n  L i n e  2  5  -258 1  ,500 gpni 

Vapor Return f rom Sh ip  5  -220 32.1 MMscfd 

Normal B o i l o f f  f rom two 1  -220 2.0 MMscfd 
Storage Tanks 

B.3.3.1 Storage Tanks 

Storage f o r  t h e  p l a n t  c o n s i s t s  o f  two f la t -bo t tomed,  double-wal led, above- 

ground LNG s to rage  tanks, each w i t h  a  c a p a c i t y  o f  550,000 b a r r e l s ,  as shown i n  

F igu re  B.8. The i n n e r  tank  i s  cons t ruc ted  o f  9% n i c k e l  s t e e l ,  an a l l o y  t h a t  

r e t a i n s  i t s  s t r e n g t h  and d u c t i l i t y  th roughout  t he  LNG temperature range. The 

o u t e r  s h e l l  i s  cons t ruc ted  o f  A131 carbon s t e e l .  The tank  has an i n n e r  d i a -  

meter o f  215 f t  and an o u t e r  d iamter  o f  225 ft. The s h e l l  h e i g h t  i s  98 ft, w i t h  

an o v e r a l l  tank  h e i g h t  o f  146 ft. 

The annulus between t h e  i n n e r  and o u t e r  tank  w a l l s  i s  f i l l e d  w i t h  expanded 

p e r l i t e ,  an i no rgan i c ,  non-flammable, l i g h t w e i g h t  i n s u l a t i o n  produced f rom 

spec ia l  r ock .  The r o c k  o r e  i s  f i n e l y  ground and then expanded i n  furnaces a t  

about  2000°F ( 1  100°C). The per1 i t e  i s  expanded on s i t e  and p laced  i n  the  i nsu -  

l a t i o n  space w h i l e  ho t .  A  r e s i l i e n t  f i b e r g l a s s  b l a n k e t  i s  wrapped around t h e  

o u t s i d e  o f  t h e  i n n e r  s h e l l  t o  a l l e v i a t e  t he  problem o f  p e r l i t e  conipaction t h a t  

o the rw i se  occurs w i t h  thermal c y c l i n g  and movement o f  t h e  i n n e r  she1 1  (see 

F i g u r e  B.9). The thermal c o n d u c t i v i t y  of  p e r l i t e  i n  a  methane atniosphere i s  
2  0.25 BTU-in./hr f t  OF. 

The space between t h e  i n n e r  and o u t e r  tank  f l o o r s  i s  i n s u l a t e d  w i t h  a  25- in.  

l a y e r  o f  foamglass, a  nonflammable load-bear ing i n s u l a t i o n .  The load-bear ing  

i n s u l a t i o n  r e s t s  on a  concre te  r i n g w a l l  foundat ion  around t he  tank  pe r ime te r  

and on a  compacted sand f ounda t i on  i n  t h e  middle.  A  1 - f t  l a y e r  o f  compacted 

sand l o c a t e d  beneath t h e  o u t e r  tank  f l o o r  con ta ins  e l e c t r i c a l  hea t i ng  elements 
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t o  prevent  f r e e z i n g  o f  mo is tu re  i n  the  subso i l  and poss ib le  "heaving". Two 

se ts  o f  anchor b o l t s  i n  t he  r i n g w a l l  a re  connected t o  the  ou te r  tank w a l l  and 

i n n e r  tank w a l l ,  r espec t i ve l y .  These b o l t s  ho ld  down the tank aga ins t  l i f t i n g  

fo rces  r e s u l t i n g  from i n t e r n a l  pressures (see Figures B. 10 and 6.11 ) . 

LOAD-BEARING 

VAPOR BARRIER 

FIGURE B. 10. Load-Bearing I n s u l a t i o n  
and Anchor Bol t s  

HEATING COURSE 
COILS  

FIGURE 6.11. Storage Tank Foundation 
Detai  1  s  



The ou te r  tank has a  lap-welded, dome-shaped, s tee l  roo f .  Suspended from 

the  r o o f  f raming o f  t h e  outer  tank i s  a lap-welded metal deck t h a t  serves as 

a  c e i l i n g  f o r  t he  i nne r  tank, as shown i n  F igure  B.12. Mineral  wool i n s u l a t i o n  

i s  spread evenly over t h e  deck, and open p ipe  vents i n s t a l l e d  i n  the  deck a l l o w  

product  vapor t o  c i r c u l a t e  f r e e l y  i n  the  i n s u l a t i o n  space t o  keep the  i n s u l a t i o n  

dry .  

LAP-WELDED 1 

FIGURE B.12. Suspended I n s u l a t i o n  Deck 

A l l  p i p i n g  t o  t h e  i nne r  tank enters  through the  r o o f  o f  the  storage tank, 

w i t h  t h e  except ion o f  t he  unloading l i n e s .  LNG i s  withdrawn from the tank 

through two 24-in.-diameter o u t l e t  nozzles on the  i nne r  tank f l o o r .  These 

p ipe l i nes  pass through the  s ide  w a l l  o f  t h e  ou te r  tank and connect t o  the  suc t i on  

s ide  o f  t he  l oad ing  pumps. The valves have pneumatic con t ro l s  and are  normal ly  

kept  open. The valves c lose automat ica l ly  by g r a v i t y  if the pneumatic con t ro l s  

f a i l .  Independent s t ruc tu res  support a l l  p i p i n g  ex terna l  t o  the  tank t o  prevent  

t h e  t ransmission o f  s t a t i c  and dynamic p ipe  loads t o  the  storage tank wa l l s .  



Two 20- in . -d iameter  i n l e t  p i p e l i n e s  e n t e r  each tank  through t h e  o u t e r  tank  

w a l l  and pass th rough t h e  suspended deck r o o f  t o  separate f i l l  nozz les,  per-  

m i t t i n g  e i t h e r  t o p  o r  bot tom f i l l i n g  t o  p rov ide  m ix i ng  o f  incoming LNG. One 

p i p e  te rmina tes  a t  a nozz le  j u s t  below t h e  suspended deck t o  a l l o w  t o p - f i l l i n g  

o f  t h e  tank .  The second p i p e  d ischarges LNG i n t o  t he  t o p  o f  a 60- in . -d iameter  

s tand  p i p e  ex tend ing  f rom above t h e  h i g h  l i q u i d  l e v e l  t o  t he  bot tom o f  t h e  tank.  

The s tand  p i p e  p rov ides  b o t t o m - f i l l i n g  o f  t h e  tank  through even ly  spaced per -  

f o r a t i o n s  near t h e  bot tom o f  t h e  p ipe.  T h i s  arrangement pe rm i t s  LNG t o  be 

added t o  t h e  bot tom o f  t h e  s to rage  tank  a t  t h e  same pressure and temperature 

as t h e  l i q u i d  w i t h i n  t h e  tank.  Other  ma jo r  connect ions a r e  t he  vapor o u t l e t  

and pressure r e l i e f  connect ions a t  t he  t o p  o f  t he  i n n e r  tank and t he  r e l i e f  

ven t  a t  t h e  t o p  o f  t h e  o u t e r  tank.  

The tanks a r e  designed t o  w i t hs tand  instantaneous wind gusts  up t o  104 mph, 

earthquakes up t o  V I I I  on t h e  mod i f i ed  M e r c a l l i  sca le ,  and a maximum snow l o a d  

o f  60 pounds p e r  square f o o t .  Both s to rage  tanks a r e  t e s t e d  p r i o r  t o  use. The 

LNG s to rage  tanks a l s o  meet t h e  requi rements o f  t h e  American Petroleum I n s t i t u t e  

s tandard 620, Appendix Q, which governs m a t e r i a l s  s e l e c t i o n ,  tank  design, con- 

s t r u c t i o n ,  and t e s t i n g  procedures. Dur ing  cons t ruc t i on ,  t h e  welds on a l l  v e r t i c a l  

seams a r e  100 percen t  x - ray  inspected.  Welds n o t  100 percen t  x - ray  inspec ted  

a r e  checked by t h e  l i q u i d  pene t ran t  method, as a re  a l l  at tachment welds. I n n e r  

tank  welds a r e  checked by a combinat ion o f  x- ray,  dye penetrant ,  vacuum box, 

and s o l u t i o n  f i l m  t e s t  methods. H y d r o s t a t i c  and p ressure  t e s t s  s u b j e c t  each 

tank  t o  125% o f  t he  maximum p roduc t  we igh t  and 1 2 5 h f  t he  maximum design 

vapor pressure.  The h y d r o s t a t i c  t e s t s  u t i l i z e  14 t o  15 m i l l i o n  g a l l o n s  o f  

w e l l  wa te r  f o r  each tank. A f t e r  complet ion o f  t h e  t e s t s ,  t he  w e l l  wa te r  i s  

r e l eased  i n t o  t h e  ocean. 

B.3.3.2 Pressure Con t ro l  System 

The s to rage  t ank  has maximum and minimum design pressures o f  2.0 p s i g  and 

0 ps ig ,  r e s p e c t i v e l y .  Gauge p ressure  c o n t r o l  i s  used and t he  normal tank  

ope ra t i ng  p ressure  i s  0.9 ps ig .  Normal b o i l o f f  gas f rom the  s to rage  tanks, 

approx imate ly  0.05% o f  two f u l l  tank  volunies p e r  day, i s  handled by a two- 

s tage compressor system. The f i r s t - s t a g e  b o i l o f f  compressors a re  c e n t r i f u g a l  



3 machines, each w i t h  a  c a p a c i t y  o f  1.3 x 10 ICFMl5.0 MMscfd. Storage tank  pres-  

su re  i s  ma in ta ined  a t  0.9 p s i g  by a pressure c o n t r o l l e r  t h a t  a d j u s t s  t h e  speed 

o f  t h e  f i r s t - s t a g e  compressor. The second-stage compressors ( 2 )  a r e  r e c i p r o -  

c a t i n g  compressors, each w i t h  a  c a p a c i t y  o f  5.0 MMscfd. 

I f  t h e  s to rage  t ank  pressure r i s e s  above t he  c o n t r o l  pressure, t h e  tanks 

have a ven t  va l ve  t h a t  a u t o m a t i c a l l y  opens t o  t h e  ven t  header t o  r e e s t a b l i s h  

t h e  normal o p e r a t i n g  p ressure  l e v e l .  I f  t h e  p ressure  con t inues  t o  r i s e ,  each 

tank  i s  equipped w i t h  s i x  conib inat ion pressure/vacuum r e l i e f  va lves  and s i x  

pressure-only  va lves  t h a t  open and ven t  a  maximum o f  792,000 poundslhr  o f  LNG 

t o  t h e  atmosphere. 

Gas f rom an independent supply  i s  i n j e c t e d  i n t o  t he  tanks i f  t h e i r  p ressure  

f a l l s  below t h e  normal o p e r a t i n g  l e v e l .  I f  t h e  pressure con t inues  t o  f a l l ,  t h e  

s i x  pressure/vacuum r e l i e f  va lves  open t o  admi t  a i r  t o  t he  tank. Tab le  8.5 

shows t h e  va r i ous  f u n c t i o n s  o f  t he  pressure c o n t r o l  system. 

TABLE B.5. Func t ions  o f  t h e  Pressure Cont ro l  System 

Pressure ( p s i g )  Func t ion  

2 .O F u l l  r e l i e f  

1.8 High-pressure alarnl, ven t  v a l v e  i s  
opened 

0.9 Normal ope ra t i ng  pressure, ma in ta ined  
by a d j u s t i n g  t h e  speed o f  t h e  f i r s t -  
s tage boiloff compressor 

0.2 Low-pressure alarm, gas f rom independent 
supp ly  i s  i n j e c t e d  i n t o  tanks 

0.03 Vacuum r e l i e f  

F l ash  gas f r om cargo l o a d i n g  ope ra t i ons  i s  r e tu rned  through t h e  24- in .  vapor 

r e t u r n  l i n e  t o  t h e  s to rage  tank  t o  ma in ta i n  pressure o r  i s  vented t o  t h e  atmos- 

phere th rough a 14- in.-diameter,  7 5 - f t - t a l l  s t ack  a t  t he  p l a n t  s i t e .  Approx i -  

mate ly  26 MMscfd i s  r e t u r n e d  t o  t h e  tank  be ing  unloaded, w h i l e  6  MMscfd i s  

vented. 

The p l a n t  b o i l o f f  f a c i l i t i e s  a r e  shown i n  F igu re  B.13. 



TO EMERGENCY 
STORAGE TANK 

PRESSURE CONTROL 

KEGENERATION HEATER, 
AND OTHER USES 

FUEL-GAS MAKEUP 
FROM V- 102 

STORAGE TANK ,,---,,--- -- 
PRESSURE CONTROL 

BOILOFF FROM 
T - M I .  T-202 I 

w 
STEAM 

I 

C-221 BOIUIFF COMPRESSOR C-222 FUEL GAS COMPRESSOR 

FIGURE B.13. B o i l o f f  F a c i l i t i e s  

B.3.3.3 A d d i t i o n a l  Cont ro ls  and Ins t rumenta t ion  

Each storage tank conta ins  a movable, v e r t i c a l  temperature probe t o  mon i to r  

t h e  temperature o f  t h e  LNG a t  any depth. The probe can a l so  mon i to r  t he  l i q u i d  

l e v e l  i n  t h e  tank. Temperature d i f f e r e n c e s  between any l e v e l s  would i n d i c a t e  

s t r a t i f i c a t i o n  o f  the  LNG. The load ing  pumps can then c i r c u l a t e  t o  t he  top  

f i l l  nozzle and mix  t he  LNG i n  t h e  tank, reducing the  p o s s i b i l i t y  o f  r o l l o v e r .  

Therniocouples a r e  a l s o  prov ided i n  t he  f l o o r  and i n n e r  s h e l l  t o  mon i to r  coo l -  

down. A thermocouple p laced i n  t he  e l e c t r i c a l l y  heated foundat ion  s o i l  moni- 

t o r s  and c o n t r o l s  t h e  temperature i n  t h i s  area. 

The l i q u i d  l e v e l  i n  t he  tank i s  moni tored by one displacement f l o a t  gauge, 

which can be replaced w h i l e  the  tank i s  s t i l l  i n  serv ice .  A l i q u i d  l e v e l  

sw i t ch  sounds an a larm a t  t h e  h i g h - l i q u i d  l e v e l ,  which i s  95% o f  f u l l  capac i ty .  

A cont inued r i s e  o f  l i q u i d  a c t i v a t e s  the  hig.h-high l i q u i d  l e v e l  a larm and c loses 



the l iquid i n l e t  l ines  to  the LNG storage tank. The storage tank i s  isolated 

from other equipment by block valves on the in l e t  and out le t  l iquid l ines ;  
these valves are activated by the ESD system. 

B.3.3.4 Release Prevention and Control Features 

Each storage tank i s  surrounded by a concrete dike 55 f t  high, 1.5 f t  
thick, and 285 f t  i n  diameter. In the event of a storage tank fa i lure ,  the dike 

would hold in excess of 620,000 barrels of LNG (~113% of total  storage tank 

capacity) . The inner dike walls are insulated to  reduce the ra te  of vapor 
generation from spi l led  LNG. 

The following detectors,  alarms, and f i r e  protection systems are  incorpora- 
ted in the storage and pumpout areas: 

low temperature detectors with alarms i n  the control room tha t  automati- 

cal ly  shut down pumps and loading l ine  valves during loading operations 

u l t rav io le t  flame detectors located a t  the storage tank r e l i e f  valves 

tha t  automatically act ivate  dry chemical extinguishers 

u l t rav io le t  flame detectors tha t  activate the ESD system and alarm i n  

control room 

gas detectors with alarms i n  the control room 

f i r e  hydrants located a t  various selected locations in the area 

dry chemical extinguisher a t  the loading pumps. 

The storage tanks have water deluge systems to  protect them against radiant 
heat from f i r e s  inside the plant. The system consists of a ser ies  of weirs 
encircling the tank roof a t  several locations. The system i s  designed to  pro- 
t e c t  the dome-shaped roof froni radiation damage and provide uniform dis tr ibut ion 
of water on the tank's outer she l l .  The water i s  supplied from the main loop 
a t  a ra te  of about 2,600 gpm. I t  i s  estimated tha t  t h i s  flow ra te  i s  suf f ic ien t  

t o  protect one tank, since part ia l  radiation shielding i s  provided by the 

55-ft-high concrete dike wall. 



B.3.3.5 Procedures 

Purging and Cooldown. The f i r s t  s tep  i n  cooldown o f  t he  storage tank i s  

t o  purge the  tank w i t h  n i t r o g e n  t o  p revent  an exp los ive  gas m ix tu re  from forming. 

N i t rogen gas f o r  purg ing  requirements and r e f r i g e r a n t  makeup i s  l i q u e f i e d  by 

an o n s i t e  a i r  separat ion u n i t  and s to red i n  a  240-bbl, insu la ted ,  double-wal led 

tank.  The i n n e r  tank i s  purged by a d m i t t i n g  n i t r o g e n  i n t o  the bottom o f  the  

tank and passing i t  through the  suspended deck vents i n t o  the  vapor space i n  

t he  dome. 

To purge the  l i q u i d  conta iner ,  the  n i t rogen  i s  exhausted through the 

r e l i e f  vent. To purge the  dome, the  n i t rogen  i s  exhausted through the  dome 

vent.  

The purg ing o f  the  annular  space i s  accomplished by opening the  purge 

r i n g  exhaust nozzles a t  t he  bottom o f  the  annular space and c l o s i n g  the  dome 

vent  and the  r e l i e f  vent.  

A f t e r  t he  purge, LNG f rom t h e  l i q u e f a c t i o n  u n i t  i s  s lowly  admit ted through 

the  top  f i l l  pene t ra t i on  where i t  i s  de f l ec ted  and sprayed over the  f l o o r  area. 

The f o l l o w i n g  inst ruments mon i to r  t he  e f f e c t s  o f  cooldown on the tank: 

1  i nea r  movement i n d i c a t o r s  t h a t  measure re1  a t i v e  movement between the  

i n n e r  and ou te r  tank w a l l  s  

s torage tank thermocouples . 
The temperatures i n  the  tank are  c a r e f u l l y  monitored t o  ensure t h a t  the  s p e c i f i e d  

maximum temperature grad ien ts  a re  n o t  exceeded, and t o  asce r ta in  t h a t  the  i n n e r  

vessel i s  r e t u r n i n g  t o  i t s  appropr ia te  p o s i t i o n .  The LNG f l o w r a t e  i s  l i m i t e d  

by these temperatures gradients.  The cooldown procedures are  fo l lowed u n t i l  

t h e  tank i s  s u f f i c i e n t l y  cooled down and the  LNG l e v e l  i n  the tank i s  approxi -  

mate ly  one foo t .  A t  t h i s  po in t ,  the  LNG f l o w r a t e  from the  l i q u e f a c t i o n  u n i t  

i s  increased t o  the  normal ra te .  The cooldown w i t h  LNG purges the  n i t r o g e n  

atmosphere from the  i n n e r  vessel.  



Heatup and Entry.  P r i o r  t o  heatup o f  the  tank, the  LNG l e v e l  i s  lowered 

u n t i l  t h e r e  i s  approximately one f o o t  o f  l i q u i d  remaining i n  the  tank. The 

remaining l i q u i d  i s  then removed by i n j e c t i n g  heated na tu ra l  gas, a t  approxi -  

mate ly  275"F, i n t o  the  storage tank through the  bottom penet ra t ion .  The 

n a t u r a l  gas then r i s e s ,  due t o  i t s  temperature buoyancy, t o  t he  top  o f  t he  

vessel and leaves through the  vapor o u t l e t  l i n e .  The gas i s  compressed by the  

b o i l o f f  compressor and sent  t o  t he  f u e l  l i n e .  The tank pressure c o n t r o l  system 

func t i ons  as i t  would du r ing  normal operat ion.  The i n l e t  gas f l o w  i s  mainta ined 
6 a t  approximately t he  normal b o i l o f f  r a te ,  1.0 x  10 scfd.  A t  t h i s  r a t e  i t  takes 

approximately 20 days t o  warm the  tank from -260°F t o  +60°F. 

Ins t rumenta t ion  systems monitored t o  determine the e f f e c t  o f  warmup on 

t h e  tank are: 

l i n e a r  movement i n d i c a t o r s  t h a t  measure r e l a t i v e  movement between the  

i n n e r  and ou te r  tank w a l l s  

s torage tank thermocouples 

s t r a i n  gauges i n s t a l l e d  around t h e  per iphery  o f  the  e x t e r i o r  tank t o  

mon i to r  any st resses developed by expansion o f  the i nne r  vessel and 

subsequent compaction o f  the  p e r l i t e .  

The storage tank must be purged t o  a 98+% n i t r o g e n  atmosphere be fore  per- 

sonnel en t r y .  The o f f  gas i s  removed from the  tank by the  b o i l o f f  compressor 

and used as the  b o i l o f f  gas normal ly  i s .  As the  purg ing nears completion, how- 

ever,  t he  n i t r o g e n  content  o f  the  o f f  gas r i s e s  r a p i d l y ,  and the  l a s t  p o r t i o n  

o f  t h e  o f f  gas i s  vented through t h e  vent  gas header. Combustible gas de tec tors  

a re  l oca ted  around t h e  tank t o  detemine i f  any combust ible gases are  descending 

from t h e  vent.  Es tab l ished weather c r i t e r i a  de f i ne  acceptable atmospheric condi 

t i o n s  f o r  vent ing .  

A f t e r  t h e  purge, two opt ions  e x i s t :  1 )  personnel can e n t e r  t he  tank us ing  

l i f e - s u p p o r t  systems o r  2)  t he  purg ing  procedure can be repeated us ing  a i r  

t o  d isp lace the  n i t rogen.  



B.3.4 Marine Terminal and Sendout System 

The L N G  stored a t  the terminal i s  loaded onto marine vessels for  export 

through the marine terminal and sendout system. The flow diagram fo r  the marine 

terminal was shown previously in Figure B.7. The loading system i s  shown in 

Figure B.14. 

B. 3.4.1 Marine Terminal 

The marine terminal i s  designed to  the same earthquake c r i t e r i a  as the 

1 iquefaction and storage f a c i l i t i e s ,  VIII  in the Mercall i scale. However, 

additional features are  incorporated into the design of the dock and t r e s t l e  

support structures to  withstand the ice and t idal  currents of the region. Ice 

and strong currents could also endanger tankers during docking and loading 

operations. Therefore, the design of the loading dock and dolphins f a c i l i t a t e s  

rapid undocking of a tanker in an emergency. 
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FIGURE B.14. Flow Diagram for  Loading System 



The loading platform, the approach t r e s t l e ,  and the berthing and n~ooring 

dolphins are supported by pi les  driven and jet ted into the sea bottom. The 

number of structural members located in the ice zone are  minimized to  l imi t  

the ice forces on the structure.  Vertical pi les  receiving ice forces are 

tapered to  minimize the bending moments from ice. They are also designed to  

break u p  the ice sheet as i t  moves past the pile.  

The t r e s t l e  supports a 36-in.-diameter insulated LNG t ransfer  l ine ,  a 

24-in.-diameter insulated vapor return l ine ,  a 4-in. nitrogen purge and L N G  

recirculation l ine ,  an 8-in. fire-control water l ine ,  an insulated and heated 

sanitary waste discharge l ine ,  and a concrete roadway 12 f t  wide. A 100-ft 

by 130-ft loading platform, located a t  the end of the 2200-ft t r e s t l e ,  i s  50 f t  

above mean lower 1 ine water (MLLW) and i s  located a t  a bottom depth of 48 f t  

below MLLW. The platform supports four 16-in. LNG loading arms, one 16-in. 

vapor return arm, a nitrogen surge drum, a 48-ft-high control tower, and a 

compressor building housing two vapor return compressors. The platform i s  

shown in Figure B.15. 

The control tower i s  located in an elevated "pulpit" in order to  give the 

operator an unimpaired view of the ship, as shown in Figure B.16. The pulpits 

are  patterned a f t e r  the control towers a t  small a i rports  and are reached by 
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FIGURE B .  15. Export Terminal Loading Platform and Trestle 



FIGURE B.16. Major  Equipment on Loading Deck 

s p i r a l  s t a i r s  i n s i d e  a  72-in. s t e e l  support cy l i nde r .  Each p u l p i t  has a  water- 

spray system, and the  support c y l i n d e r s  a re  h e a v i l y  i n s u l a t e d  f o r  f i r e  p ro tec t i on .  

The e n t i r e  s t r u c t u r e  i s  a i r - cond i t i oned  and heated by a  heat pump and i s  pres- 

su r i zed  w i t h  a  supply o f  f r e s h  a i r  f rom a  p o i n t  near the  o f f i c e  and se rv i ce  

compl ex. 

The p u l p i t  i s  manned as l ong  as any o f  the  cryogenic arms are connected t o  

a  ship, and the  p u l p i t  opera tor  has, a t  h i s  f i n g e r t i p s ,  the  con t ro l s  f o r  the  

1  oading arms, t he  LNG booster  pumps, the  vapor r e t u r n  system, the two f i r e - w a t e r  

pumps, t he  dual d ry  chemical f i r e  p r o t e c t i o n  system, and a l l  the  o f f sho re  valves. 

For communications, he has a  d i r e c t  l i n e  t o  the  s h i p ' s  cargo c o n t r o l  o f f i c e ,  a  

d i r e c t  l i n e  t o  the  te rmina l  main c o n t r o l  room, rad io ,  normal telephone, and a  



two-way loudspeaker system. The loading arms extend and rotate  to  accomodate 

normal movement of the tanker during loading operations. Each arm i s  equipped 
w i t h  a shutoff valve designed to prevent L N G  spil lage during an emergency and 

a check valve to  prevent backflow. The arms, which are not insulated, are 

constructed of 300-series s ta inless  s teel  to withstand thermal s t resses  caused 
by extreme temperature changes. The loading arms are connected to  the tanker 

by quick-release hydraulic couplers. The couplers are activated by one man 

from the master control panel in the control tower and can be disconnected i n  

about 1 or 2 minutes. Each arm i s  equipped with twc se t s  of redundant sensing 

devices tha t  i n i t i a t e  audible alarms and act ivate  the ESD. 

Provisions are also made for  emergency shutdown of the t ransfer  systems. 
This can be accomplished e i ther  by isolat ing specific systems or areas for  
shutdown or by shutting down the en t i re  operation. The emergency shutdown 

system i s  activated a t  the operator 's  direction or ,  in c r i t i ca l  areas, by low- 
temperature sensors that  detect spi l led L N G .  

Before a tanker can make an emergency departure, the loading arms are f i r s t  

drained, a procedure requiring less  than 5 minutes, and then they are  disconnected. 
Six mooring dolphins and four berthing dolphins are equipped with quick-release 

mooring hooks and powered capstans. 

There are currently no plans fo r  shielding to  protect the ship from s p i l l s  

a t  the dock. 

6.3.4.2 Shiploading Procedures 

When a l l  preparations are completed on the vessel for  loading, terminal 
personnel extend both the loading and vapor return arms to a position such that  
persons on the working platform can remove the blinds. After tha t ,  and before 

the blinds are  removed, the following steps are followed: 

Terminal personnel open vent valves to  depressurize the arms, which have 

been maintained in a nitrogen atmosphere. 

After venting, they advise the flanging crew that  the blinds may be removed 

and connection made t o  the sh ip ' s  manifold. 

When connections have been properly made, the sh ip ' s  cargo of f icer  advises 

the terminal that  the vessel i s  ready to  receive cargo. Terminal personnel 

notify other shore f a c i l i t i e s .  



The s h i p ' s  s torage tanks are  then cooled a t  a reduced load ing  ra te .  When 

coo l i ng  i s  completed, LNG i s  in t roduced i n t o  the  tanks a t  a t o t a l  combined r a t e  

o f  55,000 gpm, which enables a tanker  t o  be loaded i n  10-12 hours. As LNG f i l l s  

t he  tank space, vapors remaining from the  s h i p ' s  cooldown opera t ion  are  fo rced 

toward the  top.  Vapors are  a l so  produced cont inuously  dur ing  load ing  by energy 

added through the  t r a n s f e r  pumps, heat leakage, and l a t e n t  heat removed from 

the  l i n e s .  These vapors must be pumped ou t  a t  a r a t e  s u f f i c i e n t  t o  prevent pres- 

sure from b u i l d i n g  up i n  t he  ships tanks. Therefore, the  vapors are  cont inuously  

pumped back t o  shore us ing  the  s h i p ' s  b o i l o f f  compressors. The vapors are  then 

e i t h e r  re tu rned t o  the  storage tanks t o  d isp lace the  l i q u i d  being pumped out, o r  

they a re  used as a fuel  gas o r  f l a r e d .  

Cargo t r a n s f e r  i s  c a r e f u l l y  documented. A continuous watch i s  kept  both 

i n  the  s h i p ' s  c o n t r o l  room and on deck, and a l o g  i s  maintained on a l l  opera- 

t i o n s .  Dra in  pans are  placed beneath f i t t i n g s  t o  c o l l e c t  small leakages o f  

LNG and prevent  l o c a l i z e d  thermal shock t o  the  deck. An op t i on  t o  t h i s  i s  t o  

run  seawater over t he  decks du r ing  l oad ing  and d ischarging.  

Approximately 40 minutes p r i o r  t o  reaching the  f i l l  l e v e l  o f  the tanks, 

o r  a t  some predetermined l e v e l ,  the  cargo o f f i c e r  n o t i f i e s  te rmina l  personnel 

t o  reduce the  load ing  ra te .  Th is  i s  done by c u t t i n g  o u t  a l l  b u t  one shore 

pump. When the  tank reaches proper l e v e l ,  98% f u l l ,  t he  operator  closes the  

vent  va lve  on top  o f  the  tank. Each tank i s  equipped w i t h  an automatic system 

t h a t  senses l i q u i d  l e v e l  and au tomat i ca l l y  closes a valve a t  each cargo tank 

dome i f  the  tank reaches 99% f u l l .  As an added precaut ion,  an Emergency Shut- 

down System t h a t  can be a c t i v a t e d  manually o r  au tomat i ca l l y  i s  prov ided on the  

sh ip  and l oad ing  dock. F i n a l l y ,  the  cargo o f f i c e r  can manually c lose  the  dome 

va lve  on the  a f f e c t e d  tank i f  both  shutdown systems f a i l .  

When the  proper  l e v e l  i s  reached i n  a l l  o f  t he  s h i p ' s  tanks, the  cargo 

o f f i c e r  n o t i f i e s  the  te rmina l  opera tor  t o  s top  load ing  and orders the  s h i p ' s  

compressors shut  down. A l l  compressor va lves and valves i n  the compressor 

1 i n e  are  closed. 



The disconnecting operation requires that  the liquid header and loading 

arm f i r s t  be drained. They are drained into the ship 's  tank tha t  was l a s t  

f i l l e d .  This involves the following procedures: 

Using the portable console, the sh ip ' s  personnel close the shore block 

valves. The terminal operator then closes the vapor manifold valve 
ashore and not i f ies  the cargo of f icer  to  close the vapor manifold valve 

and stop the compressors. The terminal operator opens a drain l ine  on 
each loading arm and leaves i t  open fo r  a t  leas t  three minutes. The 
liquid drains into the liquid header aboard the vessel, and the drain valves 

ashore are  then closed. 

The ship 's  manifold loading valves are  closed. The vapor header i s  then 
cracked to  the crossover l ines.  

The terminal operator opens the nitrogen block valve to  each arm and pres- 
surizes i t .  

A t  t h i s  point, the terminal operator requests the cargo of f icer  to  open 
the sh ip ' s  l iquid and vapor manifold valves s l ight ly  fo r  depressurizing 

into the ship 's  l ines .  This operation i s  repeated a t  leas t  three times by 

reclosing and reopening the l iquid and vapor manifold valves. The f inal  

position of the valves are closed. 

The terminal operator opens wide the atmospheric vent valve on each arm. 

When the arms are depressurized and the flanges are a t  a temperature that  

can be handled ( s a l t  water may be used to  warm u p  the flanges),  the loading 
arms are  disconnected and the blind flanges replaced on manifold and loading 
arms. 

After the arms are retracted, the terminal operator closes the atmospheric 

vent valves and repressures the loading arms with nitrogen until  the next 
1 oadi ng . 
When a l l  of the foregoing operations are  complete, a l l  valves used for  load- 

ing are  closed. Draining of the sh ip ' s  l ines  i s  fac i l i ta ted  by a s l igh t  trim 

a t  the s tern of the vessel. 



B. 3.4.3 Re1 ease Prevention and Control Features 

Some of the precautions taken fo r  safety consideration a t  the terminal are: 

avoidance of any unnecessary flames or f i r e  sources i n  the terminal area 

by the prohibition of smoking, open flames, welding, and unsafe e lec t r ica l  

equipment 

systems such as l ighting and heating installed in accordance with existing 

safety regulations (National Electric Code NFPA #70) 

a suf f ic ien t  safety factor (with regard to  pressure and temperature capa- 

bi 1 i t i e s )  designed into the t ransfer  piping, hoses, compressors, pumps, 

and connections 

periodic and complete inspection of a1 1 terminal f a c i l i t i e s  

provision of sui table  markings on pipes and hoses, when more than one 

product i s  handled 

a t  l eas t  one person in constant attendance while loading i s  taking place, 

trained i n  the t ransfer  and emergency procedures and fami 1 i a r  with the 

equ i pmen t 1 ayout 

a good system of communication between the cargo of f icer  on board ship 

and the persons on shore 

a l l  gauges checked prior to  t r ~ n s f e r  to  ensure against overf i l l  

provision made for  drainage of the t ransfer  l ines prior to  disconnection 

a suff ic ient  number of f i r e  control units available a t  s t ra teg ic  locations. 

The loading platform i s  equipped w i t h  the following f i re-f ight ing systems: 

fixed dry chemical units 

f i r e  hydrant 

equipment cooling capacity 

sprinkler system on the roof of the marine control room 

dry chemical f i r e  extinguishers a t  the marine control tower and the f i r e  

hydrant s ta t ion 



a water fire-fighting system consisting of hydrants and water spray monitors 

t o  be used primarily f o r  cooling structures during any nearby f i r e  

water-screen nozzles between the loading arms and the ship to  protect the 

arms from a f i r e  aboard ship 

a fireboat t ie - in  instal led on the f i r e  water level a t  a point leading to  

the 1 oadi ng platform. 

High-expansion foam systems are  not used a t  the s i t e  because i t  i s  d i f f i c u l t  t o  
s tore  foam concentrate a t  subfreezing temperatures. Both remote and local manual 
activation of the f i r e  systems are  possible i n  the marine terminal. The f i r e -  

control water pipe1 ine along the t r e s t l e  to  the dock i s  kept empty; therefore, 
heat tracing of insulation i s  not required. 

The following detectors are located a t  the marine dock: 

Gas Detectors ( G D )  

U V  Fire Detectors ( U V )  . 
Each of these i s  connected to  an alarm in the main control room and the marine 

control room and i s  identified by location and type. 

A containment system i s  located under the loading platform to contain a l l  

s p i l l s  from the loading arms. Low temperature detectors in th i s  area indicate 
when a sp i l l  occurs. No containment i s  provided fo r  the LNG t ransfer  l ines ,  
e i the r  on the t r e s t l e  or  on shore. 

Each t ransfer  arm i s  equipped w i t h  two se t s  of redundant sensing devices 
tha t  i n i t i a t e  alarms in both control rooms and automatically act ivate  the marine 
terminal emergency shutdown system when excessive motion i s  sensed. Each trans- 
f e r  arm a1 so includes a fa i  1 safe-cl osed-type, a i  r-operated valve tha t  closes 
autonlatical ly when the ESD i s  activated. 

Excessive ship movements are  detected by high rotation or extension of 

the loading arms, activating the f i r s t  level alarm. Greater ship movement 
causes the loading operation to  stop. Additionally, a cable connecting the 
tanker to  the dock also senses excessive movements and terminates loading 

operations. 



B.3.4.4 LNG Sendout Pumps 

There a r e  f i v e  v e r t i c a l  submerged, pot-mounted LNG pumps f o r  each s to rage  

tank,  one o f  which i s  cons idered a  standby. The pumps and motor  d r i v e s  a r e  

h e r m e t i c a l l y  sealed i n  a  vessel  and submerged i n  LNG. Th i s  e l i m i n a t e s  t h e  

extended s h a f t  and t h e  assoc ia ted  seal .  The pump and motor  surroundings a r e  100% 

r i c h  i n  LNG and w i l l  n o t  suppor t  combustion. The pumps a re  mounted i n  a  s u c t i o n  

p o t  below grade t o  p rov ide  s u f f i c e n t  s u c t i o n  head f o r  opera t ion .  

Each pump has a  c a p a c i t y  o f  15,000 gpm, o r  approx imate ly  2,000 MMscfd, 

f o r  a  t o t a l  sendout c a p a c i t y  o f  55,000 gpni and a  10 t o  12 hour l o a d i n g  t ime, 

exc lud ing  t h e  spare. The d ischarge  c o n d i t i o n s  a r e  -260°F and 25 ps ig .  

The LNG t o  be loaded on t he  s h i p  i s  pumped v i a  a  36- in . -d iameter  i n s u l a t e d  

LNG t r a n s f e r  l i n e  t o  t h e  l o a d i n g  p l a t f o r m  l o c a t e d  a t  t he  end o f  a  2 ,200- f t - long 

p i e r  and t r e s t l e .  

B.4 GENERAL PLANT INFORMATION 

General i n f o r m a t i o n  r e l a t i n g  t o  t h e  p l a n t ,  p a r t i c u l a r l y  t o  t he  s a f e t y  

aspects o f  p l a n t  opera t ion ,  i s  presented here. 

B. 4.1 Emergency Shutdown System 

The p l a n t  emergency shutdown system c o n s i s t s  o f  two ma jo r  systems, the  

Master  Emergency Shutdown (MES) and t he  Loading Emergency Shutdown (LES) . When 

a c t i v a t e d ,  t h e  MES a u t o m a t i c a l l y  i n i t i a t e s  t h e  f o l l o w i n g  a c t i o n s :  

1. E l e c t r i c a l  supp l i es  t o  a l l  normal p l a n t  c i r c u i t s  a r e  de-energized; 

e s s e n t i a l  p l a n t  e l e c t r i c a l  equipment (e.g., f i r e  pumps, f i r e  and gas 

de tec to r s ,  f i r e  system v a l v e  ope ra to r s )  remains energized. 

2. A l l  compressors a r e  b locked a u t o m a t i c a l l y  and i s o l a t e d  f rom t h e  l i q u e -  

f a c t i o n  u n i t .  

3. A 2,500-kW, eng ine-d r i ven  genera to r  i s  a v a i l a b l e  f o r  emergency power 

gene ra t i  on. 

4. The n a t u r a l  gas feed  l i n e  i s  b locked  a t  t h e  p l a n t  boundary t o  i s o l a t e  t h e  

p l a n t  f rom t h e  n a t u r a l  gas p i p e l i n e  system. 



5. The LNG tank and d i ke  area i s  i s o l a t e d  from the remainder o f  the  p l a n t  

by t h e  f o l l o w i n g  ac t ions :  

va lve  on l i q u i d  i n l e t  l i n e  f rom the  l i q u e f a c t i o n  u n i t  i s  c losed 

LNG pump motors a re  shut  down 

valves on the  LNG pump suc t i on  and on the l i q u i d  withdrawal l i n e s  a re  

closed. 

The second shutdown system, the  LES, a l lows the  r a p i d  shutdown and i s o l a -  

t i o n  o f  a l l  LNG sendout t o  ships and vapor r e t u r n  from the  ships. When a c t i -  

vated, the  LES i n i t i a t e s  the  shutdown o f  LNG and vapor f l o w  t o  and f rom the  

s h i p  by: 

1. c l o s i n g  b lock  valves i n  t he  l oad ing  arms 

2. c l o s i n g  cargo crossover va lves on the  sh ip  

3 .  c l o s i n g  b lock  valves i n  the  vapor r e t u r n  l i n e - f r o m  the  sh ip  

4. s h u t t i n g  down the  LNG t r a n s f e r  pumps. 

The c l o s i n g  sequence and r a t e s  o f  t he  b lock  valves a re  programmed t o  keep 

f l u i d  hammer w i t h i n  design l i m i t s  and t o  prevent  any LNG from being trapped 

between valves. 

The MES can be a c t i v a t e d  manually a t  the  con t ro l  room and a t  t he  two 

e x i t  gates, o r  i t  can be a c t i v a t e d  au tomat i ca l l y  by UV f lame detec tors  l oca ted  

i n  t he  f o l l o w i n g  areas: 

1. compressor b u i l d i n g  

2. throughout t h e  l i q u e f a c t i o n  area 

3. r e f r i g e r a n t  s torage 

4. LNG storage 

5. p i p i n g  on o r  adjacent  t o  p ipe  racks nex t  t o  the compressor b u i l d i n g  

6. C02 removal u n i t  

7. water removal u n i t  

8. l oad ing  dock area. 

The MES i s  a l s o  a c t i v a t e d  by the  h igh-h igh l e v e l  alarm f o r  e i t h e r  o f  the  storage 

tanks and by t h e  gas de tec tors  i n  the  compressor b u i l d i n g .  



The LES system may be a c t i v a t e d  manual ly  f r om severa l  d i f f e r e n t  l o c a t i o n s  

i n  t h e  l o a d i n g  area, i n c l u d i n g  t h e  main t e rm ina l  c o n t r o l  room, t h e  l o a d i n g  p l a t -  

fo rm c o n t r o l  room, and t h e  s h i p ' s  b r idge .  The LES can a l s o  be a c t i v a t e d  automa- 

t i c a l  l y  by: 

1. combus t ib le  gas d e t e c t o r s  on t h e  dock 

2. power and a i r  supply  f a i l u r e  

3 .  h i g h  o r  low p ressure  i n  t h e  t r a n s f e r  l i n e s  

4. excess ive  f l o w r a t e s  

5. t anke r  movements o u t s i d e  t he  e s t a b l i s h e d  ope ra t i ng  c o n d i t i o n s  

6. l ow temperature d e t e c t o r  i n  t he  dock s p i l l  bas in  

7. l ow temperature d e t e c t o r  a t  t he  l o a d i n g  pumps 

8. low s to rage  tank  pressure (0.2 p s i g )  

9 .  l ow  s to rage  t ank  l e v e l .  

B.4.2 General P l a n t  Sa fe t y  Features 

As p a r t  o f  t h e  p l a n t ' s  a c t i v e  defenses, combust ib le  gas de tec to r s ,  f lame 

de tec to r s ,  and temperature sensors a r e  l o c a t e d  th roughout  t h e  p l a n t  and process 

equipment. The a c t i v a t i o n  o f  a  sensor sounds an a la rm and i d e n t i f i e s  t h e  exac t  

l o c a t i o n  o f  t h e  s p i l l  o r  f i r e  on a  g raph i c  panel i n  t h e  main c o n t r o l  room and, 

i n  some cases, a u t o m a t i c a l l y  shuts  down t h e  a f f e c t e d  equipment. I n  t he  even t  

of a  f i r e ,  t h e  p l a n t ' s  f i r e  p r o t e c t i o n  systems, c o n s i s t i n g  o f  a  f i r e - c o n t r o l  wa te r  

system, d r y  chemical u n i t s ,  and two f i r e t r u c k s ,  a r e  then employed. 

Gas sensors a t  t h e  i n l e t s  t o  v e n t i l a t e d  b u i l d i n g s  a c t i v a t e  bo th  v i s i b l e  

and a u d i b l e  alarms i f  t h e  gas concen t ra t i on  reaches 25% o f  t h e  LFL f o r  methane. 

A t  t h i s  t ime,  a  high-speed v e n t i l a t i n g  f a n  i s  a c t i v a t e d .  I f  the  concen t ra t i on  

reaches 60% o f  LFL, ano ther  a la rm i s  sounded and t h e  a f f e c t e d  equipment may be 

shu t  down a u t o m a t i c a l l y .  

U l t r a v i o l e t  sensors a r e  l o c a t e d  i n s i d e  b u i l d i n g s  and th roughout  t he  p l a n t  

f o r  f i r e  de tec t i on .  Each zone i s  covered by a t  l e a s t  two sensors. The a c t i v a -  

t i o n  o f  f lame d e t e c t o r s  causes t h e  automat ic  shutdown o f  l o c a l  equipment. 

P r e s s u r e - r e l i e f  va lves,  l o c a t e d  throughout  t he  process equipment, a r e  

designed t o  r e l i e v e  h i g h  pressures be fo re  t h e  des ign pressures o f  t he  equipment 

a r e  reached. Gas d ischarges f rom these va lves  e n t e r  t he  f l a r e  header system 



and a re  d i r e c t e d  t o  the  f l a r e  s tack f o r  i n c i n e r a t i o n .  The main header, 40 inches 

i n  diameter, i s  s ized t o  handle the  maximum discharge r a t e  o f  the f i r s t - s t a g e ,  

multi-component r e f r i g e r a n t  compressor. The f l a r e  stack, 300 f e e t  h igh  and 50 

inches i n  diameter, conta ins a  f l u i d i c  seal t o  prevent  a i r  f rom en te r i ng  the  

r e l i e f  system. The stack i s  loca ted  a t  the  northwest corner  o f  t he  p l a n t  s i t e  

so t h a t  re leases do n o t  pose a  hazard t o  the  s t a f f  o r  p l a n t  equipment. 

Sect ions o f  LNG l i n e s  t h a t  can be i s o l a t e d  are  prov ided w i t h  thermal r e l i e f  

va lves t o  p r o t e c t  t he  l i n e s  from overpressure due t o  thermal expansion. These 

r e l i e f s  a re  piped back t o  the  storage tanks. 

The f i r e - c o n t r o l  water  system i s  designed t o  p rov ide  f i re -exposure  pro-  

t e c t i o n  and damage c o n t r o l .  I t  a l s o  helps ex t i ngu i sh  f i r e s  which might  o r i g i n a t e  

i n  the  area adjacent  t o  t he  p lan t .  

The f i r e - c o n t r o l  water system inc ludes  a  main water loop surrounding the  

p lan t ,  w i t h  f i r e  hydrants and water mon i to r  nozzles connected a t  var ious  i n t e r -  

va ls .  The main loop cons i s t s  p r i m a r i l y  o f  8- and 10-in.-diameter p i p e l i n e ,  and 

i s  connected t o  the  f i r e - c o n t r o l  water  pumps by a  segment o f  14-in.-diameter 

p i p e l i n e .  An 8- in . -d iameter  p i p e l i n e  runs along the t r e s t l e  t o  water moni tors 

on the  dock. Branch l i n e s  a re  a l so  prov ided t o  the l i q u e f a c t i o n  t r a i n s  and 

p l a n t  b u i  1  d'i ngs . 
The main water loop i s  supp l ied  by a  125,000-gallon f reshwater  s torage 

tank and i s  cont inuous ly  maintained a t  75 p s i g  pressure by th ree  c i r c u l a t i o n  

pumps. The storage tank i s  supp l ied  by two o n s i t e  we l l s .  A 3,500-gpm seawater 

pump and 10-in.-diameter p i p e l i n e  prov ide  a  backup f o r  the pr imary f i r e - w a t e r  

sys tem. 

The environmental cond i t i ons  o f  the  p l a n t  l o c a t i o n  r e q u i r e  precaut ionary 

measures t o  prevent  f r e e z i n g  i n  the  f i r e - c o n t r o l  system. The f i r e - c o n t r o l  water  

loop i s  bu r ied  a t  a  depth o f  21 f e e t  below grade i n  o rder  t o  be under the  f r o s t  

l i n e .  The water l i n e s  from the  main l i n e  t o  c o n t r o l  valves are  heat- t raced and 

normal ly  kept  dry.  The f i r e - c o n t r o l  water p i p e l i n e  along the  t r e s t l e  t o  the  

dock i s  kept  empty; there fore ,  heat t r a c i n g  o r  i n s u l a t i o n  i s  n o t  requi red.  The 

f i r e - c o n t r o l - w a t e r  s torage tank i s  a l so  n o t  insu la ted ;  however, heated water i s  

c i r c u l a t e d  i n  t he  tank  t o  prevent  freezeups. 



The d ry  chemical f i r e  ex t i ngu i sh ing  systems inc lude  f i x e d  systems w i t h  

permanent nozzles, f i x e d  systems w i t h  hosel ines, mon i to r  nozzles, and po r tab le  

ex t ingu ishers .  The compressor b u i l d i n g s  use f i x e d  u n i t s  w i t h  hose l i n e s .  The 

t r a n s f e r  pump area has a f i x e d  system designed t o  cover the  pump area w i t h  d ry  

chemical i n  the  event o f  a f i r e .  The d ry  chemical systems i n  the l i q u e f a c t i o n  

t r a i n s  i nc lude  hosel ines and moni to r  nozzles. A d ry  chemical u n i t  a t  the dock 

has both mon i to r  nozzles and bicarbonate o r  potassium carbonate. 

Two f i r e t r u c k s  prov ide  backup f i r e  p r o t e c t i o n  f o r  a l l  p l a n t  areas and 

pr imary f i r e  p r o t e c t i o n  f o r  areas n o t  otherwise covered. The t r u c k  conta ins a 

d r y  chemical system w i t h  hose l i n e s  and a monitor,  and i t  can a t tach  t o  any 

o f  the  f i x e d  d ry  chemical systems f o r  backup. The t r u c k  a l so  has water-pumping 

capabi 1 i t y  . 
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APPENDIX C 

FACILITY DESCRIPTION OF R E F E R E N C E  LNG MARINE VESSEL 

The e a r l i e s t  s ign i f i can t  development in the marine transportat ion of l ique- 

f i ed  natural gas took place in the United Sta tes  in 1951. A man named William 

~Jood Prince of the Union Stockyard and Transi t  Company ("Chicago Stockyards") 

Aeveloped the idea t ha t  i t  might be economically f e a s ib l e  t o  l iqu i fy  natural 

j a s ,  then a byproduct disposed of by burning o r  " f l a r i ng , "  and t o  t ranspor t  i t  

9y barge t o  an a rea ,  such as Chicago, where i t  ~iiight be sold as a fue l .  The 

idea was fu r t he r  developed, and ult imately a j o in t  venture was agreed upon by 

the Chicago Stockyards and the Continental Oil Company. They formed a new 

:ompany, Constock Liquid Methane Corporation, and in 1952 made the f i r s t  ser ious  

2 f fo r t  a t  marine t ranspor ta t ion of L N G ,  from Louisiana u p  the Mississippi River 

to Chicago. Their e f f o r t  resulted in  the M E T H A N E ,  a  r i ve r  barge whose carry- 
3 i n g  capacity of about 6,000 m consisted of f i ve  cy l indr ica l ,  carbon s t e e l  

tanks 50 f e e t  in diameter and 24 f e e t  deep. The METHANE never developed t o  the  

~ o i n t  of being an economic success. However, the in te res t ing  and s ign i f i can t  

l spec t  of the METHANE was the construction of i t s  tanks, f o r  t h i s  provided the 

?a s i s  f o r  f u r t he r  development in tank construction.  

The M E T H A N E ' S  tanks were lined in te rna l ly  with balsa wood, which was t o  

'unction as an insu la to r  in d i r ec t  contact  with L N G .  Balsa wood proved t o  be 

i n  excel lent  insu la to r ,  except t ha t  a  great  deal of surface damage was noted 

~ f t e r  a  s e r i e s  of f i l l i n g  and emptying cycles.  Some penetration of the balsa 

~y the L N G  was expected; however, upon warmup, trapped L N G  vo l a t i l i z ed ,  expand- 

i n g  so rapidly from a l iqu id  t o  a gaseous s t a t e  t h a t  i t  caused the balsa l in ing  

LO de te r io ra te  a t  the inner surfaces.  

Even though i t  f e l l  shor t  of commerical success, the METHANE venture showed 

:hat marine t ranspor ta t ion of L N G  was within the capab i l i t i e s  of current  engi- 

~ e e r i  ng technology. 

During the middle 19501s,  i n t e r e s t  changed from r i ve r  t o  ocean t ranspor t  

~f L N G .  In 1957, the North Thanles Gas Board joined Constock in a commerical 



ven tu re  t o  prove t h e  f e a s i b i l i t y  o f  l a rge -sca le  ocean t r a n s p o r t  o f  LNG. The i r  
e 

e f f o r t s  produced t h e  METHANE PIONEER, a  conver ted d r y  cargo s h i p  w i t h  5,000-m' 

c a p a c i t y  i n  i t s  r ec tangu la r ,  aluminum a1 l o y  (5083-0) s to rage  t a n k ( s )  . I n  1955 

she c a r r i e d  t h e  f i r s t  cargo o f  LNG f rom Lake Charles,  Lou is iana ,  t o  Canvey I s 1  

a t  t h e  head o f  t h e  Thames Es tu ra ry .  A l t oge the r ,  seven cargoes were success fu l  

t r anspo r ted  b e f o r e  t h e  exper iment was te rmina ted  i n  1961. 

I n  1961, Conch I n t e r n a t i o n a l  Methane, L t d . ,  con t rac ted  t o  have two sh ips  
3  o f  27,400-m c a p a c i t y  cons t ruc ted  t o  d e l i v e r  LNG f rom Arzew, A l g e r i a ,  t o  Canve 

I s l a n d  on a  long- te rm bas i s .  These sh ips,  t he  METHANE PRINCESS and t he  METHAF 

PROGRESS, began t h e i r  s e r v i c e  i n  1964 and 1965, r e s p e c t i v e l y .  They a re  cu r re r  

s t i l l  i n  s e r v i c e ,  as i s  t h e  METHANE PIONEER, now renamed t h e  ARISTOTLE. 

Du r i ng  t h e  t i m e  t h e  Constock exper iment was underway, Gaz de France begar 

s tudy ing  t h e  poss i  b i l  i ty  o f  t r a n s p o r t i n g  n a t u r a l  gas fo rm the  Sahara t o  France 

Th i s  s tudy  l e d  t o  t he  convers ion o f  a  l i b e r t y  s h i p  t o  t he  t anke r  BEAUVAIS. 

Tests  w i t h  t h e  BEAUVAIS began i n  1962 and r a n  f o r  f i v e  months, a f t e r  which 

i t  was dec ided a  c y l i n d r i c a l  tank  system would be t h e  most d e s i r a b l e .  As a  
3  consequence, a  new 25,500-m - capac i t y  vessel ,  JULES VERNE, was cons t ruc ted .  

I t  en te red  i n t o  s e r v i c e  i n  March 1965, c a r r y i n g  LNG f rom Arzew, A l g e r i a ,  t o  

Le Harve. 

Wi th  t h e  excep t i on  o f  t h e  barge METHANE, a l l  t h e  vesse ls  used what i s  

descr ibed  as a  f r ee -s tand ing  tank,  a  tank  n o t  dependent on t h e  s h i p ' s  h u l l  

f o r  s t r u c t u r a l  i n t e g r i t y .  I n  t h e  e a r l y  19601s, t h e  concept o f  a  membrane tank 

was f i r s t  considered. T h i s  i s  a tank  made o f  a  t h i n  l i n i n g  o f  non- load-bear i r  

m a t e r i a l  f i t t e d  i n t o  a  t ank  composed o f  t he  s h i p ' s  h u l l  and l o a d  bea r i ng  i nsu -  

l a t i o n .  The des ign  was o r i g i n a t e d  by O i v i n d  Lorentzen & Company o f  Norway. I 

was l a t e r  acqu i red  and m o d i f i e d  by Technigaz and i nco rpo ra ted  i n  t h e  630-n~ 3 

s h i p  PYTHAGORE. T h i s  s h i p  has been used by Gazocean p r i m a r i l y  as a  c a r r i e r  01 

ethy lene,  a l t hough  i t  i s  capable o f  c a r r y i n g  methane and has done so. 

Other  membrane designs were developed d u r i n g  t h e  same p e r i o d  by Conch, 

Worms and Cie,  and Gaz de France, t h e  l a t t e r  two ope ra t i ng  as Gaz-Transport. 

The Gaz-Transprot des ign was f i r s t  t e s t e d  on an LPG ship,  t he  HYPOLITE WORMS; 

however, t h e  f i r s t  LNG sh ips  t o  employ t h i s  des ign were t he  POLAR ALASKA and 

ARCTIC TOKYO, b u i l t  f o r  Marthon and P h i l l i p s .  The sh ips  were completed i n  

1969 and en te red  s e r v i c e  between Alaska and Japan. 



Meanwhile, in other parts of the world, other interested parties were 

attempting t o  develop the i r  own LNG capabi l i t ies .  Esso entered the LNG f i e ld  

in the early 1960's by undertaking the development of a natural gas market 
3 f i r s t  in I ta ly ,  then in Spain. Their e f for t s  resulted in four 40,000-m ships 

with free-standing aluminum tanks. 

A t  the beginning of 1978, the world LNG car r ie r  f l e e t  totaled 42 ships. 

Fac i l i t ies  f o r  liquefaction and regasification coming on stream within the 

next f ive  years will require an additional 30 vessels to  be bui l t .  

Anticipated U. S. base-load import projects will require a f l e e t  of 58 

ocean-going L N G  vessels. To date, only 25 of the vessels required are e i the r  

in operation or on order. In addition to  these vessels, four L N G  tankers 

have made spot deliveries of L N G  t o  the Everett, Massachusetts, import receiv- 

ing terminal. Pertinent data describing these 29 vessels are l i s t ed  in 

Table C.1. Of these 29 vessels, 11 have independent cargo tanks while 18 have 

membrane cargo containment systems. These vessels range in s ize from 40,000 t o  
3 3 130,000 m . However, vessels of u p  to  165,000 m are under consideration f o r  a t  

l eas t  one L N G  import project. Approximately half of the vessels that  will be 

bu i l t  t o  serve United States  LNG trades are to  be constructed by U.S. shipbuilders. 

C.l GENERAL DESCRIPTION OF LNG MARINE VESSEL 

3 The f a c i l i t i e s  and structure of a typical 125,000-m L N G  marine vessel are  

described here. A diagram of the vessel i s  shown in Figure C.1. The principal 

character is t ics  of the tanker are  given in Table C.2. The description of the 

LNG marine vessel was developed using information from the sources l i s t ed  in 

Section C.6. 

C.l .'I Ship Fac i l i t ies  

The tanker has an operating time of 345 days/yr, with 20 days allowed f o r  

miscellaneous delays and repairs.  The approximate cargo del iverabi l i ty  of the 

vessel i s  90 t o  92% of the cargo capacity. The cargo boiloff i s  approximately 

0.25 vol%/day (317 m3/day). No boiloff vapors are  vented to the atmosphere; 



TABLE C.1.  LNG Tankers i n  U.S. Trades 

Dimensions 
Ship Nanie and/ Ex tended 
o r  H u l l  Number -- Breadth LOA - - -  

- 
Tanks .- 
- T y p e -  No. 

Unloadi n g m p s  Propu ls ion  
Capacity Rat ing 

Type (1,000 gal /hr ]  .- Type Sha f t  Hp 

Speed 
(Nau t i ca l  Fuel 

mph) ( tons lday 1 

17 105 

D r a f t  

27 f t  7 i n  Descartes 721 f t  10 i n  104 f t  6 i n  Technigaz 12 
Membrane 

Deepwell 1014 a t  Steam 17,000 
304 f t  Turbine 

S t a l  Lava1 

Hassi R'Mel 656 f t  96 f t  11 i n  Gaz Transpor t  12 
Membrane 

Technlgaz 4 
Membrane 

Gaz Transpor t  
Membrane 

Gaz Transpor t  10 
Membrane 

Gaz Transpor t  10 
Menlbrane 

Gaz Transpor t  
Membrane 

Pr i smat i c ,  10 
Insulated.  
S ta in less  S tee l  

P r i smat i c ,  10 
Insulated.  
S ta in less  S tee l  

P r i smat i c .  10 
Insu la ted  
S t a i n l e s s  S tee l  

Rectangular, 10 
Insu la ted ,  
Aluminum 

Rectangular, 10 
Insu la ted  
Aluminum 

Rectangular 10 
Insu la ted  
A1 umi num 

Spher ica l .  10 
Insu la ted  
N icke l  Steel  

Spher ica l ,  10 
Insu la ted  
N icke l  S tee l  

Submerged 88 Steam 16,250 
Turbine 

Charles 646 f t  95 f t  11 i n  
T e l l i e r  

Kenai Mu l t i na  651 f t  4 i n  87 f t  

Submerged 125 a t  Steam 16,800 
492 f t  Turbine 

23,000 

E l  Paso 920 f t  5-1/8 i n  136 f t  6 i n  
Sona t rach  

Subnterged 3045 a t  Steani 44,000 
75 p s i g  Turb ine 

E l  Paso 920 f t  5-1/8 i n  136 f t  6 i n  
Consol idated 

Edouard Louis  872 f t  9 i n  136 f t  6 i n  
Dreyfus 

Submerged 3045 a t  Steam 44,000 
75 p s i g  Turb ine 

Turbine 45,000 

E l  Paso 948 f t  6 i n  135 f t  
Southern 

0 
1, EI paso 948 f t  6 i n  135 f t  

Arzew 

Submerged 3552 a t  S tea111 40,000 
75 p s i g  Turbine 

Submerged 3552 a t  Steam 40,000 
75 p s i g  Turbine 

El Paso 948 f t  6 i n  135 f t  
Howard Boyd 

Submerged 3552 a t  Steam 40,000 
75 p s i g  Turb ine 

€1 Paso 931 f t  6 i n  140 f t  6 i n  
Columbia 

Submerged 3180 a t  Steam 41,000 
75 p s i g  Turbine 

E l  Paso 931 f t  6 i n  140 f t  6 i n  
Savannah 

Submerged 3180 a t  Steam 41,000 
75 p s i g  Turb ine 

E l  Paso 931 f t  6 i n  140 f t  6 i n  
Cove P o i n t  

Submerged 3180 a t  Steani 41,000 
75 p s i g  Turbine 

Submerged Steam 43,000 
Turb ine 

Submerged Stean~ 43,000 
Turbine 



TABLE C . 1 .  -- (con td )  
Dinlensions _ 
Extended 

-- Unloading Pumps 
Capacity 

No. Type (1 ,000 g a l / h r )  - 

10 Subn~erged 

Propuls ion 
Rat ing 

Type Shaf t  Hp 

Speed 
(Nau t i ca l  
mph) 

20 

19 

19 

19 

19 

23 

23 

20 

20 

18.25 

17 

20 

20 

19.4 

Tanks 
EL -a~-- 

Ship Name and/ 
o r  H u l l  Number -- 

Fuel 
( tons lday ) D r a f t  - 

36 f t  

35 f t  

35 f t  

35 f t  

31 f t  

Breadth LOA 

936 f t  143 f t  6 i n  5 Spher ica l ,  
Insulated.  
N icke l  Steel  

Steam 43,000 
Turbine 

Mostefa Ben 
Boula id 

Gastor 

6  Technigaz 
Membrane 

10 Submerged 211 
2 Submerged 92 

Steam 45,000 
Turbine 

Steam 32.000 
Turbine 

Steam 32,000 
Turbine 
S ta l  Lava1 

Gaz Transpor t  
Membrane 

Fuel O i l  
Natura l  Gas 

6 Gaz Transpor t  
Membrane 

Nestor Fuel O i l  
Natura l  Gas 

Ben F r a n k l i n  

671 

672 

5 3 

6 Technigaz 
Membrane 

10 Submerged 211 
2 Submerged 92 

Steam 45,000 
Turb ine 

Insu la ted ,  
GT-EICO 30 

Steam 50,000 
Turbine 

Steam 50.000 
Turbine 

Insu la ted ,  
GT-MCO 30 

10 Submerged Steam 43,000 
Turbine 

5 Insulated,  
Spher ica l .  
A1 umi num 

5 Insu la ted ,  
Spher ica l ,  
A1 umi num 

10 Submerged Steam 43,000 
Turbine 

A r c t i c  Tokyo 6 Gaz Transpor t  
Membrane 

Steam 20.000 
Turbine 

Fuel O i l  as a 
Complement t o  
Evaporated 
Gas 

Steam 20.000 
Turbine 

Fuel O i l  as a 
Complement t o  
Evaporated 
Gas 

Po la r  Alaska 6 Gaz Transpor t  
Membrane 

626 

L26 

Chiani Bachis 

Gaz Transpor t  
Membrane 

Gaz Transpor t  
Membrane 

Gaz Transpor t  
Membrane 

Steam 45,000 
Turbine 

Steam 45,000 
Turbine 

Steam 36,000 
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FIGURE C.  1 . 125,000-m' LNG Transfer Vessel 



3 TABLE C.2. P r i n c i p a l  C h a r a c t e r i s t i c s  o f  125,000-m LNG C a r r i e r  

Length O v e r a l l  

Length between Perpend icu la rs  

Breadth, Molded 

Depth, Molded t o  Upper Deck a t  Side, Amidships 

D r a f t ,  Design Wa te r l i ne  

T o t a l  Deadweight 

Displacement 

. C r u i s i n g  Radius Burn ing  O i l  Only  (Approx.) 

S h a f t  Horsepower, Max, Cont inuous 

Design Speed, T r a i l  Cond i t ions ,  Knots 

S p e c i f i c  Fuel  Consumption Rate (Approx. ) 

926 '0 "  

897 '0"  

143 '6 "  

82 ' 0 "  

36 '0 "  

63,600 L.  Tons 

95,088 L. Tons 

10,500 N. M i l e s  

43,000 

20.4 

0.477 1  b/shp-hr 

285.3 m 

273.4 m 

43.7 m 

25.0 m 

11.0 m 

64,620 M.T. 

96,614 M.T. 

19,500 km 

43,600 M. 

t h e y  a r e  removed f rom t h e  tanks  by t h e  b o i l o f f  compressors and used t o  supp ly  

approx imate ly  70% o f  t h e  s h i p ' s  f u e l  d u r i n g  t r a n s i t .  

The s h i p  has a  range ( o i l  f u e l  o n l y )  o f  approx imate ly  10,500 n a u t i c a l  

m i l e s .  I t  has a  t o t a l  f u e l  o i l  capac i t y  o f  6660 l ong  tons, a  f r e s h  wa te r  

c a p a c i t y  o f  470 l o n g  tons, and a  d i e s e l  o i l  capac i t y  o f  185 l ong  tons. 

The cargo system o f  t h e  s h i p  i nc l udes  f i v e  sphe r i ca l  aluminum tanks w i t h  
3  a  t o t a l  t ank  volume o f  126,750 m a t  100% f u l l  and -265°F. Two un load ing  

3  pumps, each w i t h  a  c a p a c i t y  o f  1130 m /h r ,  a re  i nc l uded  i n  each tank.  Spray 
pumps a r e  a l s o  i nc l uded  w i t h  each s to rage  tank  f o r  t h e  purpose o f  s to rage  tank  

3  cooldown. The t o t a l  spray pump c a p a c i t y  i s  68 m /h r .  The vessel  has a  n i t r o -  

gen system f o r  purg ing  t h e  tanks  i n t o  and o u t  o f  se rv i ce .  The n i t r o g e n  system 
3 i n c l u d e s  25 m o f  l i q u i d  s to rage  and a  vapo r i ze r .  An i n e r t  gas genera to r  w i t h  

3  a  c a p a c i t y  o f  184 m /min i s  a1 so inc luded .  

Nav iga t i ona l  and e l e c t r o n i c  equipment f o r  t h e  vessel  inc ludes :  

s h o r t -  and long-range r a d a r  systems p o s i t i o n e d  f o r e  and a f t  o f  t h e  vessel  

@ a  depth reco rde r  

a  Loran p o s i t i o n  f i x  A/C r e c e i v e r  

@ h igh-  and medium-frequency r a d i o  communications 

VHF sh ip - t o - sh ip  rad io - te lephone 

a  6 0 - l i n e  au toma t i c -d i a l  te lephone system 



a  r a d i o  d i r e c t i o n  f i n d e r  

gy ro  p i l o t  s t e e r i n g - c o n t r o l  system 

a  gy ro  compass 

a  magnet ic compass 

1000-watt  SSB rad io - te lephone 

an underwater l o g  system 

d i g i t a l  readout  depth sounder 

echo depth sounder 

two depth i n d i c a t o r s .  

Some o f  t h i s  n a v i g a t i o n a l  equipment i s  dep i c ted  i n  F i g u r e  C.2. A l l  o f  t h e  

n a v i g a t i o n a l  s a f e t y  equipment i s  connected t o  alarms l o c a t e d  on t h e  b r i d g e  and 

c o n t r o l  room. 

RADAR 
(LONG RANGE). GYRO-COMPASS RADAR (CLOSE RANGE) 

GYRO-PILOT 

WHISTLE 

OLLIS ION AVOIDANCE SYSTEM 
SHALLOW DEPTH ALARM 
VHF RADIO BRIDGE TO BRIDGE 

4 
L-4 

D E P M  
LOG (DIG ITAL READOUT) INDICATORS (2) 

FIGURE C.2. Nav iga t i ona l  Equipment f o r  LNG Transfer  Vessel 

The s h i p  i s  powered by a  heavy-duty mar ine steam t u r b i n e  r a t e d  a t  43,000 

shp. Steam f o r  t h e  t u r b i n e  i s  generated i n  two h igh-pressure (850 ps ig ,  950°F) 

b o i l e r s  t h a t  burn  b o i l o f f  gas and bunker f u e l .  Steam i s  a l s o  used t o  d r i v e  t h e  

b o i l o f f  compressors and generate e l e c t r i c i t y  f o r  t h e  sh ip .  

I n  a d d i t i o n  t o  t h e  f e a t u r e s  p r e v i o u s l y  mentioned, t he  s h i p  i nc l udes  t h e  

f o l l ow ing :  

s i n g l e  s i x -b l aded  p r o p e l l e r  r a t e d  a t  103 rpm 

two tu rbogenera to rs  f o r  e l e c t r i c i t y  r a t e d  a t  1250 kW each 

a  1500-kW standby d i e s e l  genera to r  

a  250-kW d i e s e l  emergency e l e c t r i c a l  p l a n t  

two d i s t i l l i n g  p l a n t s  w i t h  a  t o t a l  capac i t y  of 16,000 ga l /day 

two a i r - c o n d i t i o n i n g  p l a n t s  w i t h  a  t o t a l  c a p a c i t y  o f  60 tons  



a 2200-hp bow thruster  

two bow anchors a t  27,900 1 b  each 

a 12,000-gal sewage holding t a , n k .  

C.1.2 Ship Structure 

The LNG ca r r i e r  has two principal par ts ,  the basic ship comprising the hull 

and propulsion plant, and the cryogenic section consisting of containment tanks 

and cargo handling systems. The cryogenic section i s  described i n  detail  in 

l a t e r  sections of th i s  appendix. 

The L N G  tanker i s  designed to  meet r igid requirements of both impact and 

damaged s t ab i l i t y .  The beam of the ship, along with i t s  large freeboard a t  

f u l l  load, i s  designed to  give i t  exceptional s t ab i l i t y .  Wing side tanks and 

a double-hull system throughout the vessel reduce the possibi l i ty  of damage 

to  the cargo tanks and adjacent inner hull structure in the event of a co l l i -  

sion. They also reduce the r i sk  of damage to the- storage tanks and tank sup- 

ports in the event of the ship grounding. The geometry of the LNG tank system 

and the structural strength of the hull provide excellent resistance to  side 

and bottom damage due t o  collision or grounding. 

The hull of the car r ie r  i s  constructed from a combination of different  

grades of mild s t e e l ,  the highest grades being used in the more c r i t i ca l  zones. 

Lloyds Register Grade "A" i s  generally considered suitable for  a minimum tem- 

perature of O°C, Grade "D"  for  -5°C or  -10°C depending on where used in the 

ship 's  s t ructure,  and Grade "E "  fo r  somewhat lower temperatures. Grades "DM 

and " E "  are impact tested a t  the minimum temperature for  which they are  required. 

The large thermal capacity of the cargo hold structure makes i t  unlikely tha t  

the hull s teel  will be as cold as the predicted steady-state temperature when 

exposed to  the cold ambient conditions for  short periods of time. 

The large scantlings; high strength of the deck s t r inger ,  sheer s t rake,  
and attached longitudinals; and the multitude of structure below the platform 

supporting the tank provide good resistance to  col l is ion penetration. Only 

over a small portion of the hold length and depth do the spherical boundaries 

come close t o  the hull .  A t  locations other than midtank, the ship can with- 

stand greater penetration and consequently greater impact velocity. 



C.2. CARGO HANDLING 

The systems and procedures used f o r  cargo hand l i ng  on t h e  LNG vessel  a r e  

descr ibed  here. The LNG cargo hand l i ng  systems are  shown i n  F i g u r e  C.3, w i t h  

corresponding equipment i d e n t i f i c a t i o n s  g i ven  i n  Tab le  C .3. (Flow diagram 

syn~bol s a r e  d e f i n e d  i n  Appendix H )  . 

TABLE C.3. LNG Cargo Handl ing Systems 

Equipment 
I d e n t i f i c a t i o n  D e s c r i p t i o n  

Compressor 

I n e r t  Gas Generator 

B o i l o f f  Heaters 

Warmup Heater 

Spray Nozzles 

Main Cargo Pumps 

Spray Pumps 

LNG Storage Tanks 

LNG Vapor ize r  

C.2.1 L i q u i d  Cargo System 

The l i q u i d  cargo system i nc l udes  t h e  p ipes,  f i t t i n g s ,  and machinery used 

t o  l o a d  o r  d ischarge  LNG f rom t h e  vessel .  The system c o n s i s t s  o f  t h e  f o l l o w i n g :  

f o r e  and a f t  p i p e  main ( 1  i q u i d  header i n  F igu re  C.3) 

man i f o l ds  on p i p e  main f o r  l o a d i n g  o r  d i scha rg ing  f rom e i t h e r  s i d e  o f  t h e  

vessel  

1 oading 1 i nes a t  each tank  dome 

two pump d ischarge  l i n e s ,  one f rom p o r t  and one f rom s ta rboa rd  s i d e  o f  

each t ank  

two submerged, e l e c t r i c a l l y  d r i v e n  pumps i n  each cargo tank. 
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The f i v e  cargo tanks i n  t h e  sh ip  each con ta in  two f u l l y  submerged, v e r t i c a l  

shaf t ,  e l e c t r i c a l l y - d r i v e n  cryogenic c e n t r i f u g a l  pumps t o  t r a n s f e r  LNG from the  

storage tanks o f  the  s h i p  t o  the  te rmina l  storage tanks. Each pump has a capa- 
3 c i t y  o f  1130 m / h r  (5,000 gpm) w i t h  a discharge pressure o f  100 ps ig,  and t h i s  

prov ides f o r  an unloading t ime f o r  t he  vessel o f  approximately 12 hours. 

The pumps used i n  t h i s  system o f f e r  the f o l l o w i n g  impor tan t  engineer ing 

advantages: 

No mechanical seal o r  packing gland i s  requi red,  s ince  the pump i s  comp- 

l e t e l y  exposed t o  an LNG environment. 

No l i n e  s h a f t  o r  l i n e  s h a f t  bear ing i s  necessary. 

Each pump has a greater  horsepower-to-weight r a t i o ,  s ince fewer p a r t s  a re  

requ i red .  

Each pump can pump e f f e c t i v e l y  w i t h  a very  low pressure a t  i t s  suc t i on  

s ide.  

Cen t r i f uga l  pumps pumping l i q u i d s  near t h e i r  s a t u r a t i o n  p o i n t  o f t e n  a re  

plagued by c a v i t a t i o n  problems due t o  i n s u f f i c i e n t  NPSH ( n e t  p o s i t i v e  suc t i on  

head). By p lac ing  the  pump i n s i d e  the  tank, the  pressure drop normal ly  associ-  

a ted  w i t h  the  t r a n s f e r  p i p i n g  from the  tank t o  the  pumps i s  e l im ina ted.  Th is  

prov ides a d d i t i o n a l  NPSH f o r  t he  pump and, as a r e s u l t ,  reduces c a v i t a t i o n  

problems. 

A f u r t h e r  advantage i s  t he  LNG surrounding the moving p a r t s  o f  t he  pumps. 

The LNG ac ts  as a coo lan t  t o  these systems. L u b r i c a t i o n  t o  the  pump i s  supp l ied  

by the LNG as i t  f lows over  the  b a l l  bearings and then through the motor casing 

t o  t h e  suc t i on  s ide  o f  t h e  pump. I n  add i t i on ,  the low temperature environment 

reduces the  e l e c t r i c a l  res i s tance  o f  the copper windings and thus increases motor 

e f f i c i e n c y .  

The major drawback o f  t h i s  type o f  pump l i e s  i n  t he  f a c t  t h a t  i t  requ i res  

cu r ren t - ca r r y ing  w i res  i n  a cargo tank. 

C.2.2 L i q u i d  R e c i r c u l a t i o n  System 

Th is  system i s  used t o  cool  down the .ca rgo  tanks and t o  keep them c o l d  

du r ing  b a l l a s t  voyages. It cons i s t s  of a 1 i n e  (spray header i n  F igure  C.3) t o  



supply L N G  t o  the tank cooldown system when the ship i s  a t  sea, a small spray 
pump i n  each tank, and a spray nozzle in each tank. 

C.2.3 Gas Main 

The gas main 1 ine (vapor header in Figure C.3) serves the following p u r -  

poses on an LNG vessel: 
to  provide a second leg fo r  the closed cargo load/unload cycle 

t o  supply the gas compressors with boiloff during a voyage 
t o  supply high-pressure warm methane gas to  the warmup system. 

In addition, three boiloff compressors draw gas from the gas main t o  supply 

the boilers via the gas supply l ine.  

The boi loff compressors are d i rec t  steam-turbine-driven, centrifugal units. 
3 These are  generally used fo r  a l l  ships larger than 65,000 m . Since there i s  

suf f ic ien t  steam on board, superheated steam is-used to  drive the steam tur-  

bine tha t  i s  mounted direct ly  on the shaft  of the boiloff compressor. 

The compressor i s  from a solid forging; titanium i s  used for  the high- 

duty compressor due t o  tip-speed considerations and aluminum forgings for  the 

lower tip-speed, low-duty compressor. Each compressor i s  enclosed i n  a s ta in-  

less  s teel  housing with proper flow i n l e t  and discharge volute casing. An 

insulation system i s  provided adjacent t o  the back disc of the compressor 

impeller. In combination with the seal gas and bearing lube subsystem opera- 

t ion,  the insulation achieves essent ial ly  room temperature conditions on the 

bearing housing. The bearing housing contains in-line board positions fo r  the 

rugged pivoted shoe bearing together w i t h  the seal cartridges.  These contain 
a ser ies  of controlled a i r  gap, floating carbon r i n g  seals  w i t h  regulated seal 
gas feed. 

Surge control i s  provided by measuring the pressure different ial  across 
the compressor i n l e t  o r i f i ce  plate. The different ial  a t  which surge occurs i s  
used as the s e t  point on a pneumatic controller.  The measured d i f fe rent ia l  i s  

then compared t o  the s e t  point. The surge control bypass valve i s  modulated 

to  maintain the compressor outside the surge 1 imits. 



The main c o n t r o l  system provides speed c o n t r o l  f o r  the compressor by regu- 

l a t i n g  the  compressor i n l e t  pressure ( tank  o u t l e t  pressure) t o  p reset  values 

( u s u a l l y  1.0 ps ig )  t o  modulate the  steam f l o w  ra te .  The s h a f t  speed o f  the  

compressor i s  al lowed t o  vary  f r e e l y  up t o  a s p e c i f i e d  l i m i t .  A t  t h i s  upper 

l i m i t ,  the  speed c o n t r o l l e r ,  being cascaded w i t h  the  pressure con t ro l ,  c o n t r o l s  

t he  steam f l o w  r a t e  as necessary t o  main ta in  constant  speed, t he  speed measure- 

ment being made by a mechanical-to-pneumatic transducer. 

The a d d i t i o n a l  p o r t i o n  o f  the  c o n t r o l  system cons is ts  p r i n c i p a l l y  o f  

compressor s t a r t u p  and stop but tons i n  both l o c a l  and remote l o c a t i o n s  and the  

se r ies  o f  s a f e t y  switches t h a t  shut  t h e  system down by c l o s i n g  a steam shut-  

o f f  va l ve  inmedia te ly  upstream o f  the  steam c o n t r o l  valve. The sa fe ty  system 

i s  completely independent o f  the  c o n t r o l  system and i s  f a i l s a f e  i n  operat ion.  

The sa fe ty  system moni to rs  the  pneumatic ou tpu t  s igna ls  from the  f i v e  sa fe ty  

switches, which mon i to r  lube o i l  pressure, lube o i l  temperature, compressor 

speed, speed s igna l  o r  underspeed, and seal gas pressure. When these switches 

are  i n  the sa fe  cond i t i on ,  t he  pneumatic ou tpu t  i s  approximately 20 ps ig .  When 

i n  the  unsafe cond i t ion ,  t he  ou tpu t  f a l l s  t o  0 ps ig.  Through se r ies  arrange- 

ments o f  low pressure se lec tors ,  t he  lowest  o f  these f i v e  s igna ls  i s  f ed  t o  the  

steam s a f e t y  valve. Thus, i f  any s a f e t y  switches are  i n  the  unsafe cond i t ion ,  

t he  va lve  rece ives  t h e  lowest  o f  t h e  f i v e  s igna ls  and the re fo re  closes. The 

s a f e t y  va l ve  i s  prevented from reopening, i f  the  sa fe ty  swi tch  re tu rns  t o  the  

sa fe  cond i t ion ,  by a l a t c h i n g  c i r c u i t .  

Blocked L iquidIGas Re1 i e f  System 

Th is  i s  a s a f e t y  system c o n s i s t i n g  o f  r e l i e f  valves and p i p i n g  t h a t  l e a d  

t o  the  gas main. A l l  those sect ions o f  p i p i n g  t h a t  a re  c losed o f f  t o  the  

vapor a re  prov ided w i t h  r e l i e f  valves. I f  excessive pressure b u i l d s  up as LNG 

vaporizes, t he  r e l i e f  va lves d i r e c t  excess vapor t o  the  gas main. I n  add i t i on ,  

t he re  i s  a r e l i e f  va l ve  amidship on the  gas main t o  prevent  overpressur iz ing.  

C.2.5 P ip ing  and F i t t i n g s  

Pip ing,  valves, and o t h e r  f i t t i n g s  a re  o f  the  same bas ic  design as those 

used f o r  cargoes a t  normal temperatures. The bas ic  d i f f e r e n c e  i s  i n  the  mate- 

r i a l s  used f o r  t h e i r  f a b r i c a t i o n .  Aluminum o r  aluminum a l l o y  i s  the most 



desirable material from the point of view of low temperature properties. How- 

ever, ships are  made of s teel  and are in a sea environment; hence, an aluminum- 

s teel  connection forms a galvanic cell  ( i . e . ,  a wet battery).  The resu l t  i s  a 

rapid corrosion of the aluminum. The possibi l i ty  of inserting an electr ical  

barr ier  into the junction has not been considered practical fo r  th i s  service. 

Therefore, 9% nickel s teel  i s  used for  a l l  piping and f i t t i n g s  in cryogenic 

service. Most of the valving i s  made of s ta inless  s t ee l .  Double piping, one 

inside the other with the internal pipe carrying the gas, i s  used for  the gas 

supply l ines  to  the main propulsion machinery. 

The control of an L N G  f a c i l i t y  can be accomplished by controlling flow 

rates  of l iquid,  gas, or  heat. Flow rates are most effectively controlled by 

valving , a1 though they can sometimes be regulated by adjusting machinery speed, 

as in the case of the boiloff compressors. Valves can be adjusted manually or  

automatically. During normal steady operations, automatic control i s  achieved. 

For s tar tup and shutdown procedures, manual control i s  used. Automatic control 

valves are actuated by a i r  pressure. 

C.2.6 Loading 

L N G  i s  loaded onto the vessel by the pumps a t  the export terminal. The 

procedures used prior to  and during loading are described below. 

C.2.6.1 Preparations for  Loading 

The following procedures are followed prior to  loading: 

The ship i s  moored with ship and shore manifolds in compatible relat ive 

positions. 

The deck area around the cargo tanks i s  cleared of unnecessary personnel 

and gear. 

The vessel i s  properly trimmed so the LNG will flow evenly into the l iquid 

header and cargo tanks. 

Upon a r r iva l ,  cargo tanks are  gauged. This involves three people: an 

of f icer  of the vessel, a terminal representative, and a government author- 

i t y .  (The same procedure i s  carried out upon completion of loading.) 



An accurate log of a l l  phases of the loading operation i s  kept. This log 

includes gauging information, s t a r t s ,  stops, changes in loading ra tes ,  and 

corresponding times and reasons. The operation of the sh ip ' s  f i l l  valves, 

sequence of tank f i l l i n g ,  and time of s t a r t  and stop of loading i s  the 

responsibil i ty of the person on deck who represents the sh ip ' s  master. 

Several systems are  kept in operation during loading and should be checked 

fo r  proper operation. These include: 

nitrogen system and a1 arms 

actuating a i r  supply ( fo r  valves, alarms, e tc . )  

instrument a i r  supply 

tankslvapor pressure gauges 

gas analyzer 

tank temperature recorders 

hull temperature monitoring system 

motor operated valves 

cargo mimic panel in the cargo control room 

liquid-level measuring systems. 

C.2.6.2 Loading Procedures 

Loading LNG into an empty aerated tank i s  an operation tha t  includes three 

major steps: purging and drying, cooldown, and loading. 

Before LNG i s  carried through any sh ip ' s  piping or introduced into the 

tanks, these areas,  together with the space between the cargo tanks and the 

inner hul l ,  are  purged with an iner t  gas t o  exclude oxygen. The ship carr ies  
nitrogen fo r  t h i s  purpose. The nitrogen i s  f i r s t  warmed to  s l ight ly  above 

tank temperature and introduced through the vapor piping a t  the top of the 

tank. As i t  moves through the tank, a i r  i s  purged out through the l iquid 

pipes a t  the bottom of the tank and ex i t s  through the forward vent r i s e r .  Dur- 

ing the purge, samples of removed gases are tested for  the i r  oxygen content. 

When the oxygen content i s  reduced to  below 6% by volume, purging may be stop- 

ped. One advantage of using nitrogen i s  tha t  i t  also effectively dr ies  the 

tank space and i t s  associated piping during the same process. A visual process 

description and flowsheet fo r  the purging operation i s  given in Figure C.4. 
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When a1 1 preparat ions f o r  l oad ing  are completed on the  vessel , termina l  

personnel extend both the  load ing  and vapor r e t u r n  arms t o  a p o s i t i o n  such 

t h a t  persons on t h e  working p l a t f o r m  can remove the b l i n d s .  A f t e r  p o s i t i o n i n g ,  

and before  the  b l i n d s  a re  removed, the  f o l l o w i n g  steps take place: 

Terminal personnel open vent va l  ves , depressuri  z i  ng t h e  1 oadi ng arms, 

which have been maintained i n  a n i t r o g e n  atmosphere. 

A f t e r  vent ing,  they advise t h e  f l a n g i n g  crew t h a t  t he  b l i n d s  may be 

removed and connect ion made t o  t h e  s h i p ' s  mani fo ld.  These connect ions 

a re  made w i t h  h y d r a u l i c a l l y  operated, pos i t i ve - l ock ing ,  quick-d isconnect  

coup1 i ngs. 

When connect ions have been p rope r l y  made, t he  s h i p ' s  cargo o f f i c e r  advises 

t h e  te rmina l  t h a t  t h e  vessel i s  ready t o  rece i ve  cargo. Terminal personnel 

n o t i f y  o the r  shore f a c i l i t i e s .  

a Terminal personnel then request  readiness o f  t he  s h i p ' s  vapor compressor. 

a Terminal personnel s l i g h t l y  open the bypass valves t o  cool down the  load-  

i n g  arm. Cool down l a s t s  some 30 t o  40 minutes, w i t h  LNG being c i r c u l a t e d  

through the  s h i p ' s  p i p i n g  b u t  n o t  i n t o  tanks. 

When load ing  arms cooldown i s  completed, t he  load ing  va l ve  c o n t r o l  console 

i s  checked and placed on board. Various shore valves are  then opened 

s l i g h t l y  and then c losed t o  ensure t h a t  LNG w i l l  be d i r e c t e d  t o  t h e  c o r r e c t  

s h i p ' s  tank. 

The storage tanks a r e  cooled down, a t  a r e l a t i v e l y  slow r a t e  t o  avo id  

c rack ing  o f  t he  tank wa l l s ,  t o  a temperature c lose  t o  t h a t  o f  LNG. This i s  

done by spraying LNG i n t o  the  tank. When i t  h i t s  the tank wa l l s ,  some o f  the  

LNG vaporizes, c o o l i n g  t h e  tank. The f lashed vapors are  recyc led  t o  the  shore 

p lan t .  The spray c o o l i n g  process cont inues u n t i l  temperature probes i n d i c a t e  

t h a t  t h e  tank  l i n i n g  and i n s u l a t i o n  are  c lose  t o  the  LNG temperature (-250" t o  

-260°F). I n  t h i s  cooldown operat ion,  t he  tank bottom approaches LNG tempera- 

t u res  f i r s t ,  due t o  the  f a c t  t h a t  nonvaporized spray accumulates a t  the bottom. 

When the  bottom tank temperature i s  near LNG temperature and the  temperature a t  

t h e  t o p  o f  t h e  tank i s  n o t  t oo  d i f f e r e n t ,  cooldown stops and load ing  begins. A 

v i s u a l  process f l o w  diagram f o r  cooldown i s  g iven i n  F igure  C.5. 
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Dur ing normal loading,  LNG i s  in t roduced i n t o  the tanks a t  a t o t a l  com- 

b ined r a t e  o f  53,000 gpm. As LNG f i l l s  t he  tank space, vapors remaining from 

t h e  cooldown opera t ion  are  fo rced toward the  top. These vapors must be pumped 

o u t  t o  prevent  pressure from b u i l d i n g  up i n  the  tanks. Therefore, the  vapors 

a r e  con t i nous l y  being pumped back t o  shore us ing  the s h i p ' s  b o i l o f f  compressors. 

A v i s u a l  process f l o w  diagram f o r  l oad ing  operat ions i s  shown i n  F igure  C.6. 

Cargo t r a n s f e r  i s -  c a r e f u l l y  documented. Continuous watch i s  kept  both i n  

t he  c o n t r o l  room and on deck, and a l o g  i s  maintained on a l l  operat ions.  Dra in  

pans a re  placed beneath f i t t i n g s  t o  c o l l e c t  LNG leakage and p r o t e c t  the  deck 

from l o c a l i z e d  thermal shock. An op t i on  t o  t h i s  i s  t o  run  seawater over the  

decks du r ing  l oad ing  and d ischarging.  

Approximately 40 minutes p r i o r  t o  reaching the  f i l l e d  l e v e l  o f  the  tanks, 

o r  a t  some predetermined l e v e l ,  t he  cargo o f f i c e r  n o t i f i e s  te rmina l  personnel 

t o  reduce t h e  l oad ing  r a t e .  Th i s  i s  done by c u t t i n g  ou t  a l l  b u t  one shore 

pump. When t h e  tank  reaches proper  l e v e l ,  98% f u l l ,  the operator  c loses the  

dome vent  va l ve  on top  o f  t h e  tank. I f  the  tank l e v e l  reaches 99%, a s igna l  

f rom a second l e v e l  i n d i c a t o r  a c t i v a t e s  the  emergency shutdown system. 

When t h e  proper  l e v e l  i s  reached on a l l  tanks, t he  cargo o f f i c e r  n o t i f i e s  

t h e  te rmina l  opera tor  t o  s top  l oad ing  and orders the  s h i p ' s  compressors shut  

down. A l l  compressor valves and valves i n  the  compressor l i n e  a re  closed. The 

tank i s  u s u a l l y  f i l l e d  t o  98% o f  i t s  capac i ty  t o  a l l ow  space f o r  t he  b o i l o f f  

vapor. 

I f  t h e  s h i p  i s  t o  take  on LNG cargo when i t  al ready has some LNG i n  i t s  

tanks, i n e r t i n g  and cooldown are  n o t  necessary. For  t h i s  reason, a f t e r  unload- 

ing ,  t he  sh ip  o f t e n  r e t a i n s  a smal l  amount o f  LNG i n  i t s  tanks (about 5% by 

volume) so a new cargo may be d i r e c t l y  taken on board. The LNG i s  u s u a l l y  

kept  i n  one tank  and sprayed i n t o  t h e  o the r  f o u r  tanks us ing  the  spray pumps 

and spray nozzles. One disadvantage t o  t h i s  method o f  cooldown i s  t h a t  i f  LNG 

o f  a d i f f e r e n t  composit ion i s  loaded, a subs tan t i a l  heat re lease may r e s u l t  due 

t o  phys i ca l  mix ing  o f  t he  d i f f e r e n t  cargoes. The vapors produced f rom the  

re leased heat  must be pumped back t o  shore a t  a r a t e  s u f f i c i e n t  t o  prevent  

pressure b u i l d u p  i n  t h e  tank. 
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The disconnecting operation f i r s t  requires draining of the liquid header 

and loading arms. They are drained into the l a s t  tank f i l l e d .  This involves 

the following: 

Using the portable console, the ship 's  personnel close the shore block 

valves. The terminal operator then closes the vapor manifold valve 

ashore and not i f ies  the cargo of f icer  to  close the vapor manifold valve 

and stop the compressors. The terminal operator opens a drain l ine  on 

each loading arm and leaves i t  open for  a t  leas t  three minutes. The 

liquid drains into the liquid header aboard the vessel. The drain valves 

ashore are  then closed. 

The sh ip ' s  manifold loading valves are closed. The vapor header i s  then 

cracked to  the crossover l ines .  

The terminal operator opens the nitrogen block valve to  each arm and 

pressurizes i t .  

A t  t h i s  point, the terminal operator requests the cargo of f icer  to  open 

the sh ip ' s  l iquid and vapor manifold valves s l ight ly  f o r  depressurizing 

into the sh ip ' s  l ines .  This operation i s  repeated a t  l eas t  three times 

by reclosing and reopening the liquid and vapor manifold valves. The 

f ina l  position of the valves i s  closed. 

The terminal operator opens wide the atmospheric vent valve on ea'ch arm. 

When the arms are  depressurized and the flanges are  a t  a temperature tha t  

can be handled ( s a l t  water may be used to  warm up the f langes) ,  the 

loading arms are  disconnected and the blind flanges replaced on manifold 

and loading arms. 

After the arms are  retracted, the terminal operator closes the atmospheric 

vent valves and repressurizes the loading arms with nitrogen. 

When a l l  of the foregoing operations are  complete, a l l  valves used f o r  

loading are  closed. A s l igh t  trim a t  the stern of the vessel f a c i l i t a t e s  the 

draining of onboard l ines .  



Unloading 

Unloading procedures are,  in many respects, the reverse of loading. There 

are  two submerged pumps per tank on the ship, plus an al ternate  discharging 

system. Maximum discharge ra te  i s  about the same as tha t  fo r  loading. Shore 

compressors return vapor displaced from shore tanks to  the ship 's  tanks. 

Operations for  discharging include: 

cooldown of liquid l ines  

draining of l iquid l ines  back into cargo tanks 
gauging of tanks 
connection of ship 's  manifold to  shore l iquid and vapor l ines  
cooldown of shore l iquid and vapor discharge l ines  

discharge of cargo 

drainage of l ines  and disconnection 
gauging tanks and determi nation of the quantity of cargo discharged. 

C.2.7.1 Preparation fo r  Unloading 

In preparing fo r  discharge, one of the f i r s t  steps i s  t o  trim and heel 

the vessel in accordance w i t h  the sh ip ' s  operating instructions to  f a c i l i t a t e  

drainage operations. Further, the following systems are checked: 

nitrogen system and a1 arms 

actuating a i r  supply 
instrument a i r  supply 

vapor l ine  pressure switch and alarm 

vapor header pressure gages 
gas analyzer 
data logger 
l iquid level alarms and shutdown 
cargo pump emergency stops 
cargo valve actuators 
l iquid and vapor manifold valves and emergency closures. 

Preliminary procedures include the opening and closing of certain valves 

and the shutdown of certain equipment. For example: 



compressors a re  shut  down 

vapor header t o  compressor va lve  i s  closed 

va l ve  from gas t o  l i q u i d  header over the  compressor room i s  closed. 

A number o f  o the r  va lves a re  opened o r  closed on the cargo dome. 

When the  vessel i s  f u l l y  prepared f o r  discharge operat ions,  the  cargo 

o f f i c e r  g ives  n o t i c e  t o  sh ip  and te rmina l  crews t h a t  the  l i q u i d  and vapor arms 

a r e  ready f o r  connection. The te rmina l  operator  loca tes  the  arms so t h a t  b l i n d s  

can be e a s i l y  removed. On h i s  end, t he  te rmina l  operator  has t o  purge the  arms 

o f  methane vapors w i t h  n i t r o g e n  gas. Fo l lowing t h i s ,  he depressurizes the  arms. 

When f i n i shed ,  he n o t i f i e s  the  cargo o f f i c e r  who orders the b l i n d s  removed and 

f langes at tached loose ly .  A second n i t rogen  purge fo l l ows ,  and then the flanges 

are t ightened.  Now cooldown o f  p i p i n g  begins. 

Dur ing cooldown, t he  s h i p ' s  cargo pumps a re  used. LNG used f o r  cooldown 

i s  c i r c u l a t e d  through the  l i q u i d  header, i n t o  the  l i q u i d  crossover l i n e ,  and 

through each l oad ing  arm and re turned t o  the  s h i p ' s  cargo tanks v i a  the vapor 

load ing  arm, the  vapor crossover l i n e ,  and the  vapor header. Cooldown begins 

by s l i g h t l y  opening vapor and l i q u i d  man i fo ld  valves. LNG then f lows t o  bo th  

load ing  arms. A smal l  amount o f  LNG i s  pumped through the  p i p i n g  system, the  

purpose being t o  cool  down the  connect ing l i n e s  a t  a r a t e  somewhat slower than 

t h a t  which occurs w i t h  f u l l  scale pumping. During t h i s  operat ion,  some LNG 

vaporizes. Th is  i s  separated from the  l i q u i d  when i t  i s  r e c i r c u l a t e d  back t o  

t h e  top  of t h e  cargo tank. As cooldown progresses, a f r o s t  l i n e  g radua l l y  

b u i l d s  up along t h e  d ischarge arm. When a l l  arms have s u f f i c i e n t l y  cooled, 

cargo t r a n s f e r  prodeeds. A t  t h i s  po in t ,  s h i p ' s  personnel rece i ve  from the 

te rmina l  a p o r t a b l e  console which can c lose  shore valves and stop motors i n  

t h e  event o f  an emergency. When a l l  i s  ready and the r e c i r c u l a t i o n  i s  shut  

down, unloading operat ions can begin. 

C.2.7.2 Unloading Procedures 

When a l l  connect ions are  made, cooldown completed, and dome l i q u i d  and 

vapor valves opened, t h e  procedure fo r  unloading i s  as fo l lows:  



Determine from the terminal that  they are ready t o  receive LNG and tha t  

return gas pressure i s  available. 

One main cargo pump i s  s tar ted so as to  p u t  maximum pressure on the ship 's  

sys tem. 

An inspection i s  made t o  locate any leaks. 

If leaks are  found, the pump i s  stopped, the l iquid i s  drained, and repair 

i  s  undertaken. 

I f  no leaks are  found, one of the sh ip ' s  manifold l iquid valves i s  opened 

in coordination with shore requirements. 

The other main cargo pumps are  then s tar ted and the other l iquid valves 

are  opened in coordination with shore requirements. 

After a short period of time, the LNG originally f i l l i n g  the main LNG 

t ransfer  l ine  to  the storage tanks i s  displac-ed. During th is  time no 

return vapor from the shore i s  being pumped. Some vaporization of the 

sh ip ' s  cargo may have to  be carried out so tha t  i t  can be pumped into 

the top of the tank as liquid i s  pumped out through the bottom. When 

the shore tank pressure increases t o  the desired level,  the terminal 

advises the cargo of f icer  and arranges to  s t a r t  the vapor return blower. 

This directs  the return vapor via the vapor crossover l ine  through a 

regulator valve se t  for  about 2 psig. The tanks do not require vapor 

until  the i r  pressure drops below th i s  point. The reason for  th i s  

operation i s  tha t ,  as l iquid i s  pumped out through the bottom, a suction 

i s  created a t  the top. This could cause a massive evaporation of tank 
liquid and also require greater work from the pumps. I t  could also cause 

pump damage or even s t a l l .  To avoid these problems, vapor i s  pumped 

into the tank so that  tank pressure i s  maintained. 

When a l l  compartments are operating properly and the terminal indicates 

readiness, the cargo of f icer  increases the flow ra te  by s ta r t ing  one 

cargo pump a t  a time. Then, each cargo pump discharge valve i s  opened wide. 

Cargo operations a t  t h i s  point are then monitored from the cargo control 

room. 



A v i s u a l  process f low diagram f o r  unloading cargo i s  shown i n  F igure  C.7. 

Usua l ly ,  one tank i s  discharged before  the  o thers  and so on, so t h a t  

t he re  i s  a gradual decrease i n  cargo discharge ra te .  Th is  discharge r a t e  i s  

c a r e f u l l y  monitored and, about one hour p r i o r  t o  est imated completion, the 

cargo o f f i c e r  n o t i f i e s  the  te rmina l .  Jus t  be fore  stopping the  l a s t  cargo 

pump, several  events occur i n  sequence: 

The cargo o f f i c e r  n o t i f i e s  the  on-shore c o n t r o l  room o f  h i s  i n t e n t i o n .  

The cargo o f f i c e r  cracks open the  adjacent  f i l l i n g  l i n e  f o r  the l a s t  tank. 

The te rmina l  opera tor  c loses t h e  shore b lock  valve, and cargo c i r c u l a t e s  

back t o  the  tank. 

The pump i s  then shut  down, and the  adjacent  f i l l i n g  ' l i n e  i s  closed. 

Some LNG i s  u s u a l l y  l e f t  t o  keep the  tanks cool and t o  p rov ide  f u e l ,  f rom the  

b o i l o f f ,  f o r  t he  r e t u r n  t r i p .  

There i s  an a l t e r n a t e  means f o r  c a r r y i n g  ou t  the discharge o f  cargo tanks, 

should t h e  main cargo pumps f a i l .  With the spher ica l  tanks, t h i s  i s  done by 

p ressu r i z ing  the  tank w i t h  an i n e r t  gas, such as n i t rogen,  and "blowing out "  the  

LNG cargo. 

C.2.8 Loaded Voyages 

The major  concern du r ing  a loaded voyage i s  the vapor pressure i n  the  

cargo tanks. I f  the  pressure i s  t oo  low, b o i l o f f  occurs a t  a h igher  than nor-  

mal ra te ;  i f  i t  i s  t o o  high, r e l i e f  va lves may be actuated and b o i l o f f  vented. 

The concern here i s  t h e  p r a c t i c a l  means o f  ma in ta in ing  the  b o i l o f f  pressure i n  

t h e  tanks a t  a maximum o f  1 ps ig.  (The 1 p s i g  maximum i s  a s a f e t y  f i g u r e  t h a t  

helps t o  ensure t h a t  ven t i ng  does n o t  take p lace w i t h i n  p o r t  l i m i t s . )  

To o b t a i n  the  des i red  b o i l o f f  pressure, a se r ies  o f  steps may be taken: 

Keeping i n  mind any f u e l  gas must be odorized, s t a r t  the  gas f u e l  system 

as soon as poss ib le  a f t e r  l eav ing  the  l oad ing  po r t .  

Cargo tank b o i l o f f  pressure may be c o n t r o l  l e d  by con t ro l1  i n g  the  gas 

compressor speed u n t i l  tank pressure drops t o  the des i red  l e v e l .  
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Tank pressure and compressor speed are  moni tored dur ing  steady underway opera- 

t i o n s .  F igure  C.8 i s  a v i s u a l  process f l o w  d e s c r i p t i o n  f o r  us ing  b o i l o f f  as a 

f u e l  . 
When the  vessel approaches the  te rmina l ,  t he  gas compressor i s  shut  down, 

s ince  maneuvering w i l l  be t a k i n g  place. Th i s  causes a s l i g h t  increase i n  tank 

pressure. Th i s  pressure drops r a p i d l y  as discharge begins. 

I n  t h e  event t he  LNG b e r t h  i s  occupied and the vessel must anchor, the  

compressor can be s t a r t e d  up again t o  c o n t r o l  tank pressure. This ,  i n  t u r n ,  

causes excess steam t o  be generated i n  the b o i l e r s .  Consequently, a design i s  

incorpora ted  i n  t h e  s h i p ' s  power p l a n t  t o  d i v e r t  excess steam d i r e c t l y  t o  the  

s h i p ' s  condensors. When the  s h i p  i s  ordered t o  proceed t o  the  te rmina l ,  the  

compressor i s  shut  down again. 

There a re  t imes, however, when the  sh ip  must go through some extended per-  

i o d  o f  maneuvering o r  i t  f i n d s  i t s e l f  i n  some s i t u a t i o n  where ven t i ng  o r  dual -  

f u e l  opera t ion  i s  p roh ib i t ed .  I n  t h i s  case, b o i l o f f  pressure can be c o n t r o l l e d  

by pumping l i q u i d  f rom the  tank bottoms very  s lowly  and d ischarging i t  onto the  

sur face o f  t he  l i q u i d .  Th i s  procedure lowers the temperature a t  the  sur face so 

l e s s  b o i l o f f  takes place. Th i s  method works w e l l  when the  sh ip  i s  a t  r e s t ,  

s ince  s h i p  motions would o r d i n a r i l y  produce s u f f i c i e n t  mix ing  t o  d isperse the  

1 ow temperature sur face 1 ayer. 

Prepara t ion  f o r  Tank Ent ry  and Inspec t i on  

The f i r s t  opera t ion  t h a t  must be c a r r i e d  o u t  before tank e n t r y  and inspec- 

t i o n  i s  t o  vapor ize t h e  LNG heel remaining i n  the  tank and warm up the  tank. Th i s  

i s  done by t a k i n g  b o i l o f f  from the  tanks o u t  through the l i q u i d  header, passing 

i t  through the  b o i l o f f  compressor and b o i l o f f  heaters, and then sending i t  

back t o  the  tanks through the  vapor header i n  a continuous r e c i r c u l a t i o n  

process. The gas i s  i n j e c t e d  i n t o  the  tanks through spher ica l  pe r fo ra ted  

headers l oca ted  a t  s t r a t e g i c  p o i n t s  i n s i d e  the  tanks. As the  tanks a re  warmed, 

pressure r i s e s ,  and gas must be p e r i o d i c a l l y  vented. When the  tank reaches 

approximately 40°F, t h e  purg ing Drocess may be s ta r ted .  The purg ing procedure 

i s  t he  same as f o r  an a i r - f i l l e d  tank, described i n  Sect ion C.2.6.2, except 

t h a t  t he  n i t r o g e n  i s  passed through the  l i q u i d  header and enters  the  bo t tom.o f  
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t he  tank, and the  l i g h t e r  methane gas i s  drawn o f f  a t  the top  i n t o  the  vapor 

header. The methane i s  compressed i n  the  b o i l o f f  compressors and vented o u t  

the  forward vent  r i s e r .  To achieve the  qu ickes t  poss ib le  purge, the  i n e r t i n g  

gas i s  l e t  i n  s low ly  t o  p revent  mix ing  w i t h  the  l i g h t e r  methane gas. Gas 

drawn o f f  a t  t he  t o p  i s  t e s t e d  f o r  i t s  methane content.  When t h i s  i s  w e l l  

below combust ible 1 i m i t s ,  purg ing i s  stopped and the tanks are  then f i l l e d  

w i t h  a i r .  The i n e r t  gas generator i s  used t o  pump a i r  through the  warmup 

heater  and i n t o  t h e  tank through the vapor header. N i t rogen i s  drawn o u t  o f  

t h e  bottom o f  t h e  tank  and through the l i q u i d  header by the  s h i p ' s  compressors. 

The gases a re  vented ou t  t he  forward vent  r i s e r .  During t h i s  operat ion,  

samples o f  gas a r e  taken f rom the  tank  and tes ted  f o r  t h e i r  oxygen content .  

When oxygen content  i s  near 21% by volume, ae ra t i on  i s  stopped and the  tank 

may be entered. 

C.3 LNG STORAGE 

The tanks used f o r  LNG storage on the  vessel, as w e l l  as the  inst ruments 

and c o n t r o l s  f o r  LNG storage, a re  described here. 

C.3.1 LNG Storage Tanks 

Storage f o r  t he  vessel cons i s t s  o f  f i v e  Kvaerner-Moss spher ica l  tanks, 
3 each w i t h  a capac i t y  o f  25,000 m . Some o f  t he  advantages and disadvantages 

o f  t he  spher ica l  tanks, as opposed t o  the  o the r  types, are: 

The tanks can be pressur ized f o r  emergency discharge o f  LNG o r  as an 

a1 te rna te  t o  pumping. 

They pro t rude through the  deck and cause a v i s i b i l i t y  problem f rom the  

br idge.  

They have a h igher  b o i l o f f  r a t e  due t o  heat  leakage f rom the tank s k i r t i n g  

and support  system (0.25% o f  f u l l  tank volume/day). 

They a re  l e s s  suscept ib le  t o  damage f rom sloshing. 

They a re  l e s s  1 i k e l y  t o  rup tu re  du r ing  a c o l l i s i o n .  

They r e q u i r e  1 ess pr imary-bar r i  e r  maintenance. 



They have a longer  warmup t ime (depending on the  amount o f  1 i q u i d  remain- 

i ng a f t e r  d ischarge) .  

Because o f  t h e i r  shape, these tanks can be designed according t o  accepted 

engineer ing codes f o r  pressure vessels. 

F igure  C.9 shows a t y p i c a l  assembly f o r  t h i s  type o f  tank. 
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FIGURE C.9. Kvaerner-Moss Spher ica l  Tank Assembly 

The tanks a re  constructed o f  5083-0 aluminum, which possesses excel l e n t  

low temperature d u c t i l i t y .  Each tank has an i n s i d e  diameter o f  120 f e e t .  Each 

sphere i s  se l  f-supported, cont inuous ly  and i n t e g r a l l y  connected t o  a v e r t i c a l  

c y c l  i n d e r  a t  i t s  equator, so t h a t  the  sphers's equator c i r c l e  and the upper end 

c i r c l e  o f  t h e  c y l i n d e r  co inc ide.  The bottom end c i r c l e  o f  the  c y l i n d e r  i s  

welded i n t e g r a l l y  i n t o  the  s h i p ' s  h u l l  s t ruc tu re .  F igure  C.10 shows how the  

support  s k i r t  and tank p l a t i n g  f i t  together  w i t h  fo rged s t e e l  in terconnected 

by welds. A l l  gas boundary welds a re  b u t t  welds and rece i ve  f u l l  v i s u a l  and 

rad iograph ic  inspect ions .  The tanks a re  hydropneumatical ly t es ted  t o  31 ps ig .  

I n s u l a t i o n  f o r  t h e  tank cons i s t s  o f  polyurethane foam app l ied  t o  the  

e n t i r e  ou te r  sur face o f  t he  sphere, and a l so  t o  a p o r t i o n  o f  the  s k i r t  t o  
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control thermal s t r e s s  and t o  l imi t  heat leak into the tank through th i s  plating 

(see Figures C .  11 and C .  12). Those sections of the ship and the transverse 
bulkheads tha t  a re  not covered by insulation are f i t t e d  w i t h  plywood panels 

tha t  ac t  as spray shields t o  protect the hull structural material from excess 
cooling i n  the case of a leak i n  the cargo tank. The cargo tank spaces are  

f i t t e d  w i t h  a bilge arrangement capable of handling both LNG and water. The 
spaces around the cargo tank are  inerted w i t h  nitrogen gas. This gas is  con- 
s tan t ly  monitored t o  detect any buildup of combustible gases from leakage. 

Access t o  the tanks i s  through a dome a t  the upper pole through which a l l  
piping, cables, and other equipment are  led. Above deck, the tanks are  pro- 
tected by a self-supporting structure.  Each cargo tank i s  f i t t e d  with two 

submerged, e l ec t r i ca l ly  driven cargo pumps as well as two spray nozzle cool- 
down systems. One cooldown system i s  si tuated i n  the upper part  of the tank 
t o  give a general cooldown prior t o  arr ival  a t  the loading port. The second 

s e t  of nozzles i s  used t o  a l lev ia te  any unacceptable thermal s t r e s s  tha t  might 

a r i se  d u r i n g  loading; these nozzles are situated around the equatorial ring of 

the tank. 
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In principle,  no secondary barr ier  or emergency containment system i s  

required. However, a unique feature i s  the leak protection system external 

t o  the tank, consisting of an insulated drip pan w i t h  a liquid t igh t  cover 

s i tuated atop the inner hull. Several splash shields a t  the sides are included 

in t h i s  design, shown previously in Figure C.9. 

C.3.2 Instruments and Controls 

Instruments and controls fo r  LNG storage are  shown i n  Figure C.13. They 

include: 
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FIGURE C.13. Cargo Tank Safety Instruments 

two pressure r e l i e f  valves on each storage tank 

two pressure r e l i e f  valves located in the secondary space between the 

tank and the inner hull of the ship 

cargo tank vapor pressure controls tha t  can automatically stop pumps and 
close l iquid and shore valves 

monitors on the LNG cargo pump discharge pressures and the spray pump dis- 
charge pressures tha t  can automatically s h u t  the pumps down 

a 0-100% liquid level indicator i n  the storage tank and a backup level 
indicator t o  shut down cargo pumps when unloading or cargo system when 
1 oadi ng 

platinum resistance temperature sensors attached to  the cargo tank 

s t ructure a t  various levels t o  monitor ra te  of cooldown and warmup 

platinum resistance temperature sensors on the inner hull to  detect 

insulation f a i  1 ure 

l iquid temperature sensors instal led in four submerged locations 



a s p e c i f i c  g r a v i t y  ins t rumenta t ion  on each tank, d isp layed on cargo console 

a t h ree  methane samplers loca ted between the  tank and i nne r  h u l l  which 

supply samples t o  an automatic i n f r a r e d  analyses system f o r  mon i to r i ng  

the  atmosphere around the  tank 

a a seawater b i l g e  i n d i c a t o r  loca ted  a t  the  bottom o f  the  i nne r  h u l l .  

C.4 RELEASE PREVENTION AND CONTROL SYSTEMS 

The re lease prevent ion  and c o n t r o l  systems on the  vessel inc lude the  f i r e  

p r o t e c t i o n  systems, vessel inst rumentat ion,  and the  Emergency Shutdown (ESD) 

sys tem. 

3.4.1 F i r e P r o t e c t i o n S y s t e m s  

The LNG cargo vessel i s  f i t t e d  w i t h  two types o f  f i r e  p r o t e c t i o n  systems: 

de tec t i on la la rm systems and ex t i ngu i sh ing  systems. 

C.4.1.1 Detect ion/Alarm Systems 

Depending on t h e  type o f  space being protected,  var ious types o f  sensors 

are  used i n  the  marine vessel f o r  f i r e  de tec t ion .  Sensors used i nc lude  combusti- 

b l e  gas, u l t r a v i o l e t  (UV) flame, h igh  temperature, and temperature r a t e - o f - r i s e  

de tec tors .  Smoke detec tors  a re  a l s o  used where o the r  sensors are  n o t  s u i t a b l e .  

The f o l l o w i n g  po r tab le  instruments, w i t h  c a l i b r a t i o n  k i t s  and se l f - con ta ined  

b a t t e r i e s ,  a re  supp l ied  f o r  cargo access, l eak  t e s t i n g ,  and o the r  operat ions:  

two con~bust ib le  gas de tec tors  w i t h  extended sampling l i n e s  

two oxygen detectors,  w i t h  extended sampling 1  ines,  t h a t  can be combined 

w i t h  the  combust ible gas instruments 

a two e l e c t r o n i c  dew p o i n t  t e s t e r s  

a  halogen detector ,  w i t h  spare b o t t l e  o f  f reon,  f o r  t e s t i n g  t i gh tness  o f  

t he  complete gas f u e l  system i n  the  engine room 

a a po r tab le  pressure gauge. 



Combust ible gas de tec to r s  a r e  l o c a t e d  i n  t he  f o l l o w i n g  areas o f  t h e  vesse l :  

b o i l e r  hoods 

gas p i p e  annulus 

foam d ischarge  areas 

LNG d ischarge  l i n e s  and th roughout  t he  d ischarge area. 

To m o n i t o r  t h e  atmosphere surrounding t he  LNG tankage and i n  ad jacen t  

enc losed spaces where leaked methane migh t  accumulate, an automat ic ,  s e l f -  

con ta ined  sampl ing and a n a l y s i s  system i s  used. The spaces i n v o l v e d  i n c l u d e  

compressor rooms, i ns t rumen ta t i on  rooms, a i r  duc ts  sur round ing  gas p i p i n g ,  

areas o f  t h e  engine room ad jacen t  t o  t h e  gas p i p i n g  and burners,  t he  space 

between t h e  p r ima ry  b a r r i e r  and t h e  i n n e r  h u l l  o f  each tank,  and t h e  cargo 

h o l d  area. Loca t i on  o f  a  sampl ing p o i n t  i n  t h e  b o i l e r  uptakes i s  d i f f i c u l t  

due t o  t h e  e f f e c t  o f  f l u e  gas on t h e  analyzer .  The automat ic  gas ana lyzer  

a c t i v a t e s  an a la rm if i t  de tec t s  a  methane concen t ra t i on  g r e a t e r  than  a  s e t  

percentage o f  t h e  l owe r  exp los i ve  l i m i t .  T h i s  t ype  o f  ana lyzer  i s  l i m i t e d  by 

t h e  need t o  measure methane concent ra t ions  i n  bo th  a i r  and i n e r t  gas. The 

i n f r a - r e d  t ype  meets t h i s  requi rement  s a t i s f a c t o r i l y  and i s  r e l i a b l e  i n  ser -  

v i c e .  

The UV f lame de tec to r s ,  temperature r i s e  sensors, and smoke d e t e c t o r s  a r e  

l o c a t e d  i n  va r i ous  areas th roughout  t h e  sh ip .  

A l l  o f  these  d e t e c t i o n l a l a r m  systems a r e  t i e d  i n t o  v i s u a l  a la rm and p o i n t  

i d e n t i f i c a t i o n  pane ls  i n  t h e  b r i d g e  and c o n t r o l  room. I f  t h e  s h i p ' s  s e r v i c e  

e l e c t r i c a l  power f a i l s ,  t h e  systems a r e  powered f rom t h e  emergency power c i r -  

c u i t s .  A d d i t i o n a l  standby and b a t t e r y  power can keep t h e  systems a c t i v a t e d  

f o r  a t  l e a s t  12 hours.  

C.4.1.2 E x t i n g u i s h i n g  Systems 

F i r e  e x t i n g u i s h i n g  systems a r e  d i v i d e d  i n t o  t h e  f o l l o w i n g  types:  

wa te r  systems 

Cop systems 

d r y  powder systems 

steam-smotheri ng systems 

foam f i r e  system. 



Water i s  never  used t o  t r y  t o  p u t  o u t  an LNG f i r e  because i t  s t i r s  up t h e  

LNG and inc reases  t h e  r a t e  o f  evaporat ion,  caus ing t h e  f i r e  t o  become more 

i n tense .  However, wa te r  i s  used t o  wash s p i l l e d  LNG f rom the  decks, t o  coo l  

down p a r t s  o f  t h e  sh ip ,  and t o  p r o t e c t  personnel who a r e  exposed t o  t h e  heat  

o f  t h e  f i r e .  The wate r  i s  a l s o  used f o r  c o o l i n g  once a  f i r e  i s  ex t i ngu i shed  

t o  keep t h e  f i r e  f rom r e i g n i t i n g  on h o t  sur faces.  The wate r  system i s  supp l i ed  

w i t h  sea wate r  th rough  two f i r e  pumps l o c a t e d  i n  t he  s h i p ' s  engine room and 

backed up by an emergency f i r e  pump. Pressur ized  wate r  and p o r t a b l e  f i r e  

e x t i n g u i s h e r s  a r e  a l s o  p laced  a t  va r i ous  l o c a t i o n s  on t he  sh ip .  

The LNG c a r r i e r  has d r y  powder systems a t  severa l  l o c a t i o n s  on t h e  s h i p  so 

t hey  can reach most o f  t h e  deck area and t h e  crossover  p i p i n g  where s p i l l s  a r e  

most l i k e l y  t o  occur.  The p r o j e c t o r s  w i l l  p u t  o u t  about  400 I b  o f  a d r y  pow- 

dered chemical i n  about 40 seconds. Each p r o j e c t o r  has a  range o f  about 80 

yards  i n  a  f i x e d  p o s i t i o n  and 40 yards  when sweeping a  l a r g e  area. These p ro -  

j e c t o r s  can a l s o  be used w i t h  hoses f o r  p u t t i n g  o u t  smal l  f i r e s .  Each hose 

i s  capable o f  d i scha rg ing  about 8 1b o f  chemical p e r  second. When prepara- 

t i o n s  a re  be ing  made f o r  l o a d i n g  o r  un load ing  LNG, t h e  neares t  d r y  powder p ro -  

j e c t o r s  a re  aimed toward t h e  l o a d i n g  connect ions and locked  i n t o  p l ace  so t hey  

can be used immediate ly  on any f i r e s  t h a t  m igh t  s t a r t  because o f  leaks  a t  t h e  

l o a d i n g  man i fo ld .  T h i s  t y p e  o f  p r o j e c t o r  can be operated manual ly  o r  by remote 

manual re leases .  A number o f  p o r t a b l e  d r y  powder e x t i n g u i s h e r s  a r e  f i t t e d  i n  

areas t h a t  p r o j e c t o r s  do n o t  reach and where smal l  f i r e s  m igh t  occur .  

C o p  systems a r e  l o c a t e d  around t h e  e l e c t r i c a l  systems, machinery spaces 

i n  s t o r e  rooms, and i n  o t h e r  areas where a  general  purpose e x t i n g u i s h i n g  agent  

i s  u s e f u l .  These systems a r e  ar ranged so t h e  COq can be a u t o m a t i c a l l y  re leased  

by t h e  f i r e  d e t e c t i o n  system. I n  these cases, they  a r e  t i e d  t o  an a la rm which 

g i ves  warn ing t o  t h e  crew t o  evacuate t h e  compartment j u s t  be fo re  t h e  C02 i s  

r e 1  eased. 

Another f i r e  system on t h e  s h i p  i s  t h e  steam-smothering system, which i s  

supp l i ed  f rom a  deck steam m a n i f o l d  t o  c o n t r o l  o r  e x t i n g u i s h  f i r e s  i n  spaces 

c o n t a i n i n g  f lammable m a t e r i a l ,  such as p a i n t  l ocke rs ,  o i l  tanks, and storerooms. 

Release va lves  a r e  l o c a t e d  t oge the r  on t h e  main deck. 



High expansion foams a re  used t o  prevent  spread and r a d i a t i o n  o f  f i r e s  i n  

these major areas: 

vapor izer  area 

a l l  along the  discharge 1  ines 

compressor area. 

C.4.2 Ins t rumenta t ion  

The s h i p ' s  ins t rumenta t ion  can be subdivided i n t o  th ree  general categor ies:  

1 )  t he  mon i to r i ng  o f  pressure, temperature, and any o ther  phys ica l  o r  chemical 

parameters r e l a t e d  t o  t h e  sa fe  opera t ion  o f  the ship;  2)  t he  c o l l e c t i o n ,  t rans-  

miss ion,  and d i s p l a y  o f  measured in format ion r e l a t e d  t o  opera t ion  o f  s h i p ' s  

equipment and f u e l  custody t r a n s f e r ;  and 3) the ins t rumenta t ion  invo lved i n  the  

remote opera t ion  o f  t h e  ship. These var ious  sytenis are ex tens i ve l y  connected 

by i n t e r l o c k s ,  a larm func t ions ,  and c o n t r o l  loops. 

Instruments used t o  mon i to r  t he  gas detectors,  thermometers, pressure 

gauges, and o t h e r  a larm a c t i v a t i o n  devices use scanning techniques embodying 

vary ing  degrees o f  soph is t i ca t i on .  I n  a d d i t i o n  t o  the  bas ic  scanning, these 

inst ruments i nc lude  record ing  o f  data on tape o r  by o ther  means. 

Alarm panels o r  consoles f o r  sa fe ty  mon i to r ing  equipment and s ta tus  d i s -  

p lays,  which i nc lude  opera t iona l  data and cargo measurement readouts, a re  

l oca ted  i n  t h e  c e n t r a l i z e d  cargo c o n t r o l  room ( o r  gas c o n t r o l  room). Signals 

a re  t ransmi t ted  t o  them f o r  d i s p l a y  by pneumatic o r  i n t r i n s i c a l l y  sa fe  e l e c t r i -  

ca l  s igna ls .  Alarm l i m i t s  on pressures, temperatures, and l i q u i d  l e v e l s  a re  

b u i l t  i n t o  the  t ransmiss ion c i r c u i t s  and d i s p l a y  v i s u a l l y  and aud ib l y  i n  t he  

c o n t r o l  room. Repeater panels d i s p l a y i n g  a l l  o r  p a r t s  o f  the  same data are  

l oca ted  i n  t he  engine room, and a  repeater  alarm panel i s  prov ided on the b r i dge  

s ince  t h e  c e n t r a l  c o n t r o l  room may n o t  be manned a t  a l l  t imes w h i l e  the vessel 

i s  a t  sea. 

General Ins t rumenta t ion  

Some o f  t he  general ins t rumenta t ion  t h a t  i s  inc luded i n  t h i s  c a r r i e r  design 

i s  as fo l l ows :  



ballasting 

pressure 

temperature instrumentation 

integrated d ig i ta l  cargo instrumentation system. 

Ballasting. Instrumentation fo r  readout of a l l  bal last  tank levels ,  

and for  programmed ballasting and deballasting where applicable, i s  provided on 

the cargo console. Fore and a f t  d ra f t  indicators and an inclinometer reading 

in degrees and minutes are  also provided on the console. 

Pressure. Several pressure readings are available from the cargo console 

computer (analog or digi ta l  with 1% accuracy), including: 

1 .  liquid/vapor crossover pressure 

2. L N G  pump discharge pressures, with low-limit alarm and automatic stopping 

to  prevent running dry 

3 .  cargo-tank vapor-space pressure where tanks are manifolded together, with 

accuracy of 0.25% of fu l l  scale fo r  custody t ransfer  

4. insulated and void space pressure, with automatic under- and over-pressure 

control 

5. iner t  gas system pressures with c r i t i ca l  overpressure alarm and control 

6. compressor discharge pressures 

7 .  atmospheric pressure 

8. l iquid nitrogen tank pressures 

9. compressed-air system pressures 

10. heating system pressures. 

Temperature Instrumentation. Temperature sensors for  cargo and hull ser- 

vices are platinum resistance thermometers with five-digi t display on the cargo 

console. The number and location of these sensors are suff ic ient  t o  provide 

adequate coverage of the structure and c r i t i ca l  attachments. These include: 



Cargo tank temperature sensors, with readout accuracy of 1.5"C, are 

attached to  the tank structure a t  various levels to  monitor ra te  of cool- 

down and warmup. 

Inner hull temperature sensors are  provided, with readout accuracy of 1.5"C, 

f o r  detecting insulation fai lure .  Alarms a t  c r i t i ca l  points on s teel  

temperature s e t  l imi ts ,  including tank keys and key supports, are instal led.  

Logging i s  also provided. 

Nitrogen system temperatures are measured in each liquid nitrogen tank, 

with readout accuracy of 1.5"C. 

Liquid temperature sensors are instal led in four submerged locations, for  

measurement fo r  custody t ransfer  purposes a t  an accuracy of 0.25"C. 

Integrated Digital Cargo Instrumentation System. A programmed system i s  

provided in connection with the cargo control room console. This system serves 

the following purposes: 

1 .  alarm scanning and annunciation 

2 .  data acquisit ion, with logging of hull number, date, time pressures, levels ,  

temperatures and other specified variables 

3 .  automatic ballasting and deballasting 

4. hull-stress calculations 

5. malfunction monitor for  alarm on fa i lu re  of any designated valve o r  pump 

to  respond to  a remote command 

6. sequential controls fo r  motor or valve control 

7. LNG mass calculations for  custody transfer.  

C.4.2.2 Alarm System 

The alarm system used on the ship i s  a 100-point alarm panel that  gives a 
visual and audio signal when selected measurements of operational or functional 

condi t i  ons exceed predetermined val ues . When an a1 arm condi t i  on i  s  reached on 



any reading, a red 1 ight flashes,  and a siren sounds in the gas control room 

where the panel i s  located and also in the e l ec t r i c  motor room. Certain c r i t i -  

cal alarm points are repeated in the wheelhouse, b u t  the l igh t  stays on until  

these alarm conditions are  corrected. Provided on the panel are switches for  

changing the flashing l igh t  t o  a steady l ight  and for  blocking certain alarms 

used only for  special functions (such as loading or unloading operations). 

Reset buttons on the panel are used to  turn off c i rcu i t s  tha t  give an alarm 

when not actually in an alarm condition. The panel also has a " tes t"  button 

which i s  used to  t e s t  the l igh t  and logic c i rcu i t s  of the panel. When the 

" tes t"  button i s  pushed, a t e s t  i s  made of a l l  alarm points except those tha t  

are  temporarily bl ocked. 

The following i s  a description of some of the alarm points including, in 

some cases, what they indicate and general corrective measures. 

1. Low Differental Pressure Between Tank and Primary Insulated Space 

An indication tha t  the pressure i n  the cargo tank and the pressure i n  the 

space between the cargo tank and the drip pan have equalized - accompanied 

by automatic emergency shutdown of the cargo handling system - 6 alarm 

points. 

2.  Cargo Pumps Stopped 

Indicates tha t  the cargo pumps have stopped - these may be planned stops 

or due t o  emergency shutdown, low liquid level,  low power, low L N G  vapor 

header pressure, or  pump fa i lure  - 12 alarm points. 

3.  Inner-Hull Low Temperature 

Indicates the inner-hull temperature has dropped below normal. This 

indication may be caused by e i ther  a leak in the primary barr ier  or  water 

in the insulated spaces. If a leak i s  detected, steps must be taken to  

i so la te  the barr ier  and tank - 6 alarm points activated from a number of 

thermocouples and temperature switches. 



4. Water in  Insulated Space 

An indication of water i n  the  space between the cargo tank and the d r i p  

pan r e su l t s  from a leak i n  the inner h u l l ,  and alarm is  act ivated by a 

water detector .  The b a l l a s t  tanks surrounding the affected cargo tanks 

a r e  deballasted and a dewatering pump i n s t a l l ed  - 6 alarm points .  

5. Very High Level 

Caused by ove r f i l l  of cargo tank; t h i s  occurs when LNG l iqu id  level  reaches 

99.2% of tank capacity. Activated by h i g h  level probe and accompanied by 

automatic emergency shutdown of the  cargo system - 6 alarm points .  

High Level - Indicates l iquid  level 98.1% of tank capacity - 6 alarm 

points .  

6 .  Desired Remaining Liquid Level 

Indicates tank has been pumped out  t o  the volume t o  be l e f t  i n  the  tanks f o r  

spraying the  other tanks t o  keep them cool and t o  provide bo i le r  fuel  on the  

b a l l a s t  t r i p  - 1 alarm point.  

7 .  Forward Pumproom Bilge Alarm 

Excessive accumulation of b i lge  water i n  the forward pumproom - requires  

inspection and pumping out - 1 alarm point.  

8 . .  Deck Winches, Hydraulic Oil - Low Level 

Indicates low o i l  level in e i t he r  the forward or a f t  gravi ty  tanks of the 

hydraulic deck machinery - 1 alarm point. 

9. Ba l las t  Valves, Hydraulic Oil - Low Level 

Indicates low level  in  a sump tank of ba l l a s t  valve hydraulic o i l  ac tuat ing 

sys teni. 

10. Fi re  in  E lec t r i c  Motor Room o r  Gas Compressor Room 

Alarm actuat ion by thermocouples i n  the e l e c t r i c  motor room or  the smoke 

de tec to r  system from the  gas compressor room. bJhen alarm i s  ac t iva ted ,  

alarms sound i n  a f fected compartments as  well as in gas control room and 

engine room; the ven t i l a t ing  fans in the  midship house automatically s top ,  

and, a f t e r  a shor t  delay, f i v e  bo t t l e s  of C02 a r e  automatically released 



into the affected room. Action which ensues includes actuating the emer- 

gency shutdown system and the general f i r e  alarm, cutting off e lectr ical  
power to the gas control switchboard, s tar t ing of f i r e  pumps, personnel 

evacuation of gas control room, isolation of certain LNG vapor valves, 

activation of the water curtain systems, and the carrying out of genera1 
f i r e  fighting instructions.  

T a n k s -  
Activated bv a drop in vapor header pressure. 

High Differential Temperature, Gas Compressor (Figure C .3, C-101 through 
103) 

High  Suction Temperature to Compressor 

Low Suction Temperature to Compressor 

High Compressor Discharge Temperature 

Compressor Stopped 

Gas Pipe Duct Fan or Engine Room Vent Fan Stopped 

Inert  Gas System Failure (Figure C.3, 6-101) 

Methane Exhaust Heater Low Drain Temperature 

Ni trogen Excess Fl ow 

Low Flow Gas Analyzer 

Vaporizer S tar t s  (Figure C.3, E-100) 

Vaporizer O u t 1  e t  Hi gh-Low Temperature 

Nitrogen High-Low Pressure 

H i  gh-Low Level , Nitrogen Tanks 

N from Methane Vaporizer, (Fiqure C.3, E-100) High-Low Temperatures -2 
These alarms monitor the temperature of the nitrogen gas from the LNG 

vapori zer . 
Fresh Water Pumps Stopped 

Indication of mechanical or e lectr ical  fa i lure  i n  pumps. 



28. High Temperature Methane Heater Outlet  

29. Gas Alarm 

Actuated by analyzers t h a t  monitor the insulated spaces, w t i h  alarm given 

when t he  methane concentration reaches 36% of LFL (1.8%).  The analyzers,  

which monitor the  various rooms and passageways, sound an alarni a t  36% of 

LFL.  After  the  alarm sounds, i t  i s  necessary t o  check the  gas analyzer 

panel t o  determine which sample point gave the alarm. 

30. 20 psig Control - Low Air Pressure 

31. Venting Methane t o  Mast 

32. Low N, Header Pressure 
L 

33. Atmospheric Nitrogen Heater Outlet  Low Temperture (Figure C.3, H-201) 

34. Odorizing Pump Stopped 

35. Low Temperature Methane Heater Outlet  (Figure C.3, H-101 A/B) 

36. Fresh Water Pumps, High Suction Temperature 

37. Gas Detector Failure 

Indicates power f a i l u r e  t o  the gas detector.  

38. Impulse Air Low Pressure 

39. Emergency Shutdown. 

C.4.3 Emergency Shutdown System and Procedures 

The emergency shutdown (ESD) system provides protection f o r  the vessel and 

crew by automated, f a s t  shutdown during emergency conditions. I t  a l so  reduces 

the  amount of LNG and natural gas released during emergencies by great ly  reduc- 

ing the time needed t o  shut down and i so l a t e  leaking components. The ESD system 

and associated procedures are  described here. 

C.4.3.1 Emergency Shutdown System 

The emergency cargo t r ans f e r  shutdown system, when act ivated,  automatically 

i n i t i a t e s  the  following actions:  

The cargo crossover val ves (1  oadi ng/unl oadi ng val ves) a r e  closed 



the vapor and liquid header isolation valves are  closed 

the gas supply valve to  the boilers i s  closed 
boiler feed gas heaters are  shut down 

e the cargo tank valves are  closed 

a l l  cargo punips are  shut down 
a l l  vapor compressors are  shut down. 

The ESD i s  activated automatically in the event of a f i r e ,  excess ship 
movement a t  the dock, and overf i l l  ing of a cargo tank. The system i s  manually 
activated in the event of a s p i l l  o r  other emergency. From the time i t  i s  
activated, the ESD takes approximately 30 seconds to  shut down and i so la te  the 

cargo handling system. The ESD shuts down only equipment on the ship; however 

the captain of the ship has the capability t o  activate the terminal shutdown 
system also. 

In the event of leakage during LNG loading, the shore loading valves are  

closed f i r s t  t o  permit LNG s t i l l  i n  the loading arms to  drain back into the 
sh ip ' s  tanks, and then the ship 's  loading valves are closed before the ESD i s  

activated. 

As soon as the ESD i s  activated, the general alarm sounds to  a l e r t  a l l  
crew members and get them to  the i r  emergency s tat ions.  All ventilation i s  shut 
off and weather deck doors are  shut. 

C.4.3.2 Procedures 

Because pipe leaks in e i ther  the 1 iquid nitrogen or l iquid LNG system could 
crack the decks or resu l t  in f i r e  hazards, special care i s  taken to  ensure tha t  
the possibi l i ty  of leaks i s  minimized. All valves in the liquid l ines  are  welded 
to  the piping, and expansion and contraction are taken care of by expansion loops 
i n  the p i p i n g  configuration rather than by using expansion bellows. Expansion 
bellows are  used in gas piping since i t  does not operate a t  as high a pressure 
and because the possibi l i ty  of deck cracks from gas leaks i s  small. Drip pans 

are  provided a t  s t ra teg ic  points to  catch possible s p i l l s  and prevent spi l led 

LNG from contact with the deck or  structure.  

If  a s p i l l  occurs, crew members near the s p i l l ,  using firehoses,  immedi- 

a tely s t a r t  washing the spi l led LNG overboard. When the source of leakage 



i s  i s o l a t e d  and t h e  s p i l l e d  LNG i s  washed overboard, t h e r e  i s  no f u r t h e r  irnmedi- 

a t e  danger o f  f i r e .  

C.5 GENERAL INFORMATION 

The f o l l o w i n g  subsect ions p rov ide  genera l  i n f o r m a t i o n  on va r i ous  aspects 

o f  t h e  vessel  and i t s  ope ra t i on .  

Ven t ing  

Each cargo s to rage  tank  i s  equipped w i t h  two 6- inch r e l i e f  va lves .  One 

va l ve  opens a t  3.25 p s i g  and t h e  o t h e r  opens a t  3.5 p s i g .  Both ven t  i n t o  t h e  

gas main (vapor  header).  These cargo tank  re1  i e f  va lves a r e  s i z e d  t o  handle 

gas f l o w  f rom t h e  tank  r e s u l t i n g  f rom an ex tens i ve  f i r e  o u t s i d e  t h e  s h i p  when 

t h e  tanks a r e  f u l l  o f  LNG. 

Each tank  has one 6 - i nch  r e l i e f  va l ve  connected t o  t h e  space between t h e  

p r imary  b a r r i e r  and t h e  i n n e r  h u l l .  Th i s  va l ve  opens a t  3.5 p s i g  and vents  i n t o  

t h e  gas main. The h o l d  space around each tank a l s o  con ta ins  a re1  i e f  va l ve  which 

opens a t  1.0 ps ig .  

A l l  l i q u i d  and gas l i n e s  i n  t h e  cargo hand l i ng  system have p ressure  r e l i e f  

va lves  t h a t  ven t  t o  t h e  gas main. Dur ing  normal opera t ions ,  t h e  p ressure  i n  t h e  

gas main i s  ma in ta ined  a t  1  p s i g  by c o n t r o l l i n g  the  speed o f  t he  b o i l o f f  com- 

pressors.  Should t h e  gas main overpressur ize ,  a  re1  i e f  va l ve  (which opens a t  

3.5 p s i g )  would depressure t he  main th rough the  ven t  s tack  on t h e  mast. 

C.5.2 Leak P r o t e c t i o n  

Each s to rage  tank  has a d r i p  pan beneath it, between t h e  p r ima ry  b a r r i e r  

and t h e  i n n e r  h u l l .  Besides p r o t e c t i n g  t h e  i n n e r  h u l l  and i n s u l a t i o n ,  t h i s  

d r i p  pan p rov ides  e a r l y  warn ing o f  leakage. The space between t he  p r imary  

b a r r i e r  and t h e  d r i p  pan i s  f i l l e d  w i t h  n i t r ogen ,  and each o f  t h e  f i v e  tanks 

has a s a m p l e . i n l e t  f o r  t h e  methane d e t e c t i o n  system. S u i t a b l e  d r i p  pans a r e  

a1 so p laced  under areas o f  p o s s i b l e  cargo leakage (e.g., va lves,  f l anged  con- 

n e c t i o n s )  t o  p r o t e c t  t h e  carbon s t e e l  s h i p  s t r u c t u r e .  Should a s p i l l  occur  

on t h e  deck, i t  i s  washed down w i t h  wate r  as soon as i t  i s  d iscovered.  



C.5.3 I n e r t  Gas System 

Ni t rogen i s  used on the  sh ip  as an i n e r t  gas. It i s  s to red i n  l i q u i d  
3  form i n  two tanks w i t h  a  t o t a l  l i q u i d  capac i t y  o f  25 m . The i n e r t  gas generator 

(G-101 i n  F igure  C.3) takes l i q u i d  n i t r o g e n  from the  storage tanks, vaporizes 

and heats it, and then pumps i t  t o  var ious  po r t i ons  o f  t he  ship. 

N i t rogen i s  used t o  prevent  underpressure i n  the  cargo storage tanks. If 

t h e  pressure i n  a  tank f a l l s  below 0.1 psig, an o n / o f f  c o n t r o l  va l ve  opens and 

n i t r o g e n  from the i n e r t  gas generator i s  admit ted t o  the  tank u n t i l  the  pres- 

sure increases t o  0.4 ps ig .  The va lve  then closes. 

The cargo ho ld  space i s  maintained a t  a  s l i g h t l y  p o s i t i v e  pressure (0.6 t o  

0.75 ps ig )  w i t h  n i t rogen.  N i t rogen from the  i n e r t  gas generator goes through 

an o n l o f f  c o n t r o l  va l ve  (which mainta ins the  ho ld  pressure i n  the des i red  range) 

and then t o  the hold. 

N i t rogen i s  used a t  var ious  t imes t o  purge the  cargo storage tanks. (For  

d e t a i l e d  procedures, see Sect ion C.2.6.) To do t h i s ,  n i t rogen  from the  i n e r t  

gas generator f lows through the warmup heater,  H-201, i n t o  the  vapor crossover 

l i n e ,  and then i n t o  e i t h e r  t he  vapor o r  l i q u i d  header depending on the  proce- 

dure t o  be fo l lowed.  

C o l l i s i o n  Resistance 

The LNG vessel can w i ths tand a  c e r t a i n  amount o f  damage caused by c o l l i s i o n  

w i t h  another sh ip  w i t h o u t  l oss  o f  containment o f  the  LNG cargo. F igure  C.14 

shows t h e  v e l o c i t y  requ i red  f o r  pene t ra t i on  as a  f u n c t i o n  o f  the  displacement 

of the s t r i k i n g  ship. C o l l i s i o n  a t  a  r i g h t  angle t o  the  vesse l ' s  a x i s  i s  

assumed. Curves a r e  shown f o r  two c o l l i s i o n  po in t s :  1 )  a t  the  center  l i n e  of 

a  cargo tank and 2) a t  a  t ranverse  bulkhead midway between two adjacent  tanks. 

C.6 SOURCES OF INFORMATION 
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APPENDIX D 

FACILITY DESCRIPTION OF REFERENCE LNG IMPORT TERMINAL 

Table D . l  presents d e t a i l s  on U.S. and Canadian LNG impor t  t e rm ina l s  bo th  

planned and i n  operat ion.  F i v e  te rm ina l s  have been b u i l t  i n  t he  U.S. t o  date, 

b u t  o n l y  t h ree  o f  these are  c u r r e n t l y  impor t i ng  gas: Columbia LNG Corp. a t  

Cove Po in t ,  Maryland and Southern Energy Co. a t  Elba I s l and ,  Georgia rece i ve  

gas f rom Sonatrach a t  Arzew, A lge r i a ;  and D i s t r i g a s  Corporat ion a t  Evere t t ,  

Massachusetts imports  gas f rom Sonatrach a t  Skikda, A lge r i a .  The o t h e r  f i v e  

t e rm ina l s  l i s t e d  i n  t h e  t a b l e  a re  i n  var ious  stages o f  planning. 

D. 1  BASIC PROCESS FLOW 

A b lock  f l o w  diagram f o r  an LNG impor t  t e rm ina l  i s  shown i n  F igu re  D.1. 

The d e s c r i p t i o n  o f  t h e  LNG impor t  te rmina l  was developed us ing  i n fo rma t i on  

from the  sources l i s t e d  i n  Sect ion D.5. The major  u n i t  operat ions i nvo l ved  

are  marine vessel unloading, storage, and vapor iza t ion .  

3 A f l e e t  o f  n ine  125,000-m LNG sh ips  makes a  t o t a l  o f  approximately 75 

d e l i v e r i e s  annua l ly  t o  supply  t he  te rmina l .  A f t e r  a  sh ip  i s  ber thed a t  one o f  

t h e  two b e r t h i n g  f a c i l i t i e s ,  t h e  LNG i s  pumped, us ing  pumps onboard sh ip ,  through 

f o u r  16- in .  marine l oad ing  arms t h a t  connect t o  a  42-in. t r a n s f e r  l i n e  a t  t h e  

unloading p la t fo rm.  The t r a n s f e r  l i n e  c a r r i e s  t he  LNG along a  t r e s t l e  t o  shore 

and then t o  t h e  s torage tanks. Normal t r a n s f e r  r a t e  i s  53,000 gpm. A t  t h i s  

r a t e ,  tankers a re  unloaded i n  about 12 hours. 

The storage tanks are  two 550,000-bbl, double-walled, dome-roofed, f l a t -  

bottomed, aboveground, metal  s torage tanks o f  standard design f o r  LNG. Normal 

b o i l o f f ' f r o m  t h e  storage tanks i s  compressed e i t h e r  t o  f u e l  gas pressure and 

used t o  f i r e  t h e  submerged combustion vapor izers  du r i ng  peaking operat ions o r  

compressed t o  p i p e l i n e  pressure and p u t  i n t o  t h e  d i s t r i b u t i o n  system. Normal 
6 b o i l o f f  i s  about 2  x 10 scfd.  B o i l o f f  and f l a s h  gas r a t e s  from the  sh ip  

unloading vary  depending on the  t r a n s f e r  ra te ,  t h e  tanker  and storage tank 



TABLE D.1 .  U.S. and Canadian LNG Impo r t  Terminals  

Storage Regas i f i ca t ion  
Ca ac i  t Type o f  Ca a c i t  

Company and P l a n t  S i t e  1- Container Contractor  +f( Runs Type Systems Contractor  Year o f  Operation 

ENERGY TERMINAL SERVICES CO. 6000 1800 Pressured Preload/ 360 4 a t  90 D i r e c t  Ralph M. Parsons Co. 
Staten Is land,  New York (2 x 900) concrete Wal sh F i r e d  

1973-1 975 
former D i s t r i g a s  
o f  N.Y. f a c i l i t y  

ALGONQUIN LNG INC. 6000 1800 
Providence, Rhode I s l a n d  (3 x 600) 

Aboveground, CBI 
9% n i c k e l  

D i r e c t  CBI 
F l u i d  

Seawater 

1973-1st tank, 
1975-2 add ' l  
tanks planned 

COLUMBIA LNG CORP. & 5000 1500 
CONSOLIDATED SYSTEM LNG CO., (4 x 375) 
Cove Po in t ,  Maryland 

Aboveground, POM 
a 1 umi num 

Submerged, Pullman Kel logg & 
Interned. Raymond Technical 
F l u i d  

1977-Base Load 
P lan t  

Aboveground, CBI 
9% n i c k e l  

Submerged CBI DISTRIGAS CORP. 3250 974 
Everet t ,  Massachusetts (1 x 374 + 1 x 600) 

EL PAS0 LNG TERMINAL CO. 4168 1890 
P o r t  O'Connor, Texas (3 x 630) 

NATURAL GAS PIPELINE CO.'OF 5500 1650 
AMERICA (Peoples Gas) (3 x 550) 
Ing les ide ,  Texas 

Aboveground N.A. Seawater N.A. 

Aboveground, N.A. 
9% n i c k e l  

N.A. Seawater N.A. 
Submerged 

SOUTHERN ENERGY CO. 4000 1200 
Elba Is land ,  Georgia ( 3  x 400) 

TRUNKLINE LNG CD. 6000 1800 
Lake Charles, Louis iana 

Aboveground, CBI 
a1 umi num 

Submerged Bechtel Inc.  and 
Raymond Technical 

1978-Base 
load p l a n t  

1980-Planned Suhnerged Pullman Kel logg Co. 
and Raymond Techni- 
c a l  

Aboveground, PDM 
9% n i c k e l  

WESTERN LNG TERMINAL CO. 5775 1650 
Po in t  Conception, C a l i f o r n i a  (3 x 550) 

Aboveground, N.A. 
9% n i c k e l  

Aboveground N.A. 

D i r e c t  F luor  
seawater 

42 approva nanths 1 a f t e r  

LORNETERM LNG LTO. 8420 2400 
St. John, N.B. Canada (4 x 600) 

N.A. N.A. N.A. 
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FIGURE D.1. LNG Impo r t  Terminal  - B lock  F low Diagram 

pressures,  and t h e  compos i t ion  o f  t h e  LNG. A t y p i c a l  r a t e  f o r  t he  f a c i l i t y  i s  
6  6  52 x 10 sc fd ,  o f  which about  16 x 10 s c f d  i s  r e t u r n e d  t o  t he  s h i p ' s  cargo 

tanks  t o  m a i n t a i n  pressure.  The r e s t  o f  t h e  b o i l o f f  and f l a s h  gas i s  handled 

i n  t h e  same manner as t h e  normal b o i l o f f .  

Du r i ng  peak ing opera t ions ,  submers ib le  i n - t a n k  pumps r a i s e  t h e  LNG t o  

60 p s i g  and t r a n s f e r  i t  t o  t h e  secondary pumps. The 10 submers ib le  secondary 

pumps r a i s e  t h e  LNG t o  1,300 p s i g  and pump i t  t o  t h e  vapo r i ze rs .  

The f a c i l i t y  has a t o t a l  of n i n e  vapor ize rs .  F i v e  o f  these a r e  seawater 
6  heated w i t h  a  t o t a l  c a p a c i t y  o f  550 x 10 scfd;  these  a r e  used f o r  normal opera- 

t i o n s .  The o t h e r  f o u r  a r e  submerged combustion vapo r i ze rs  w i t h  a  t o t a l  c a p a c i t y  

o f  450 x l o 6  scfd.  These a r e  used as spares and f o r  peak ing opera t ions .  A t o t a l  
6  of  1,000 x 10 s c f d  o f  v a p o r i z a t i o n  c a p a c i t y  i s  a v a i l a b l e .  Gas leaves  t h e  

vapo r i ze rs  and e n t e r s  t h e  p i p e l i n e  a t  1,250 p s i g  and 50°F. 



D.2 PLANT LAYOUT 

Figure D.2 shows a plot plan fo r  the LNG import terminal. The locations of 

major pieces of equipment and the major components of the f i r e  safety system are 

shown. Some key distances on the figure are: 

ocean t o  plant boundary 

ocean to  nearest storage tank 

storage tanks t o  plant boundary (south) 

control room t o  nearest storage tank 

control room to  vaporizers 

control room to  compressor building 

$500 f t  

$1,400 f t  

$550 f t  

$200 f t  

1~60 f t  

$100 f t .  

D.3 PROCESS DESCRIPTION 

The basic processes involved in the import terminal are  described in detail  

in the following subsections. 

D.3.1 Marine Terminal 

The marine terminal, discussed here, receives incoming LNG from ocean-going 

tankers and t ransfers  i t  to  the storage tanks. 

D.3.1.1 Marine Terminal Equipment 

The marine terminal fo r  the L N G  import f a c i l i t y  i s  shown in Figures D.3 

and D.4. The terminal consists of a dock and a 6,000-ft t r e s t l e  supporting a 

roadway and four t ransfer  l ines:  a 42-in. main t ransfer  l i ne ,  a 16-in. vapor 

return l ine ,  a 4-in. l iquid recirculation l ine ,  and a 10-in. Bunker "C" fuel 

o i l  l ine.  The s t ructure i s  40 f t  above the mean lower l ine  water level .  A 

flow diagram f o r  the t ransfer  piping system i s  shown in Figure D.5. (Flow 

diagram symbols are defined in Appendix H . )  

The t r e s t l e  i s  constructed of precast-prestressed concrete girders and 

supported by cylindrical pi les  a t  intervals of about 133 f t .  The height of the 

t r e s t l e  varies with a uniform slope of 1 in.  per 100 f t .  
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PSV 

There a r e  b e r t h s  f o r  two sh ips,  one on each s i d e  o f  t h e  t r e s t l e .  Two 

s h i p s  can be be r t hed  a t  one t ime,  b u t  o n l y  one s h i p  can un load a t  a  t ime.  Each 

b e r t h  i s  equipped w i t h  f o u r  main b e r t h i n g  do lph ins  t o  absorb t h e  b e r t h i n g  energy 

o f  t h e  t anke r .  Each b e r t h i n g  d o l p h i n  i s  equipped w i t h  a  powered capstan and 

q u i c k  r e l e a s e  hooks. I n  a d d i t i o n ,  f i v e  mooring do lph ins  a re  i n s t a l l e d  a t  each 
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be r th .  The mooring do lph ins  i n c l u d e  powered capstans and qu i ck - re l ease  hooks 

s i m i l a r  t o  t h e  b e r t h i n g  do lph ins .  The d o l p h i n  des ign a l l ows  a  t anke r  t o  remain 

a t  b e r t h  d u r i n g  wind gus ts  o f  up t o  60 knots,  depending on sea c o n d i t i o n s .  Wi th-  

o u t  tankers  a t  ber th ,  t h e  marine t r e s t l e  and be r ths  can w i t hs tand  96-knot wind 

gus ts  and 71-knot winds f o r  1-minute du ra t i on .  The t r e s t l e  and be r ths  can handle 

a  2 7 - f t  wave w i t h  a  12-second per iod .  

Two p l a t f o r m s  extend o u t  f rom t h e  t r e s t l e  t o  each sh ip .  One i s  t h e  s e r v i c e  

p l a t f o r m  and t h e  o t h e r  i s  t h e  main un load ing  p l a t f o rm .  The s e r v i c e  p l a t f o r m  

con ta ins  a  f i x e d  crane f o r  un load ing  s h i p ' s  s to res  and a  gangway f o r  personnel 

access t o  t h e  vessel .  The main deck of t he  un load ing  p l a t f o r m  suppor ts  t he  

p i  p ing,  va lves,  manifolds,  equipment, and c o n t r o l s  r e q u i r e d  f o r  t he  un load ing  

ope ra t i on .  A second deck suppor ts  f o u r  16- in . -d iameter  a r t i c u l a t e d  LNG l o a d i n g  

arms, one 16- in . -d iameter  vapor r e t u r n  arm, and a  10- in . -d iameter  arm f o r  Bunker 

"C" f u e l  o i l .  A 15- f t - square  by 4 0 - f t - h i g h  c o n t r o l  tower p rov ides  an unobst ruc-  

t e d  v iew o f  un load ing  opera t ions .  The un load ing  p l a t f o r m  i s  shown i n  F igu re  D.6. 

The c o n t r o l  room i s  manned as l o n g  as any o f  t h e  c ryogen ic  arms a r e  con- 

nec ted  t o  a  sh ip .  The ope ra to r  has c o n t r o l s  f o r  t h e  arms, t h e  vapor r e t u r n  

system, f i r e  wate r  pumps, t h e  d r y  chemical f i r e  p r o t e c t i o n  system, and a l l  o f f -  

shore va lves .  For communications, he has a  d i r e c t  l i n e  t o  t h e  s h i p ' s  cargo con- 

t r o l  o f f i c e r  and another  d i r e c t  l i n e  t o  t h e  t e rm ina l  main c o n t r o l  room, as w e l l  

as r a d i o ,  normal te lephone, and a  two-way loudspeaker system. 

The towers a r e  pa t t e rned  a f t e r  c o n t r o l  towers a t  smal l  a i r p o r t s  and a r e  

reached by s p i r a l  s t a i r s  i n s i d e  a  72- in .  s t e e l  suppor t  c y l i n d e r .  Each p u l p i t  

has a  water-spray system, and t h e  suppor t  c y l i n d e r s  a r e  h e a v i l y  i n s u l a t e d  f o r  

f i r e  p r o t e c t i o n .  The e n t i r e  s t r u c t u r e  i s  p ressur ized  w i t h  a  supply  o f  f r e s h  

a i r  and i s  a i r - c o n d i t i o n e d  and heated by a  hea t  pump. 

The l o a d i n g  arms a r e  equipped w i t h  spec ia l  sw ive l  j o i n t s  t o  compensate 

f o r  s h i p  movement i n  t h r e e  d i r e c t i o n s .  The arms and t r a n s f e r  l i n e s  a r e  con- 

s t r u c t e d  o f  300-ser ies s t a i n l e s s  s t e e l  t o  w i t hs tand  thermal s t resses  caused by 

extreme temperature changes and a r e  n o t  i n s u l a t e d .  The arms a r e  supp l i ed  w i t h  

h y d r a u l i c  power t o  c o n t r o l  inboard, outboard, and s lew ing  mot ion. They can 

be operated by one man f rom t h e  master c o n t r o l  panel i n  t h e  c o n t r o l  tower o r  
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FIGURE D. 6. Unloading P la t fo rm 

by a  p o r t a b l e  remote-control  u n i t .  Each arm i s  equipped w i t h  two se ts  o f  

redundant sensing devices, which i n i t i a t e  aud ib le  alarms and a c t i v a t e  the  

emergency shutdown system whenever excessive motion i s  sensed. 

.Each o f  t he  f o u r  LNG t r a n s f e r  arms connect t o  a  24-in. p ipe  con ta in ing  a  

fa i l sa fe -c losed - t ype  valve. The p o s i t i o n  o f  t he  va lve  can be c o n t r o l  l e d  l o c a l l y ,  

f rom the  c o n t r o l  tower, by the  Of fshore Emergency Shutdown (OES) system, o r  by 

the  qu ick  d r a i n  system. (See Sect ion D.4.2 f o r  a  d e s c r i p t i o n  o f  the  emergency 

shutdown systems. ) 



Each 24-in. p ipe  has two connections between a check va lve  and an a i r -  

operated valve.  The f i r s t  connect ion i s  f o r  pressure r e l i e f ,  the  second i s  

f o r  t he  d r a i n  system. The d r a i n  l i n e  conta ins a f a i l s a f e - c l o s e d  va lve  t h a t  

can be c o n t r o l l e d  l o c a l l y ,  f rom the  c o n t r o l  tower, o r  by the qu i ck  d r a i n  system. 

The two se ts  o f  f o u r  24-in. l i n e s  connect t o  a 42-in. header which t i e s  

i n t o  the  42-in. t r a n s f e r  l i n e  t h a t  runs ashore t o  the storage tanks. Th is  

l i n e  conta ins several  corrugated-metal expansion j o i n t s  t o  accommodate thermal 

con t rac t i on  a t  cryogenic temperatures. The 42-in. l i n e  i s  i n s u l a t e d  w i t h  po ly -  

urethane, mechanical type i n s u l a t i o n .  

The 16- in.  vapor r e t u r n  l i n e  i s  connected t o  a 16-in. p ipe  con ta in ing  the  

same v a l v i n g  as the  24- in.  l i n e s .  The 16-in. l i n e  then runs ashore t o  the  c o l d  

blower. A1 1 p i p i n g  and valves i n  the  system are  made o f  300-series s t a i n l e s s  

s t e e l .  Most p i p i n g  connect ions are  welded ( i  .e., a  minimum o f  f langed con- 

nec t ions  a r e  used). A l l  i n s u l a t e d  pipes are  f r e e  t o  s l i d e  w i t h i n  t h e i r  i n s u l -  

a t i n g  cover. P ipe guides support the  p ipe  and a l l ow  l o n g i t u d i n a l  movement 

w h i l e  c o n t r o l l i n g  l a t e r a l  and v e r t i c a l  movement. The major percentage o f  valves 

used i n  t h i s  p l a n t  a re  globe valves because they l eak  l ess  than most o t h e r  va lves 

i n  t h i s  type o f  serv ice .  

Unl oadi ng Procedure 

When the  LNG tanker  i s  f u l l y  prepared f o r  discharge operat ions,  t he  cargo 

o f f i c e r  g ives n o t i c e  t o  sh ip  and te rmina l  crews t h a t  the  l i q u i d  and vapor arms 

a re  ready f o r  connect ion. The te rmina l  operator  loca tes  the  arms so t h a t  the  

b l i n d s  may be e a s i l y  removed and then purges the  arms w i t h  n i t r o g e n  gas. Fo l -  

low ing t h i s ,  he depressurizes the  arms. He then n o t i f i e s  the  cargo o f f i c e r  

who orders t h e  b l i n d s  removed and the  f langes at tached loose ly .  A second 

n i t rogen  purge fo l l ows ,  and then the  f langes are  t ightened.  Cooldown o f  t he  

l oad ing  arms i s  then begun. For  t he  f o l l o w i n g  discussion, va lve  numbers cor -  

respond t o  numbers shown p rev ious l y  i n  F igure  D.5. 



Between s h i p  unloadings, t h e  42- in.  t r a n s f e r  l i n e  i s  k e p t  c o l d  by c i r c u l a -  

t i n g  a smal l  stream of LNG o u t  through t h e  4 - i n .  r e c i r c u l a t i o n  l i n e  and back 

through t h e  42- in .  l i n e  t o  shore. To s t a r t  t he  un loading,  t h e  r e c i r c u l a t i o n  

i s  stopped by c l o s i n g  V-31 and V-21. Next, va lves  V-1, V-2, e t c .  on each 

LNG l o a d i n g  arm a r e  opened and t h e  s h i p ' s  r e c i r c u l a t i n g  pumps a re  s t a r t e d  t o  

c i r c u l a t e  a smal l  f l o w  o f  LNG through each arm i n t o  t h e  main l i q u i d  header, 

through a jumper (V-41) t o  t h e  16- in .  vapor r e t u r n  l i n e ,  and then  back t o  t h e  

sh ip .  When a l l  arms a r e  s u f f i c i e n t l y  cool ,  t h e  r e c i r c u l a t i n g  pump and va lves 

a r e  shu t  down and un load ing  can proceed. 

The f o l l o w i n g  s tep-by-s tep procedure i s  used f o r  un loading:  

Determine f rom te rm ina l  t h a t  they  a r e  ready t o  r e c e i v e  LNG and t h a t  t h e  

vapor r e t u r n  blower i s  operable.  

0 With  s h i p ' s  1 i q u i d  and gas man i f o l d  va lves closed, s t a r t  one main cargo 

pump t o  p u t  maximuni p ressure  on t h e  s h i p ' s  system. 

I nspec t  f o r  leaks;  i f  any a r e  found, s top  pump, d r a i n  l i q u i d ,  and make 

necessary r e p a i r s  . 

I f  no leaks  a re  found, open one o f  t h e  s h i p ' s  m a n i f o l d  l i q u i d  va lves  and 

gas man i f o l d  va lves  and commence d ischarge.  (Loading arm va lves  V-1 , 
V-2, e tc . ,  should a1 ready be open f rom r e c i r c u l a t i o n  procedure. ) 

S t a r t  o t h e r  main cargo pumps and open o t h e r  l i q u i d  va lves i n  c o o r d i n a t i o n  

w i t h  shore requi rements.  

A f t e r  about 20 minutes, t he  LNG o r i g i n a l l y  f i l l i n g  t he  42- in .  t r a n s f e r  l i n e  

i s  d isp laced .  Dur ing t h i s  i n i t i a l  per iod ,  no r e t u r n  vapor i s  be ing  pumped. 

When shore tank  p ressure  has inc reased  t o  t h e  des i r ed  l e v e l ,  t h e  t e rm ina l  

adv ises t he  cargo o f f i c e r  and s t a r t s  t h e  vapor r e t u r n  b lower .  The vapor 

i s  r ou ted  through t h e  vapor l o a d i n g  arm (V-9) and through t h e  s h i p ' s  mani- 

f o l d  va lve,  which d i r e c t s  t h e  vapor through a r e g u l a t o r  v a l v e  s e t  f o r  

2 p s i g .  The s h i p ' s  tanks do n o t  r e q u i r e  vapor u n t i l  t h e i r  pressure has 

dropped t o  t h i s  p o i n t .  



When a l l  compartments a r e  o p e r a t i n g  p r o p e r l y  and t h e  t e rm ina l  o f f i c e r  

i n d i c a t e s  readiness,  t h e  cargo o f f i c e r  increases t h e  f l o w  r a t e  by s t a r t -  

i n g  one cargo pump a t  a  t ime.  Then each cargo pump d ischarge  va l ve  i s  

opened wide. 

Each s h i p  has some p resc r i bed  tank  l e v e l  a t  which cargo pumps a r e  secured. 

I n  most a l l  cases, one tank  w i l l  complete d ischarge  be fo re  t h e  o t h e r s  and so on, 

so t h a t  t h e r e  w i l l  be a  gradual decrease i n  cargo d ischarge  r a t e .  Th i s  r a t e  i s  

c a r e f u l l y  monitored, and about 1  hour p r i o r  t o  es t imated  comple t ion  t h e  cargo 

o f f i c e r  n o t i f i e s  t h e  t e r m i n a l .  J u s t  be fo re  s topp ing  the  l a s t  cargo pump, 

severa l  events  occur  i n  sequence: 

e The cargo o f f i c e r  n o t i f i e s  t h e  shore c o n t r o l  room o f  h i s  i n t e n t i o n .  

The cargo o f f i c e r  then  cracks t h e  ad jacen t  f i l l i n g  l i n e  f o r  t h e  l a s t  tank .  

The t e r m i n a l  ope ra to r  then  c loses  t h e  shore b lock  va l ve  (V-21) and cargo 

c i r c u l a t e s  back t o  t h e  s h i p ' s  tank.  The cargo pump i s  shu t  down and t h e  

ad jacen t  f i l l i n g  l i n e  c losed .  

The t e r m i n a l  ope ra to r  then  d r a i n s  a l l  t h e  l o a d i n g  arms and c loses  t h e  

l o a d i n g  arm va lves  V-1, V-2, e tc . ,  i n c l u d i n g  t he  vapor r e t u r n  arm V-9. 

Valves V-31 and V-21 a r e  then opened and c i r c u l a t i o n  through t h e  42- in .  

t r a n s f e r  1  i n e  i s  resumed. 

D.3.1.3 Release Preven t ion  and Contro l  Features 

As shown p r e v i o u s l y  i n  F igu re  0.2, t h e  f o l l o w i n g  de tec to r s  a r e  l o c a t e d  a t  

t h e  mar ine dock: 

gas d e t e c t o r s  

low temperature d e t e c t o r s  

UV f i r e  de tec to r s .  

Each o f  these  a r e  connected t o  an a la rm and i d e n t i f i e d  by l o c a t i o n  and t y p e  i n  

bo th  t h e  main c o n t r o l  room and t h e  mar ine c o n t r o l  room. 



The f i r e  ext inguishment  system a t  t h e  marine t e rm ina l  c o n s i s t s  o f  t h e  

f o l l  owing: 

high-expansion foam system 

f i x e d  d r y  chemical u n i t s  

one f i r e  hydran t  

f o u r  d r y  chemical f i r e  ex t i ngu i she rs ,  two each a t  t h e  mar ine c o n t r o l  tower 

and t h e  f i r e  hydran t  s t a t i o n  

s p r i n k l i n g  system on t h e  r o o f  o f  t h e  mar ine c o n t r o l  room. 

None o f  t h e  f i r e  e x t i n g u i s h i n g  equipment a t  t h e  mar ine t e rm ina l  i s  a c t i v a t e d  

au toma t i ca l l y .  I t  can be a c t i v a t e d  manual ly  e i t h e r  l o c a l l y  o r  remote ly  f rom 

t h e  marine c o n t r o l  tower o r  t h e  main c o n t r o l  room. 

A containment system i s  l o c a t e d  under t h e  p l a t f o r m  area t o  h o l d  a l l  s p i l l s  

from t h e  l o a d i n g  arms. The low temperature de tec to r s  a r e  l o c a t e d  i n  t h i s  s p i l l  

area t o  i n d i c a t e  when a  s p i l l  occurs.  Containment f o r  LNG t r a n s f e r  l i n e s  a t  

t h e  beach and p l a n t  area i s  inc luded .  The t r a n s f e r  system i nc l udes  welded p i p e  

connect ions r a t h e r  than  f l anges  t o  reduce t h e  l i k e l i h o o d  o f  leaks .  

Each t r a n s f e r  arm i s  equipped w i t h  two se t s  o f  redundant sensing dev ices 

t h a t  i n i t i a t e  alarms i n  bo th  c o n t r o l  rooms and a u t o m a t i c a l l y  a c t i v a t e  t he  

Of fshore  Emergency Shutdown (OES) system when excess ive mot ion i s  sensed (see 

Sec t ion  D.4.2). Each t r a n s f e r  arm a1 so has a  f a i l  safe-c losed- type,  a i r - ope ra ted  

va lve .  Th i s  v a l v e  c loses  a u t o m a t i c a l l y  when t h e  emergency shutdown system i s  

a c t i v a t e d .  

D.3.2 LNG Storage 

The LNG i s  s t o r e d  a t  t h e  f a c i l i t y  u n t i l  i t  i s  r e g a s i f i e d  and sen t  o u t  t o  

t h e  p i p e l i n e .  The s to rage  system and r e l a t e d  equipment and procedures a r e  

descr ibed  i n  d e t a i  1  be1 ow. 

The process f l o w  diagram f o r  t h e  LNG t r a n s f e r  and s to rage  systems i s  shown 

i n  F igu re  D.7. Assoc ia ted process c o n d i t i o n s  and equipment i d e n t i f i c a t i o n s  

a r e  g iven  i n  Table D.2. 
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FIGURE D.7. Piping and Instrumentation for LNG Transfer and Storage 



TABLE D.2. LNG Transfer  and Storage Systems 

Stream I d e n t i f i c a t i o n  -- Flow Rate 
I D  Descr ip t ion Pressure (ps ig )  Temp. (OF) Unloading Normal - 

1 LNG Unloading L ine 100 -258 53,000 gpm 0 

2 LNG Rec i rcu la t ion  L ine  60 -258 1,500 gpm 0 

3 LNG from Storage Tanks 60 -258 4,000 gpm 4,000 gpm 

4 Vapor Return t o  Ship 10 -1 52 16 MMscfd 0 

5 Storage Tank B o i l o f f  t o  Vent- 0 -200 52 F1Mscfd 13 MMscfd 
Gas Compressor 

6 Vapor Return t o  Storage Tank 10 -152 0 11 MMscfd 

Equipment I d e n t i f i c a t i o n  

C-201 Vent Gas Compressor 

P-101, 102 Primary Storage Tank Pump 

P-201 Secondary Pump 

T-101, 102 Storage Tank 

D.3.2.1 Storage Tank 

Storage f o r  the  f a c i l i t y  cons i s t s  o f  two f la t -bo t tom,  double-walled, above- 

ground LNG storage tanks, each w i t h  a  capac i ty  o f  550,000 bb l  . The tank i s  

shown i n  F igure  D.8. The i n n e r  tank i s  constructed o f  9% n i c k e l  s tee l ,  an a l l o y  

t h a t  r e t a i n s  i t s  s t reng th  and d u c t i l i t y  throughout the  LNG temperature range. 

The ou te r  s h e l l  i s  constructed o f  A131 carbon s t e e l .  The diameters o f  t he  i n n e r  

and ou te r  tanks are  21 5 f t  and 225 ft, respec t i ve l y .  The he igh t  o f  the  ou te r  

s h e l l  i s  98 ft, w h i l e  t o t a l  he igh t  t o  t he  top  o f  the  tank dome i s  146 ft. 

The annulus between the  i nne r  and ou te r  tank w a l l s  i s  f i l l e d  w i t h  expanded 

per1 i te,  an inorganic,  non-flammable, 1  i gh twe igh t  i n s u l a t i o n  produced from spec ia l  

rock.  The rock o r  o re  i s  f i n e l y  ground and then expanded i n  furnaces a t  about 

2000°F (llOO°C). The p e r l i t e  i s  expanded o n s i t e  and p laced i n  the  i n s u l a t i o n  

space w h i l e  hot .  The thermal c o n d u c t i v i t y  o f  p e r l i t e  i n  a  methane atmosphere 
2 i s  0.25 Btu- in . /h r  f t  OF. A r e s i l i e n t  f i b e r g l a s s  b lanke t  i s  wrapped around the  

ou ts ide  o f  t h e  i n n e r  s h e l l  t o  p r o t e c t  the  p e r l i t e  from excess pressure due t o  

thermal c y c l i n g  and movement o f  the  i n n e r  she1 1  (see F igure  D.9). The space 

between the  i n n e r  and ou te r  tank f l o o r s  i s  i n s u l a t e d  w i t h  a  25-in. l a y e r  o f  

foamgl ass, a  n o n f l  amniabl e  l oad-bearing i n s u l a t i o n .  The 1  oad-bearing i n s u l a t i o n  
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FIGURE D.8. LNG Storage Tank Details 
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res t s  on a concrete ringwall foundation around the perimeter and on a compacted 

sand foundation in the middle. A 1 - f t  layer of compacted sand i s  located beneath 

the outer tank f loor  and contains electr ical  heating elements to  prevent freezing 

of moisture in the subsoil and the "heaving" tha t  can resu l t .  There are  two 

se ts  of anchor bolts in the ringwall, one connected to  the outer tank wall and 

the other connected to  the inner tank wall. These bolts hold down the tank 

against 1 i f t i ng  forces resulting from internal pressure. (See Figure D.lO.) 

The outer tank has a lap-welded, dome-shaped, steel roof. Suspended from 

the roof framing of the outer tank i s  a lap-welded metal deck that  serves as a 

ceil ing for  the inner tank. Mineral wool insulation i s  spread evenly over the 

deck. Open pipe vents are  installed in the deck to  allow product vapor to c i r -  

culate f reely in the insulation space to  keep the insulation dry. 

STORAGE TANK SAND 

HEATING COURSE 
COILS 

FIGURE D.lO. Storage Tank Foundation Details 

The tanks are designed to withstand instantaneous wind gusts u p  t o  104 mph,  

earthquakes of u p  t o  7 on the Richter scale,  and a maximum horizontal accelera- 
tion of 0.21 g. 

Both storage tanks are tested prior to  use. They also meet the requirements 
of the American Petroleum Ins t i tu te  standard 620, Appendix Q ,  which governs 



materials selection, tank design, construction and testing procedures. During 

construction, the welds on a l l  vertical  seams are 100% x-ray inspected. Welds 

not 100% x-ray inspected are checked by the l iquid penetrant method, as are 

a l l  attachment welds. Inner tank welds are checked by a combination of x-ray, 

dye penetrant, vacuum box, and solution film t e s t  methods. Hydrostatic and 

pressure t e s t s  subject each tank to  125% of the maximum product weight and 125% 

of the maximum design vapor pressure. 

All piping to  the inner tank enters through the roof of the storage tank. 

Independent structures support a l l  piping external to the tank and prevent 

the transmission of s t a t i c  and dynamic pipe loads to  the storage tank walls. 

Two separate f i l l  nozzles permit e i ther  top or bottom f i l l i n g .  Incoming 

LNG heavier than the tank heel i s  introduced through the top f i l l  l ine .  This 

procedure permits the tank contents to  mix by natural convection and should 

eliminate the possibi l i ty  of s t r a t i f i ca t ion .  

The i n l e t  and out le t  l ines  of the tank are  valved so that  LNG can be pumped 

from the bottom of the tank to  the top, pumped from one tank to  another, pumped 

out the 4-in. recirculation arm through the t ransfer  arms and back to  the tanks, 

or  pumped out the 20-in. sendout l ine  to  the secondary pumps. 

The tank i n l e t  valves are  failsafe-closed valves that  can be controlled 

local ly ,  from the main control room, o r  by the emergency shutdown system. The 

tank out le t  valves are  also failsafe-closed valves that  can be controlled locally 

or  from the main control room. 

D.3.2.2 Pressure Control System 

The storage tanks have an operating pressure of 0.8 psig ($15.5 psia) and 

a maximum and minimum design pressure of 1.5 psig and 0 psig respectively. Nor- 

mal tank boiloff and vapors from LNG tanker unloading are handled by a vent gas 

compressor system. The compressors and the secondary LNG pumps are shown i n  

Figure D. 11. Associated process conditions and equipment identifications are  

shown i n  Table D.3. 
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TABLE D.3. Compressors and Secondary Pumps 

Stream i d e n t i f i c a t i o n  
'ID - D e s c r i p t i o n  Pressure ( p s i g )  

2 LNG R e c i r c u l a t i o n  L i n e  

3 LNG f rom Storage Tanks 

5 Storage Tank B o i l o f f  t o  Vent 
Gas Compressor 

6 Vapor Return  t o  Storage Tank 

7 Vapor Return  t o  Sh ip  

8 Vapor f r om Vent Gas Compressor 
t o  Fue l  Gas Preheater  

9 Vapor f rom Fuel Gas Preheater  t o  
Fue l  Gas Co~npressor 

10 Vapor f rom Fuel Gas Compressor 

11 Vapor f r om Gas Cooler  t o  P i p e l i n e  
Compressor 

1 2  Vapor from P i p e l i n e  Compressor 

13 LNG f rom Secondary Pumps t o  
' iapor i  zers  

Temp. ( O F )  

-258 

-258 

- 200 

F l  owrate 
Un load inq  Normal 

1,500 gpm 0 

4,000 gpm 4,000 gpm 

52 MMscfd 13 MMscfd 

0 11 MMscfd 

16 MMscfd 0 

36 MMscfd 2 MMscfd 

36 MMscfd 2 MPscfd 

36 MMscfd 2 MMscfd 

36 MHscfd 2 MMscfd 

36 MMscfd 2 MMscfd 

8,550 gpm 8,550 gpm 

Equipment I d e n t i f i c a t i o n  

C-201 Yent Gas Compressor 

C-202 Fue l  Gas Compressor 

C-203 P i p e l i n e  Compressor 

E-201 Fuel Gas P rehez te r  

5-202 Gas Cooler  

2-201 Secondary P ~ m p  

T-101 ,102 Storaqe Tank5 

V-301 Saseload Seawater Vaporizers 

Y-302 Standby 3nd P e a ~ i n g  Gas-Fired Vapor izers  

Storage tank  p ressure  i s  ma in ta ined  a t  0.8 p s i g  by r e t u r n i n g  vapor f r om 

t h e  ven t  gas compressors through pressure c o n t r o l  va lves  a t  t he  30- in .  i n l e t  

vapor l i n e s  t o  t h e  tanks.  Excess vapors a r e  f u r t h e r  compressed t o  be used as 

f u e l  gas o r  f o r  d e l i v e r y  t o  t h e  gas t ransmiss ion  p i p e l i n e .  I f  t h e  p ressure  

c o n t r o l  system f a i l s  and t h e  p ressure  i n  t h e  tank  reaches 1.5 ps ig ,  each s to rage  

tank  i s  a l s o  equipped w i t h  a  20- in .  ven t  va l ve  and t h r e e  12- in.  p ressure  va lves  

t h a t  open t o  t h e  atmosphere. I f  t h e  p ressure  i n  t he  tank  f a l l s  below 0.15 ps ig ,  

a  backup gas system supp l i es  vapor ized  LNG f rom t h e  gas t ransmiss ion  p i p e l i n e  

t o  m a i n t a i n  a p p r o p r i a t e  p ressure  i n  each s to rage  tank.  I f  t h e  p ressure  con t inues  

t o  f a l l  and reaches 0.031 ps ig ,  t h r e e  12- in .  vacuum re1  i e f  va lves  open t o  t h e  

atmosphere. Pressure c o n t r o l  s e t t i n g s  a re  summarized i n  Table D.4. 



TABLE D.4. Pressure Control Set t ings  

Pressure (ps i  g) Function 

1.5 Full Re1 i e f  (vent  valve a.nd r e l i e f  valves) 

1.3 High Pressure Alarm 

0.8 (15.5 ps ia)  Control Pressure 

0.15 Vapor In ject ion from Fuel Gas System 

0.031 Vacuum Re1 i ef 

The compression f a c i l i t i e s  f o r  the  boi loff  vent gas consis t  of four 250-bhp, 

e l e c t r i  c-motor-driven, sing1 e-stage centrifugal  un i t s ,  each w i t h  a capacity of 
6 approximately 13 x 10 scfd discharging a t  10 psig and -150°F. Two of the four  

compressors serve as  backups. During tanker unloading, the design gas r a t e  

(bo i lo f f  and f l a sh )  i s  50 x lo6 scfd.  Each storage tank has a normal boiloff  
6 r a t e  (0.05% of f u l l  tank capacity per day) of 1 x 10 scfd. A t o t a l  design 

boi loff  and f l ash  gas r a t e s  from 2 storage tanks and tanker unloading i s  52 x 10 6 

scfd.  A t  the o u t l e t  s i de  of the vent gas compressors a r e  pressure control valves 

f o r  maintaining appropriate pressures i n  the 36-in. piping system leading t o  the 

fuel gas compressors and the piping system returning t o  the ship. From the vent 

gas compressors, the vapor i s  taken t o  three  2,000-bhp, gas-driven, reciprocating 
6 compressor un i t s ,  each having a capacity of 17 x 10 scfd a t  a discharge tempera- 

t u r e  and pressure of 285OF and 150 psig,  respectively.  These serve as the fuel 

gas compressors, with two compressors on 1 ine and the t h i rd  being a backup. An 

addit ional  three  pipe1 ine compressors a re  included in the system. These a r e  

s imi la r  t o  the  fuel  gas compressors i n  design and capacity,  and they pump the gas 

t o  the  gas transmission l i n e  a t  120°F and 1,300 psig. 

D.3.2.3 Additional Control and Instrumentation 

Instrumentation i n  each LNG s torage tank includes a ve r t i ca l  temperature 

probe supporting thermocouples a t  10- f t  in te rva l s  f o r  the purpose of detecting 

the  onset and buildup of thermal s t r a t i f i c a t i o n  in the  stored L N G .  A t o t a l  of 



12 temperature sensors on t h e  f l o o r  and lower  she1 1  o f  each tank  rnoni t o r  LNG 

s to rage  cooldown. A thermocouple p laced  i n  t h e  e l e c t r i c a l l y  heated s o i l  founda- 

t i o n  mon i to rs  and c o n t r o l s  t h e  temperature there .  

Each tank  i s  equipped w i t h  two f l o a t - t y p e  l i q u i d  l e v e l  i n d i c a t o r s  and one 

u l t r a s o n i c  l i q u i d  l e v e l  i n d i c a t o r .  I n  t h e  even t  o f  h igh-h igh  l e v e l ,  t h e  u l t r a -  

son i c  i n d i c a t o r  sounds an a la rm i n  t h e  main c o n t r o l  room and a u t o m a t i c a l l y  s tops 

a l l  l i q u i d  f l o w s  i n t o  t h e  tank.  The f l o a t - t y p e  l e v e l  i n d i c a t o r s  a re  each s e t  

t o  i n d i c a t e  h igh ,  h igh-h igh ,  low, and low-low l i q u i d  l e v e l s .  Alarms a r e  a c t i v a -  

t e d  i n  t h e  c o n t r o l  room f o r  each o f  these  cond i t i ons .  

I ns t rumen ta t i on  i s  a l s o  i n c l u d e d  t o  i n d i c a t e  r e l a t i v e  movement between t h e  

i n n e r  and o u t e r  s h e l l s  o f  t h e  s to rage  tanks.  Th i s  i n s t r u m e n t a t i o n  i s  l o c a t e d  

i n  a  quadrant  a t  o r  near  t h e  f l o o r  o f  t h e  i n n e r  s h e l l ,  and can be o f  e i t h e r  t h e  

d i r e c t  read ing  o r  t h e  e l e c t r o n i c  ( 1  inear -mot ion  t ransducer )  type.  

D.3.2.4 Procedures 

Cooldown. The f i r s t  s t ep  i n  t he  cooldown o f  t h e  s to rage  tank  i s  t o  purge 

t h e  tank  w i t h  n i t r o g e n .  Th i s  prevents  an exp los i ve  gas m i x t u r e  f rom fo rming  

and a l s o  d r i e s  o u t  t h e  tank.  The n i t r o g e n  used must be d r y  t o  a v o i d  d e p o s i t i n g  

wate r  i n  t h e  c o l d  per1 i t e  i n s u l a t i o n ,  thus  reduc ing  t he  i n s u l a t i o n ' s  e f f e c t i v e -  

ness. The i n n e r  tank  i s  purged by a d m i t t i n g  t he  n i t r o g e n  gas i n t o  t h e  bot tom 

o f  t h e  t ank  and v e n t i n g  t h e  m i x t u r e  o f  a i r  and i n e r t  gas through t h e  vents  i n  

t h e  suspended c e i l i n g  and o u t  t h e  dome and r e l i e f  va l ve  vents .  The annu la r  

space i s  purged by c l o s i n g  t h e  dome ven t  and t he  r e l i e f  va l ve  vent,  a l l o w i n g  

t h e  n i t r o g e n  t o  f l o w  down through t h e  i n s u l a t e d  annulus and o u t  t h e  p e r l i t e  

f i l l  nozz les  a t  t h e  bot tom o f  t h e  tank. 

A f t e r  t h e  purge, LNG b rought  t o  t h e  f a c i l i t y  by t r u c k  i s  s l o w l y  adm i t t ed  

t o  t h e  tank  th rough t h e  coo.ldown nozz le  where i t  i s  d e f l e c t e d  and sprayed over  

t h e  f l o o r  area. Ins t ruments  t h a t  mon i t o r  t h e  e f f e c t s  o f  cooldown on t h e  tank  a re :  

l i n e a r  movement i n d i c a t o r s  t h a t  measure r e l a t i v e  movement between t h e  i n n e r  

and o u t e r  tank  w a l l s  

a s to rage  t ank  thermocoupl es . 



The LNG f l o w  r a t e  i s  1  i m i  t e d  t o  avo id  exceeding s p e c i f i e d  maximum temperature 

g rad ien t s  between t h e  tank  thermocouples. When t h e  l i q u i d  l e v e l  i n  t he  tank  

reaches 1  ft o r  more and t h e  tank  i s  s u f f i c i e n t l y  cooled, LNG can be fed through 

t h e  normal l i q u i d  fill l i n e  and t h e  i n p u t  r a t e  can be inc reased  t o  t h e  maximum. 

The cooldown purges t h e  n i t r o g e n  f rom the  tank  and t he  o f f  gas i s  vented 

through t h e  ven t  gas header. When t h e  methane l e v e l  i n  t h e  o f f  gas reaches a  

s p e c i f i e d  l e v e l ,  t h e  o f f  gas i s  compressed and sen t  t o  t h e  p i p e l i n e .  

Heatup, Purging, and Ent ry .  P r i o r  t o  t h e  heatup o f  t h e  tank, t h e  LNG 

l e v e l  i s  lowered u n t i l  t h e  sendout pumps l o s e  suc t i on .  Th i s  leaves approx i -  

ma te l y  1  ft o f  LNG i n  t h e  tank.  Heatup i s  then begun by i n j e c t i n g  n a t u r a l  gas, 

heated t o  275"F, i n t o  t h e  s to rage  tank  through t h e  bot tom pene t ra t i on .  The 

n a t u r a l  gas r i s e s ,  due t o  i t s  temperature buoyancy, t o  t h e  t op  of t h e  vessel  and 

leaves v i a  t h e  36- in .  vapor o u t l e t  l i n e .  The tank  p ressure  c o n t r o l  system 

f u n c t i o n s  as i t  would d u r i n g  normal ope ra t i on .  The i n l e t  gas f l o w  i s  ma in ta ined  
6 a t  approx imate ly  t h e  normal b o i l o f f  r a t e ,  1.0 x  10 sc fd .  A t  t h i s  r a te ,  i t  

takes  approx imate ly  20 days t o  warm t h e  tank f rom -250°F t o  +60°F. 

The f o l l o w i n g  i n s t r u m e n t a t i o n  systems mon i t o r  t he  e f f e c t s  o f  warmup on 

t h e  tank: 

l i n e a r  movement i n d i c a t o r s  t h a t  measure r e l a t i v e  movement between t h e  i n n e r  

and o u t e r  tank  w a l l s  

s to rage  tank  thermocouples 

s t r a i n  gauges i n s t a l l e d  around t h e  pe r i phe ry  o f  t h e  e x t e r i o r  tank  t o  moni- 

t o r  any s t resses  due t o  expansion o f  t h e  i n n e r  vessel  and r e s u l t i n g  com- 

p a c t i o n  o f  t h e  p e r l i t e .  

The s to rage  tank  must be purged t o  a  98%+ n i t r o g e n  atmosphere b e f o r e  per -  

sonnel e n t r y .  L i q u i d  n i t r o g e n  i s  b rought  i n  by c ryogen ic  t r a i l e r ,  vapor ized, 

and admi t ted  t o  t h e  tank  th rough t h e  bot tom p e n e t r a t i o n  i n l e t .  The pu rg ing  i s  

done i n  t h e  same manner as descr ibed  be fo re .  As t h e  pu rg ing  nears complet ion, 

however, t he  n i t r o g e n  con ten t  o f  the  o f f  gas r i s e s  r a p i d l y .  Because t h e r e  i s  



a  l i m i t  on t h e  n i t r o g e n  c o n c e n t r a t i o ~  i n  gas t h a t  i s  sen t  t o  t h e  p i p e l i n e ,  t h e  

l a s t  p o r t i o n  o f  t h e  o f f  gas i s  vented th rough  t h e  ven t  gas header. Combust ib le 

gas d e t e c t o r s  a re  l o c a t e d  around t h e  t ank  t o  d e t e c t  any o f f  gas descending f rom 

t h e  ven t .  E s t a b l i s h e d  weather c r i t e r i a  d e f i n e  accep tab le  atmospher ic c o n d i t i o n s  

f o r  ven t i ng .  

Storage Tank I s o l a t i o n .  The o b j e c t i v e  o f  t h e  s to rage  tank  i s o l a t i o n  i s  t o  

e l i m i n a t e  t h e  p o s s i b i l i t y  o f  an u n c o n t r o l l e d  source o f  gas con tamina t ing  t h e  

n i t r o g e n  atmosphere. 

I n  i s o l a t i n g  t h e  s to rage  tank,  ca re  must be taken t o  ensure t h a t  t h e  i n n e r  

vessel  w i l l  n o t  be sub jec ted  t o  an excess ive  p o s i t i v e  o r  nega t i ve  p ressure  con- 

d i  t i o n .  

The s to rage  t ank  i s o l a t i o n  i s  performed by a  phys i ca l  s e p a r a t i o n  o f  a l l  non- 

e s s e n t i a l  p i p i n g  connect ions a t  t h e  s to rage  tank  f langes .  Where va lves  a r e  

removed, t h e  two rema in ing  f l a n g e s  a re  b lanked o f f  and a  minimum 4 - i n .  a i r  space 

e s t a b l i s h e d  between b lanks.  The o n l y  p i p i n g  p e n e t r a t i o n  t h a t  remains connected 

t o  t h e  s to rage  t ank  i s  t h e  t r a i l e r  un load ing  l i n e  through which t h e  vapor i zed  

n i t r o g e n  purge gas e n t e r s  t h e  s to rage  tank. On t h i s  p a r t i c u l a r  l i n e ,  a l l  con- 

n e c t i o n s  t o  o t h e r  p i p i n g  systems a r e  p h y s i c a l l y  i s o l a t e d ,  i n c l u d i n g  r e v e r s i n g  a l l  

s a f e t i e s  t o  p reven t  d ischarge  i n t o  t h e  p l a n t - v e n t  system. 

Manometers a re  i n s t a l l e d  t o  m o n i t o r  i n n e r  vessel  and annu la r  space p ressures .  

I n  a d d i t i o n  t o  t h e  normal pu rg i ng  n i t r o g e n ,  a  f u l l  l o a d  o f  n i t r o g e n  i s  ma in ta i ned  

a t  t h e  s i t e  a t  a l l  t imes.  T h i s  p rov ides  a  s u f f i c i e n t  r ese rve  t h a t  can be vapo r i -  

zed i n t o  t h e  t ank  i n  t h e  even t  o f  a  r a p i d  ba rome t r i c  p ressure  change. 

D.3.2.5 Release Preven t ion  and Con t ro l  Features 

Each LNG s to rage  t ank  i s  surrounded by a  concre te  d i k e  w a l l  w i t h  a  c a p a c i t y  

o f  about  737,500 b b l ,  o r  1.34 t imes t h e  c a p a c i t y  o f  t h e  tank. The d i k e  w a l l  i s  

approx imate ly  81 f t  4 i n .  h igh,  1  f t  6 i n .  t h i c k ,  and 259 f t  i n s i d e  d iameter .  

The i n s i d e  o f  t h e  d i k e  w a l l  i s  l i n e d  w i t h  a  2  112 - i n . - t h i c k  i n s u l a t i n g  m a t e r i a l  

t o  reduce t h e  evapo ra t i on  r a t e  o f  LNG i n  t h e  even t  o f  a  tank  f a i l u r e .  A 1 0 - f t  

space separates t h e  d i k e  f rom t h e  o u t e r  s h e l l  o f  t h e  s to rage  tank.  The d i k e  

w a l l  r e s t s  on t h e  same 4 - f t - t h i c k ,  r e i n f o r c e d  concre te  mat t h a t  suppor ts  t h e  



storage tank. However, the dike wall i s  not s t ructural ly  t ied into the founda- 

t ion ,  in order to  allow the concrete wall to contract f reely in the event of a 

large LNG spi 11 . 
A weather shield extends from the top of the concrete dike to the outer tank 

roof to  keep precipitation from fa l l ing  into the annular space. An a i r  circula- 

tion system i s  instal  1 ed to  circulate  ambient temperature a i r  throughout the 

annular space. Withdrawal of cold a i r  by th i s  system prevents excessive moisture 

buildup, condensation, and ice formation i n  the annular space. A water pump 

designed for  a flow of 44 gpm i s  installed a t  the bottom of the annular space 

to  remove any water tha t  might co l lec t  there. High-expansion foam generation 

systems in th i s  area can be activated e i ther  manually or automatically from low- 

temperature detectors located in the pumpout area. Also, UV f i r e  detectors 

located in the pumpout area near the sp i l l  basin and a t  each pressure/vacuum 

re l ie f  valve on top of the tank can activate dry chemical and high-expansion 

foam systems and shut down pumps and associated equipment. Combustible gas 

detectors located i n  the pump area sound alarms a t  25% of lower flammable 

l imi t .  A t  65% of lower flammable l imi t ,  another alarm sounds and the sendout 

pumps are  shut down, e i ther  automatically or manually. (For a l i s t  of detectors 

that  activate the shutdown system, see Section D.4.2.) 

Each of the main storage tanks i s  also protected by a fixed water deluge 

system. Water from th i s  system i s  applied only to the roof of the tank because 

the walls of the main containment extend to the t o p  of the outer shell of the 
tank. The excess water runoff from the water deluge system i s  carried across 

the annular space between the tank snd the concrete containment and discharged 

down the outside of the containment wall. The deluge system i s  designed to 
deliver suff ic ient  water t o  maintain the tank roof a t  safe operating temperature 

during the maximum f i r e  tha t  could be expected a t  the receiving terminal. Deluge 
water i s  provided by electr ical  pumps in addition to the c i ty  water pressure. 
A UV f i r e  detector located near the tank re l ie f  valves automatically activates 

a dry chemical extinguisher aimed a t  the re l ie f  valves. Also, each storage 

tank area contains a manual f i r e  alarm and two portable dry chemical f i r e  
extinguishers, each with a 30-lb capacity. 



A f i r e  t r u c k  c o n t a i n i n g  a  d r y  chemical system i s  used as a  backup. 

A d d i t i o n a l  hoses and a  snial l  water-pumping capabi 1  i t y  a re  a1 so p rov ided  on t h e  

t r u c k .  

D.3.3 LNG Sendout Pumps 

Each s to rage  tank con ta ins  two removable, submerged, cryogenic ,  p r imary  

pumps ( w i t h  an a d d i t i o n a l  pump w e l l  f o r  i n s t a l l a t i o n  o f  a  t h i r d  pump as r e q u i r e d )  

t o  t r a n s f e r  LNG f rom t h e  s to rage  tanks t o  t he  s u c t i o n  o f  t he  secondary pumps 

l o c a t e d  e x t e r n a l  t o  t h e  tanks.  The p r imary  pumps a re  a1 so used t o  r e c i r c u l a t e  

LNG t o  t h e  s h i p ' s  un load ing  l i n e s  t o  keep t he  l i n e s  cooled down. Each p r imary  

pump has a  c a p a c i t y  o f  2,000 gpm w i t h  a  d ischarge  pressure o f  60 ps ig .  

There a r e  103secondary pumps, w i t h  n i n e  o p e r a t i n g  and one as backup. Each 

pump i s  a  15-stage, 950-gpm, 1,200-hp, 3,600-rpm, submerged-motor pump designed 

w i t h  a  d ischarge  p i p e l i n e  pressure o f  1,280 ps ig .  The secondary pumps and t h e i r  

motor d r i v e s  a r e  h e r m e t i c a l l y  sealed i n  a  vessel and submerged i n  LNG. Th is  

des ign e l i m i n a t e s  t h e  extended pump s h a f t  and assoc ia ted  sea l .  The pump and 

motor surroundings a r e  100% r i c h  i n  LNG and w i l l  n o t  suppor t  combustion. 

There a r e  two o u t l e t  l i n e s  f rom each tank .  Each l i n e  con ta ins  a  check 

va lve ,  a  1  i n e  t h a t  connects t o  t h e  tank  i n l e t  l i n e s  f o r  r e c i r c u l a t i o n ,  and a  

f a i l s a f e - c l o s e d  c o n t r o l  va l ve  t h a t  can be operated l o c a l l y ,  f rom t h e  c o n t r o l  

room, by t h e  emergency shutdown system, o r  by a  s i gna l  f rom temperature o r  

l e v e l  sensors i n  t h e  tank.  

The o u t l e t  l i n e s  j o i n  t o  form t h e  20- in .  sendout l i n e .  Th i s  l i n e  i s  

i n t e r r u p t e d  by a  f a i  1  sa fe - c l  osed, a i  r -opera ted  c o n t r o l  va l ve  and then  j o i n s  

w i t h  t h e  4 - in .  LNG c i r c u l a t i o n  l i n e  t o  become t h e  36- in .  feed  l i n e  t o  t h e  

secondary pumps. 

The secondary pump o u t l e t s  a r e  d i v i d e d  i n t o  two l i n e s .  The 24- in.  main 

I l i n e s ,  which c o n t a i n  a check va l ve  and a  f a i l s a f e - c l o s e d ,  a i r - ope ra ted  va l ve  

t h a t  can be a c t i v a t e d  l o c a l l y  o r  f rom t h e  main c o n t r o l  room, j o i n  t oge the r  t o  

become t h e  main feed  l i n e  t o  t h e  vapo r i ze rs .  The minimum f l o w  l i n e s ,  which 

c o n t a i n  t h e  same va lves  as t he  main l i n e s ,  j o i n  t oge the r  and r e t u r n  t o  t he  

s to rage  tanks.  Each pump a l s o  has a  vapor ven t  l i n e  w i t h  t h e  same v a l v i n g  

as t h e  l i q u i d  l i n e s .  The vapor ven t  l i n e s  combine and r e t u r n  t o  t h e  tanks  v i a  



t h e  30- in .  vapor r e t u r n  l i n e .  P i p i n g  and i ns t rumen ta t i on  f o r  t h e  sendout pumps 

were shown p r e v i o u s l y  i n  F igu re  D.11. 

An independent d i k e  surrounding t h e  pumpout area he lps  c o n t a i n  any s p i l l s  

t h a t  m igh t  occur  i n  t h i s  area. 

D.3.4 Vapo r i za t i on  

LNG sen t  o u t  f rom s to rage  i s  vapor ized and i n j e c t e d  i n t o  t h e  p i p e l i n e .  

Vapo r i za t i on  equipment and procedures a r e  descr ibed  here.  The process f l o w  

diagram f o r  t h e  v a p o r i z a t i o n  system i s  shown i n  F igure  D.12. Corresponding 

process c o n d i t i o n s  and equipment i d e n t i f i c a t i o n s  a r e  g i ven  i n  Table D.5. 

Baseload v a p o r i z a t i o n  occurs i n  f i v e  f a1  1  i n g - f i l m ,  open-rack, seawater 

vapo r i ze rs  w i t h  a  t o t a l  capac i t y  o f  550 MMscfd. One such vapo r i ze r  i s  shown 

i n  F igu re  D.13. LNG i s  i n t r oduced  through man i fo lds  a t  t he  bottom o f  banks o f  

v e r t i c a l  panels cons t ruc ted  o f  spec ia l  ext ruded f i n s .  The LNG passes upward 

i n s i d e  t h e  tubes where i t  i s  heated by t h e  seawater which f a l l s  as a  f i l m  over  

t h e  o u t s i d e  o f  t h e  panels.  Vaporized LNG emerges a t  t h e  t o p  and i s  r ou ted  t o  a  

24- in .  o u t l e t  l i n e .  

The f a l l i n g  water  f i l m  used i n  t h i s  des ign g i ves  ext remely  h i g h  heat  t r a n s -  

f e r  c o e f f i c i e n t s ,  which reduces t he  amount o f  i c e  formed, thus ma in ta i n i ng  h i g h  

performance. Wi th  t h i s  open t ype  o f  system, t h e  smal l  amount o f  i c e  t h a t  i s  

formed does n o t  i n t e r f e r e  w i t h  t he  f l o w  o f  water .  The panels o f  f i n n e d  tubes 

and a l l  p a r t s  i n  c o n t a c t  w i t h  t h e  LNG a r e  made o f  aluminum a l l o y ,  which ma in ta i ns  

i t s  s t r e n g t h  a t  low temperature.  The sur face  o f  t he  panels i n  c o n t a c t  w i t h  t h e  

seawater a r e  p r o t e c t e d  by a  s a c r i f i c i a l  z i n c  c ladd ing .  

The seawater i s  pumped t o  t h e  vapo r i ze rs  a t  r a t e s  t h a t  r e s u l t  i n  approx i -  

mate ly  a  5OF temperature d rop  between incoming and ou tgo ing  seawater. About 

170,000 gpm i s  r e q u i r e d  f o r  t h e  550 MMscfd v a p o r i z a t i o n  capac i t y .  The sea- 

water  supply  system t o  t h e  LNG p l a n t  c o n s i s t s  o f  an 830- f t - long ,  14- f t -d iameter ,  

carbon-stee l  p i  pe l  i n e  f rom a  ne ighbor ing  power p l a n t ' s  condensers t o  a  pump 

supply  b a s i n  and a  1,650- f t - long,  9 - f t -d iameter ,  carbon-stee l  p i p e l i n e  f rom 

t h e  b a s i n  t o  t h e  LNG vapor ize rs .  The temperature o f  t h e  water  i s  about 90°F. 
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F IGURE D.12. Flow Diagram o f  V a p o r i z a t i o n  System 
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FIGURE D.13. F a l l i n g  F i l m  Open-Rack Seawater Vapor izers  

TABLE D.5. Vapo r i za t i on  System 

Stream I d e n t i f i c a t i o n  
ID  - 'Desc r i p t i on  Pressure ( p s i g )  Temp. ( F O )  F lowra te  

13 LNG t o  Baseload Vapor izers  1 ,280 -252 4,700 gpm 

14 Vapor f rom Baseload Vapor izers  1,300 3 0 550 MMscfd 

15 Seawater I n l e t  2 0 9 0 170,000 gpm 

16 Seawater Return 2 0 8 5 170,000 gpm 

17 LNG t o  Peaking Vapor izers  1,280 -252 3,850 gprn 

18 Vapor f rom Peaking Vapor izers  1,300 3 0 450 MMscfd 

Equipment I d e n t i f i c a t i o n  

P-201 Secondary Pump 

V-301 A/B/C/D/E Baseload Seawater Vapori  zers  

V-302 A/B/C/D Backup and Peaking Gas - f i r ed  Vapor izers  



A p a r a l l e l  2 ,500- f t - l ong ,  9 - f t - d i a m e t e r ,  c a r b o n - s t e e l  p i p e l i n e  r e t u r n s  t h e  

seawater f r o m  t h e  v a p o r i z e r s  t o  t h e  power p l a n t  a t  a  tempera tu re  5°F c o o l e r  

than  t h e  s u p p l y  w a t e r  f r o m  t h e  power p l a n t ' s  condensers (abou t  85°F).  

For  s tandby o r  peak ing  v a p o r i z a t i o n ,  f o u r  submerged combust ion,  g a s - f i r e d  

v a p o r i z e r s  h a v i n g  a  t o t a l  c a p a c i t y  o f  450 MMscfd a r e  used. Vapor i zed  LNG e x i t s  

each u n i t  v i a  a  1 2 - i n .  1  i n e .  T h i s  b r i n g s  t h e  t o t a l  p l a n t  o u t p u t  c a p a c i t y  t o  

1  b i l l i o n  s c f d  o f  gas d u r i n g  peak c o n d i t i o n s .  The g a s - f i r e d  v a p o r i z e r s  a r e  

used a p p r o x i m a t e l y  800 hours  p e r  y e a r .  

The g a s - f i r e d  v a p o r i z e r s  a r e  des igned such t h a t  t h e  b u r n e r s  exhaust  h o t  

combust ion gases downward t h r o u g h  a  downcomer and i n t o  a  w a t e r  b a t h  below t h e  

l i q u i d  s u r f a c e .  The exhaust  bubb les  i n t o  t h e  w a t e r  caus ing  t u r b u l e n c e ,  m i x i n g ,  

and a  " l i f t i n g "  a c t i o n .  T h i s  l i f t i n g  a c t i o n  f o r c e s  t h e  w a t e r  up t h r o u g h  an 

a n n u l a r  space c r e a t e d  by  a  w e i r  around t h e  downcomer. The w a t e r  f l o w s  o v e r  t h e  

t o p  o f  t h e  w e i r  and i n t o  t h e  more q u i e s c e n t  o u t e r  t a n k .  Ba th  tempera tu re  ranges 

f r o m  90°F t o  130°F. A h e a t  exchanger tube  c o i l  f o r  t h e  LNG i s  l o c a t e d  i n  t h e  

a n n u l a r  space between t h e  w e i r  and t h e  downcomer where i t  i s  scrubbed by t h e  

warm gas-water  m i x t u r e ,  thus  t r a n s f e r r i n g  h e a t  t o  t h e  LNG and v a p o r i z i n g  i t .  

The submerged combust ion t e c h n i q u e  r e s u l t s  i n  a  v e r y  h i g h  thermal  e f f i c i e n c y  

o f  94-96% because: 1 )  a l l  t h e  w a t e r  i n  t h e  combust ion p r o d u c t s  condenses and 

t h e  h i g h  h e a t i n g  v a l u e  o f  t h e  f u e l  can be used, and 2 )  t h e  v i o l e n t  t u r b u l e n c e  

and m i x i n g  o f  t h e  gas and w a t e r  r e s u l t  i n  a  h i g h  r a t e  o f  h e a t  t r a n s f e r  t o  t h e  

tubes.  The v a p o r i z e r s  consume gas e q u i v a l e n t  t o  1.5% t o  2.0% o f  t h e  LNG v a p o r i z e d .  

The LNG i n l e t  p i p i n g ,  tube  bund le ,  and o u t l e t  p i p i n g  t o  t h e  f i r s t  f l a n g e  

a r e  a l l  s t a i n l e s s  s t e e l  c o n s t r u c t i o n .  The r e s t  o f  t h e  o u t l e t  p i p i n g  i s  carbon 

s t e e l ,  as a r e  t h e  tank ,  w e i r ,  and downcomer. The s e c t i o n  o f  each downcomer 

above t h e  w a t e r  b a t h  i s  sur rounded by a  w a t e r  j a c k e t  w i t h  c o n t i n u o u s  c i r c u l a -  

t i o n  o f  c o o l i n g  w a t e r .  The b u r n e r ,  f u e l  gas p i p i n g ,  a i r  i n l e t  p i p i n g ,  and 

b lower  a r e  a l l  ca rbon  s t e e l .  The a i r  b lower  d r i v e  i s  a  250-hp e l e c t r i c  motor .  

The o v e r a l l  d imens ions o f  each v a p o r i z e r  a r e  a p p r o x i m a t e l y  12 f t  x  27 f t  w i t h  

a  h e i g h t  o f  10 f t .  The v a p o r i z e r  i s  sur rounded by a  f i b e r g l a s s  b u i l d i n g  f o r  

weather  p r o t e c t i o n .  



The main l i n e  from the  secondary pumps divides in to  two l i ne s ,  one of which 

goes t o  the  seawater vaporizers and the other t o  the submerged combustion vapori- 

zers .  The i n l e t  l i ne s  t o  each of the  vaporizers a r e  interrupted by f a i l s a f e -  

closed, air-operated,  control valves. These valves a r e  used t o  control the  LNG 

flow to  the  vaporizers b u t  can a l so  be closed loca l ly ,  from the main control 

room, by the  emergency shutdown systems (see  Section D.4.2), and i f  desired,  by 

several sensors located in the vaporizer system (see  Section D.3.4.4). 

The o u t l e t  l i ne s  from the  vaporizers each contain a valve t ha t  can be 

closed loca l ly ,  from the control room, by the emergency shutdown system, or  

by a low temperature sensor in the gas ou t l e t  l i ne .  The ou t l e t  l ines  join 

together in  a 30-in. l i n e  t ha t  contains a check valve, a fai l-safe-closed a i r -  

operated valve (normally used fo r  pressure con t ro l ) ,  and a pressure sensing 

device. 

The 30-in. l i n e  expands to  a 48-in. l i n e  t h a t  contains a metering s t a t i on ,  

the odorant in ject ion 1 ine ,  a f a i l  safe-closed valve (closed loca l ly ,  from the  

control room, or  by the emergency shutdown system), and the fuel gas supply 
l i n e  f o r  the terminal. 

D.3.4.2 Control System and Instrumentation 

Two major controls associated with the vaporizers (both seawater and gas- 

f i r e d  types) are :  

L N G  flow control 

gas o u t l e t  temperature control .  

L N G  throughput i s  automatically maintained a t  a preselected flowrate by a con- 
t ro l  valve i n  each vaporizer i n l e t  1 ine.  Each LNG control valve i s  t i ed  in to  

a gas-outlet  flow recorder con t ro l le r .  The control valve in the seawater i n l e t  

l i n e  i s  t i ed  in to  a temperature recorder con t ro l le r  i n  the gas ou t l e t  l i n e  and 

regulates the  o u t l e t  gas temperature by adjusting the seawater flow r a t e .  The 

gas o u t l e t  temperature from the submerged combustion vaporizer i s  controlled 

by automatic adjustment of the  air-operated control valves in the  fuel gas and 

a i r  supply 1 ines.  

Water level in  the tank (of each submerged combustion vaporizer) i s  con- 

t r o l l ed  by several means. An overflow nozzle i s  located a t  the  normal water depth 



t o  p reven t  h i g h  l e v e l s .  A  smal l  pump s i t s  a t  t h e  su r f ace  o f  t he  water  i n  

t h e  b a t h  and pumps water  t o  t h e  c o o l i n g  j a c k e t s  on t he  burners.  I f  t h e  wate r  

l e v e l  i s  low, t h e  pump l oses  s u c t i o n  and t h e  d ischarge  pressure f a l l s .  A low 

p ressure  s w i t c h  then  opens a  c o n t r o l  v a l v e  t o  admit  more water .  A low water  

l e v e l  a la rm i s  a l s o  inc luded .  

Vapor izer  o u t l e t  pressure i s  c o n t r o l l e d  by a  pressure c o n t r o l  va l ve  i n  t he  

30- in .  l i n e  beyond where t h e  o u t l e t  l i n e s  come toge ther .  Other c o n t r o l s  i n c l u d e  

a  pneumatic f u e l  p ressure  c o n t r o l  va l ve  and a  p i l o t  l i n e  w i t h  a  pressure regu la -  

t o r  f o r  t h e  burners.  

D.3.4.3 Procedures 

To s t a r t  up t h e  vapor ize rs ,  t h e  f i r s t  s t e p  i s  t he  cooldown o f  t h e  secondary 

LNG pumps. The b l o c k  va lves  on t he  o u t l e t  l i n e s  t o  the  vapo r i ze rs  a r e  c losed  

and t h e  p r imary  i n t a n k  pumps a r e  s t a r t e d .  The sendout pumps then  opera te  on 

t o t a l  r e c y c l e  u n t i l  they  and t h e i r  assoc ia ted  p i p i n g  a re  s u f f i c i e n t l y  coo l .  

The vapor produced by c o o l i n g  t h e  pumps i s  vented through t he  vapor ven t  l i n e  

on each pump. These ven t  l i n e s  combine and r e t u r n  t o  t he  tank  v i a  t h e  30 - i n .  

vapor r e t u r n  l i n e ,  as descr ibed  p r e v i o u s l y .  

Seawater f l o w  t o  t h e  open rack  vapor ize rs  i s  brought  up t o  t he  a n t i c i p a t e d  

normal f l o w  r a t e  and then  t h e  d ischarge  va lves on t he  secondary pumps a re  

opened t o  t h e  vapo r i ze rs .  LNG f l o w  t o  t h e  vapo r i ze rs  i s  inc reased  s l o w l y  t o  

p rov ide  gradual cooldown o f  t h e  heat  exchanger tubes. Once t h e  d e s i r e d  LNG f l o w  

i s  reached, o p e r a t i o n  o f  t h e  vapo r i ze rs  i s  a u t o m a t i c a l l y  c o n t r o l l e d  as descr ibed  

p r e v i o u s l y  i n  Sec t i on  D.3.4.2. To shut  down t h e  seawater vapor ize rs ,  t h e  LNG 

f l o w  i s  g r a d u a l l y  reduced and then stopped. Seawater f l o w  con t inues  u n t i l  no 

more vapor f l o w s  o u t  o f  t h e  vapor ize rs .  Dur ing emergency shutdown o f  t h e  v a p o r i -  

zers ,  t h e  LNG i s  stopped immediate ly  and t he  seawater f l o w  i s  con t inued  u n t i l  

t h e  vapor f 1 ow ceases. 

To s t a r t  up t h e  submerged combustion vapor ize rs ,  t he  burners a r e  f i r e d  

and t h e  wate r  ba th  heated t o  t h e  proper  ope ra t i ng  temperature (95 t o  130°F). A t  

t h i s  p o i n t ,  t h e  d ischarge  va lves on t h e  secondary pumps a r e  opened t o  t h e  



vapo r i ze rs  and a  smal l  f l o w  o f  LNG s t a r t s .  The r e s t  o f  t he  s t a r t u p  o f  these 

vapo r i ze rs  i s  semi-automatic,  w i t h  t h e  burner  f i r i n g  r a t e  and t he  LNG f l o w  r a t e  

bo th  g r a d u a l l y  inc reased  u n t i l  t h e  des i r ed  f l o w  r a t e  i s  reached. 

Shutdown o f  these vapo r i ze rs  i s  a l s o  semi-automatic, w i t h  t h e  LNG f l o w  and 

burner  f i r i n g  r a t e  g r a d u a l l y  reduced. The l a r g e  heat -s torage c a p a c i t y  o f  t he  

water  ba th  pe rm i t s  f a i r l y  r a p i d  s t a r t u p  and shutdown o f  t he  vapo r i ze rs  w i t h  

l i t t l e  v a r i a t i o n  i n  t h e  process o u t l e t  temperature.  

Emergency shutdown procedures f o r  t he  vapo r i ze rs  a r e  descr ibed  i n  

Sec t i on  D.4.2. 

D.3.4.4 Release Preven t ion  and Cont ro l  Features 

The seawater v a p o r i z e r  area and submerged combustion vapo r i ze r  area a r e  

con t i nuous l y  mon i to red  by mu1 t i p l e  combust ib le  gas de tec to r s ,  u l t r a v i o l e t  f lame 

de tec to r s ,  and low temperature de tec to r s .  Each d e t e c t o r  i s  hooked t o  an a larm 

i n  t h e  main c o n t r o l  room and i s  i d e n t i f i e d  by t ype  and l o c a t i o n .  

High-expansion foam u n i t s  a r e  l o c a t e d  a t  t h e  vapo r i ze rs  and a r e  a c t i v a t e d  

e i t h e r  manual ly  o r  a u t o m a t i c a l l y  by low temperature d e t e c t o r s  (grade l e v e l  ) t h a t  

a l s o  a c t i v a t e  an a la rm and a u t o m a t i c a l l y  shu t  down the  vapor ize rs .  The UV 

f i r e  d e t e c t o r s  have v e r y  f a s t ,  a d j u s t a b l e  ( 0  t o  30 seconds) response t imes.  

These de tec to r s  sound an a la rm and a c t i v a t e  t h e  d r y  chemical u n i t s  f o r  app rox i -  

ma te l y  30 seconds, expending t h e  supply ,  a f t e r  which t he  high-expansion foam 

u n i t s  a r e  a c t i v a t e d  t o  cover  any LNG s p i l l s  and l i m i t  t he  amount o f  vapor 

genera t ion .  Gas d e t e c t o r s  i n  t h e  area a c t i v a t e  alarms a t  25% o f  t he  lower  

flammable 1  i m i t .  A t  65% o f  t h e  lower  flammable l i m i t ,  another  a larm sounds; 

automat ic  o r  manual shutdown o f  t he  vapo r i ze r  f o l l o w s .  

F i r e  hydran ts  w i t h  spray mon i t o r s  a r e  l o c a t e d  a t  t he  vapor ize rs .  Manual 

f i r e  a la rm swi tches,  as w e l l  as two 30 - l b  chemical ex t i ngu i she rs ,  a r e  a l s o  

l o c a t e d  i n  t h e  area. 

A  f i r e  t r u c k  i s  a v a i l a b l e  t o  back up t h e  d r y  chemical ,  water,  and h igh-  

expansion foam systems. Th i s  t r u c k  con ta ins  a  d r y  chemical u n i t  which connects 

t o  t he  v a p o r i z a t i o n  system. A d d i t i o n a l  hoses and a  smal l  water  pumping capa- 

b i l i t y  a r e  a l s o  p rov ided  on t he  t r uck .  



Pressure r e l i e f  va lves  s e t  below c r i t i c a l  l e v e l s  f o r  t he  equipment a r e  

l o c a t e d  a t  t h e  o u t l e t  and i n l e t  p o r t i o n s  o f  t he  vapor ize rs .  Gas d ischarge  

f rom t h e  pressure r e l i e f  va lves  en te r s  a  n i  t rogen-purged c o l l e c t o r  system where 

i t  i s  r o u t e d  t o  t he  ven t  s tack .  An independent d i k e  system surrounds t he  

vapo r i ze rs  t o  c o n t a i n  any s p i l l s  t h a t  m igh t  occur.  

A1 1  vapo r i ze rs  a r e  equipped wi t h  an automat ic  vapo r i ze r  emergency shutdown 

(VES) t h a t ,  upon a c t i v a t i o n ,  a u t o m a t i c a l l y  shuts  down t h e  vapo r i ze rs  and t h e  

LNG sendout pumps and i s o l a t e s  t h e  pumps f rom bo th  the  vapo r i ze rs  and t he  LNG 

tank.  The VES can be a c t i v a t e d  manual ly  a t  t he  vapo r i ze rs  o r  t h e  c o n t r o l  room. 

The VES can a l s o  be a c t i v a t e d  a u t o m a t i c a l l y ,  i f  des i red ,  by a  temperature sensor 

i n  t he  gas o u t l e t  l i n e ,  temperature and f l o w  sensors i n  t he  wate r  l i n e s ,  UV 

burner  f lame mon i to rs ,  wa te r  bath l e v e l  i n d i c a t o r s ,  o r  t h e  p ressure  sensor i n  

t h e  30- in .  o u t l e t  l i n e .  Normal ly ,  t h e  VES i s  n o t  a u t o m a t i c a l l y  a c t i v a t e d .  

GENERAL PLANT INFORMATION 

The f o l l o w i n g  subsect ions p rov ide  genera l  i n f o r m a t i o n  on va r i ous  aspects  

o f  the  LNG i m p o r t  t e rm ina l  and i t s  opera t ion .  

The i m p o r t  t e rm ina l  i s  designed t o  be operated w i t h o u t  ven t i ng .  Even i n  a  

case where t h e  p i p e l i n e  f a c i l i t i e s  a r e  shu t  down, i t  i s  p o s s i b l e  t o  pack normal 

t e rm ina l  b o i l o f f  gas i n t o  t he  end of t h e  p i p e l i n e .  Prov ided t h e  f i r s t  10 m i l e s  

a r e  a v a i l a b l e ,  t h i s  a l l o w s  a  complete t e rm ina l  shutdown f o r  a t  l e a s t  2-112 days 

be fo re  any v e n t i n g  i s  r equ i red .  

A l l  gas l i n e s  and gas hand l ing  equipment can be vented t o  t h e  ven t  s t ack  

through a  n i  t rogen-purged ven t  header ( c o l  l e c t o r )  system. The header i s  s i zed  

t o  accommodate t h e  l o a d  caused by any s i n g l e  f a i l u r e  o r  r e l i e v i n g  s i t u a t i o n .  

Gas i s  n o t  norma l l y  vented except  i n  t he  case of an emergency shutdown, when 

t h e  Master  Emergency Shutdown (MES) system au tomat ica l  l y  ven ts  a1 1  gas 1  i n e s  

and gas hand l i ng  equipment. The LNG sendout pumps a re  vented back t o  t h e  s to rage  

tank  v i a  t h e  30 - i n .  vapor r e t u r n  l i n e .  



The s to rage  tank  has t h r e e  12- in .  pressure/vacuum r e l i e f  va lves  which 

ven t  t o  t h e  atmosphere. Normal o f f  gas f rom the  s to rage  tank  i s  handled by 

t h e  b o i l o f f  compressor. The r e l i e f  va lves open o n l y  when needed t o  p r o t e c t  

t h e  t ank  f r om over  o r  unde rp ressu r i za t i on .  

A l l  vesse ls  o r  sec t i ons  o f  LNG l i n e s  t h a t  can be i s o l a t e d  w i t h  LNG i n  

them and a l lowed t o  warm a r e  p ro tec ted  by r e l i e f  va lves  v e n t i n g  t o  t h e  atmosphere. 

0.4.2 Emeraencv Shutdown Svstem 

The o p e r a t i o n  and a c t i v a t i o n  o f  t h e  emergency shutdown system f o r  t h e  

impo r t  t e r m i n a l  a r e  descr ibed  here. 

D.4.2.1 Operat ion o f  Emergency Shutdown 

The p l a n t  emergency shutdown (ESD) system c o n s i s t s  o f  t h r e e  major  systems: 

1  ) t h e  blaster Emergency Shutdown (MES) , 2) t h e  Vapor izer  Emergency Shutdown 

(VES), and 3 )  t h e  Of fshore  Emergency Shutdown (OES). It takes approx imate ly  

30 seconds a f t e r  a c t i v a t i o n  f o r  any o f  these systems t o  complete shutdown. 

The MES a l l ows  t h e  r a p i d  shutdown o f  t h e  impo r t  t e rm ina l  and i s o l a t i o n  o f  

t h e  va r i ous  p l a n t  systems. When a c t i v a t e d ,  t h e  MES a u t o m a t i c a l l y  i n i t i a t e s  

t h e  f o l l o w i n g  a c t i o n s :  

1  . E l e c t r i c a l  supp l i es  t o  a1 1  normal p l a n t  c i r c u i t s  a re  de-energized; e s s e n t i a l  

p l a n t  e l e c t r i c a l  equipment (e.g., f i r e  pumps, f i r e  and gas de tec to rs ,  f i r e  

system v a l v e  ope ra to r s )  remain energized. 

2.  Na tu ra l  gas va lves  a t  p l a n t  boundaries a r e  c losed  t o  i s o l a t e  t h e  p l a n t  f rom 

t h e  n a t u r a l  gas p i p e l i n e .  These va lves  i nc l ude :  

gas f rom vapo r i ze rs  

e b o i l o f f  gas f rom s to rage  tanks and sh ips  

e f u e l  gas t o  vapo r i ze rs .  

3. The LNG tank  and d i k e  area i s  i s o l a t e d  f rom t h e  remainder o f  t h e  p l a n t  by 

t h e  f o l l o w i n g :  

0 va lves  a t  t h e  LNG pump s u c t i o n  and va lves  on t h e  l i q u i d  wi thdrawal  l i n e s  

a r e  c losed  

b l o c k  va lves  on t h e  tank  i n l e t  1  i nes  a r e  c losed  



LNG pump motors a r e  shu t  down 

b l o c k  va lves  between t h e  LNG pumps and t he  vapo r i ze rs  a r e  c losed  

l o a d i n g  arm b lock  va lves a r e  c losed .  

4. A t e l e m e t r i c  s i g n a l  "MES Tr ipped"  i s  t r a n s m i t t e d  t o  t h e  company's head 

o f f i c e .  

5. Wi th  l o s s  o f  ins t rument  a i r ,  a l l  c o n t r o l  va lves go t o  t h e i r  f a i l s a f e  

p o s i t i o n s .  

6. Gas f r om a l l  gas hand l i ng  equipment and l i n e s  i s  vented through t h e  r e l i e f  

header t o  t h e  ven t  s tack .  

The second shutdown system, t h e  VES, a l l ows  t he  r a p i d  shutdown and i s o l a -  

t i o n  o f  LNG sendout systems o u t s i d e  t h e  dock area. When a c t i v a t e d ,  t h e  VES 

a u t o m a t i c a l l y  i n i t i a t e s  t h e  f o l l o w i n g  ac t i ons :  

1. The f o l l o w i n g  n a t u r a l  gas va lves  a t  p l a n t  boundaries a re  c losed :  

gas f rom vapo r i ze rs  

b o i l  o f f  f rom s to rage  tanks and sh ips  

e f u e l  gas t o  vapo r i ze rs .  

2. LNG pump motors a r e  shu t  down. 

3 .  Block va lves  between t h e  pumps and t h e  vapo r i ze rs  a r e  c losed.  

4. Pump s u c t i o n  va lves  and t h e  va lves  on t he  l i q u i d  wi thdrawal  li 'nes a r e  

c losed.  

5. Gas f r om a l l  gas hand l i ng  equipment and l i n e s  i s  vented through t h e  r e l i e f  

header t o  t h e  ven t  s tack .  

The t h i r d  shutdown system, t he  OES, a l l ows  t h e  r a p i d  shutdown and i s o l a t i o n  

o f  a l l  LNG sendout f rom t h e  sh ips  and vapor r e t u r n  t o  t h e  sh ips.  When a c t i v a t e d ,  

t h e  OES a u t o m a t i c a l l y  i n i t i a t e s  t h e  f o l l o w i n g  a c t i o n s :  

1. B lock va lves  i n  t h e  un load ing  arms a re  c l  osed. 

2. B lock va lves  i n  t h e  vapor bypass l i n e s  a r e  l ocked  i n t o  p o s i t i o n  t o  p reven t  

opera t ion .  



3 .  Block valves in the vapor return l ine  are  closed. 

4. LNG t ransfer  pump motors on the ship are shut down. 

The closing rates  of the block valves and the sequence of shutdown events are 

programmed to l imit  f lu id  hammer and to  keep any LNG from being trapped between 

val ves. 

In the event of a total  power f a i lu re ,  the MES, VES, and OES c i rcu i t s  are  

energized with a battery power supply. After approximately 10 seconds, a 600-kW 

diesel-driven emergency generator i s  automatically s tar ted to  provide the power 

t o  these systems. Fire water i s  provided during emergency shutdown through the 

use of diesel -driven pumps and/or ci ty water pressure. 

D.4.2.2 Activation of Emergency Shutdown System 

Both the MES and VES can be activated manually a t  the two e x i t  gates. The 
MES can also be activated automatically by the u l t rav io le t  ( U V )  f i r e  detectors 

tha t  monitor the following areas: 

compressor building 

vaporizers 

LNG pumps 
piping on or adjacent to  pipe racks next to compressor area 

unloading dock area. 

The VES may be automatically activated, i f  desired, by a temperature sen- 

sor in the vaporizer gas out le t  1 ine (1 ow temperature), temperature and flow 

sensors in the seawater l ines  of the open rack vaporizers, by the UV flame 
monitors on the submerged combustion vaporizer burners (burner flameout) and 
throughout the vaporizer area ( f i r e ) ,  by gas detectors i n  the area, or by the 
water bath level indicator (low level ) on the submerged combustion vaporizers. 

The OES may be activated by U V  f i r e  detectors on the dock, low tempera- 
ture  detectors,  combustible gas detectors,  power and a i r  supply f a i  1 ure, high 
or  low pressure in the t ransfer  l ines ,  excess flowrate, and tanker movements 

outside the established operating conditions. In addition to  automatic shut- 

down of the OES system, manual shutdown may be in i t ia ted  from several locations 
in the unloading area, including the main terminal control room, the loading 
platform control room, and the ship 's  bridge. 



D.4.3 Cons t ruc t ion ,  I nspec t i on ,  and T e s t i n g  

The procedures used d u r i n g  c o n s t r u c t i o n ,  i nspec t i on ,  and t e s t i n g  o f  an 

i m p o r t  t e rm ina l  a re  d iscussed be1 ow. 

D. 4.3.1 Codes and Standards 

Var ious codes and standards app ly  t o  t he  cons t ruc t i on ,  t e s t i n g ,  and opera- 

t i o n  o f  LNG f a c i l i t i e s .  These codes and standards a re  d iscussed i n  Sec t i on  E.4.2.1 

o f  Appendix E and w i l l  n o t  be covered f u r t h e r  here. 

D.4.3.2 Procedures 

A l l  we ld ing  on t h e  LNG s to rage  tanks i s  performed i n  s t r i c t  accordance w i t h  

API 620 Appendix Q. A l l  i n n e r  tank  b u t t  welds a re  v i s u a l l y  i nspec ted  and 100% 

radiographed.  A l l  o u t e r  tank  b u t t  welds a re  v i s u a l l y  inspec ted  and 100% dye 

pene t ran t  t es ted .  I n  a d d i t i o n ,  t h e  tank  i s  inspec ted  by an independent o u t s i d e  

agency i n  accordance w i t h  API 620. 

S t reng th  and l e a k  t e s t  procedures f o r  t h e  completed tanks  a r e  c a r e f u l l y  

conducted and i n c l u d e  t h e  f o l l o w i n g  major  s teps :  

1 .  Bottom seams o f  bo th  t h e  i n n e r  and o u t e r  tanks a r e  l e a k  t e s t e d  by vacuum 

box. 

2. I nne r  tank  s h e l l - t o - b o t t o m  f i l l e t  welds a r e  l e a k  t e s t e d  by a i r  p ressure  

and soap suds. 

3 .  Outer tank  s h e l l - t o - b o t t o m  f i l l e t  welds a r e  t e s t e d  by e i t h e r  a i r  p ressure  

and soap suds o r  by p e n e t r a t i n g  o i l .  

4. The i n n e r  t ank  i s  f i l l e d  w i t h  wate r  t o  t he  e q u i v a l e n t  p ressure  o f  t h e  f u l l  

head o f  LNG. Appendix Q a l l ows  t h i s  head t o  be inc reased  by 25% i f  con- 

s i de red  des i r ab le ,  b u t  l i m i t s  tank  s h e l l  s t r esses  t o  a  maximum o f  80% o f  

t h e  s p e c i f i e d  minimum y i e l d  s t r e n g t h  o f  t h e  m a t e r i a l  o r  50% o f  t h e  s p e c i f i e d  

minimum t e n s i l e  s t r eng th .  

5. The i n n e r  tank  i s  then p ressu r i zed  i n  severa l  stages t o  a  maximum o f  

150% o f  des ign pressure.  



6 .  The pressure i s  then reduced to the design pressure, and shell and roof 

seams above the liquid level are  tested with soap suds. Opening pressure 

of the pressure vent i s  checked a t  t h i s  time. 

7 .  While the inner tank i s  being emptied, the opening pressure of the vacuum 

vent i s  checked. 

8. With the tank empty, the inner tank i s  again pressurized to design pressure 

and the anchor system i s  rechecked. 

9. The outer tank i s  then pressurized to i t s  design pressure and i s  tested 

fo r  leaks with soap suds. As an al ternate  to  t h i s ,  the outer tank shell 

seams can be checked by penetrating o i l .  Also, outer tank roof seams can 

be checked by vacuum box. 

10. Operation of outer tank pressure vents i s  checked during th is  t e s t ,  and 

the vacuum vent i s  checked by applying the design vacuum. 

The tanker unloading system and the cold piping to the sendout system are 

insulated with a combination of fiberglass,  urethane, and a vapor barrier.  

The fiberglass i s  applied on the pipe wall, and urethane of required thickness 

i s  added and sealed with fiberglass-reinforced-plastic vapor barrier.  For 
f i t t i n g s  and components, the urethane i s  applied to the pipe wall. 

The pipeline i s  strung along the right-of-way and bent as required to  con- 

form with the plant contours. Pipe sections are welded and inspected in compli- 

ance with the Department of Transportation minimum Federal Safety Standards, 

Section 192.243. All piping welds a t  water crossings, in environmentally sensi- 
t ive  areas,  and in encased sections are  100% radiographically inspected. 

D.5 SOURCES OF INFORMATION 

The description of the LNG import terminal was developed using information 

from the sources l i s t ed  below. 
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FACILITY DESCRIPTION OF REFERENCE 

LNG PEAKSHAVING PLANT 

L i q u e f i e d  Na tu ra l  Gas (LNG) peakshaving p l a n t s  a r e  one o f  severa l  means 

by which gas d i s t r i b u t i o n  companies handle v a r i a t i o n s  i n  demand. Minimum 

t ransm iss ion  cos t s  r e s u l t  when t he  p i p e l i n e s  a r e  operated a t  o r  near c a p a c i t y  

every  day o f  t h e  year .  Demand f o r  gas, however, i s  s u b j e c t  t o  hou r l y ,  d a i l y ,  

and seasonal v a r i a t i o n s .  To r e c o n c i l e  these d i f f e r e n c e s ,  n a t u r a l  gas i s  

l i q u e f i e d  d u r i n g  t h e  o f f  season and s to red  u n t i l  peak-demand pe r i ods  when i t  

i s  revapor ized  and d e l i v e r e d  t o  customers. LNG f a c i l i t i e s  r e f e r r e d  t o  as 

peakshaving p l a n t s  have a l i q u e f a c t i o n  u n i t ,  s to rage  f a c i l i t i e s ,  and vapor ize rs .  

Fac i  1  i t i e s  used f o r  peakshaving purposes t h a t  have o n l y  s to rage  and vapor iza -  

t i o n  c a p a b i l i t i e s  a r e  r e f e r r e d  t o  as s a t e l l i t e s ;  they  r e c e i v e  LrjG, u s u a l l y  

by t r uck ,  f rom a  f a c i l i t y  w i t h  a  l i q u e f a c t i o n  u n i t  (see Appendix F) .  

LNG peakshaving ope ra t i ons  a r e  u s u a l l y  based on a  240-daylyear l i q u e f a c t i o n  

c y c l e  and a  120-day/year v a p o r i z a t i o n  cyc le .  L i q u e f a c t i o n  u n i t s  a r e  s i z e d  

t o  f i l l  t h e  s to rage  tanks over  a  p e r i o d  o f  200-240 days. Vapor izers  have t h e  

c a p a c i t y  t o  empty t h e  s to rage  tanks i n  5 t o  25 days o f  cont inuous opera t ion .  

Normal ope ra t i on  i n v o l v e s  f i l l i n g  and emptying t h e  s to rage  tanks once pe r  year .  

Thus a  peakshaving p l a n t  operates i n  t h r e e  modes: l i q u e f a c t i o n ,  vapo r i za t i on ,  

and storage. I n  t h e  l a t t e r  mode, n e i t h e r  l i q u e f a c t i o n  no r  v a p o r i z a t i o n  takes 

p l a c e  (excep t  f o r  b o i l o f f  gases). 

I n  t h e  l i q u e f a c t i o n  mode, gas i s  taken f rom t h e  p i p e l i n e  and t r e a t e d  t o  

remove water  and C02. T h i s  i s  t y p i c a l l y  done by pass ing t he  gas through mole- 

c u l a r  s ieves, a l though amine and o t h e r  scrubbing processes a r e  used f o r  C02 

removal.  A f t e r  t reatment ,  t h e  gas i s  l i q u e f i e d  by c o o l i n g  i t  t o  about  -260°F. 

Any o f  severa l  l i q u e f a c t i o n  cyc les  can be used depending on t h e  r a t e  o f  l i q u e -  

f a c t i o n ,  feed  gas c o n d i t i o n s  (composi t ion,  pressure, temperature),  PI a n t  1  o m -  

t i o n ,  and economic f a c t o r s .  

The cascade c y c l e  was t h e  f i r s t  l i q u e f a c t i o n  cyc le .  I n  t h i s  cyc le ,  a  s e r i e s  

o f  r e f r i g e r a n t s  ( u s u a l l y  propane, e thy lene,  and methane) a r e  used t o  coo l  t h e  



t he  gas stepwise by heat  exchange. The use of a ser ies  o f  r e f r i g e r a n t s  requ i res  

many separate pieces o f  equipment such as compressors and heat exchangers. As 

a r e s u l t ,  i n i t i a l  investment costs and maintenance costs f o r  the  cascade c y c l e  

a r e  the  h ighes t  o f  any l i q u e f a c t i o n  cyc le .  Consequently, the  cascade c y c l e  has 

n o t  been used f o r  new peakshaving f a c i l i t i e s  i n  several years. 

Expander cyc les apply the  w e l l  known Joule-Thompson o r  s e l f - r e f r i g e r a t i o n  

e f f e c t  by expanding a compressed gas i s e n t r o p i c a l l y  through a t u r b i n e  o r  engine 

t o  e x t r a c t  work and simultaneously lower the temperature o f  the gas. The expan- 

s i o n  c y c l e  i s  u s u a l l y  employed where considerable q u a n t i t i e s  o f  gas a re  being 

l e t  down from t ransmiss ion t o  d i s t r i b u t i o n  pressure. This energy can be used 

by expanding the  gas through a t u r b i n e  and us ing the low-temperature gas t o  

cool  and l i q u e f y  a separate gas stream. 

The mixed r e f r i g e r a n t  cyc le,  a f u l l y  developed and proven concept, i s  

considered the  most economical and p r a c t i c a l  f o r  a wide range o f  l i q u e f a c t i o n  

requirements. The process uses a s i n g l e  mixed r e f r i g e r a n t  con ta in ing  var ious  

l i g h t  hydrocarbons and n i t rogen.  The use o f  a s i n g l e  compressor and fewer 

heat exchangers i s  l e s s  c o s t l y  than the  convent ional cascade process. 

The bas ic  components o f  the cascade and mixed r e f r i g e r a n t  cyc les are :  

compressor(s) t o  p rov ide  the work requ i red  t o  t rans fe r  heat from a 

1 ower temperature t o  a h igher  temperature 

heat r e j e c t i o n  system (coo l  i n g  tower o r  a i r  coo lers )  

heat  exchanger(s) t o  t r a n s f e r  heat from the  na tu ra l  gas t o  the r e f r i g -  

e ran t  f l u i d .  

I n  t he  expander cyc le,  the t u r b i n e  replaces the compressors and the  heat 

r e j e c t i o n  equipment. 

The LNG, a t  about -260°F and s l i g h t l y  above atmospheric pressure (%I  ps ig )  , 
i s  s to red  i n  a double-wal led cryogenic s torage tank. The i nne r  w a l l  i s  con- 

s t r u c t e d  o f  a cryogenic ma te r i a l ,  u s u a l l y  9% n i c k e l  s tee l  o r  an aluminum mag- 

nesium a l l o y .  The outer  tank i s  t y p i c a l l y  made of carbon s t e e l .  The space 



between t h e  two w a l l s  i s  f i l l e d  w i t h  p e r l i t e ,  a  g r a n u l a r  i n s u l a t i o n  m a t e r i a l .  

Surrounding t he  s to rage  tank  i s  a  containment area, u s u a l l y  formed by an ear then  

d i ke .  Th i s  area i s  l a r g e  enough t o  c o n t a i n  a1 1  the  LNG i n  t he  s to rage  tank i n  

t he  even t  o f  f a i l u r e .  

A smal l  q u a n t i t y  o f  b o i l o f f  gases r e s u l t s  f rom hea t  leakage i n t o  t h e  

tank .  These gases a r e  compressed and e i t h e r  sen t  o u t  t o  t he  p i p e l i n e  o r  

r e l i q u e f i e d .  

Dur ing per iods  of peak demand, t he  LNG i s  pumped o u t  o f  t he  tank  and up 

t o  p i p e l i n e  p ressure  and i s  then f e d  t o  vapo r i ze rs  t o  be heated and reconver ted  

t o  gas before e n t e r i n g  t h e  p i p e l i n e .  Vapor izers  f o r  peakshaving p l a n t s  f a l l  

i n t o  f o u r  ma jo r  ca tego r i es :  

d i r e c t  f i r e d  

submerged combustion 

i n te rmed ia te  f l u i d  ( i n d i r e c t  f i r e d )  

ambient a i r  type.  

D i r e c t  f i r e d  u n i t s  use f l u e  gases f rom a  burner  t o  heat  a p roduc t  c o i l .  Sub- 

merged coz~bus t ion  vapo r i ze rs  bubble t h e  f l u e  gases through a  water  ba th  con- 

t a i n i n g  t h e  p roduc t  c o i l s .  I n te rmed ia te  f l u i d  systems use a  f i r e d  hea te r  t o  

hea t  a  f l u i d  t h a t  i s  pumped through separate hea t  exchangers t o  vapor ize  

t he  LNG. Ambient a i r  vapo r i ze rs  ( l a r g e  p roduc t  c o i l s  exposed t o  ambient con- 

d i  t i o n s )  a r e  t he  s i m p l e s t  t ype  b u t  a r e  s i g n i f i c a n t l y  more expensive. 

Most peakshaving f a c i  1  i t i e s  a l s o  have t he  c a p a b i l i t y  o f  sh ipp ing  and 

r e c e i v i n g  LNG i n  spec ia l  l y  designed c ryogen ic  t r a i l e r s  . The t r a i l e r s  a r e  

designed t o  t r a n s p o r t  LNG a t  -260°F and s l i g h t l y  above atmospheric pressure.  

The tank  c o n s i s t s  o f  an i n n e r  vessel  o f  5083 aluniinum and an o u t e r  vessel  

o f  carbon s t e e l .  The annulus i s  f i l l e d  w i t h  p e r l i t e  and i s  ma in ta ined  a t  

a  p ressure  of 50 microns t o  i n s u l a t e  t he  i n n e r  vessel .  A smal l  (350 gpm) sendout 

pump i s  used f o r  f i l l i n g  opera t ions .  Dur ing un loading,  LNG i s  f o r ced  f rom the  

t r u c k  by t he  p ressure  o f  t he  vapor above t he  l i q u i d .  The t r u c k s  have a  capac i t y  

of 10,500 g a l  and weigh 60,000 I b s  when f u l l .  

There a r e  c u r r e n t l y  over  50 peakshaving f a c i l i t i e s  i n  ope ra t i on  i n  t h e  

U n i t e d  S ta tes ,  about  90% o f  which a r e  l o c a t e d  ' i n  t h e  eas te rn  h a l f  o f  t he  coun t r y .  



Storage capac i t i es  o f  these f a c i l i t i e s  range from 45,000 t o  630,000 bb l .  A  
6  t y p i c a l  f a c i l i t y  has l i q u e f a c t i o n  capac i ty  o f  6.0 x  10 scfd, storage capac i t y  

6  6  o f  400,000 bbl  (1400 x  10 s c f ) ,  and vapor i za t i on  capac i ty  o f  135 x  10 scfd.  

Table E . l  shows the  percentages o f  var ious  types o f  l i q u e f a c t i o n  cyc les,  s t o r -  

age tanks, and vapor i za t i on  u n i t s  used by U.S. peakshaving p lan ts .  

TABLE E. 1. U. S. LNG Peakshaving Plants 

L ique fac t i on  Storage Vapor izat ion 

Cascade 15% 9% Nickel  50% D i r e c t  F i red  35% 

Expander 40% Aluminum 48% Submerged 
Combustion 46% 

M i  xed Other 2% I n d i r e c t  
Re f r i ge ran t  45% F i red  16% 

E. 1  BASIC PROCESS FLOW 

The bas ic  process f l o w  f o r  an LNG peakshaving f a c i l i t y  i s  descr ibed i n  t he  

f o l  lowing subsect ions. The descr i  p t i o n  of the  LNG peakshaving f a c i l  i t y  was 

developed us ing  i n fo rma t ion  from the  sources l i s t e d  i n  Sect ion E.5. 

E . l . l  U n i t  Operations 

A b lock  f l o w  diagram o f  an LNG peakshaving f a c i l i t y  i s  shown i n  F igure E.1. 

The major u n i t  operat ions invo lved are gas treatment,  l i q u e f a c t i o n ,  storage, 

vapor iza t ion ,  and t r a n s p o r t a t i o n  and t r a n s f e r .  

The gas t reatment  system cons is ts  o f  two molecular  s ieve adsorbers and 

associated regenerat ion f a c i l i t i e s .  The adsorbers a l t e r n a t e  operat ion,  w i t h  

one adsorber on l i n e  a t  a l l  t imes wh i l e  t he  o the r  adsorber regenerates. The 

molecular  s ieves remove water, C02, and s u l f u r  compounds from the  incoming 

n a t u r a l  gas. 

An i n teg ra ted  cascade r e f r i g e r a t i o n  (ICR) process i s  used f o r  t he  1  ique-  

f a c t i o n  cyc le .  A s i n g l e  mixed r e f r i g e r a n t  c o n s i s t i n g  o f  methane, ethy lene,  

propane, isobutane, pentane, and n i t rogen  i s  used t o  1  i que fy  the  n a t u r a l  

gas. 



FIGURE E.1. LNG Peakshaving P l a n t  - B lock  Flow Diagram 
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A f t e r  l i q u e f a c t i o n ,  t h e  LNG i s  s t o r e d  i n  an aboveground, double-wal led 

s to rage  tank.  The i n n e r  tank  i s  aluminum and t h e  o u t e r  tank  i s  carbon s t e e l .  

P e r l i t e  i n s u l a t i o n  between t he  w a l l 2  reduces in - leakage o f  hea t  and l i m i t s  

p roduc t i on  o f  b o i l o f f  gases. B o i l o f f  gases a r e  warmed e i t h e r  i n  t he  l i q u e f a c -  

t i o n  u n i t  o r  i n  t h e i r  own hea t  exchangers, compressed t o  p i p e l i n e  pressure, 

and r e t u r n e d  t o  t h e  p ipe1 i n e .  

Submersible LNG pumps draw on t h e  s to rage  tank,  pump t h e  LNG t o  p i p e l i n e  

pressure, and send i t  t o  t he  vapor ize rs .  

The vapo r i ze rs  a r e  submerged combustion u n i t s .  A gas burner  heats  a  

wate r  ba th  which i n  t u r n  heats  and vapor izes t he  LNG pass ing  through t h e  

exchanger t ub ing .  The gas f rom the  vapor ize rs  i s  then f e d  i n t o  t h e  p i p e l i n e .  

Truck l o a d i n g  and un load ing  i s  performed on an as-needed bas i s .  The 

t r u c k  t r a i l e r s  a r e  double-wal led, i n s u l a t e d ,  c ryogen ic  tankers w i t h  a  des ign 

ope ra t i ng  pressure o f  70 ps ig .  Because o f  t he  e x c e l l e n t  i n s u l a t i o n ,  t r i p s  up 

t o  4  weeks l o n g  w i t h  no l o s s  o f  p roduc t  a re  poss ib l e .  

E.1.2 Flow Rates and Opera t ing  Cond i t ions  

The I C R  l i q u e f a c t i o n  u n i t  has a c a p a c i t y  o f  6.0 x  l o b  s c f d  o r  1710 

bbl /day.  The p l a n t  operates i n  t he  l i q u e f a c t i o n  mode a t  o r  near t h i s  c a p a c i t y  

f o r  200 t o  240 days lyear  f rom s p r i n g  through f a l l .  The n a t u r a l  gas en te r s  

t h e  mo lecu la r  s i e v e  adsorbers a t  500 p s i a  and ambient temperature.  A f t e r  

t reatment ,  i t  i s  coo led  and l i q u e f i e d  i n  t h e  c ryogen ic  hea t  exchangers t o  -260°F 

and then l e t  down t o  1 p s i g  as i t  en te rs  t he  s to rage  tank.  The s to rage  tank  

operates a t  about 1  p s i g  and -260°F. B o i l o f f  gases average 0.052 o f  

f u l l  tank  volume: 0.6 x  l o 6  s c f d  o r  170 bb l /day.  F lash gas produced when t h e  
6 LNG i s  l e t  down t o  s to rage  tank  pressure i s  0.3 x  10 scfd,  thus t he  t o t a l  o f f -  

6 gas p r o d u c t i o n  d u r i n g  l i q u e f a c t i o n  i s  approx imate ly  0.9 x  10 sc fd .  The c o l d  

b o i l o f f  gases pass through a s e r i e s  o f  heat  exchangers t o  cool  t h e  r e f r i g e r a n t  

f o r  l i q u e f a c t i o n  and t o  warm t h e  b o i l o f f  gases; i f  t he  l i q u e f a c t i o n  u n i t  i s  

n o t  work ing,  t h e  b o i l o f f  gases a re  warmed by t h e i r  own heat  exchangers. The 

b o i l o f f  i s  then  compressed t o  p i p e l i n e  pressure,  cooled, and sen t  o u t  t o  t h e  

p i  p e l  i ne. 



During the  w i n t e r  season the  p l a n t  operates i n  a  ho ld ing  mode u n t i l  a  

pe r i od  o f  peak demand. A t  t h i s  t ime the LNG i s  pumped from the  tanks t o  p ipe-  

l i n e  pressure (870 p s i g )  a t  r a tes  up t o  1245 gpm (43,000 bb l /day)  depending 

on demand. The LNG goes t o  the vapor izers  where i t  i s  vapor ized and warmed 

t o  approx imate ly  60°F be fore  en te r i ng  the  pipe1 i ne. The f o u r  vapor izers  
6 have a  t o t a l  capac i ty  o f  300 x 10 s c f d  (86,000 bb l l day )  ; however, one vapor izer  

6 
i s  a  spare so the  capac i ty  of t h e  p l a n t  i s  considered t o  be 225 x  10 s c f d  

(65,000 b b l l d a y )  . The vapor izers  r e q u i r e  f u e l  equ i va len t  t o  1.5% t o  2  .O% o f  

the  LNG vaporized. The p l a n t  operates i n  the  vapo r i za t i on  mode f o r  up t o  

20 days/year, w i t h  10 t o  1 2  days being average. 

Truck ing a c t i v i t y  va r i es  g r e a t l y  from p l a n t  t o  p l a n t .  Some f a c i  1  i t i e s  

t r u c k  LNG r a r e l y ,  i f  ever; o thers sh ip  o r  rece i ve  LNG on a  f a i r l y  r e g u l a r  basis ,  

u s u a l l y  i n  the  sp r i ng  and summer. Gross t ruck  capac i t i es  range from 10,500 t o  

12,800 ga l l ons .  The normal r a t e  f o r  f i l l i n g  and emptying i s  350 gpm. 

E.2 PLANT LAYOUT 

A p l o t  p l a n  f o r  the f a c i l i t y  i s  shown i n  F igure  E.2. A l l  the  major pieces 

o f  equipment and the  var ious  s a f e t y  fea tures  a re  shown. Key i tems t o  note 

from t h i s  p l o t  p lan  i nc lude :  

a storage tank impoundment area-- 110,000 f t  2  

a average d i k e  he igh t - -  17 f t  

minimum d is tance f rom storage tank t o  p l a n t  boundary-- 350 f t  

a minimum d is tance from major equipment ( vapo r i ze rs )  t o  p l a n t  boundary-- 100 f t  

minimum d is tance from storage tank t o  major equipment ( c o l d  box)--  325 f t .  

The s a f e t y  fea tures  shown i n  the f i g u r e  w i l l  be discussed i n  l a t e r  sec t ions  

w i  t h  the  var ious  processes t o  whi ch they a re  r e l a t e d .  

E.3 PROCESS DESCRIPTION 

The bas ic  processes i nvo l ved  i n  the  peakshavi ng f a c i l i t y  a re  descr ibed 

i n  d e t a i l  i n  t he  f o l l o w i n g  subsect ions. 
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Gas Treatment 

1 The gas treatment system, described in detail  here, prepares incoming 
I natural gas from the pipeline for  liquefaction by removing impurities such as 
I 
I 

water and C02. 

I E.3.1.1 Equipment for  Gas Treatment 

I The gas treatment system consists of an in l e t  separator, a moisture and 
I 

I 
C02 removal unit  (molecular s ieves) ,  and a regeneration gas system (heater,  

I coolers, and compressor). A flow diagram for  the gas treatment system i s  shown 
I in Figure E.3. (Flow diagram symbols are defined in Appendix H . )  Associated 
I 

I process conditions and equipment identifications are given in Table E . 2 .  

Gas from the pipeline f i r s t  enters a f i l t e r  separator, V-101, that  removes 

any free liquids present. The gas then goes to the molecular sieve adsorbers. 
6 There are two adsorbers, V-102A and B y  each capable of handling 12.3 x 1 0  scfd 

of gas. One adsorber i s  on l ine while the other i s  regenerating. The adsorber 

vessels are designed to the l a t e s t  ASME pressure vessel code for  an operating 

pressure of 870 psia. They are packed with molecular sieve type 4A. From the 

adsorbers, part of the gas goes to the liquefaction unit and the r e s t  i s  used 

for  regeneration. The regeneration gas heater, E-101, i s  a gas-fired, s a l t  bath 

unit capable of heating the regeneration gas t o  550°F. The regeneration gas 

compressor, C-101, compresses the gas back to pipeline pressure, and two fin-fan 

coolers, E-102 and 103, cool the gas before i t  i s  returned t o  the pipeline. 

E .  3.1 . 2  Reaenerati on Procedure 

To regenerate an adsorber, clean gas from the adsorber that i s  on l ine  

i s  heated to  550°F in E-101 and then passed through the adsorber being 

regenerated. Total gas flow to the adsorber on l ine i s  ~ 1 2 . 3  MMscfd. Of t h i s ,  

6.3 MMscfd goes to  the liquefaction unit and ~ 6 . 0  MMscfd i s  used for  regenera- 

t ion. The hot gas removes the impurities collected in the adsorber and then 

i s  f i l t e red  in V-104 and cooled in E-102, with the resulting liquids separated 

in V-105. The gas i s  then compressed by C-101, cooled in E-103, and sent to  

the pipeline. The regeneration cycle, one hour  on l ine  and one hour regenera- 

t ing,  i s  automatically controlled by timers and switches in a locally mounted 

panel. 
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TABLE E. 2. Gas Treatment  S e c t i o n  

Stream I d e n t i f i c a t i o n  Pressure  ( p s i a )  Temperature (OF) Phase ( %  L o r  V) F low  Rate (MMscfd) 

I D  D e s c r i p t i o n  - 

A Feed Gas f rom P i  pe l  i ne 500 6  5 100% V :  94.0% 12.3 
CH , 2.0% N ; 
2.8% C2H6; f .o% 
C02; 1  .O% C3H8 

B Feed Gas t o  L i q u e f a c t i o n  485 6  8  100% V 6 .3  

1  Regenerat ion  Gas t o  Adsorber 485 550 100% V 6 .0  

2  Regenerat ion  Gas t o  Pipe1 i n e  870 120 100% V :  6 .0  
93% CHq; 2% N2; 
2% C2Hg; 2% C02; 
1% C3H8 

Equipment I d e n t i f i c a t i o n  

C-101 Regenerat ion  Gas Compressor 

E-101 Regenerat ion  Gas Hea te r  

E-102 Regenerat ion  Gas Coo le r  

E-103 Regenerat ion  Gas Coo le r  

V-101 Feed Gas F i l t e r  Sepa ra to r  

V-102 A / B  Adsorbers 

V-103 Adsorber  Gas F i l t e r  

V-104 Regenerat ion  Gas F i l t e r  

V-105 Regenerat ion  Gas Sepa ra to r  

E. 3.2 L i q u e f a c t i o n  

The 1  i q u e f a c t i o n  system, which c o o l s  and condenses t h e  n a t u r a l  gas f o r  

s to rage ,  i s  d e s c r i b e d  here.  

E.3.2.1 L i q u e f a c t i o n  Cyc le  

R e f r i g e r a t i o n  f o r  t h e  l i q u e f a c t i o n  u n i t  i s  p r o v i d e d  by an i n t e g r a t e d  cas- 

cade r e f r i g e r a t i  on (ICR) mixed r e f r i g e r a n t  c y c l e .  The e s s e n t i a l  f u n c t i o n  o f  

t h i s  c y c l e  i s  t o  p r o v i d e  p r o g r e s s i v e  gas c o o l i n g  ( i  .e., gas condensat ion by  

success ive  c o o l  i ng s tages )  u s i n g  a  mu1 t i  p l  e-component r e f r i g e r a n t .  The con- 

d e n s a t i o n  p r e s s u r e  i s  e s s e n t i a l l y  t h e  same f o r  a l l  s tages ($490 p s i a )  as i s  t h e  

v a p o r i z a t i o n  p r e s s u r e  ($47 p s i a ) .  P a r t i a l  condensa t ion  o f  t h e  r e f r i g e r a n t  

t a k e s  p l a c e  a t  each s tage.  The r e s u l t i n g  l i q u i d  i s  t h e n  r e v a p o r i z e d  a t  t h e  

1  ower p ressure ,  thus  1 ower i  ng t h e  temperature.  



The compos i t ion  o f  t he  r e f r i g e r a n t  i s  ad jus ted  so t h a t  t h e  success ive 

p a r t i a l  condensat ions e x a c t l y  correspond t o  t he  amount of c o l d  r e q u i r e d  by t he  

n e x t  s tage downstream. Thus, t he  r e f r i g e r a n t ' s  v a p o r i z a t i o n  curve  c l o s e l y  f o l -  

lows t he  l i q u e f a c t i o n  curve  o f  the  r a t u r a l  gas. The des ign composi t ion o f  t he  

r e f r i g e r a n t  i s  4.3% N2, 26.3% CH4, 40.8% C2H4, 8.0% C3H8, 7.1% iC4HIO, and 

13.5% nC5H12. 

The process f l o w  diagram f o r  t he  l i q u e f a c t i o n  u n i t  i s  shown i n  F igu re  E .4 .  

Table E.3 l i s t s  t h e  ma jo r  streams shown i n  t he  f i g u r e ,  g i v i n g  t h e  des ign f l o w  

r a t e ,  t h e  phase ( l i q u i d  o r  vapor) ,  and t he  ope ra t i ng  temperature and p ressure  

o f  each stream. The t r e a t e d  n a t u r a l  gas from the  adsorbers i s  p r o g r e s s i v e l y  

TABLE E.3. L i q u e f a c t i o n  Sec t i on  

Stream I d e n t i f i c a t i o n  

I D  D e s c r i p t i o n  - 
3 R e f r i g e r a n t  a t  C-221 

S u c t i o n  

4 C-221 Discharge 

5 C-222 D ischa rge  

6 R e f r i g e r a n t  Re tu rn  

B Gas f rom Absorbers 
V-102 A/B 

C LNG t o  S to rage  T-301 

D B o i l o f f  Gas f r o m  T-301 

E B o i l o f f  Gas t o  B o i l o f f  
Compressor C-501 

Pressure  ( p s i a )  Temperature ( O F )  Phase ( %  L o r  V) Flow Rate (MMscfd) 

Equipment I d e n t i f i c a t i o n  

C-221 1 s t  Stage R e f r i g e r a t i o n  Compressor E-221 I n t e r s t a g e  Coo le r  

C-222 2nd Stage R e f r i g e r a t i o n  Compressor E-222 A f t e r  Coo le r  

Co ld  Box Heat  Exchanger 

Co ld  Box Heat  Exchanger 

Co ld  Box Heat Exchanger 

Co ld  Box Heat Exchanger 

Co ld  Box Heat Exchanger 

Co ld  Box Heat  Exchanger 

Co ld  Box Heat Exchanger 

Co ld  Box Heat Exchanger 

Co ld  Box Heat  Exchanger 

( a ) ~ - 2 ~ 1  Cold  Box Sepa ra to r  

V-202 Cold  Box Sepa ra to r  

V-203 Cold Box Sepa ra to r  

V-204 Cold  Box Sepa ra to r  

V-205 Low Pressure  R e f r i g e r a n t  Sepa ra to r  

V-221 I n t e r s t a g e  Coo le r  Sepa ra to r  

V-222 A f t e r  Coo ler  Sepa ra to r  

(a)E-201 , 202, 203, 204, 205, 206, 21 1, 21 2, 21 3 and V-201 , 202, 203, 204, a r e  c o l l  e c t i v e l y  r e f e r -  
r e d  t o  as E-200, Co ld  Box. 
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cooled i n  exchangers E-206, E-205, and E-204; l i q u e f i e d  i n  exchanger E-203; and 

subcooled i n  exchangers E-202 and E-201. The r e s u l t i n g  LNG i s  then  sen t  t o  t h e  

s to rage  tank .  The subcoo l ing  min imizes f l a s h  gas when t h e  LNG i s  l e t  down t o  

s to rage  pressure.  

The mixed r e f r i g e r a n t  i s  compressed, cooled, and p a r t i a l l y  condensed i n  a  

two-stage compression cyc le .  The vapor phase i s  coo led  and p a r t i a l l y  condensed 

i n  each o f  t h e  exchangers E-201 through E-206. The l i q u i d  phase, which i s  

separated f rom t h e  vapor a f t e r  each p a r t i a l  condensation, i s  subcooled i n  

exchangers E-201 through E-206 and a l s o  i n  exchangers E-211 th rough E-213, a f t e r  

which i t  i s  expanded i n t o  t h e  s h e l l  s i d e  o f  an exchanger (E-201 through E-206) 

t o  p rov ide  r e f r i g e r a t i o n  t o  coo l  t h e  incoming, tube-s ide streams. Cold b o i l o f f  

gases f rom t h e  s to rage  tank  p rov ide  t h e  c o o l i n g  i n  exchangers E-211 through 

E-213. 

Each exchanger E-202 th rough E-206 has 5 streams pass ing th rough i t  (see 

Sec t ion  E.3.2.2 f o r  a  d e s c r i p t i o n  o f  t h e  exchangers). On t h e  tube s i d e  t h e r e  

a r e  four  streams: t h e  n a t u r a l  gas (vapor  o r  l i q u i d ) ,  two streams o f  r e f r i g e r a n t  

l i q u i d s  f rom separa to rs  o r  o t h e r  exchangers, and r e f r i g e r a n t  vapor f rom a 

separa to r .  The tube  s i d e  o f  t h e  exchanger operates a t  h i ghe r  pressures (400- 

500 p s i a ) .  On t h e  s h e l l  s ide ,  which operates a t  lower  pressure (40-50 p s i a ) ,  

r e f r i g e r a n t  l i q u i d  i s  expanded t o  a  gas t o  p rov ide  coo l i ng .  The f i n a l  exchanger, 

E-201, has o n l y  two streams on t h e  tube  s ide,  t h e  l i q u e f i e d  n a t u r a l  gas t o  be 

subcooled and t h e  vapor f rom t h e  l a s t  separator ,  V-201. The vapor f rom V-201 

i s  coo led  and condensed i n  E-202 and E-201 and then expanded i n t o  t he  s h e l l  s i d e  

of  E-201. The l i q u e f i e d  n a t u r a l  gas f rom E-201 goes t o  t h e  s to rage  tank  (T-301) 

where i t  i s  l e t  down t o  s to rage  pressure ( 1  p s i g )  . 
E.3.2.2 L i q u e f a c t i o n  Equipment 

The l i q u e f a c t i o n  u n i t  i s  comprised o f  a  c o l d  box, r e f r i g e r a n t  compressor 

and coo le rs ,  and r e f r i g e r a n t  s torage.  Major  c o l d  box equipment i nc l udes  n i n e  

heat  exchangers, E-201 through E-206 and E-211 through E-213, f o u r  vessels,  

V-201 th rough V-204, and assoc ia ted  p i p i n g  and i ns t rumen ta t i on  a l l  surrounded 

by p e r l i t e  i n s u l a t i o n  and enclosed i n  a  s t e e l  s h e l l .  The d o t t e d  l i n e  on 

F igu re  E.4 i n d i c a t e s  t h e  boundaries o f  t h e  c o l d  box. 



The heat  exchangers a r e  t h e  sp i ra l -wound type, w i t h  aluminum t u b i n g  wound 

on a cen te r  mandrel as shown i n  F igu re  E.5 .  The tubes a re  a t tached  t o  tube-  

sheets a t  each end. The number o f  tubesheets depends on t h e  number o f  process 

streams handled on t h e  tube s i d e  o f  t h e  exchanger. The tubesheets and t he  

s h e l l  sur rounding t h e  w ind ing  a r e  made o f  s t a i n l e s s  s t e e l ,  as a r e  a l l  t h e  i n t e r -  

connec t ing  p i p i n g  and va lves  i n  t h e  c o l d  box. A1 1 t he  separa to r  vesse ls  a r e  

a l s o  s t a i n l e s s  s t e e l .  The hea t  exchangers and vessels  a re  surrounded by 

gaseous-ni t rogen-purged p e r l  i t e  i n s u l a t i o n  (see Sec t ion  E.3.3.1 f o r  a desc r i p -  

t i o n  o f  p e r l  i t e  i n s u l a t i o n ) .  The cold-box she1 1, made o f  carbon s t e e l ,  has 

approximate dimensions o f  13 '  x 1 2 '  x 6 0 '  . 

SHELL 
IN 

PASS 
OUT 

PASS 
IN 

SHELL 
OUT 

FIGURE E.5. Spiral-Wound Heat Exchanger 



The re f r ige ran t  recycle compressor i s  a two-stage, electric-motor-driven, 

centrifugal  compressor w i  t h  4500 brake horsepower. The compressor, geardrive, 
motor, and o i l  coolers a r e  mounted on a common baseplate and located i n  the 

compressor building. To minimize leakage, the compressor i s  equipped with a 

special  seal t h a t  a l so  provides posi t ive  shutoff d u r i n g  shutdown condit ions.  

Two fin-fan heat exchangers provide in te r s tage  and after-cooling f o r  the 

re f r ige ran t  compressor. These exchangers consis t  of a carbon s t e e l ,  finned 

tube bundle through which the re f r ige ran t  flows and an electric-motor-driven, 

two-speed, induced-draft fan t h a t  draws a i r  over the bundles t o  cool the 

re f r ige ran t .  

Refrigerant storage capac i t i e s  f o r  the plant  a re :  

l iquid  nitrogen storage -- 0.6 MMscf equivalent gas capacity 
pentane make-up storage -- 3500 gallon capacity 
isobutane make-up storage -- 1500 gallon capacity 
propane make-up storage -- 2500 gallon capacity 

ethylene make-up storage -- 10,000 gallon capacity 
cycle f l u id  storage -- 3000 gallon capacity. 

Control Sys tem 

An interlocking system of controls  regulates the l iquefact ion system and 

determines the LNG product temperature. The l iquefaction uni t  normally operates 

a t  f u l l  capacity, b u t  i f  the flow of LNG i s  reduced, the  u n i t  con t ro l l e r s  ad jus t  
the system parameters t o  maintain the desired o u t l e t  temperature. The r a t e  of 
L N G  production varies depending on the ambient temperature and the corresponding 
amount of heat leakage i n to  the  system. 

E .  3.2.4 Procedures 

I n i t i a l  Star tup and Cooldown. To begin the cooldown process, the l ique- 
fac t ion  system i s  charged w i t h  r e f r ige ran t  and the re f r ige ran t  compressor i s  

operated on to ta l  recycle t o  check out  the controls  and instrumentation. A 

small r e f r ige ran t  flow i s  then s t a r t ed  t o  the cold box. As the cold box cools 
down, progressively more re f r ige ran t  is  allowed t o  c i r cu l a t e  through the 

system. When the cold box is  su f f i c i en t l y  cool ,  natural gas flow is  s t a r t ed .  



I f  t h e  s to rage  tank  i s  n o t  a l r eady  cooled down, t he  i n i t i a l  l i q u e f a c t i o n  

r a t e  i s  l i m i t e d  t o  ensure proper  c o o l i n g  o f  t h e  tank  (see Sec t i on  E.3.3.5). 

I f  t h e  tank  i s  a l r eady  coo l ,  t h e  c o l d  box can be cooled down and maximum l i q u e -  

f a c t i o n  r a t e s  reached i n  4  t o  8 hours.  

Shutdown. Shutdown o f  the  l i q u e f a c t i o n  u n i t  i s  ins tantaneous a f t e r  pushing 

t h e  compressor s top  bu t ton .  R e f r i g e r a n t  f l o w  s tops and n a t u r a l  gas and LNG 

f l o w  a re  stopped a lmost  immediate ly  by t he  o u t l e t  temperature c o n t r o l .  The 

s u c t i o n  s i d e  o f  the  compressor, i n c l u d i n g  t he  s u c t i o n  p o t  V-205, i s  designed 

t o  handle t he  r e f r i g e r a n t  i n v e n t o r y  a t  ambient temperature w i t h o u t  ven t i ng .  

S e t t l e - o u t  pressure i s  approx imate ly  170 ps ia .  S t a r t u p  o f  t he  r e f r i g e r a n t  

l o o p  f rom the  s e t t l e - o u t  c o n d i t i o n  i s  v i r t u a l l y  ins tantaneous.  LNG p roduc t i on  

can reach f u l l  capac i t y  anywhere from 112 t o  4  hours a f t e r  s t a r t u p ,  depending 

upon how l ong  t h e  u n i t  was shu t  down ( i  .e.  , how much cooldown i s  r e q u i r e d ) .  

The l i q u e f a c t i o n  u n i t  i s  connected t o  the  einergency shutdown system, which 

i s  descr ibed  i n  Sec t ion  E.4.1. 

E. 3.2.5 Re1 ease Preven t ion  and Cont ro l  Systems 

As shown p r e v i o u s l y  i n  F igure  E.2, the  f o l l o w i n g  de tec to r s ,  alarms, and 

f i r e  p r o t e c t i o n  equipment a r e  l o c a t e d  i n  t he  l i q u e f a c t i o n  area: 

combust ib le  gas de tec to r s  (see Sec t i on  E.3.4.4 f o r  d e t e c t o r  o p e r a t i o n )  

0 low temperature de tec to r s  w i t h  alarms i n  c o n t r o l  room 

UV f i r e  d e t e c t o r s  which a u t o m a t i c a l l y  a c t i v a t e  t h e  Master Emergency Shut- 

down system (Sec t i on  E.4.1) and a la rm i n  c o n t r o l  room 

20# d r y  chemical  f i r e  e x t i n g u i s h e r  

f i r e  hydran t .  

The r e f r i g e r a n t  compressor i s  l o c a t e d  i n  t h e  compressor b u i l d i n g  (a l ong  

w i t h  t h e  b o i l o f f  compressor and regene ra t i on  gas compressor) n e x t  t o  t h e  c o l d  

box. Th i s  b u i l d i n g  has t h e  f o l l o w i n g  de tec to r s ,  alarms, and f i r e  p r o t e c t i o n  

equipment: 

combus t ib le  gas de tec to r s  i n  each corner  o f  t h e  b u i l d i n g  

low temperature de tec to r s  w i t h  alarms i n  c o n t r o l  b u i l d i n g  



Halon f i r e  e x t i n g u i s h i n g  system (see Sec t ion  E.3.4.4 f o r  d e s c r i p t i o n )  

UV f i r e  de tec to r s  which a u t o m a t i c a l l y  a c t i v a t e  t h e  Halon system and t h e  

Master Emergency Shutdown system (Sec t i on  E.4.1) . 

#20 d r y  chemical f i r e  e x t i n g u i s h e r  

f i r e  hydran t  ad jacen t  t o  t h e  b u i l d i n g .  

When t h e  combust ib le  gas concen t ra t i on  i n  t he  b u i l d i n g  reaches 25% o f  t h e  

lower  f l a m m a b i l i t y  l i m i t  (LFL), an a la rm i n  t h e  c o n t r o l  room i s  a c t i v a t e d  (see 

Sec t ion  E.3.4.4 f o r  f u r t h e r  d e t a i l s )  . H igh- ra te  v e n t i l a t i n g  fans t u r n  on auto-  

m a t i c a l l y  t o  reduce t h e  gas concent ra t ion .  I f  t h e  gas concen t ra t i on  reaches 

60% o f  LFL, another  a la rm i n  t h e  c o n t r o l  room i s  a c t i v a t e d ,  t h e  fans a r e  shu t  

down, bu i  l d i n g  openings ( l ouve red  windows) a r e  closed, and t he  Halon system 

i s  discharged, a l l  a u t o m a t i c a l l y .  The Halon f l o o d s  t h e  b u i l d i n g  and i n e r t s  

t h e  atmosphere. 

E.3.3 LNG Storage 

The LNG i s  s t o r e d  a t  t he  f a c i l i t y  u n t i l  needed. The s to rage  system and 

r e l a t e d  equipment a re  descr ibed  i n  d e t a i l  below. 

The process f l o w  diagram f o r  t he  s to rage  s e c t i o n  i s  shown i n  F igu re  E.6. 

Assoc ia ted process c o n d i t i o n s  and equipment i d e n t i f i c a t i o n s  a r e  g i ven  i n  

Table E.4. 

E.3.3.1 Storage Tank 

Storage f o r  t he  f a c i l i t y  i s  a s tandard f l a t - bo t t om,  double-wal led, above- 

ground LNG s to rage  tank  w i t h  a  capac i t y  o f  348,000 bb l  as shown i n  F igure  E.7. 

The i n n e r  tank  i s  cons t ruc ted  o f  aluminum-magnesium a l l o y  AA5083. Aluminum- 

magnesium a1 l o y s ,  9% n i c k e l  s t e e l  , and 300-ser ies s t a i n l e s s  s t e e l s  a1 1  possess 

e x c e l l e n t  low temperature d u c t i l i t y  and can be used f o r  t h e  i n n e r  tank. Carbon 

s t e e l ,  which has a  very  poor low temperature d u c t i l i t y ,  i s  used f o r  t h e  o u t e r  

tank.  The diameters o f  t h e  i n n e r  and o u t e r  tanks a re  164 f t  and 173 ft, respec- 

t i v e l y .  The space between t he  tank  w a l l s  i s  f i l l e d  w i t h  expanded p e r l i t e ,  an 

i no rgan i c ,  nonflammable, l i g h t w e i g h t  i n s u l a t i o n  produced f rom spec ia l  rock.  The 

r o c k  o r  o r e  i s  f i n e l y  ground and then expanded i n  furnaces a t  about  2000°F 

(1100°C). The per1 i t e  i s  expanded o n s i t e  and p laced i n  t he  i n s u l a t i o n  space 
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TABLE E.4. Storage Sec t ion  

Stream I d e n t i f i c a t i o n  Pressure  ( p s i a )  Temperature (OF) Phase ( %  L o r  V) F low Rate (MMscfd) 

!3 D e s c r i p t i o n  - 
C LNG from E-200 15.8 -257 

D B o i l o f f  Gas from T-301 15.8 -229 

E S o i l o f f  Gas f r o m  E-200 15.1 97 

F B o i l o f f  Gas t o  P i p e l i n e  870 120 

G L!iG t o  V-401 900 -257 

95.7% L 6.0 
4.3% V 0.3 

1 O O W  0.9 

100% v 0.9 

100% V 0.9 

1 OO%L 150 ( o r  1245 gpm) 

Equipment I d e n t i f i c a t i o n  

C-301 A/B B o i l o f f  Conipressors - 2 Stage PRCA-301 S to rage  Tank Pressure  C o n t r o l l e r  

E-301 A l B  B o i l o f f  Heat  Exchangers ITC-301 A/B Bo i  l o f f  Gas Temperature C o n t r o l l e r s  

E-302 A f  t e r c o o l  e r  

?-301A/B/C LNG Sendout Pumps 

1-301 LNG Sto rage  Tank 
PIC-302 A/B/C LNG Pump D ischarge  Pressure C o n t r o l l e r  

PS-301 S to rage  Tank Underpressure Swi tch  

w h i l e  ho t .  A r e s i l i e n t  f i b e r g l a s s  b l anke t  12 inches t h i c k  i s  a t tached  t o  t h e  

o u t s i d e  o f  t h e  i n n e r  tank  w a l l  t o  p r o t e c t  t h e  p e r l i t e  f rom excess p ressure  due 

t o  expansion and c o n t r a c t i o n  o f  t h e  tank w a l l s  (see F igu re  E.8). The thermal 

c o n d u c t i v i t y  o f  p e r l i t e  i n  a  methane atmosphere i s  0.25 B tu - i n . / h r  f t2 OF. 

The o u t e r  tank has a  lap-welded, dome-shaped, s t e e l  r o o f .  To ta l  tank  

h e i g h t  t o  t he  top  o f  t h e  dome i s  134 ft. Suspended f rom t h e  r o o f  f raming  o f  

t h e  o u t e r  tank i s  a  lap-welded metal  deck t h a t  serves as a  c e i l i n g  f o r  t h e  i n n e r  

tank,  as shown i n  F igu re  E.9. The h e i g h t  o f  t h e  i n n e r  tank  i s  97 ft. P e r l i t e  

i n s u l a t i o n  i s  spread evenly  over  t h e  deck. Open p ipe  vents  a r e  i n s t a l l e d  i n  

t h e  deck t o  a l l o w  p roduc t  vapor t o  c i r c u l a t e  f r e e l y  i n  t h e  i n s u l a t i o n  space 

t o  keep t he  i n s u l a t i o n  d r y .  Superheated vapors remain s t r a t i f i e d  i n  t h e  upper 

space, w h i l e  co lde r ,  sa tu ra ted  vapors a re  below t h e  deck. The but t -welded o u t e r  

s t e e l  s h e l l  and lap-welded s t e e l  r o o f  p rov ide  permanent weather p r o t e c t i o n  f o r  

t h e  tank  i n s u l a t i o n  as w e l l  as an a i r - t i g h t  sea l .  

The i n n e r  tank s i t s  on load-bear ing  i n s u l a t i o n  t h a t  c a r r i e s  t h e  we igh t  

o f  t he  con ten ts  t o  t h e  f ounda t i on  (see F igures E. 10 and E . l l ) .  The bottom o f  

t h e  tank  i s  a  t h i n  s e c t i o n  o f  aluminum a l l o y  AA5083 t h a t  serves o n l y  as a  seal  

and i s  n o t  s u b j e c t  t o  s i g n i f i c a n t  s t r e s s .  The load-bear ing  i n s u l a t i o n  r e s t s  on 
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DIMENSIONS: 

INSULATION DECK INNER TANK DIAMETER 

OUTER TANK DIAMETER 

INNER TANK HE l GHT 
EXPANDED PERLITE 

OUTER TANK HEIGHT 

RE5 ILIENT BLANKET 

BOTTOM INSULATION 

NOTES: 

CAPACITY - 268.000 66L 

DESIGN PRESSURE - 
INTERNAL - 1.0 prig 
EXTERNAL - 102 

DESIGN EMRRATURE - INTERNAL -2604 
WIND LOAD - 100 mph 

EARTHQUAKE - ZONE 2, a07 g 

SPECIFICATIONS - A P I  620 

MATERIALS: 

LIQUID CONTAINER - 5083 ALUMINUM 

INSULATION SUPPORT DECK - 5083 ALUMINUM 

OUTER TANK - A131 CARBON STEEL 

M C K  INSULATION - PI -40 PERLITE 

BO l lOM INSUUTION - FOAM GLASS 

SMLL  INSULATION - PI-40 PTRLlTE AND F I B E R W S S  

FIGURE E.7 .  LNG Storage Tank D e t a i l s  
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STORAGE TANK 
I S A N D  
1 LOAD LEVEL l N G  

B E A R I N G  C U S H I O N  
ANCHORAGE I N S U L A T I O N  / 

H E A T I N G  COURSE 
C O I L S  

F I G U R E  E .  11. Storage Tank Foundation Detai 1 s 

a concrete ringwall foundation around the perimeter and on a compacted soi l  

foundation in the middle. Electrical resistance heating coi l s  are  embedded in 

the foundation soil  to  prevent freezing of moisture and possible "heaving". 

There are two se ts  of anchor bolts in the ring wall, one se t  connected 
to  the outer tank wall and the other connected to the inner tank wall. These 
bolts hold down the tank against l i f t i n g  forces resulting from internal pres- 
sure, b u t  permit the vessel to  move readily in response to  thermal displace- 
ments. 

Table E.5 shows the i n l e t  and out le t  connections and f i t t i n g s  for  the 

tank. The major connections are  the in l e t  and out le t  l iquid l ines  a t  the 

bottom of the inner tank, the vapor out le t  a t  the top of the inner tank, and 

the re l ie f  vents a t  the top of the outer tank. All f i t t i n g s  which carry cold 

gases or l iquids and pass through the outer carbon s teel  tank are provided 

with "distance pieces." These protect the outer she1 1 from b r i t t l e  f racture 

by dissipating cold before i t  reaches the carbon s t ee l .  



TABLE E.5. Storage Tank Connections and Fitt ings 

I tem Description Location Size and Fitt ings 

Vapor Outlet Top inner tank 

Top inner tank 

8 in. 
- - - Liquid Level Float 

Gage 

Overfill Indicator 

Liquid Fi l l  Line 

Top inner tank 

Bottom inner tank 3-in., s p i l l s  into 
4-in. downcomer/ 
standpipe 

12-in. l ine with 
12-in. internal valve 

Liquid Outlet Lines Bottom inner tank 
(with vortex breakers) 

Top outer tank 

Top outer tank 

Access Manhole 

Relief Vent Two 12-in. pressure 
re l ie f  valves 

Pressure Vacuum 
Breather Vent 

Top outer tank Two 12-in. vacuum 
re1 i ef val ves 

Insulation Fi l l  Holes Top outer tank 

Bottom inner tank Pump Liquid Recir- 
culation Line 

Vapor Return Line Top inner tank 

Top inner tank Liquid Level (Dis- 
placer Type) 

Liquid Level ( D . P .  
Gage 

Top inner tank 

Thermocoupl e Top inner tank 

Top inner tank 

Bottom outer tank 

High Level Alarm 

Purge Ring 

E.3.3.2 Pressure Control System 

The storage tank has a design operating pressure of 1 psig and a design 

maximum pressure of 2 psig. The maximum external pressure i s  1 oz gauge. 

The pressure in the tank i s  controlled by adjusting the boiloff compressor 

recycle rate .  



The boiloff  compressors a r e  mult i-stage,  horizontal reciprocating com- 

pressors f o r  continuous compression of boiloff  and f l ash  gases. Each com- 
6 pressor has a capacity of 1 .2  x 10 scfd and discharges i n to  the pipeline a t  

approximately 870 psig. There a re  two compressors, with one being a spare. 

During 1 iquefaction,  the  design gas r a t e  (bo i lo f f  and f l ash  gas) i s  
6 0.9 x 10 scfd .  In the holding o r  vaporization mode, the design boiloff  gas 

6 r a t e  i s  0.6 x 10 scfd (0.05% of f u l l  tank capaci ty) .  The boiloff  compressor 

has high and low suction pressure alarms, a high discharge pressure alarm, 

a low temperature alarm on the i n l e t ,  and a high temperature alarm on the 

o u t l e t .  I t  i s  a l so  equipped with the standard compressor alarms and t r i p s  

f o r  high vibra t ion,  low lube-oil level o r  pressure, and high bearing tempera- 

t u r e .  

In the l iquefact ion mode, the boiloff  and f l ash  gases go through the 

cold box (E-211, 212, 213) t o  cool the re f r ige ran t  and warm the boi loff .  Dur- 
ing holding o r  vaporization,  the boiloff  i s  warmed by waste heat from the 

compressor. Piping and valves t o  the  o u t l e t  of E-200 and the boiloff  heat 

exchangers (E-301 A / B )  a r e  s t a i n l e s s  s t ee l  ; a l l  other piping and equipment a r e  

carbon s tee l  . 
The storage tank i s  equipped with two 12-inch pressure r e l i e f  valves 

t h a t  vent t o  the atmosphere. In the event of an underpressure, gas from the 

pipeline i s  brought back in to  the tank. If  t h i s  i s  insuf f i c ien t  t o  prevent 

underpressure damage, two 12-inch vacuum re1 i e f  valves admit a i r  t o  the tank. 

Addi t ional  Control and Instrunientati on 

In order t o  monitor l iqu id  l eve l ,  the tank i s  equipped with a servo-powered, 

displacer-type l iquid  level device, a d i f f e r en t i a l  pressure gauge, and a 

2-inch trapped l iquid  overflow l i n e  with a temperature sensor and wave baf f l e .  

A high l iquid-level  alarm i s  act ivated a t  95% of f u l l  capacity.  

The tank has thermocouples in  the inner tank shel l  and f l oo r  t o  monitor 

cooldown. Ther~ocouples embedded in  the foundation control the e l e c t r i c  

heating c o i l s  under the tank t o  prevent f r o s t  heave. 

In the event of an emergency, the storage tank i s  i sola ted from other 

equipment by block valves on the i n l e t  and ou t l e t  l i ne s  which a r e  ac t ivated by 

e i t h e r  the Master Emergency Shutdown or  t h e  Vaporizer Emergency Shutdown system. 



E.3.3.4 LNG Sendout Pumps 

The three L N G  sendout pumps (P-301 A , B , C )  are  vertical submerged, pot- 

mounted LNG pump systems. The pumps and the motor drives are hermetically 

sealed in a vessel and submerged in LNG.  This design eliminates the extended 

pump shaft  and the associated seal .  The pump and motor surroundings are 100% 

rich with L N G  and will n o t  support combustion. The pumps are mounted in a 

suction pot below grade to provide suff ic ient  suction head for operation. 

Each pump has a capacity of 75 MMscfd or 625 gpm for  a total  rated sendout 

capacity of 150 MMscfd with one pump as a spare. The operating temperature i s  

-260°F and the discharge pressure i s  945 psia. 

Each pump has two liquid discharge l ines.  The main l ines join and go to  

the vaporizers, V-401. The secondary l ines  join and return to the storage 

tank. Sendout flowrate i s  control led by the amount of L N G  returned t o  the 

tank. This l iquid return l ine  i s  also used to  recirculate the tank contents 

i f  necessary. Each pump also has a vapor return l ine  t o  the tank t o  vent vapors 

during startup and shutdown. 

E.3.3.5 Procedures 

Cooldown. The f i r s t  step in cooldown of the storage tank i s  to  purge 

the tank with nitrogen. This prevents an explosive gas mixture from farming 

and also dries o u t  the tank. The nitrogen purge i s  carried out from top t o  bot- 

tom with the nitrogen entering the 8-in. vapor out le t  and leaving through the 

4-in. downcomer on the 3-in. liquid f i l l  l ine.  Nitrogen also enters a t  the 

top of the dome through the re l ie f  vent and exi t s  through the purge ring a t  

the bottom of the outer tank, thus purging the annular space between the inner 

and outer walls. If the tank has been taken out of operation and i s  f i l l e d  

with nitrogen, no purge i s  required. 

After the purge, L N G  from the liquefaction unit i s  slowly admitted to the 

top of the tank via the 2-inch cool down line.  The LNG i s  deflected and sprayed 

over the floor.  The following instruments monitor the effects  cif cooldown on 

the tank: 

1 .  l inear  movement indicators t h a t  measure relat ive movement between the 

inner and outer tank walls 

2.  storage tank thermocouples. 



The LNG f l o w  r a t e  i s  l i m i t e d  t o  avo id  exceeding s p e c i f i e d  maximum tempera- 

t u r e  g rad ien t s  between t h e  s to rage  tank  thermocouples. When t h e  l i q u i d  l e v e l  

i n  t he  tank  reaches 1  f o o t  o r  more and t h e  tank  i s  s u f f i c i e n t l y  cooled, LNG can 

be f e d  through t h e  normal l i q u i d  f i l l  l i n e  and t he  l i q u e f a c t i o n  u n i t  can be 

ad jus ted  t o  maximum LNG produc t ion .  

The cooldown purges t h e  n i t r o g e n  f rom t h e  tank and t h e  o f f  gas i s  vented 

through t h e  ven t  gas header. When t h e  methane l e v e l  i n  t h e  o f f  gas reaches a  

s p e c i f i e d  l e v e l ,  t h e  o f f  gas i s  compressed and sen t  t o  t he  p i p e l i n e .  

Heatup, Purging, and Ent ry .  P r i o r  t o  t he  heatup o f  t h e  tank,  t h e  LNG 

l e v e l  i s  lowered u n t i l  t h e  sendout pumps l o s e  suc t i on .  Th i s  leaves approx i -  

mate ly  1  f t  o f  LNG i n  t h e  tank.  Heatup i s  then begun by a d m i t t i n g  warm n a t u r a l  

gas i n t o  t h e  12- inch  l i q u i d  wi thdrawal  l i n e  i n  t he  bottom o f  t h e  tank. The 

gas r i s e s  and d isperses  through t he  tank  and leaves v i a  t h e  8 - i n .  vapor o u t l e t  

l i n e .  The gas i s  compressed by t h e  b o i l o f f  compressor and sen t  t o  t h e  p i p e l i n e .  

The tank  pressure c o n t r o l  system f u n c t i o n s  as i t  would d u r i n g  normal ope ra t i on .  

The i n l e t  gas f l o w  i s  ma in ta ined  a t  approx imate ly  the  normal b o i l o f f  p l u s  f l a s h  
6 r a t e ,  0.9 x  10 sc fd .  A t  t h i s  r a t e ,  i t  takes approx imate ly  20 days t o  warm t h e  

tank  f rom -257°F t o  +60°F. 

The f o l l o w i n g  i ns t rumen ta t i on  systems mon i t o r  t he  e f f e c t s  o f  heatup on 

t he  tank :  

1. l i n e a r  movement i n d i c a t o r s  t h a t  measure r e l a t i v e  movement between t h e  

i n n e r  and o u t e r  tank  w a l l s  

2. s to rage  t ank  thermocouples 

3. s t r a i n  gauges i n s t a l l e d  around t h e  pe r i phe ry  o f  t h e  e x t e r i o r  tank  t o  

mon i t o r  any s t resses  due t o  expansion o f  t h e  i n n e r  vessel  and subsequent 

compaction o f  t h e  per1 i t e .  

The s to rage  tank  must be purged t o  a  98%' n i t r o g e n  atmosphere be fo re  per-  

sonnel e n t r y .  L i q u i d  n i t r o g e n  i s  brought  i n  by cryogenic  t r a i l e r ,  vapor ized,  

and admi t ted  t o  t h e  t ank  through t h e  12- inch l i q u i d  wi thdrawal  l i n e .  The 

n i t r o g e n  i s  ma in ta ined  a t  t h e  l owes t  temperature p o s s i b l e  ( ~ 2 0 ° F )  t o  ensure 

a  l a r g e  d i f f e r e n c e  between t h e  d e n s i t i e s  o f  t h e  n i t r o g e n  and o f  t h e  gas i n  t h e  



tank.  This  minimizes mix ing  and r e s u l t s  i n  a  p i s t o n  e f f e c t .  The gas e x i t s  

through the  vapor o u t l e t ,  a f t e r  which i t  i s  compressed i n  the  b o i l o f f  compres- 

sor  and sent  t o  t he  p i p e l i n e .  During most o f  the  purging, the  o f f  gas i s  

ma in ly  methane. As the  purge nears complet ion, however, the  n i t r o g e n  conten t  

o f  the  o f f  gas r i s e s  r a p i d l y .  Because there  i s  a  l i m i t  on the  n i t r o g e n  con- 

c e n t r a t i o n  i n  gas sent  t o  the  p i p e l i n e ,  the  l a s t  p o r t i o n  o f  the  o f f  gas i s  

vented through the  vent  gas header. Combustible gas de tec to rs  a re  l oca ted  

around t h e  tank t o  d e t e c t  any combust ible gases descending from the vent .  

Establ  i shed weather c r i t e r i a  d e f i n e  acceptable atmospheric cond i t i ons  f o r  

ven t ing .  

When the  i n n e r  tank purge i s  complete, the vapor o u t l e t  i s  blocked and 

the  i n s u l a t i o ~  f i l l  holes and the r e l i e f  ven t  i n  the  dome are  opened so the  

dome can be purged. A f t e r  the dome i s  purged, the  i n s u l a t i o n  f i l l  holes and 

the  r e l i e f  ven t  a r e  c losed and the  purge r i n g  i n  the  bottom o f  the  ou te r  tank 

i s  opened. N i t rogen then f lows down through the  i n s u l a t i o n  space and o u t  the  

purge r i n g ,  thus purg ing the  annular space between the  i n n e r  and o u t e r  w a l l s  

o f  t h e  tank.  

E.3.3.6 Re1 ease Prevent ion and Contro l  Features 

The LNG storage tank and sendout punips share a common s p i l l  bas in,  as 

shown p rev ious l y  i n  F igure  E.2. High-expansion foam senera t ion  systems i n s t a l l e d  

i n  t h i s  area can be a c t i v a t e d  e i t h e r  manual ly o r  au toma t i ca l l y  by low-temperature 

de tec to rs  o r  UV f i r e  de tec to rs  l oca ted  i n  the  pumpout area. 

The s p i l l  bas in  d ra ins  i n t o  a  t rapezo ida l  d i ked  area l oca ted  t o  the  eas t  
2 o f  the s torage tank. The area o f  t h i s  impoundment bas in  i s  110,000 f t  and 

the  d i k e  w a l l s  average 17 f t  i n  h e i g h t .  The bas in  can bo ld  about 480,000 bb l  

of LNG, o r  137% o f  t he  capac i ty  o f  the  tank. A1 1  s t r u c t u r a l  s t e e l  i n  the 

d i ked  area i s  coated w i t h  an i n s u l a t i n g ,  f i r e - r e t a r d i n g  concrete. 

The f o l l o w i n g  de tec to rs ,  alarms, and f i r e  p r o t e c t i o n  equipment a re  l oca ted  

i n  the LNG pump area: 

combust ible gas de tec to rs  (see Sec t ion  E.3.4.4 f o r  de tec to r  ope ra t i on )  

low temperature de tec to rs  w i t h  alarms i n  c o n t r o l  room 



Halon f i r e  e x t i n g u i s h i n g  system (see Sec t i on  E.3.4.4 f o r  d e s c r i p t i o n )  

UV f i r e  de tec to r s  t h a t  a u t o m a t i c a l l y  a c t i v a t e  the  Halon system and t he  

Master Emergency Shutdown system (Sec t i on  E .4.1) 

20# d r y  chemical f i r e  e x t i n g u i s h e r  

o f i r e  hydran t .  

A UV f i r e  d e t e c t o r  and d r y  chemical e x t i n g u i s h e r  a r e  l o c a t e d  on t o p  of 

t he  tank  near t h e  r e l i e f  va l ves .  The ex t i ngu i she r ,  d i r e c t e d  a t  t he  r e l i e f  

va lves,  i s  a c t i v a t e d  by the  UV d e t e c t o r .  

E .3.4 Vapo r i za t i on  and Sendou t 

When e x t r a  gas i s  needed t o  meet a  peak demand, LNG i s  wi thdrawn froin t he  

s to rage  tank,  vapor ized,  and s e n t  o u t  t o  the  p i p e l i n e .  Vapo r i za t i on  and send- 

o u t  a r e  descr ibed  here.  

E.3.4.1 Vapor izers  

The process f l o w  diagram f o r  the  v a p o r i z a t i o n  s e c t i o n  i s  shown i n  

F igu re  E.12. Corresponding process c o n d i t i o n s  and equipment i d e n t i f i c a t i o n s  

a r e  g i ven  i n  Table E.6. The vapo r i ze rs  f o r  t h e  p l a n t  a r e  f o u r  submerged com- 
6  b u s t i o n  u n i t s  each r a t e d  a t  75 x  10 s c f d  capac i t y .  Wi th  one vapo r i ze r  con- 

6  s i de red  a  spare, t h e  t o t a l  v a p o r i z a t i o n  caoac i t y  o f  t h e  p l a n t  i s  225 x  10 sc fd .  

The vapo r i ze rs  a r e  designed such t h a t  the  burners exhaust h o t  combustion 

gases d i r e c t l y  downward through a  downcomer and i n t o  a  water  ba th ,  as shown 

i n  F igu re  E.13. The exhaust bubbles i n t o  the  water  caus ing tu rbu lence ,  m ix ing ,  

and a  " l i f t i n g "  a c t i o n .  Th is  l i f t i n g  z c t i o n  f o r ces  the  water  up through an 

annu la r  space c rea ted  by a w e i r  around the  downcomer. The water  f l ows  over  

t he  t op  o f  t h e  w e i r  and i n t o  t he  more cu iescen t  o u t e r  tank.  Bath temperature 

ranges f rom 90°F t o  130°F. A hea t  exchanger tube c o i l  f o r  t he  LNG i s  l o c a t e d  

i n  t h e  annu la r  space between t he  w e i r  and t he  downcomer where i t  i s  scrubbed 

by t h e  warm gas-water m ix tu re ,  thus t r a n s f e r r i n g  hea t  t o  the  LNG and vapor-  

i z i n g  i t .  The submerged combustion technique r e s u l t s  i n  a  ve ry  h i g h  thermal 

e f f i c i e n c y  o f  94 t o  96% because: 1  ) a1 1  t he  water  i n  t h e  combustion p roduc ts  

condenses and t he  h i g h  hea t i ng  va lue  (HHV) of the  fue l  can be used, and 
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TABLE E. 6. Vapor izat ion Sect ion 

Stream I d e n t i f i c a t i o n  Pressure ( p s i a )  Temperature (OF) Phase (% L o r  V) Flow Rate (MMscfdl 

I D  Desc r i p t i on  - 

G LNG from P-301's 900 -257 100% L 225 ( o r  1870 gpm) 

H Gas t o  P i p l i n e  870 70 100% V 150 

I Fuel Gas t o  Vaporizers 20 70 100% V 3.5 

Equipment I d e n t i f i c a t i o n  

C-401 Combusti on A i r  Blower 

E-401 A u x i l i a r y  Bath Heater 

V-401 A/B/C/D Vapor izers 

GAS I NLET 
COMBUSTI ON 

COMBUSTI ON CHAMBER 

COVER 

LEVEL 

FIGURE E.13. Cutaway View o f  Submerged Combustion Vaporizer 



2)  the violent turbulence and mixing of the gas and water resu l t  in a high 

r a t e  of heat transfer to the tubes. The vaporizers consume gas equivalent 

to  1 .5% to  2.0% of the LNG vaporized. 

Figure E. 14 shows the major components of the vaporizers. The LNG i n l e t  

piping, tube bundle, and out le t  piping to the f i r s t  flange are  a l l  s ta in less  

s teel  construction. The r e s t  of the ou t l e t  piping i s  carbon s t e e l ,  as are  

the tank, weir, and downcomer. The section of each downcomer above the water 

bath i s  surrounded by a water jacket with continuous circulation of cooling 

water. The burner, fuel gas piping, a i r  i n l e t  piping, and blower are a l l  

carbon s t e e l .  The a i r  blower drive i s  a 150-hp e l ec t r i c  motor. The overall 

dimensions of the vaporizer are  approximately 1 2  f t  x 20 f t  with a height of 

10 f t .  The vaporizer i s  surrounded by a fiberglass building for  weather pro- 

tection. 

COMBUSTION 

NERS EXHAUST STACK 

DOWNCOMER - 

TANK OR PIT 

FIGURE E.14. Components of Submerged Combustion Vaporizers 



E .3.4.2 Cont ro l  System and I ns t rumen ta t i on  

Two major  c o n t r o l s  a r e  assoc ia ted  w i t h  t he  vapo r i ze rs :  

LNG f l o w  c o n t r o l  

gas o u t l e t  temperature c o n t r o l .  

LNG th roughput  i s  a u t o m a t i c a l l y  c o n t r o l l e d  by a  pneumatScally operated c o n t r o l  

va l ve  i n  t h e  l i n e  f rom the  sendout pumps. The gas o u t l e t  temperature f rom the  

vapo r i ze r  i s  c o n t r o l l e d  by automat ic  ad justment  o f  t h e  a i r - ope ra ted  c o n t r o l  

va lves  i n  t he  f u e l  gas and a i r  supply  l i n e s .  

Water l e v e l  i n  the  tank i s  c o n t r o l  l e d  by severa l  means. An ove r f l ow  noz- 

z l e  i s  l o c a t e d  a t  t he  normal water  depth t o  p reven t  h i g h  l e v e l s .  A  smal l  pump 

s i t s  a t  t he  su r f ace  o f  the  water  i n  t.he ba th  and pumps ~ a t e r  t o  t he  c o o l i n g  

j acke t s  on t he  burners.  I f  the  water  l e v e l  i s  low, t he  pump loses  s u c t i o n  and 

t he  d ischarge  pressure f a l l s .  A low p ressure  sw i t ch  then opens a  c o n t r o l  

v a l v e  t o  admi t  more water .  A  low water  l e v e l  a la rm i s  a l s o  inc luded .  

Other vapo r i ze r  c o n t r o l s  i n c l u d e  a  pneumatic f ue l - p ressu re  c o n t r o l  va l ve  

and a p i l o t  1  i n e  w i t h  pressure r e g u l a t o r  f o r  t he  burner .  (The i n s t r u m e n t a t i o n  

was shown p r e v i o u s l y  i n  F igure  E.12.) 

The vapo r i ze r  i s  equipped v i  t h  an automat ic  Vapor izer  Emergency Shutdown 

(VES) system which, on a c t i v a t i o n ,  a u t o m a t i c a l l y  shuts  down the  vapo r i ze rs  

and t h e  LNG sendout pumps and i s o l a t e s  t he  pumps f rom bo th  the  vapo r i ze rs  and 

the  LNG s to rage  tank.  The VES can be a c t i v a t e d  manual ly a t  the  vapo r i ze rs  o r  

i n  t h e  c o n t r o l  room. The VES can a l s o  be a c t i v a t e d  a u t o m a t i c a l l y  by a  tempera- 

t u r e  sensor i n  t he  gas o u t l e t  l i n e ,  a  UV burner  f lame mon i t o r  (see Sec t i on  E.4.4), 

o r  t h e  water  ba th  l e v e l  i n d i c a t o r .  Normal ly,  t he  VES i s  n o t  a u t o m a t i c a l l y  

a c t i v a t e d .  

E.3.4.3 Procedures 

To s t a r t  up t he  LNG pumps, t h e  d ischarge  v a l v e  t o  the  vapo r i ze rs  i s  

c losed  and t h e  pumps a r e  operated on t o t a l  r e c y c l e  u n t i l  they coo l  down. The 

vapor produced by c o o l i n g  the  pumps i s  vented t o  t he  s to rage  tank through the  

4 - inch  vapor r e t u r n  l i n e .  The burners on t he  vapo r i ze rs  a r e  f i r e d  and t he  

wate r  ba th  heated t o  proper  ope ra t i ng  temperature (95-1 30°F). A t  t h i s  



point  the discharge valve to  the vaporizers i s  opened and a small flow of 
LNG s t a r t s .  The r e s t  of the s ta r tup  i s  semi-automatic, with the burner f i r i n g  

r a t e  and L N G  flow r a t e  both gradually increased unt i l  the desired flow r a t e  
i s  reached. 

Shutdown of the vaporizers i s  a lso  semi-automatic, with the LNG flow and 
burner f i r i n g  r a t e  gradually decreased. The large heat-storage capacity of 

the water bath permits f a i r l y  rapid s ta r tup  or  shutdown of the vaporizers with 

1 i t t l e  var ia t ion in the process out1 e t  temperature. 

The vaporizers can a lso  be shut down by the MES and VES systems ( see  
Section E.4.1). 

E.3.4.4 Release Prevention and Control Features 

Each vaporizer building has four combustible gas de tec tors ,  one in each 
corner. A detector  i s  a lso  located near the a i r  blower outside the building. 

Each detector has four indicating l i gh t s  located on the control panel which 
den0 t e  : 

1 . "Safe" condition 

2 .  "Warning!' condit ion,  which s ign i f i e s  a gas concentration of approximately 

25% of the LFL of methane 

3 .  "Danger" condit ion,  which indicates a gas concentration of approximately 

60% o r  greater  of L F L  ( t h i s  condition a l so  sounds an alarm) 

4.  "Trouble," which indicates  a malfunction of the gas detection system. 

The warning condition automatically ac t iva tes  a high-rate ven t i l a t ion  fan to 
reduce the gas concentration in the vaporizer building. I f  the danger condi- 
t ion  s t i l l  r e s u l t s ,  the  fan i s  turned off and the building openings a re  closed 

automatically. The Halon f i r e  zxtinguisher system then discharges automatically. 

The f i r e  extinguisher system i n  the vaporizer building i s  a Halon (halo- 

genated hydrocarbons 1301 and 121 2) i n e r t i  ng and f i r e  extinguishment, to ta l  

flooding system. This system can be used not only to  extinguish natural gas 
f i r e s  but a l so  t o  i n e r t  an enclosure and prevent an explosion. The Halon 
system i s  act ivated by a UV detector sens i t ive  t o  the u l t r av io l e t  radia t ion 

from flames. I t  can a l so  be activated by the combustible qas detection system 



The UV f i r e  de tec to r s  have very  f a s t ,  a d j u s t a b l e  ( 0  t o  30 seconds) 

response t imes .  They d e t e c t  ve ry  smal l  f i r e s  i n  any wind c o n d i t i o n .  However, 

t he  U V  sensors tend t o  g i v e  f a l s e  alarms f rom such t h i n g s  as r e f l e c t e d  weld- 

i n g  a rcs ,  and they use AC power and thus a r e  s e n s i t i v e  t o  induced c u r r e n t s  and 

power f l u c t u a t i o n s .  The de tec to r s  a r e  o f t e n  tu rned  o f f  when c o n s t r u c t i o n  o r  

maintenance r e q u i r e s  we ld ing  i n  t he  area. A c t i v a t i o n  o f  t h e  Halon o r  o t h e r  

f i r e  f i g h t i n g  systems r e q u i r e s  simultaneous s i g n a l s  f rom two UV de tec to r s  

l o c a t e d  i n  t h e  same area. 

The f i r s t  f l a n g e  on the  vapo r i ze r  o u t l e t  p i p i n g  marks the  change f rom 

c ryogen ic  m a t e r i a l s  f o r  LNG (9% n i c k e l ,  aluminum a l l o y ,  o r  s t a i n l e s s  s t e e l )  

t o  carbon s t e e l  c o n s t r u c t i o n  f o r  n a t u r a l  gas. As a  r e s u l t ,  the  vapo r i ze r  

con ta ins  severa l  safeguards t o  ensure t h a t  c o l d  LNG does n o t  reach t h e  carbon 

s t e e l  p i p i n g  where i t  cou ld  cause f a i l u r e  due t o  embri t t l emen t .  A l l  burners 

a r e  equipped w i t h  UV f lame de tec to r s  t h a t  a larm i n  t he  c o n t r o l  room i n  the  even t  

o f  f lame-out .  The UV d e t e c t o r  can a l s o  be t i e d  i n  t o  t he  VES (see Sec t ion  E.4.4) 

t o  shu t  down the  vapo r i ze r  i n  case o f  a  burner  f lameout .  The water  bath con ta ins  

a  s i g n i f i c a n t  amount o f  thermal s to rage  t h a t  prevents  immediate ca r r yove r  o f  

LNG t c  t he  o u t l e t  p i p i n g  a f t e r  burner  f lameout .  The o u t l e t  l i n e  a l s o  has a  

temperature sensor t h a t  i s  t i e d  t o  t h e  burner  c o n t r o l s  and t o  t h e  VES. The 

wate r  ba th  i s  equipped w i t h  an e l e c t r i c  hea te r  t o  h e l p  p reven t  f reezeup o f  

t h e  ba th  d u r i n g  abnormal ope ra t i ng  c o n d i t i o n s  , p a r t i c u l a r l y  shutdown. 

E.3.5 T ranspo r ta t i on  and Trans fe r  -- 

The equipment and procedures used f o r  t r a n s p o r t a t i o n  and t r a n s f e r  o f  LNG 

a r e  descr ibed  i n  t h e  f o l l o w i n g  subsect ions.  

E.3.5.1 LNG Truck T r a i l e r s  

The t r a i l e r s  used t o  t r a n s p o r t  LNG t o  and f rom the  peakshaving f a c i l i t y  

a r e  s p e c i a l l y  designed f o r  LNG use. F i gu re  E.15 shows a  cutaway view o f  one 

o f  t he  t r a i l e r s .  The tankers  a r e  designed and cons t ruc ted  i!nder CGA 341, a  

Compressed Gas Assoc ia t i on  s p e c i f i c a t i o n  f o r  i n s u l a t e d  tank  t r u c k s  in tended 

p r i m a r i l y  f o r  t h e  t r a n s p o r t a t i o n  o f  c o l d  l i q u e f i e d  gases. T ranspo r ta t i on  o f  

LNG i s  a l s o  governed by t he  hazardous l i q u i d  r e g u l a t i o n s  o f  t he  Department o f  

T ranspo r ta t i on  (DOT), p a r t  170 through 179 o f  T i t l e  49 o f  t he  Code o f  Federal  

Regulat ions,  and by DOT Specia l  Permi t  Number 6113. 
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FIGURE E.15. Cross Sect ion o f  LNG T r a i l e r  

The i n n e r  vessel i s  constructed o f  5083 aluminum and the  outer  vessel o f  

carbon s t e e l .  The annular space i s  f i l l e d  w i t h  p e r l i t e  and a vacuum o f  50 microns 

i s  es tab l ished t o  i n s u l a t e  the  i nne r  vessel.  The inne r  s h e l l  i s  supported by 

low-heat-1 eak rods w i t h i n  the  outer  she1 1. Three f l o w  b a f f l e s  prevent  exces- 

s i v e  s losh ing o f  t h e  cargo dur ing  shipment. The outer  s h e l l  ac ts  as a s t ruc -  

t u r a l  member o f  t he  s e m i - t r a i l e r  and i s  attached t o  the  f i f t h  wheel and 

tandem assemblies. The i n n e r  vessel i s  designed t o  conform t o  the  ASME pres- 

sure vessel code, w i t h  a maximum working pressure o f  70 psig. The ou te r  vessel 

i s  designed f o r  vacuum serv ice.  The t r a i l e r  has a 10,500 g a l l o n  capac i ty  and a 

l eng th  o f  40 fee t ,  and i t  weighs 21,500 1 b empty and 60,000 I b f u l  l y  1 oaded. 

Because o f  the  r e l a t i v e l y  low dens i ty  o f  LNG, t he  tank diameter i s  r a t h e r  

l a r g e  (I.D. = 7 f e e t  4 inches, O.D. = 8 f e e t ) .  The l a r g e  diameter r e s u l t s  i n  

a h i g h  center  o f  g r a v i t y ,  about n ine  inches h igher than t h a t  o f  an LPG t r a i l e r .  

Th is  r e s u l t s  i n  an increased suscepti  b i  1 i ty t o  over turn ing  accidents dur ing  c o l -  

l i s i o n s  and high-speed turns.  



F igu re  E.16 shows t he  p i p i ng ,  va l v i ng ,  and i n s t r u m e n t a t i o n  f o r  t h e  LNG 

t r a i l e r  and t h e  l oad ing lun load ing  t e rm ina l .  The t r a i l e r ' s  niain f i l l  and d r a i n  

l i n e  i s  a  3 - inch  l i n e  pass ing through t he  lower  h a l f  o f  t h e  s h e l l .  The l i n e  i s  

equipped w i t h  a  manual t h r o t t l i n g  va lve,  a  remote ly  operated s h u t o f f  va lve,  and 

a  l i n e  s a f e t y  va lve .  A gas r e t u r n  l i n e  a t  t he  t op  o f  t h e  t r a i l e r  a l l ows  vapors 

t o  r e t u r n  t o  t h e  s to rage  tank  d u r i n g  normal f i l l i n g  ope ra t i ons .  A pressure 

b u i l d u p  c o i l  i s  p rov ided  t o  vapor ize  l i q u i d  du r i ng  un load ing  and thus ma in ta i n  

adequate t r a i l e r  pressure. Three manual t r ycock  va lves  a l s o  a s s i s t  i n  l oad ing  

and unloading.  The t r a i l e r  i s  equipped w i t h  numerous pressure r e l i e f  devices, 

a l l  o f  which ven t  t o  a  common e leva ted  s tack.  

E.3.5.2 T rans fe r  System 

The t r a n s f e r  system c o n s i s t s  o f  a  graded and d i ked  t r a n s p o r t  t e rm ina l  and 

s t a i n l e s s  s t e e l  l i q u i d  and vapor l i n e s  connect ing t he  t e rm ina l  t o  the  peakshav- 

i n g  f a c i l i t y ' s  LNG s to rage  tank.  A 350-gpni t r a n s f e r  pump loads t he  LNG. The 

3 - inch  t r u c k  l o a d i n g  l i n e  has a  hand-operated s h u t o f f  va l ve  and a  remote ly  

operated emergency va lve.  The vapor r e t u r n  l i n e  i s  2 inches i n  d iameter  and 

has a  manual va lve  o n l y .  The 3 - inch  l i q u i d  un load ing  l i n e  has a  manual va l ve  

and no pump s i nce  t r a i l e r  pressure i s  used t o  t r a n s p o r t  t he  LNG t o  t he  s to rage  

tank.  

The t e rm ina l  i s  equipped w i t h  we igh t  sca les t o  i n d i c a t e  t he  t r a i l e r  l i q u i d  

l e v e l .  The t r a i l e r  i s  connected t o  t he  app rop r i a te  l i n e s  w i t h  f l e x i b l e  3 - inch  

metal  hose. The t e rm ina l  area i s  d iked  and graded so t h a t  s p i l l s  f l o w  away 

from the  t r a i l e r  and i n t o  a  sump. 

E.3.5.3 Cont ro l  System 

The t r a n s p o r t  t e rm ina l  c o n t r o l  system c o n s i s t s  s imp ly  o f  the  pump o n l o f f  

c o n t r o l ,  manual va lves on a l l  t h r e e  t r a n s f e r  1  ines ,  and a  remote ly  operated 

s h u t o f f  va l ve  i n  t h e  t r u c k  l o a d i n g  l i n e .  The l o a d i n g  pump i s  s i z e d  t o  p ro -  

v i d e  t h e  c o r r e c t  f l o w  r a t e  f o r  f i l l i n g  a  t r u c k  under normal cond i t i ons .  I f  

t h r o t t l i n g  i s  r e q u i r e d  ( f o r  f i l l i n g  a  warm t r u c k ,  f o r  i ns tance ) ,  t he  manual 

va l ve  i s  used. The l e v e l  t o  which the  t r u c k  i s  f i l l e d  i s  determined by t h e  

sca les  and by opening t he  87% f u l l  and 90% f u l l  t r y cocks  w h i l e  f i l l i n g  
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(Figure E.16). The ra te  a t  which a truck i s  unloaded i s  controlled by e i ther  

the manual valve in the unloading l ine  or the thro t t l ing  valve on the pressure 

buildup co i l .  

The LNG t r a i l e r  requires only passive pressure control devices, including 

r e l i e f  valves and burst discs ,  since i t  i s  designed t o  operate for  u p  to  28 days 

without loss of cargo. As mentioned previously, a pressure buildup coil i s  pro- 

vided to  increase t r a i l e r  pressure for  unloading. 

E.3.5.4 Procedures 

Truck Fill ing. A t  most f a c i l i t i e s ,  t r a i l e r s  are f i l l e d  by plant employees 

rather than the truckers themselves. Trailers are inspected for  general road- 

worthiness and other requirements: (1  ) evidence of a good annulus vacuum; 

( 2 )  a serviceable f i r e  extinguisher; (3 )  valves and gauges in good condition; 

( 4 )  positive t r a i l e r  pressure not more than 25 psig; and (5 )  no oxygen gas 

present inside the t r a i l e r .  If acceptable, the t r a i l e r  i s  then weighed, 

chocked, and grounded. The liquid f i l l  l ine  and vapor return l ine  are cooled 

with LNG and then connected to the t r a i l e r  with 3-inch f lexible  metal hose. 

If the t r a i l e r  i s  warm, the top f i l l  l ine  i s  used a t  a reduced flow ra te  to  

minimize thermal shock. Cold t r a i l e r s  are f i l l e d  through the bottom f i l l  l ine  

a t  about 350 gpm. A cold t r a i l e r  requires only 112 hour to f i l l ,  while a warm 

one can take u p  t o  4 hours. Weight scales provide the primary indication of a 

fu l l  load. The 87% and 90% fu l l  trycocks provide a backup indication. When 

the truck i s  f u l l ,  drain valves on the f i l l  and vapor return l ines are opened 

and the trapped LNG flows into a heated sump, where i t  i s  vaporized and returned 

to  storage. The f lexible  l ines  are disconnected, and together the operator and 

driver verify the truck weight and the final valve positioning. The chocks 

and grounding cable are then removed and the truck leaves the terminal. 

Truck Unloading. Unloading i s  carried out in much the same way as f i l l -  

ing. The truck i s  inspected and then chocked and grounded. The t r a i l e r  i s  

connected to  the terminal with a 3-inch f lexible  metal hose. The LNG i s  

forced from the truck to  the storage tank by the vapor pressure in the t r a i l e r .  

If the pressure i s  too low, a small amount of l iquid i s  routed through the 

pressure buildup coil where i t  i s  vaporized by the ambient a i r .  The vapor i s  



routed to  the top of the tank to provide the desired pressure increase. Unload- 

ing proceeds a t  a rate  of about 350 gpm and requires about 1 / 2  hour. 

E.3.5.5 Release Prevention and Control Features 

L N G  t r a i l e r s  have proven to be safe and rel iable  for  transporting L N G .  

As of October 1978, L N G  t r a i l e r s  had travelled roughly 26 million miles with 

only 1 2  accidents in t r a n s i t .  However, 9 of these accidents resulted in ro l l -  

overs of the LNG t r a i l e r s ,  due a t  leas t  in part  to the i r  high center of gravity. 

Three accidents, one a rollover,  resulted in L N G  s p i l l s ,  the worst releasing 

20% of the cargo. None of the accidents involved a f i r e  of the natural gas. 

The primary reason for  th i s  good safety record i s  the durabili ty of the 

double-walled tank design. The outer shell and per l i te  insulation protect 

and cushion the inner shell and i t s  contents. I n  the event of a f i r e ,  the 

carbon-steel outer shell retains i t s  structural integri ty  and the insulation 

keeps the cargo cool for  several hours. 

L N G  t r a i l e r s  are equipped with numerous pressure re l ie f  valves and  a 

burst disc to  prevent overpressurization (see Figure E.16). Remotely operated 

shutoff valves are instal led in a l l  liquid l ines .  A fusible link i s  included 

with the remote controls so the valves will close in the event of a f i r e .  The 

trucks are inspected on a regular basis, and drivers are given a formal t ra in-  

ing program that  includes instruction on the characteristics and safe handl- 

ing of L N G .  

Three separate dry chemical f i r e  extinguishers and  three water tu r re t s  

with multi-position nozzles are available in the transport terminal area. A 

closed-circuit television camera scans the terminal whenever a t r a i l e r  i s  pre- 

sentand  an operator watches for  liquid or vapor leaks. The sp i l l  retention 

system has the capacity to contain the cargo of a ful l  t r a i l e r  plus the holdup 

in the loading l ines .  The area i s  graded so that  s p i l l s  flow away from the 

t r a i l e r s .  Five events resulting in three automatic and two manual sequences 

will stop LNG flow within 10 seconds of emergency: 

f i r e  

loss of e lec t r ica l  power 

loss of a i r  pressure 

LNG l ine  rupture 

emergency shutdown. 



E.4 GENERAL PLANT INFORMATION 

The f o l l o w i n g  subsect ions p rov ide  general  i n f o r m a t i o n  on va r i ous  aspects 

o f  t h e  LNG peakshaving f a c i l i t y  and i t s  opera t ion .  

E.4.1 Emergency Shutdown System 

The o p e r a t i o n  and a c t i v a t i o n  o f  t h e  emergency shutdown system f o r  t h e  peak- 

shav ing f a c i l i t y  a r e  descr ibed  here. 

E.4.1.1 Operat ion o f  Emergency Shutdown System 

The p l a n t  emergency shutdown system c o n s i s t s  o f  two separate systems, t h e  

Master Emergency Shutdown (MES) and t h e  Vapor izer  Emergency Shutdown (VES). 

The MES a l l ows  t h e  r a p i d  shutdown o f  t he  p l a n t  and i s o l a t i o n  o f  t h e  va r i ous  

p l a n t  systems. When a c t i v a t e d ,  t h e  MES a u t o m a t i c a l l y  i n i t i a t e s  t he  f o l l o w i n g  

a c t i o n s :  

1  . E l e c t r i c a l  supp l i es  t o  a1 1  normal p l a n t  c i r c u i t s  a r e  de-energized; essen- 

t i a l  p l a n t  e l e c t r i c a l  equipment (e.g., f i r e  pumps, f i r e  and gas de tec to r s ,  

f i r e  system va l ve  ope ra to r s )  remains energized. 

2. Na tu ra l  gas va lves a t  p l a n t  boundaries a r e  c losed  t o  i s o l a t e  t h e  p l a n t  

f rom t h e  n a t u r a l  gas p i p e l i n e .  These va lves  i n c l u d e :  

n a t u r a l  gas feed  t o  p l a n t  

gas f rom vapo r i ze rs  

b o i l o f f  gas f rom s to rage  tank  

f u e l  gas t o  vapo r i ze rs .  

3. The LNG tank  and d i k e  area i s  i s o l a t e d  f rom t h e  remainder o f  t h e  p l a n t  by 

t h e  f o l  1  owing : 

va lves  a t  t h e  LNG pump s u c t i o n  and t h e  i n t e r i o r  tank  o u t l e t  va lves 

a r e  c losed  

va l ve  on t h e  l i q u i d  i n l e t  l i n e  f rom t h e  l i q u e f a c t i o n  u n i t  i s  c losed  

LNG pump motors a r e  shu t  down 

b lock  va lves  between t h e  LNG pumps and t h e  vapo r i ze rs  a r e  c losed.  



4.  A telemetric signal "MES Tripped" i s  transmitted to the company's head 

of f ice .  

5. With loss of instrument a i r ,  a1 1 control valves go to  the i r  f a i l s a fe  

positions. 

6. Gas from a l l  gas handling equipment and l ines  i s  vented through the re l ie f  

header to  the vent stack. 

The second shutdown system, the VES, allows the rapid shutdown and isola- 

tion of a l l  L N G  sendout systems. When activated, the VES automatically i n i t i -  

a tes  the following actions: 

1 .  The following natural gas valves a t  the plant boundaries are closed: 

gas from vaporizers 

fuel gas to  vaporizers. 

2. LNG pump motors a re  shut down. 

3 .  Block valves between the pumps and the vaporizers are closed. 

4. Pump suction valves and the in te r ior  valves on the liquid withdrawal 

l ines  are closed. 

5. Gas from a l l  gas handling equipment and l ines  i s  vented through the 

r e l i e f  header to  the vent stack. 

The MES and VES c i rcu i t s  are energized with 120 VAC power from a separate 

"Uninterruptable Power Supply" (UPS) unit that  maintains these systems 

energized and ready for  operation. When these c i rcu i t s  are de-energized ( f a i l -  
s a f e ) ,  the emergency shutdown actions described above are  in i t ia ted .  

E.4.1.2 Activation of Emergency Shutdown System 

Both the MES and VES can be activated manually a t  the control room and a t  

the two plant ex i t  gates. The MES can also be activated automatically by the 

ul t raviolet  ( U V )  f i r e  detectors that  monitor the fol lowing areas: 

1 .  compressor building 

2 .  vaporizers 

3 .  refr igerant  storage 



4. LNG pumps 

5. p i p i n g  on o r  ad jacen t  t o  p i p e  racks  n e x t  t o  compressor b u i l d i n g  

6. c o l d  box 

7 .  adsorbers 

8. r egene ra t i on  heater .  

The VES may be a u t o m a t i c a l l y  a c t i v a t e d ,  i f  des i red ,  by a  temperature sensor i n  

t h e  vapo r i ze r  gas o u t l e t  1  i n e  ( l ow  teniperature),  by t he  UV f lame mon i to rs  on 

t h e  vapo r i ze r  burners (burner  f lameout ) ,  o r  by t h e  water  ba th  l e v e l  i n d i c a t o r  

(1  ow 1  eve1 ) . 

E.4.2 Cons t ruc t ion ,  Inspec t ion ,  and T e s t i n g  

The procedures used d u r i n g  cons t ruc t i on ,  i nspec t i on ,  and t e s t i n g  o f  a  

peakshaving f a c i l i t y ,  as w e l l  as t h e  codes and standards govern ing these 

a c t i v i t i e s ,  a r e  d iscussed here. 

E.4.2.1 Codes and Standards 

The impo r tan t  d i f f e r e n c e  between a  code and a  s tandard i s  a  ques t i on  o f  

law. I n  t h e  U n i t e d  S ta tes ,  codes o f f i c i a l l y  adopted by f e d e r a l  o r  s t a t e  

governments become l e g a l  documents w i t h  t he  f o r c e  o f  law. Standards a r e  n o t  

g e n e r a l l y  b i n d i n g  by law, b u t  a r e  o f t e n  i nc l uded  as p a r t  o f  a  code o r  used 

t o  form p a r t s  o f  c o n t r a c t u a l  s p e c i f i c a t i o n s .  

A f a c i l i t y  operated by an i n t e r s t a t e  n a t u r a l  gas p i p e l i n e  company i s  

under t h e  j u r i s d i c t i o n  o f  t h e  Department o f  T ranspo r ta t i on  (DOT) O f f i c e  o f  

P i p e l i n e  Sa fe ty  Operat ions. The DOT f e d e r a l  s a f e t y  standards i nc l uded  i n  t h e  

Code o f  Federal  Regulat ions,  T i t l e  49, P a r t s  191 and 192 cover i n t e r s t a t e  LNG 

f a c i l i t i e s .  The code i nco rpo ra tes  t he  Na t i ona l  F i r e  P r o t e c t i o n  Assoc ia t i on  

Standard 59A f o r  L i q u e f i e d  Na tu ra l  Gas F a c i l i t i e s .  I n t r a s t a t e  gas companies 

a r e  regu la ted  by s t a t e  codes t h a t  a l s o  q u i t e  f r e q u e n t l y  r e f e r  t o  NFPA59A. 

The American Petroleum I n s t i t u t e  has i ssued  two s tandards t h a t  a r e  o f t e n  

used f o r  LNG f a c i l i t i e s :  1 )  A P I  Standard 2510A - Design and Cons t ruc t i on  o f  

LNG I n s t a l l a t i o n s  a t  Petroleum Terminals,  Na tu ra l  Gas Processing P lan ts ,  

R e f i n e r i e s  and Other I n d u s t r i a l  P lan ts ;  and 2 )  A P I  Standard 620 - Recommended 

Rules f o r  Design and Cons t ruc t i on  o f  Large, Welded, Low Pressure Storage Tanks. 

Appendix Q i s  d i r e c t e d  s p e c i f i c a l l y  t o  aboveground, meta l  LNG s to rage  tanks. 



Var ious sec t i ons  ( V I I I  and I X )  o f  t he  ASME B o i l e r  and Pressure Vessel 

Code a r e  a p p l i c a b l e  t o  s p e c i f i c  components of an LNG f a c i l i t y  such as b o i l e r s ,  

u n f i r e d  p ressure  vessels ,  and hea t  exchangers. Th is  code has been adopted i n  

31 s t a t e s  where i t  i s  b i n d i n g  by law. 

The American Soc ie t y  o f  Tes t i ng  and M a t e r i a l s  i ssues  standards f o r  mate- 

r i a l s .  A l l  o f  t h e  U.S. codes and standards use these as bases f o r  m a t e r i a l  

s p e c i f i c a t i o n  requi rements.  For example, ASTM A-353-64 and -65 cover  r e q u i r e -  

ments f o r  9% n i c k e l  s t e e l ,  which i s  w i d e l y  used i n  LNG p l a n t  c o n s t r u c t i o n .  

E .4.2.2 Procedures- 

Cold Box. A l l  we ld ing  i n  t h e  c o l d  box was performed i n  s t r i c t  accordance 

w i t h  ANSI B31.3 and ASME Sec t i on  V I I I ,  and a l l  welders were a u a l i f i e d  i n  accor-  

dance w i t h  ANSI B31.3 and ASME Sec t i on  I X .  A l l  welds i n  t h e  c o l d  box were 

v i s u a l l y  examined and met t he  requirements o f  ANSI 631.3 and ASME S e c t i o n  V I I I  

f o r  v i s u a l  i n s p e c t i o n .  A l l  p i p e  b u t t  welds and some o t h e r  c o l d  box welds were 

100% radiographed i n  accordance w i t h  t h e  100% radiography i n s p e c t i o n  r e q u i r e -  

ments o f  ANSI B31.3. A l l  welds n o t  100% radiographed were 100% dye pene t ran t  

t e s t e d  i n  accordance w i t h  ASME Sec t i on  V I I I .  

S torage Tank. A l l  we ld ing  on t he  tank  was performed i n  s t r i c t  accordance 

w i t h  API 620 Appendix Q.  A l l  i n n e r  tank b u t t  welds were v i s u a l l y  inspec ted  

and 100% radiographed.  A l l  o u t e r  tank  b u t t  welds were v i s u a l l y  inspec ted  and 

100% dye pene t ran t  t es ted .  I n  a d d i t i o n ,  the tank was inspec ted  by an i nde -  

pendent o u t s i d e  agency i n  accordance w i t h  API 620. 

Fo l l ow ing  c o n s t r u c t i o n ,  t he  tank  was sub jec ted  t o  a  s e r i e s  o f  ove r l oad  

t e s t s  t o  f u r t h e r  ensure i t s  i n t e g r i t y ,  l eak t i gh tness ,  and readiness f o r  LNG 

se rv i ce .  P r i o r  t o  t h i s  f i n a l  p roo f - t es t i ng ,  the  i n n e r  and o u t e r  tank  bottoms 

were vacuum-box t e s t e d  w i t h  soap s o l u t i o n  t o  ensure t h a t  t h e r e  were no leaks  

o r  d e f e c t s  i n  these  p a r t s  o f  t he  tanks.  

For  h y d r o s t a t i c  load ing ,  t h e  i n n e r  tank  was f i l l e d  w i t h  wate r  t o  a  l e v e l  

(% I12  f u l l )  t h a t  s t ressed  the  lower  p o r t i o n  of  t h e  tank  t o  125% o f  t h e  s t r e s s  

produced when t h e  tank  i s  comple te ly  f i l l e d  w i t h  t he  l i g h t e r  LNG. Pneumatic 

p ressure  was then  a p p l i e d  t o  t he  upper p o r t i o n  o f  t h e  tank  t o  1.25 t imes 



t h e  des ign  pressure.  For t he  p o r t i o n s  o f  t he  tank  above t h e  l i q u i d  l e v e l ,  a  

soap s o l u t i o n  was a p p l i e d  t o  d e t e c t  leakage. Th is  method was a l s o  used t o  

t e s t  t he  r o o f  and o u t e r  tank  s h e l l .  A f t e r  t he  h y d r o s t a t i c  t e s t ,  a  pneumatic 

overpressure t e s t  was c a r r i e d  o u t  f o r  t he  purpose o f  over load ing  t h e  anchor 

b o l t s  2nd f o r  t e s t i n g  t he  pressure ven t i ng  system. A  vacuunl t e s t  was c a r r i e d  

o u t  t o  t e s t  t h e  vacuum r e l i e f  system. 

E.4.3 V e n t i n g  

A l l  gas l i n e s  and gas hand l ing  equipment can be vented t o  t he  ven t  s t ack  

through t he  ven t  gas header. Gas i s  n o t  norma l l y  vented except  i n  t he  case 

o f  an emergency shutdown, when t he  MES a u t o m a t i c a l l y  vents  a l l  gas l i n e s  and 

gas hand l ing  equipment. The LNG sendout pumps a r e  vented back t o  t h e  s to rage  

tank  v i a  t h e  4 - inch  vapor r e t u r n  l i n e .  

The s to rage  t ank  has two 12- inch  pressure r e l i e f  va lves t h a t  ven t  t o  

t h e  atmosphere. Normal o f f  gas f rom the  s to rage  tank  i s  handled by t he  b o i l -  

o f f  systeni. The r e l i e f  va lves open o n l y  when needed t o  p r o t e c t  t he  tank f rom 

overpressure.  

A l l  vessels  o r  sec t i ons  o f  LNG l i n e s  t h a t  can be i s o l a t e d  w i t h  LNG i n  

them and a l lowed t o  warn1 a r e  p r o t e c t e d  by r e l i e f  va lves ven t i ng  t o  the  atmos- 

phere. 

P l a n t  Operat ion 

The c o n t r o l  system f o r  t he  peakshaving p l a n t  i s  designed f o r  unattended 

ope ra t i on  i n  t he  l i q u e f a c t i o n ,  vapo r i za t i on ,  and h o l d i n g  modes. One opera to r  

i s  on d u t y  each s h i f t  t o  mon i t o r  t he  p l a n t  and t o  a d j u s t  p l a n t  p roduc t i on  o r  

o u t p u t  r a t e s  as d i c t a t e d  by t he  c e n t r a l  o f f i c e .  A l l  c r i t i c a l  ope ra t i ng  equip- 

ment and process v a r i a b l e s  a r e  moni tored so t h a t  i f  t h e r e  i s  an equipment mal-  

f u n c t i o n  o r  process upset,  t he  e n t i r e  p l a n t  o r  s e c t i o n  o f  t he  p l a n t  a f f e c t e d  

w i l l  a u t o m a t i c a l l y  shu t  down i n  a  sa fe  manner. When the  emergency shutdown 

system i s  a c t i v a t e d ,  a  t e l e m e t r i c  s i g n a l  "MES t r i p p e d "  i s  t r a n s m i t t e d  t o  the  

company's head o f f i c e .  



For  scheduled s t a r t u p s ,  two o p e r a t o r s  a r e  on s h i f t ;  however, t h e  p l a n t  i s  

des igned  so one t r a i n e d  o p e r a t o r  can r e s t a r t  any p o r t i o n  o f  t h e  p l a n t  a f t e r  a  

shutdown, p r o v i d i n g  t h a t  a l l  equipment i s  i n  p r o p e r  w o r k i n g  o r d e r .  V i s u a l  and 

a u d i o  a larms i n d i c a t e  t h e  n a t u r e  of t h e  prob lem t h a t  caused shutdown o f  t h e  

sys  tem. 

M a j o r  t a s k s  such as heatup and cooldown of t h e  s t o r a g e  t a n k  and i n i t i a l  

f i l l i n g  and s t a r t u p  o f  t h e  l i q u e f a c t i o n  system r e q u i r e  a  s i g n i f i c a n t  number 

o f  a d d i t i o n a l  o p e r a t i n g  and s u p e r v i s o r y  pe rsonne l .  These o p e r a t i o n s  a r e  n o t  

automated ( s e e  S e c t i o n s  E.3.2.4 and E.3.3.5) and r e q u i r e  c l o s e ,  con t inuous  

m o n i t o r i n g  f o r  s a f e  o p e r a t i o n .  

The f i r e  e x t i n g u i s h m e n t  systems f o r  t h e  v a p o r i z e r  b u i l d i n g ,  compressor 

b u i l d i n g ,  LNG pumpout area,  and s t o r a g e  t a n k  r e l i e f  v a l v e s  a r e  a l l  a c t i v a t e d  

a u t o m a t i c a l l y  by U V  f i r e  d e t e c t o r s  o r  by c o m b u s t i b l e  gas d e t e c t o r s .  The h i g h -  

expans ion foam system i n  t h e  s t o r a g e  t a n k  s p i l l  b a s i n  can be a c t i v a t e d  a u t o -  

m a t i c a l l y  by l o w  tempera tu re  d e t e c t o r s  o r  UV d e t e c t o r s  o r  can be o p e r a t e d  

manua l l y .  A l l  o t h e r  equipment f o r  f i r e s  and f o r  c o n t r o l  o f  vapor g e n e r a t i o n  

and d i s p e r s i o n  must  be o p e r a t e d  manua l l y .  

E.5 SOURCES OF INFORMATION 

The LNG peakshav ing p l a n t  d e s c r i p t i o n  was developed u s i n g  i n f o r m a t i o n  f r o m  

t h e  sources 1  i s  t e d  be1 ow. 
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APPENDIX F 

FACILITY DESCRIPTION OF REFERENCE 

LNG SATELLITE PLANT 

LNG peakshaving ope ra t i ons  a r e  one means by which gas d i s t r i b u t i o n  companies 

handle seasonal v a r i a t i o n s  i n  demand f o r  n a t u r a l  gas. Most peakshaving f a c i l i t i e s  

l i q u e f y  n a t u r a l  gas d u r i n g  t h e  of f -season,  s t o r e  i t  u n t i l  w i n t e r  peak-demand 

per iods ,  and then vapor ize  i t  and p u t  i t  back i n t o  the  p i p e l i n e  f o r  customer use 

(see Appendix E).  I n  some cases, however, i t  i s  more economical t o  b u i l d  a  

peakshaving p l a n t  c o n s i s t i n g  o n l y  o f  s to rage  and v a p o r i z a t i o n  f a c i l i t i e s  and t o  

t r u c k  t h e  LNG i n  f rom another  f a c i l i t y  w i t h  a  l i q u e f a c t i o n  u n i t  o r  f rom an impo r t  

t e r m i n a l .  Peakshaving p l a n t s  w i t h  o n l y  s to rage  and v a p o r i z a t i o n  f a c i l i t i e s  a r e  
* 

r e f e r r e d  t o  as s a t e l l i t e  p l a n t s .  

There a r e  two bas i c  types o f  LNG t r u c k - t r a i l e r s  t h a t  serve LNG s a t e l l i t e  

p l a n t s .  The f i r s t  and most common type  i s  a  p e r l i t e - f i l l e d ,  vacuum-insulated 

t r a i l e r  w i t h  a  t y p i c a l  capac i t y  o f  10,000 t o  12,500 gal  . Th i s  t ype  o f  t r a i l e r  

has an i n n e r  she1 1  o f  c ryogen ic  meta l ,  u s u a l l y  a1 uminum; an annu la r  space f i  1  l e d  

w i t h  p e r l i t e  and under a  moderate vacuum of 50 microns; and an o u t e r  carbon-stee l  

s h e l l  i n t e g r a l  t o  t h e  t r a i l e r .  The second type  o f  t r a i l e r  uses urethane foam 

i n s u l a t i o n .  It c o n s i s t s  o f  an i n n e r  c ryogen ic  s h e l l ,  u s u a l l y  aluminum; a  5-112 i n .  

l a y e r  o f  urethane foam i n s u l a t i o n ;  and an o u t e r  s k i n  o f  20 gauge s t a i n l e s s  s t e e l  

sheet. 

Al though some o f  t he  s a t e l l i t e  f a c i l i t y  owners have t h e i r  own LNG tankers,  

most ar range t r a n s p o r t a t i o n  w i t h  t r u c k i n g  companies. Because t he  requi rements 

f o r  LNG vary  depending on w i n t e r  weather, t r a n s p o r t a t i o n  con t rac t s  g e n e r a l l y  

t ake  t h e  forni  o f  te rm c o n t r a c t s  f o r  a  s p e c i f i e d  number o f  d e l i v e r i e s  d u r i n g  t h e  

season and spo t  d e l i v e r i e s  as r e q u i r e d  t o  f i l l  s to rage  capac i ty .  

A t  t h e  s a t e l l i t e  f a c i l i t y ,  t h e  LNG i s  s to red  i n  a  double-wal led, c ryogen ic  

s to rage  tank  a t  -260°F and s l i g h t l y  above atmospheric p ressure  ( ~ 1  p s i g ) .  The 

tank  i s  surrounded by a containment area, u s u a l l y  an ear then  d ike ,  t h a t  i s  l a r g e  

enough t o  h o l d  t h e  e n t i r e  con ten ts  o f  t h e  tank. B o i l o f f  gases, r e s u l t i n g  f rom 

hea t  leakage i n t o  t h e  tank,  a r e  compressed and sen t  t o  t h e  p i p e l i n e .  



Dur ing  pe r i ods  o f  peak demand, t h e  LNG i s  pumped o u t  o f  t h e  tank  and up t o  

p i p e l i n e  pressure.  It i s  then  f e d  t o  t h e  vapo r i ze r s  where i t  i s  heated and con- 

v e r t e d  back t o  a  gas b e f o r e  be ing  fed t o  t h e  p i p e l i n e .  Vapor i ze rs  f o r  s a t e l l i t e  

p l a n t s  f a l l  i n t o  f o u r  major  c a t e g o r i e s :  

d i r e c t  f i r e d  

submerged conibustion 

e i n t e r m e d i a t e  f l u i d  ( i n d i r e c t  f i r e d )  

ambient a i r  t ype .  

D i r e c t  f i r e d  u n i t s  use f l u e  gases f rom a  burner  t o  hea t  a  p roduc t  c o i l .  Sub- 

merged combustion u n i t s  bubble  f l u e  gases th rough  a  wa te r  ba th  c o n t a i n i n g  t h e  

p roduc t  c o i l s .  I n t e rmed ia te  f l u i d  systems use a  f i r e d  hea te r  t o  hea t  a  f l u i d  

t h a t  i s  pumped th rough  separate  hea t  exchangers t o  vapor i ze  t h e  LNG. Ambient 

a i r  vapo r i ze r s ,  t h e  s i m p l e s t  type,  c o n s i s t  o f  l a r g e  p roduc t  c o i l s  exposed 

t o  ambient c o n d i t i o n s .  

There a r e  about 20 LNG s a t e l l i t e  f a c i l i t i e s  c u r r e n t l y  o p e r a t i n g  i n  t h e  

U.S. ;  a l l  l o c a t e d  i n  t h e  eas te rn  h a l f  o f  t h e  coun t ry .  These f a c i l i t i e s  range 

i n  s i z e  f r om  5000 t o  450,000 bb l  o f  s to rage  c a p a c i t y  w i t h  a  median c a p a c i t y  

o f  about 55,000 b b l .  A l l  b u t  t h r e e  o f  t h e  s to rage  tanks a r e  aboveground meta l  

tanks,  o f  which 84% have aluminum i n n e r  tanks and t h e  r e s t  have 9% n i c k e l  s t e e l  

i n n e r  tanks.  O f  t h e  t h r e e  rema in ing  tanks,  one i s  a  p a r t i a l  i n -g round  aluminum 

tank,  and two a r e  aboveground concre te  tanks.  

To d e l i v e r  LNG t o  these s a t e l l i t e  f a c i l i t i e s ,  t h e r e  a r e  approx imate ly  130 

LNG t r u c k - t r a i l e r s ,  o f  which 90% a re  t h e  p e r l i t e - f i l l e d ,  vacuum-insulated type .  

Capac i t i e s  f o r  these  t anke rs  g e n e r a l l y  a re  10,000 t o  12,500 g a l .  

F . l  BASIC PROCESS FLOW 

The b a s i c  process f low f o r  an LNG s a t e l  1  i t e  f a c i l i t y  i s  desc r ibed  i n  t h e  

f o l l o w i n g  subsect ions.  



F.l . l  Unit O~e ra t i ons  

A block flow diagram fo r  an LNG s a t e l l i t e  plant i s  shown i n  Figure F.1. 

The major uni t  operations involved a re  transportat ion and t r ans f e r ,  s torage,  

vaporization and sendout. 

LNG i s  transported to  the  s a t e l l i t e  f a c i l i t y  in specia l ly  designed, cryo- 

genic t ruck- t ra i l e r s .  These t r a i l e r s  are  loaded a t  an LNG f a c i l i t y  w i t h  l ique- 

fact ion capabi l i ty .  The LNG i s  unloaded into  an aboveground, double-walled, 

metal storage tank. The inner cryogenic bar r ie r  i s  constructed of an aluminum 

al loy and the outer tank i s  constructed of carbon s t e e l .  The annular space 

between the walls i s  f i l l e d  with p e r l i t e  insulat ion t o  reduce heat leakage in to  

the tank and reduce the amount of boi loff .  The boiloff  gases are compressed 

to d i s t r ibu t ion  pressure and sent  ou t .  

GAS TO P I  PELINE 

B 01 LOFF 

_I 
100 psig 

COMPRESSORS 
2 AT 0.15~106 scfd 

1 (ONE I S $SPARE) 1 , suBMLRGED , 
FUEL b I GAS 

COMBUSTI ON 
VAPOR1 ZERS 

r7 0.(l;~:~;fd 4 o. 13xlo6 scfd 

NORMAL BOI LOFF I TRAILER I I . 1 
UNLOAD1 NG ABOVE GROUND 

DOUBLE-WALLED 
STORAGE TANK li&I 1 1 . 5 5 ~ 1 0 ~  37,000 bbl gal) Ij-1 2 AT 6x10 scfd EACH 

FLUE 
GAS 

FIGURE F.1. LNG Sate1 1 i t e  Plant - Block Flow Diagram 



Two submers ib le  LNG pumps t ake  s u c t i o n  on t h e  s to rage  tank,  pump t h e  LNG 

t o  p i p e l i n e  pressure,  and send i t  t o  t h e  two submerged combust ion vapo r i ze r s .  

These vapo r i ze r s  exhaust  h o t  combust ion gases f rom a  burner  i n t o  a  wa te r  b a t h  

c o n t a i n i n g  LNG p roduc t  c o i l s .  From t h e  vapo r i ze r ,  t h e  gas i s  metered and 

odo r i zed  and then  f e d  t o  t h e  d i s t r i b u t i o n  main. 

F. 1.2 Flow Rates and Opera t ing  Cond i t ions  

LNG i s  unloaded f r om t h e  t r u c k - t r a i l e r s  t o  t h e  s to rage  tank  a t  r a t e s  v a r y i n g  

from 150 t o  350 gpm. A t  these r a t e s ,  t h e  t ime  r e q u i r e d  t o  un load a  t r a i l e r  i s  

about 30 t o  60 min.  The vapors produced d u r i n g  un load ing  a r e  vented t o  t h e  

s to rage  t ank  b o i l o f f  l i n e .  Vapor p roduc t i on  f rom un load ing  i s  approx imate ly  

10 Mscfd. Normal tank  b o i l o f f  i s  about  130 Mscfd. 

The maximum sendout r a t e  w i t h  bo th  pumps and bo th  vapo r i ze r s  o p e r a t i n g  i s  

100 gpm o r  12 MMscfd. The b o i l o f f  compressors, sendout pumps, and vapo r i ze r s  

a re  a l l  p a i r e d .  The sendout pumps and vapo r i ze r s  each f u r n i s h  50% o f  t h e  

p l a n t ' s  maximum c a p a c i t y .  Each o f  t h e  b o i l o f f  compressors i s  capable  o f  hand1 i n g  

100% o f  t h e  p l a n t  b o i l o f f ,  w i t h  t h e  o t h e r  compressor h e l d  as a spare. 

F. 2 PLANT LAYOUT 

A p l o t  p l a n  f o r  t h e  s a t e l l i t e  f a c i l i t y  i s  shown i n  F i gu re  F.2. The s i t e  

i s  graded so t h a t  i t  prov ides  a  d i ked  impoundment area l o c a t e d  immed ia te ly  below 

t h e  s to rage  t ank  and p l a n t  equipment t o  t h e  south.  Any s p i l l a g e  f r om t h e  tank  

o r  process equipment w i l l  f l o w  away f rom t h e  tank  and p l a n t  i n t o  t h e  impoundment 

area. The average h e i g h t  o f  t h e  d i k e  i n  t h e  impoundment area i s  10 ft, and t h e  

area i s  s i z e d  t o  h o l d  t h e  e n t i r e  con ten ts  o f  t he  s to rage  tank .  

The s a f e t y  f e a t u r e s  shown i n  t h e  f i g u r e  w i l l  be d iscussed i n  l a t e r  s e c t i o n s  

w i t h  t h e  v a r i o u s  processes t o  which t hey  a r e  r e l a t e d .  

F. 3  PROCESS DESCRIPTIO?! 

The b a s i c  processes i n v o l v e d  i n  t h e  s a t e l l i t e  f a c i l i t y  a r e  d iscussed i n  t h e  

f o l l o w i n g  subsec t ions .  The d e s c r i p t i o n  o f  t h e  LNG sate1 1  i t e  f a c i  1  i ty  was 

developed u s i n g  i n f o r m a t i o n  from t h e  sources l i s t e d  i n  Sec t i on  F.5. 
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FIGURE F.2. Plot Plan for  LNG Sa te l l i t e  Facili ty 

F.3.1 Transportation and Transfer 

The equipment and procedures used for LNG transportation and transfer a t  

the s a t e l l i t e  plant are essentially the same as those described in Section E.3.5 

of Appendix E for  the peakshaving plant; thus, transportation and transfer are 

not discussed in detail  here. Because of the lack of liquefaction capabili ty 

a t  the s a t e l l i t e  plant, L N G  i s  only received there,  never shipped out. 



F.3.2 LNG Storage 

The LNG t rucked  i n  t o  t h e  f a c i l i t y  i s  s t o r e d  o n s i t e  u n t i l  needed. The 

s to rage  system and r e l a t e d  equipment a re  descr ibed  i n  d e t a i l  here.  

The process f l o w  diagram f o r  t h e  s to rage  s e c t i o n  i s  shown i n  F igu re  F.3. 

(Flow diagram symbols a r e  de f i ned  i n  Appendix H . )  Assoc ia ted process stream 

i d e n t i f i c a t i o n s  a re  g i ven  i n  Table F.1. 

TABLE F.1. Storage System 

Stream I d e n t i f i c a t i o n  
I D  - D e s c r i p t i o n  S ize  ( i n . )  F lowra te  

A LNG f rom Truck 3 150-350 gpm 
Unloading t o  
Storage Tank 

B Vapor f rom Truck 2 0.01 MMscfd 
Unloading t o  
Storage Tank 

C Normal Tank 2 0.13 MMscfd 
B o i l o f f  t o  
Compressors 

D Normal B o i l o f f  2 0.13 MMscfd 
Gas f rom B o i l o f f  
Compressors t o  
P i  pe l  i ne 

E LNG f rom Storage -- 12 MMscfd 
Tank t o  Vapor- 
i zors  

1 LNG Return f rom 1 - - 
Sendout Pumps 
t o  Storage Tank 

2 Vapor Return f rom 1 - - 
Sendout Pumps t o  
Storage Tank 



LNG FROM TRUCK UNLOAD1 NG 

FIGURE F.3. Process  Flow Diagram f o r  LNG Sto rage  



F.3.2.1 Storage Tank 

Storage f o r  t h e  f a c i l i t y  i s  a  f l a t - bo t t omed ,  double-wal led,  aboveground 

LNG s to rage  t ank  w i t h  a  37,000-bbl c a p a c i t y  as shown i n  F i g u r e  F . 4 .  The i n n e r  

tank  i s  cons t ruc ted  o f  aluminum-magnesium a l l o y  AA5083 and t h e  o u t e r  tank  i s  

cons t ruc ted  o f  A131 carbon s t e e l .  The d iameters  o f  t h e  i n n e r  and o u t e r  tanks 

a re  69 f t  and 72 ft, r e s p e c t i v e l y .  The annu la r  space between t h e  tank  w a l l s  

SARTY VALVES AND 
P I  PING CONNECTIONS 

DIMENSIONS: 

INNER TANK DIAMETER 

EXPANDED PERLITE OUTER TANK DIAMETER 

INNERTANKHEIGHT 

OUTER TANK HE1 GHT 

NOTES: MATERIALS: 

CAPACITY - 37. MM bbl 

DESIGN PRESSURE - 

INTERNAL 2.0 psig 
EXTERNAL 1 oz. 

DESIGN TEMPERATURE - INTERNAL - 260'~ 

SPECIFICATIONS - API  620 

LIQUID CONTAINER - A l - M g  ALLOY AA5083 

INSULATION SUPPORT DECK - A l  - Mg ALLOY AA5083 

OUTER TANK - A131 CARBON STEEL 

DECK INSULATION - ROCK WOOL 

BOlTOM INSULATION - FOAM GLASS 

SHELL INSULATION - P I  -40 PERLITE AND FIBERGLASS 

FIGURE F.4.  LNG Storage Tank 



i s  f i l l e d  with expanded per l i te ,  an inorganic, nonflammable, lightweight insu- 

la t ion  produced from special rock. The rock or  ore i s  f inely ground and then 

thermally expanded onsite and placed i n  the insulation space while hot. A 

r e s i l i e n t  fiberglass blanket i s  attached to the outside of the inner tank wall 

t o  protect the per1 i t e  from excess pressure, due to  expansion and contraction 

of the tank walls (see Figure F.5). 

The outer tank has a lap-welded, dome-shaped steel roof. Total tank 

height to  the top of the dome i s  73 f t .  Suspended from the roof framing of the 

outer tank i s  a lap-welded, metal deck tha t  serves as a ceil ing fo r  the inner 

tank, as shown in Figure F.6. The height of the inner tank i s  63 f t .  Rock 

wool insulation i s  spread evenly over the deck. Open pipe vents are instal led 

in the deck to  allow product vapor to  circulate  freely in the insulation space 

to  keep the insulation dry. Superheated vapors remain s t r a t i f i ed  in the upper 

space, while colder, saturated vapors are below the deck. The butt-welded outer 

steel shell and lap-welded s teel  roof provide permanent weather protection for  

the tank insulation as well as an a i r - t igh t  seal .  

OUTER TANK 
\ 

RES I LIENT BLANKET 

FIGURE F.5. Resilient Blanket in Annular Space 
Between Walls of LNG Storage Tank 
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F IGURE F.6. Suspended I n s u l a t i o n  Deck 

The i n n e r  tank  s i t s  on l o a d  bear ing  i n s u l a t i o n  t h a t  c a r r i e s  t h e  we igh t  

o f  t h e  i n n e r  tank  and i t s  con ten ts  t o  t he  f ounda t i on  (see F igu re  F.7). The bo t -  

tom o f  t h e  tank  i s  a  t h i n  s e c t i o n  of aluminum a l l o y  AA5083 t h a t  serves o n l y  as 

a  seal  and i s  n o t  s u b j e c t  t o  s i g n i f i c a n t  s t r e s s .  The l o a d  bea r i ng  i n s u l a t i o n  

r e s t s  on a l e v e l  concre te  pad which s i t s  on t he  bottom o f  t h e  o u t e r  tank. The 

o u t e r  tank  s i t s  on a  r e i n f o r c e d  concre te  p i l e  cap which r e s t s  on p i l e s  i n  t h e  

ground. A i r  passage under t h e  tank bottom e l i m i n a t e s  t h e  need f o r  a  f ounda t i on  

hea t i ng  system such as t h a t  used f o r  tanks r e s t i n g  d i r e c t l y  on t he  ground, as 

descr ibed  i n  Sec t i on  E.3.3 o f  Appendix E. 

There a r e  two se t s  o f  anchor b o l t s  i n  t he  p i l e  cap, one s e t  connected t o  

t h e  o u t e r  tank  w a l l  and t h e  o t h e r  connected t o  t h e  i n n e r  tank  w a l l .  These b o l t s  

h o l d  down t h e  tank  aga ins t  l i f t i n g  f o r ces  r e s u l t i n g  f rom i n t e r n a l  pressure,  b u t  

p e r m i t  t h e  vessel  t o  move r e a d i l y  i ' n  response t o  thermal d isp lacement .  

The major  connect ions a r e  t h e  i n l e t  and o u t l e t  l i q u i d  l i n e s  i n  t h e  bot tom 

o f  t h e  i n n e r  tank,  t he  vapor o u t l e t  and pressure r e l i e f  connect ions i n  t h e  t o p  
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F IGURE F.7. Foundat ion f o r  LNG Storage Tank 

o f  t h e  i n n e r  tank, and t h e  r e l i e f  v e n t  i n  t he  t o p  o f  t h e  o u t e r  tank. A l l  f i t -  

t i n g s  which c a r r y  c o l d  gases o r  l i q u i d s  and pass through t h e  o u t e r  carbon s t e e l  

tank  a r e  p rov ided  w i t h  "d i s t ance  p ieces."  These p r o t e c t  t h e  o u t e r  s h e l l  f rom 

b r i t t l e  f r a c t u r e  by d i s s i p a t i n g  c o l d  be fo re  i t  reaches t h e  carbon s t e e l ,  and 

they  a1 so a l l o w  f o r  thermal expansion and c o n t r a c t i o n  w i t h o u t  damage t o  f i t t i n g s  

o r  t h e  tank. 

A l l  m a t e r i a l s  o f  t h e  i n n e r  tank,  manholes, nozz le  connect ions, and o t h e r  

appurtenances which come i n  c o n t a c t  w i t h  t h e  l i q u e f i e d  n a t u r a l  gas, o r  which 

opera te  a t  o r  near  t h e  temperature o f  LNG, a r e  made o f  AA5083 aluminum. 



F.3.2.2 Pressure Control System 

The storage tank has a  design operating pressure of 1 psig and a  design 

maximum pressure of 2 psig. The maximum external pressure i s  1 oz gauge. The 

pressure in the tank i s  controlled by adjusting the boiloff compressor recycle 

ra te .  

The boiloff compressors are heavy-duty industr ia l ,  slow-speed, reciprocating 

machines for  continuous compression of the tank boiloff gases and vent gases from 

t r a i l e r  unloading operations. Boiloff ra te  for  the storage tank i s  0.13 x 10 6 

scfd (0.1% of fu l l  tank capacity). The boiloff compressors have a  total  capacity 
6 of 0.15 x 10 scfd each, giving reserve capacity to handle intermittent truck 

unloading. Each compressor has high and low suction pressure alarms, a  high 

discharge pressure alarm, a  low temperature alarm on the i n l e t ,  and a  high 

temperature alarm on the out le t .  I t  i s  also equipped with the standard com- 

pressor alarms and t r i p s  for  high vibration, low lube oi l  level or pressure, 

and high bearing temperature. The boiloff gases are  heated by two e l ec t r i c  

heaters before being compressed. Piping and valves t o  the out le t  of the heaters 

a re  a l l  s ta inless  s t ee l ;  a l l  other piping and equipment, including the compressor, 

are  carbon s tee l .  

The storage tank i s  equipped with two pressure re l ie f  valves tha t  vent to  

the atmosphere a t  2.0 psig. If tank pressure f a l l s  to 0.15 psig, gas from the 

pipeline i s  automatically brought back into the tank. If this  i s  insuff ic ient  

to  prevent underpressure damage, two vacuum re l ie f  valves admit a i r  to  the tank 

when the pressure reaches 0.031 psig. 

F .  3 .2.3 Additional Instrumentation and Control Svstems 

To monitor l iquid level ,  the tank i s  equipped with a  float-type l iquid 

level device and a  different ial  pressure gauge. A high-level alarm i s  activated 

a t  95% of fu l l  capacity. Thermocouples in the inner tank shell and f loor  monitor 

cool down. 

In the event of an emergency, the storage tank i s  isolated from other equip- 

ment by block valves on the i n l e t  and out le t  1 ines. These valves are  closed by 

the Emergency Shutdown (ESD) system. 



F.3.2.4 Procedures 

Cooldown. The f i r s t  step in the cooldown of the storage tank i s  to purge 

the tank with nitrogen. This prevents an explosive mixture from forming and 

also dr ies  out the tank. The nitrogen purge i s  carried out from top to bottom 

with the nitrogen entering the 2-in. vapor out le t  and leaving via the 4-in. down- 

comer on the 3-in. l iquid f i l l  l ine.  Nitrogen also enters a t  the top of the dome 

through the re l ie f  vent and exi t s  through the purge ring a t  the bottom of the 

outer tank, thus purging the annular space between tanks. If the tank has been 

taken out of operation and i s  f i l l e d  with nitrogen, no purge i s  required. 

After the purge, LNG i s  slowly admitted to the top of the tank via the 1-in.  

l iquid return l ine .  The LNG i s  deflected and sprayed over the f loor .  All 

storage tank thermocouples are  continuously monitored to determine the e f fec t  

of cooldown on the tank. The temperatures in the tank are  carefully analyzed 

to  make sure the maximum temperature gradients are  not exceeded. The LNG flow 

ra t e  i s  limited by these temperature gradients. When the liquid level in the 

tank reaches 1 f t  or more and the tank i s  suff ic ient ly  cooled, LNG can be fed 

through the normal l iquid f i l l  l ine .  

The cooldown purges the nitrogen from the tank and the off gas i s  vented 

to  the atmosphere. When methane reaches a specified concentration in the off 

gas, i t  i s  compressed and sent to the pipe1 ine. 

Heatup, Purging, and Entry. Prior to the heatup of the tank, the LNG 

level i s  lowered until  the sendout pumps lose suction. This leaves approxi- 

mately 1 f t  of LNG in the tank. Heatup i s  then begun by admitting natural gas, 

heated to 275"F, into the 3-in. liquid withdrawal l ine  i n  the bottom of the tank. 

The gas r i ses  and disperses through the tank and leaves via the 2-in. vapor out- 
l e t  l ine .  The gas i s  compressed by the boiloff compressor and sent to the pipe- 

l i ne .  The tank pressure i s  controlled the same as during normal operation. The 

i n l e t  gas flow i s  maintained a t  approximately the normal boiloff r a t e ,  0.13 x 10 6 

scfd. A t  t h i s  ra te ,  i t  takes approximately 20 days to warm the tank from -260°F 

to +60°F. A1 1 storage tank temperatures are  constantly moni tored and analyzed 

to  make sure the maximum temperature gradients are  not exceeded. 



The s to rage  tank  must be purged t o  a  98%+ n i t r o g e n  atmosphere b e f o r e  

personnel e n t r y .  L i q u i d  n i t r o g e n  i s  brought  i n  by c ryogen ic  t r a i l e r ,  vapor ized,  

and admi t ted  t o  t h e  tank  through t h e  3 - in .  1  i q u i d  wi thdrawal  1  i ne .  The n i t r o g e n  

i s  ma in ta ined  a t  t he  l owes t  temperature p o s s i b l e  ( ~ 2 0 ° F )  t o  ensure a  l a r g e  d i f -  

ference between t h e  d e n s i t i e s  o f  t he  gas i n  t he  tank and t h e  n i t r ogen .  Th i s  

min imizes m ix i ng  and r e s u l t s  i n  a  p i s t o n  e f f e c t .  The gas e x i t s  th rough  t h e  

vapor o u t l e t ,  a f t e r  which i t  i s  compressed i n  t h e  b o i l o f f  compressor and sen t  

t o  t h e  p i p e l i n e .  Dur ing  most o f  t h e  purg ing,  t h e  o f f  gas i s  mos t l y  methane. As 

t h e  purge nears complet ion,  however, t he  n i t r o g e n  con ten t  o f  t he  o f f  gas r i s e s  

r a p i d l y .  Because t h e r e  i s  a  l i m i t  on t h e  n i t r o g e n  concen t ra t i on  i n  gas sen t  t o  

t h e  p i p e l i n e ,  t h e  l a s t  p o r t i o n  o f  t he  o f f  gas may have t o  be vented through t h e  

v e n t  gas header t o  t h e  atmosphere. Combustible gas d e t e c t o r s  a r e  l o c a t e d  around 

t h e  tank  t o  d e t e c t  any combust ib le  gases descending f rom t h e  ven t .  Es tab l  i shed  

weather c r i t e r i a  d e f i n e  accep tab le  atmospheric c o n d i t i o n s  f o r  ven t ing .  

When t h e  i n n e r  tank  i s  purged, t h e  vapor o u t l e t  i s  b locked  and t h e  i n s u l a t i o n  

fill holes  and t h e  r e 1  i e f  ven t  i n  t he  tank  dome a r e  opened so t h e  dome can be 

purged. A f t e r  t h e  dome i s  purged, t h e  i n s u l a t i o n  f i l l  ho les  and t h e  r e l i e f  v e n t  

a r e  c losed  and t h e  purge r i n g  i n  t h e  bottom o f  t h e  o u t e r  tank  i s  opened. N i t r o -  

gen then f l o w s  down th rough t he  i n s u l a t i o n  space and o u t  o f  t he  purge r i n g ,  thus 

pu rg ing  t h e  annu la r  space between t h e  i n n e r  and o u t e r  tank  w a l l s .  The t ank  can 

then  be purged w i t h  a i r ,  as des i red,  us i ng  t he  same procedures. 

F.3.2.5 Release Preven t ion  and Cont ro l  Features 

The s to rage  tank  a t  t h e  f a c i l i t y  i s  surrounded by an ear then  d i k e  averaging 

10 f t  i n  h e i g h t  and capable o f  h o l d i n g  approx imate ly  44,000 b b l  o f  LNG, as 

shown p r e v i o u s l y  i n  F i g u r e  F.2. S i t e  g rad ing  i n  t h e  impoundment area ensures 

t h a t  any LNG s p i l l a g e  d r a i n s  away f rom t h e  tank .  A high-expansion foam genera- 

t i o n  system i n s t a l l e d  i n  t h i s  area can be a c t i v a t e d  e i t h e r  manual ly o r  auto-  

m a t i c a l l y  by low-temperature de tec to r s  o r  UV f i r e  de tec to r s  l o c a t e d  i n  t h e  

pumpout area. 

The f o l l o w i n g  de tec to r s ,  alarms, and f i r e  p r o t e c t i o n  equipment a r e  l o c a t e d  

i n  t h e  pump and s to rage  areas: 



combusti b l  e  gas de tec to r s  

l ow  temperature de tec to r s  w i t h  alarms i n  c o n t r o l  room 

Halon f i r e  e x t i n g u i s h i n g  system 

UV f i r e  de tec to r s  which a u t o m a t i c a l l y  a c t i v a t e  t h e  Halon system and t h e  

Master Emergency Shutdown (MES) sys tem 

20 1b d r y  chemical f i r e  e x t i n g u i s h e r  

f i r e  hydrant .  

A UV f i r e  d e t e c t o r  and d r y  chemical e x t i n g u i s h e r  a r e  l o c a t e d  on t o p  o f  

t h e  s to rage  tank  near t h e  r e l i e f  va lves.  The ex t i ngu i she r ,  d i r e c t e d  a t  t he  

r e 1  i e f  va lves,  i s  a c t i v a t e d  by t h e  UV d e t e c t o r .  A f i x e d  wate r  de luge system i s  

a l s o  i nc l uded  t o  d i r e c t  water  on t h e  r o o f  o f  t he  s to rage  tank  t o  keep i t  a t  

a  s a f e  ope ra t i ng  temperature d u r i n g  t he  maximum f i r e  t h a t  cou ld  be expected a t  

t h e  t e rm ina l  . 

F. 3.2.6 Sendou t Pumps 

The two LNG sendout pumps (P-201 A, B )  a r e  v e r t i c a l  submerged, pot-mounted 

LNG pump systems. The pumps and motor d r i v e s  a r e  h e r m e t i c a l l y  sealed i n  a  vessel  

and submerged i n  LNG. Th i s  des ign e l im ina tes  t h e  extended s h a f t  and assoc ia ted  

sea l .  The pump and motor surroundings a r e  100% r i c h  w i t h  LNG and w i l l  n o t  suppor t  

combustion. The pumps a r e  mounted i n  a  s u c t i o n  p o t  below grade t o  p r o v i d e  su f -  

f i c i e n t  s u c t i o n  head f o r  ope ra t i on .  

Each pump 'has a  c a p a c i t y  o f  6 MMscfd o r  50 gpm f o r  a  t o t a l  r a t e d  sendout 

c a p a c i t y  o f  12 MMscfd. The ope ra t i ng  temperature i s  -260°F and t h e  d ischarge  

p ressure  i s  130 ps ig .  

Each pump has two l i q u i d  d ischarge  l i n e s .  The main l i n e s  j o i n  and go t o  

t h e  vapor ize rs .  The secondary l i n e s  j o i n  and r e t u r n  t o  t he  s to rage  tank.  T h i s  

l i q u i d  r e t u r n  l i n e  can be used t o  r e c i r c u l a t e  t he  tank con ten ts  i f  necessary. 

Each pump a l s o  has a  vapor r e t u r n  1  i n e  t o  t h e  tank t o  ven t  vapors d u r i n g  s t a r t u p  

and shutdown. 



F.3.3 V a p o r i z a t i o n  and Sendout 

When t h e r e  i s  a  demand f o r  gas from t h e  s a t e l l i t e  f a c i l i t y ,  LNG i s  drawn 

f rom t h e  s to rage  tank,  vapor ized,  and sen t  o u t  t o  t h e  p i p e l i n e .  Vapo r i za t i on  

and sendout a r e  desc r i bed  here.  

The process f l o w  diagram f o r  t h e  v a p o r i z a t i o n  s e c t i o n  i s  shown i n  F i gu re  F.8. 

Assoc ia ted  process s t ream i d e n t i f i c a t i o n s  a re  g i ven  i n  Table  F.2. 

TABLE F.2.  Vapo r i za t i on  and Sendout System 

Stream I d e n t i f i c a t i o n  F l  owrate (MMscfd) 
I D  - D e s c r i p t i o n  

E LNG f rom Storage 12 
Tank t o  Vapor izers  

F Vapor ized LNG t o  12 
P i  pe l  i ne 

G Fuel Gas f rom Pipe- 0.02 
l i n e  t o  LNG Vapor- 
i z e r  

F.3.3.1 Vapor i ze rs  

The v a p o r i z e r s  f o r  t h e  p l a n t  a r e  two submerged combust ion u n i t s ,  each r a t e d  
6 a t  6 x  10  s c f d  capac i t y .  These u n i t s  a r e  designed such t h a t  t h e  burners  exhaust  

h o t  combustion gases d i r e c t l y  downward th rough  a  downcomer and i n t o  a wa te r  b a t h  

below t h e  l i q u i d  su r face ,  as shown i n  F i gu re  F.9. The exhaust  bubbles i n t o  t h e  

wate r  caus ing tu rbu lence ,  m i x i ng ,  and a  " l i f t i n g "  a c t i o n .  T h i s  l i f t i n g  a c t i o n  

f o r c e s  t h e  wate r  up th rough  an annu la r  space c rea ted  by a  w e i r  around t h e  down- 

comer. The wate r  f l o w s  over  t h e  t o p  o f  t h e  w e i r  and i n t o  t h e  more qu iescen t  

tank.  Ba th  temperatures range f rom 90°F t o  130°F. A  hea t  exchanger tube  c o i l  

f o r  t h e  LNG i s  l o c a t e d  i n  t h e  annu la r  space between t h e  w e i r  and t h e  downcomer 

where i t  i s  scrubbed by t h e  warm gas-water m i x tu re ,  thus t r a n s f e r r i n g  hea t  t o  

t h e  LNG and v a p o r i z i n g  i t .  The submerged combustion technique r e s u l t s  i n  a  

v e r y  h i g h  thermal e f f i c i e n c y  o f  94 t o  96% because 1 )  a l l  t h e  wa te r  i n  t h e  com- 

b u s t i o n  p roduc ts  condenses and t h e  h i g h  h e a t i n g  va lue  (HHV) o f  t h e  f u e l  can be 
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FIGURE F. - 9. Cutaway View o f  Submerged Combustion Vaporizer 

used, and 2) t h e  v i o l e n t  turbulence and mix ing of the gas and water r e s u l t  i n  a  

h igh  r a t e  o f  heat  t r a n s f e r  t o  the  tubes. The vapor izers consume gas equ iva len t  

t o  1.5 t o  2.0% o f  t he  LNG vaporized. 

F igure  F. 10 shows the  major components o f  the vapor izers.  The LNG i n l e t  

p ip ing ,  tube bundle, and o u t l e t  p i p i n g  t o  the f i r s t  f lange a r e  a l l  s t a i n l e s s  

s t e e l  cons t ruc t ion .  The r e s t  o f  the o u t l e t  p i p i n g  i s  carbon s t e e l ,  as a re  the  

tank, weir ,  and downcomer. The sec t i on  o f  each downcomer above the  water ba th  

i s  surrounded by a  water j a c k e t  w i t h  cont inuously  c i r c u l a t i n g  water t o  cool  the  

downcomer. A smal l  pump s i t s  a t  the surface o f  the water i n  the  ba th  and pumps 

water t o  the water j a c k e t  on the  burner. The burner, f u e l  gas p ip ing ,  a i r  i n l e t  

p ip ing ,  and blower a r e  a l l  carbon s t e e l .  The o v e r a l l  dimensions o f  t he  vapor izer  

a re  approximately 10 x  12 ft, w i t h  a  he igh t  o f  9 ft. The vapor izer  i s  sur- 

rounded by a  f i b e r g l a s s  b u i l d i n g  f o r  weather p ro tec t i on .  
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FIGURE F.lO. Components of Submerged Combustion Vaporizers 

F.3.3.2 Control System and Instrumentation 

Two major controls are associated with the vaporizers: 

L N G  flow control 

gas ou t l e t  temperature control .  

LNG throughput i s  automatically control led by a pneumatically operated control 

valve in the discharge l i n e  from the sendout pumps. The gas ou t l e t  temperature 

from the  vaporizer i s  controlled by automatic adjustment of the air-operated 

control valves in the fuel gas and a i r  supply l i ne s .  

Water level i n  the  tank i s  controlled by several means. An overflow nozzle 

i s  located a t  the  normal water depth to  prevent high levels .  Water flow in to  

the bath i s  control 1 ed t o  keep the temperature i n  the bath i n  the  proper range. 

A low-level alarm and switch will  override t h i s  temperature control and admit 

additional water i f  the water level f a l l s  too low. 



Other  c o n t r o l s  i n c l u d e  a  pneumatic f ue l - p ressu re  c o n t r o l  va l ve  and a  p i l o t  

1  i n e  w i t h  p ressure  r e g u l a t o r  f o r  t h e  burner .  (The i n s t r u m e n t a t i o n  was shown 

p r e v i o u s l y  i n  F igu re  F.8.) 

The v a p o r i z a t i o n  system i s  equipped w i t h  an automat ic  Vapor ize r  Emergency 

Shutdown (VES) system which, on a c t i v a t i o n ,  a u t o m a t i c a l l y  shuts  down the  vapor- 

i z e r s  and t h e  LNG sendout pumps and i s o l a t e s  t h e  pumps f rom bo th  t h e  vapo r i ze rs  

and t h e  LNG s to rage  tank. The VES can be a c t i v a t e d  manual ly  a t  t h e  vapo r i ze rs  

o r  t he  c o n t r o l  room. The VES can a1 so be a c t i v a t e d  a u t o m a t i c a l l y  by a  temper- 

a t u r e  sensor i n  t h e  gas o u t l e t  l i n e ,  a  UV burner  flame mon i to r ,  o r  t h e  wate r  

b a t h  1  eve1 i n d i c a t o r .  Normal ly  t h e  VES i s  a u t o m a t i c a l l y  a c t i v a t e d .  

F.3.3.3 Procedures 

To s t a r t  t h e  LNG pumps, the  d ischarge  va l ve  t o  t h e  vapo r i ze rs  i s  c losed  

and t h e  pumps a r e  operated on t o t a l  r e c y c l e  u n t i l  they coo l  down. The vapor 

produced by c o o l i n g  t h e  pumps i s  vented back t o  t he  s to rage  tank  through t h e  

1 - i n .  vapor r e t u r n  l i n e .  The burners on t he  vapo r i ze rs  a re  f i r e d  and t h e  viater 

ba th  heated t o  t h e  p roper  ope ra t i ng  temperature (95 t o  130°F). A t  t h i s  p o i n t ,  

t h e  d ischarge  v a l v e  on t h e  pumps i s  opened t o  t he  vapo r i ze rs  and a  smal l  f l o w  

o f  LNG s t a r t s .  The r e s t  o f  t he  s t a r t u p  i s  semi-automatic, w i t h  t h e  burner  

f i r i n g  r a t e  and t h e  LNG f l o w  r a t e  bo th  g r a d u a l l y  increased u n t i l  t he  des i r ed  

flop; r a t e  i s  reached. 

Shutdown o f  t h e  vapo r i ze rs  i s  a l s o  semi-automatic, w i t h  t h e  LNG f l o w  and 

burner  f i r i n g  r a t e  g r a d u a l l y  decreased. The l a r g e  heat -s torage capac i t y  of  

,the wate r  ba th  pe rm i t s  f a i r l y  r a p i d  s t a r t u p  o r  shutdown o f  t h e  v a p o r i z e r  w i t h  

1  i t t l e  v a r i a t i o n  i n  t h e  process out1 e t  temperature.  

The vapo r i ze rs  can a l s o  be shu t  down by t h e  MES and VES systems (see 

Sec t i on  F.4.1). 

F. 3.3.4 Re1 ease Preven t ion  and Contro l  Features 

Each v a p o r i z e r  b u i l d i n g  has two cornbusti b l  e  gas de tec to r s .  An a d d i t i o n a l  

d e t e c t o r  i s  l o c a t e d  near t h e  a i r  b lower o u t s i d e  t he  b u i l d i n g .  Each d e t e c t o r  

has f o u r  i n d i c a t i n g  1  i g h t s  l o c a t e d  on t he  c o n t r o l  panel t o  denote: 



1 .  "Safe" condition 

2.  "Warning" condition, which s ignif ies  a gas concentration of approximately 
25% of the Lower Flammable Limit ( L F L )  of methane. 

3. "Danger" condition, which indicates a gas concentration of approximately 

60% or  greater of LFL ( t h i s  condition also sounds an alarm). 

4. "Trouble," which indicates a malfunction of the gas detection system. 

The warning condition autoniatical ly activates a high-rate ventilating fan to 

reduce the gas concentration in the vaporizer building. If the danger condition 

s t i l l  resu l t s ,  the fan i s  turned off and the building openings closed automatically. 

The Halon f i r e  extinguisher system i s  then discharged automatically. 

The f i r e  extinguishment system in the vaporizer building i s  a Halon (halo- 

genated hydrocarbons 1301 and 121 2 )  inerting and f i r e  extinguishment, total  

flooding system. This system can be used not only to extinguish natural gas 
f i r e s  b u t  also to iner t  an enclosure and prevent an explosion. The Halon system 

i s  activated by a UV detector sensit ive to the ul t raviolet  radiation from flames. 

I t  can also be activated by the combustible gas detection system. 

The UV f i r e  detectors have very f a s t ,  adjustable ( 0  to 30 seconds) response 

times. They detect very small f i r e s  in any wind condition. However, the UV 

sensors tend to give fa l se  alarms from such things as reflected welding arcs ,  

and they use AC power and thus are  sensit ive to induced currents and power 

fluctuations.  The detectors are often turned off when construction or maintenance 

requires welding in the area. Activation of the Halon or other f i r e  fighting 

systems requires simultaneous signals from two UV detectors located in the same 

area. 

The f i r s t  flange on the vaporizer out le t  piping marks the change from cryo- 

genic materials for  L N G  (aluminum al loy)  t o  carbon steel construction for  
natural gas. As a resu l t ,  the vaporizer contains several safeguards to ensure 

tha t  cold L N G  does not reach the carbon steel piping where i t  could cause a 

f a i lu re  due to embrittlement. All burners are  equipped with UV flame detectors 

tha t  alarm in the control rooni in the event of flameout. The UV detector can 

also be t ied in t o  the VES to shut down the vaporizer in case of a burner flame- 

out. The water bath contains a s ignif icant  amount of thermal storage, thus pre- 
venting immediate carryover of LNG to the out le t  piping a f t e r  burner flameout. 



The o u t l e t  1  i n e  a l s o  has two temperature sensors t h a t  a r e  independent ly  t i e d  

t o  alarms i n  t h e  c o n t r o l  room and t o  t h e  VES. The water  ba th  i s  equipped w i t h  

an e l e c t r i c  hea te r  t o  h e l p  p reven t  f reeze-up o f  the  ba th  d u r i n g  abnormal opera- 

t i n g  cond i t i ons ,  p a r t i c u l a r l y  shutdown. 

F.4 GENERAL PLANT INFORMATION 

The f o l l o w i n g  subsect ions p rov ide  general  i n f o r m a t i o n  on va r i ous  aspects 

o f  t he  LNG s a t e l l i t e  f a c i l  i t y  and i t s  opera t ion .  

F. 4.1 Emergency Shutdown Sy s  tern 

The ope ra t i on  and a c t i v a t i o n  o f  t he  Emergency Shutdown (ESD) system f o r  

t h e  sate1 1  i t e  f a c i l  i t y  a r e  descr ibed  here. 

F. 4.1 .1 Opera t ion  o f  Emergenc,~ Shutdown System 

The p l a n t  emergency shutdown system c o n s i s t s  o f  two separate systems, t h e  

Master  Emergency Shutdown (MES) and t he  Vapor ize r  Emergency Shutdown (VES). 

The MES a1 lows t he  r a p i d  shutdown o f  t he  p l a n t  and i s o l a t i o n  o f  t h e  va r i ous  

p l a n t  systems. When a c t i v a t e d ,  t h e  MES a u t o m a t i c a l l y  i n i t i a t e s  t h e  f o l l o w i n g  

ac t i ons :  

1 .  E l e c t r i c a l  supp l i es  t o  a1 1  normal p l a n t  c i r c u i t s  a r e  de-energized; e s s e n t i a l  

p l a n t  e l e c t r i c a l  equipment (e.g., f i r e  pumps, f i r e  and gas de tec to r s ,  f i r e  

sys tern v a l v e  ope ra to r s )  remains energized. 

2. Na tu ra l  gas va lves  a t  p l a n t  boundaries a r e  c losed  t o  i s o l a t e  t h e  p l a n t  f rom 

t h e  n a t u r a l  gas p i p e l i n e .  These va lves  i nc l ude :  

gas f rom vapo r i ze rs  

b o i l o f f  gas f rom s to rage  tank  

f u e l  gas t o  vapo r i ze rs .  

3 .  The LNG tank  and d i k e  area i s  i s o l a t e d  f rom t h e  remainder o f  t h e  p l a n t  by 

t h e  f o l l o w i n g :  

va lves  a t  t h e  LNG pump s u c t i o n  a r e  c losed  

LNG pump motors a r e  shu t  down 

b l o c k  va lves  between t h e  LNG pumps and t h e  vapo r i ze rs  a r e  c losed.  



4. A telemetric signal "MES Tripped" i s  transmitted to company's head 

off ice.  

5. With loss of instrument a i r ,  a l l  control valves go t o  the i r  fa i l - safe  

positions. 

6 .  Gas from a l l  gas handling equipment and lines i s  vented through the re l ie f  

header to the vent stack. 

The second shutdown system, the VES, allows the rapid shutdown and isolation 

of a l l  L N G  sendout systems. When activated, the VES autoniatically in i t i a t e s  the 

following actions: 

1 .  The following natural gas valves a t  the plant boundaries are closed: 

gas from vaporizers 

fuel gas to vaporizers. 

2 .  LNG pump motors are shut down. 

3. Elock valves between the pumps and the vaporizers are closed. 

4. Pump suction valves on the 1 iquid withdrawal 1 ines are  closed. 

5. Gas from a l l  gas handling equpiment and lines i s  vented through the re l ie f  

header t o  the vent stack. 

The MES and V E S  c i rcu i t s  are energized with a 525-kW, gas-engine-driven 

generator, with a second uni t  for  100% standby, that  maintains these systems 

energized and ready for  operation. When these ci rcui t s  are de-energi zed ( f a i  1 - 
sa fe ) ,  the emergency shutdown actions described above are  in i t ia ted .  

F .  4.1.2 Activation of Emergency Shutdown System 

Both the MES and VES can be activated nianually a t  the control room and a t  

the two plant ex i t  gates. The MES can also be operated automatically by the 

ul t raviolet  ( U V )  f i r e  detectors that  monitor the following areas: 

1 . conipressor building 

2.  vaporizers 

3. L N G  pumps 

4. piping on or adjacent to pipe racks next t o  compressor building. 



The VES i s  normally a c t i v a t e d  au tomat ica l ly  by a  temperature sensor  i n  t h e  

vapor i ze r  gas out1 e t  1  i ne  (1 ow tempera ture) ,  by the  UV f  1  ame monitors on t h e  

vapor i ze r  burners (burner  f lameout ) ,  o r  by the  water bath leve l  i n d i c a t o r  (low 

1 e v e l ) .  

F.4.2 P l a n t  F i r e  P ro t ec t ion  

A combination of dry chemical,  high-expansion foam, and water systems has 

been i n s t a l l e d  a t  t h e  p l a n t  f o r  f i r e  p ro t ec t ion .  

Water from a 750,000 gal s to rage  tank i s  provided t o  a  10-in.  d u c t i l e - i r o n ,  

f i r e -wa te r  loop by an engine-driven f i r e  pump. A second engine-driven pump 

provides a 100% standby. F i r e  plugs with hose, nozzles ,  and hose cab ine t s  a r e  

l oca t ed  throughout t h e  p l a n t .  Nozzles a r e  a combination stream and fog type with 

s h u t o f f .  

Monitor nozzles  a r e  s t r a t e g i c a l l y  loca ted  t o  provide cool ing  water  f o r  major 

p l a n t  components. Monitor nozzl e s  a r e  handwheel operated f o r  e l e v a t i o n ,  w i t h  

lockable  ba l l  -bearing swivel bases f o r  f u l l  360" horizontal  r o t a t i o n .  Elevat ion 

i s  by wheel-operated worm gea r ,  which locks p o s i t i v e l y  unless  t h e  wheel i s  

turned.  Each nozzle ,  d i scharg ing  350 gpm, i s  a d j u s t a b l e  f o r  s t r a i g h t  s t ream, 

narrow fog ,  o r  wide fog water p a t t e r n .  

Localized irnpoundnient wel l s  made of i n su la t ed  concre te  a r e  provided f o r  

t ruck  unloading s t a t i o n s ,  vapor izers ,  and sendout pumps. Manual dry chemical 

systems with hose 1 i ne s  a r e  provided t o  make dry chemical a v a i l a b l e  t o  p l a n t  

equipment . 
High-expansion foam i s  produced by water-motor-driven f ans  suppl ied  w i t h  

a  mixture of foam concen t r a t e  (biodegradable d e t e r g e n t )  and water  a t  f i r e  main 

p re s su re  of 125 ps ig .  These u n i t s  produce foam having an expansion r a t i o  of 

500:l i n  s u f f i c i e n t  quan t i t y  t o  maintain a  3 - f t - t h i c k  b lanket  of foam over a l l  

impounding a reas .  This  b lanket  se rves  t o  warm the  vapors produced by a  s p i l l ,  

providing cont ro l  of t h e  vapor cloud by reducing the  d i s t a n c e  of t r a v e l  t o  reach 

a temperature of p o s i t i v e  buoyancy. I t  a l s o  se rves ,  i n  case  of i g n i t i o n ,  t o  

reduce both t h e  e f f e c t  of r a d i a n t  energy from a f i r e  and t h e  r a t e  of pool eva- 

po ra t ion ,  reducing t h e  hea t  r e l e a s e  t o  5% of t he  amount with no foam blanket .  



I n  the event of a s p i l l ,  high-expansion foam generators are activated auto- 

matically by a temperature sensor in the impoundment sump, and both high-expan- 

sion foam and dry chemical units are  activated by U V  detectors i f  ignition takes 

p l  ace. 

F.4.3 Venting 

A1 1 gas 1 i nes and gas hand1 ing equipment, incl udi ng those in the loading 

area, can be vented to the vent stack through the vent gas header. Gas i s  not 

normally vented except in the case of an emergency shutdown, when the MES auto- 

matically vents a l l  gas l ines and gas handling equipment. The LNG sendout pumps 

are  vented back t o  the storage tank via the 1-in. vapor return l ine .  

The storage tank has two pressure re1 ief valves that  vent to the atmosphere. 

Normal off gas from the storage tank i s  handled by the boiloff compressor. The 

re l ie f  valves open only when needed to protect the tank from overpressure. 

All vessels or sections of L N G  l ines that  can be isolated with LNG in them 

and allowed to warm are protected by re l ie f  valves venting to the atmosphere. 
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APPENDIX G 

ANALYSES O F  REPRESENTATIVE R E L E A S E  EVENTS 

Representative re1 ease events for the L N G  faci 1 i t i e s  considered i  n th i s  

study are developed in Sections 3 through 7 .  These representative release 

events are  analyzed in th is  appendix. Included in the analysis of each 

release event are:  

possible in i t ia t ing  events leading to the potential release 

6 resul ts  and effects  of release prevention and control systems (includes 

magnitude of re1 ease) 

o additional information required for more accurate or complete analysis 

of the event 

potential design and operational changes that  could prevent or reduce 

the consequences of the release. 

The arialyses presented here are only prel iminary . Kore detai 1 ed technical 

and cost evaluations are  needed before any specific design modifications can be 

recommended. 

In most cases, the release quantit ies calculated in th is  appendix are 

niaximutns, based on plant throughput capacities and component inventories given 

in the f a c i l i t y  descriptions (Appendices B through F )  . Several simp1 ifying 

assumptions are made t o  f a c i l i t a t e  the analyses: 

1 .  Shutdown times are chosen to  be r e a l i s t i c  and representative of actual 

times for the event in question. In most cases, two shutdown times are 

considered: 1 niinute for automatic or manual shutdown with the emergency 

shutdown (ESD) system and 10 minutes for  manual shutdown without the 

ESD ( e  . g . ,  ESD fai  1 s  t o  operate).  

2 .  Leak rates  are assumed to be step functions, with the flow continuing 

a t  a constant level for  the specified time and then ceasing instantaneously. 

I t  i s  recognized that  t h i s  i s  somewhat inaccurate in tha t ,  as shutoff 

valves close, the flow will gradually be reduced. However, because of a 



l a c k  o f  good da ta  and t h e  p r e l i m i n a r y  na tu re  o f  these analyses, t h e  

approach used i s  judged t o  be s u f f i c i e n t l y  accura te .  

3. Due t o  a  l a c k  o f  good data,  no speed-up o f  pumps ( o r  compressors) i s  

assumed t o  r e s u l t  f rom breaks i n  t h e  1  i n e s  p ressu r i zed  by t h e  pumps ( o r  

conlpressors), even though t h e  drop i n  back p ressure  i s  1  i k e l y  t o  a l l o w  

a  c e r t a i n  amount o f  speed-up t o  occur .  

4. Holdup o f  LNG and n a t u r a l  gas i n  l i n e s  and equipment d ra i ned  by a  l eak  

i s  c a l c u l a t e d  t o  be r e a l  i s t i c  ( i  .e. ,  r e p r e s e n t a t i v e  o f  a c t u a l  c o n d i t i o n s  

a t  t h e  f a c i l i t y ) .  

Any o t h e r  assumptions used a re  descr ibed  i n  t h e  s p e c i f i c  analyses t o  which they  

app l y .  

G . l  REPRESENTATIVE RELEASE EVENTS FOR THE LNG EXPORT TERMINAL 

The p o t e n t i a l  r e l e a s e  events  chosen t o  be r e p r e s e n t a t i v e  o f  t h e  r e fe rence  

LNG e x p o r t  t e rm ina l  a r e  1  i s t e d  i n  Table  G . 1 .  (The f a c i l i t y  d e s c r i p t i o n  o f  

t h e  r e fe rence  e x p o r t  t e rm ina l  appears i n  Appendix B . )  The analyses o f  t h e  

i n d i v i d u a l  events  a r e  presented be1 ow. 

TABLE G.1. Represen ta t i ve  Release Events f o r  an LNG Expor t  Terminal  

1.  Rup tu re  o f  t h e  3 6 - i n .  main t r a n s f e r  l i n e  between t h e  l o a d i n g  pumps and 

t h e  dock .  

2 .  Rup tu re  o f  t h e  2 4 - i n .  l i q u i d  o u t l e t  l i n e  between t h e  s t o r a g e  tank  and t h e  

f i r s t  b l o c k  v a l v e .  

3. Rup tu re  o f  a  1 6 - i n .  l o a d i n g  arm 

4. S to rage  t a n k  p r e s s u r e  r e l i e f  v a l v e s  open 

5 .  S to rage  t a n k  vacuum r e l i e f  v a l v e s  open.  

6. I n n e r  t a n k  i s  o v e r f i l l e d  w i t h  LNG. 

7.  Complete f a i l u r e  . o f  s t o r a g e  tank .  

8 .  Rup tu re  o f  1 8 - i n .  f eed  gas l i n e  i n  l i q u e f a c t i o n  t r a i n .  

9. Rup tu re  o f  20 - in .  mixed r e f r i g e r a n t  l i q u i d  p i p i n g  between h i g h  p r e s s u r e  

s e p a r a t o r  and ma in  c r y o g e n i c  h e a t  exchanger .  

10.  Rup tu re  o f  1 0 - i n .  n o z z l e  t o  p ropane lm ixed  r e f r i g e r a n t  exchanger .  

11. F a i l u r e  o f  a  r e f r i g e r a n t  compressor  (p ropane  o r  mixed r e f r i g e r a n t )  

12.  Rup tu re  o f  1 2 - i n .  t r a n s f e r  l i n e  f r o m  l i q u e f a c t i o n  a rea  t o  t h e  s t o r a g e  

t a n k s .  

13. Rup tu re  o f  o u t l e t  n o z z l e  o r  p i p i n g  on r e f r i g e r a n t  s t o r a g e  t a n k s  (p ropane ,  

e t h y l e n e ) .  



G.1.1 Rupture of t h e  36-in. Main Transfer  Line Between the  Loading Pumps and 

t h e  Dock 

Possible  I n i t i a t i n g  Events 

Fa i lu re  of valve c losu re  control  mechanism causes valve t o  c lose  

too f a s t  and t h e  r e s u l t i n g  f l u i d  hammer overpressures the  l i n e .  

(low probabil i  t y )  

The l i n e  i s  blocked and f i l l e d  with L N G  and the  d ra in  system i s  not 

a c t i v a t e d .  The l i n e  heats  up and the  r e l i e f  valves do not funct ion  

properly,  causi ng the  1 i  ne t o  overpressure.  (1 ow probabi 1 i  t y )  

Fatigue f a i l u r e  from thermal cycl ing and pressure  cyc l ing .  (The 

t r a n s f e r  l i n e  i s  normally kept a t  opera t ing  temperature and pressure  

by c i r c u l a t i n g  LNG. ) (low p r o b a b i l i t y )  

Fa i lu re  of valve body o r  pipe f i t t i n g s .  (low p r o b a b i l i t y )  

Fa i lu re  a t  t h e  expansion j o i n t .  (medium p r o b a b i l i t y )  

S t r e s ses  t o  t r e s t l e  support  from l a r g e  waves, winds, o r  ear thquakes.  

(low p r o b a b i l i t y )  

Results and Effec ts  of Release Prevention and Control Systems 

ESD shuts  o f f  t h e  loading pumps within 1 minute of s p i l l ,  l i m i t i n g  

r e l e a s e  t o  contents  of t h e  l i n e ,  170,000 ga l lons .  

ESD i s  not a c t i v a t e d  o r  f a i l s  t o  respond. I t  t akes  opera tor  10 

minutes t o  shut  down system. The maximum r e l e a s e  i s  670,000 ga l lons .  

I f  the  s p i l l  occurs a t  t he  dock, i t  w i l l  d ra in  i n t o  a  containment 

a r e a .  I f  t h e  s p i l l  occurs in  the  middle of t h e  t r e s t l e ,  i t  w i l l  

d ra in  i n t o  t h e  ocean. I f  t he  s p i l l  occurs  near the  loading pumps, 

i t  wi l l  d ra in  i n t o  t h e  diked a rea .  

Additional Information Required 

What a r e  t h e  d e t a i l s  of t he  ESD, i . e .  , how f a s t  i t  would be a c t i v a t e d  

and how f a s t  i t  i s o l a t e s  the  system? 

What a r e  t h e  d e t a i l s  of d ra in  system--if a break occurs ,  how f a s t  

and how much of t h e  l i n e  can be drained i n t o  a  containment a rea?  



What i s  t h e  f a i l u r e  f requency o f  long, l a r g e  c r yogen i c  p ipes  and 

f i t t i n g s ?  

P o t e n t i a l  Design and Opera t iona l  Changes 

o I n s t a l l  a double-p ipe t r a n s f e r  l i n e  o r  some t ype  o f  enc losure  around 

t r a n s f e r  l i n e  t o  c o n t a i n  a  s p i l l .  

Two sma l l e r  l i n e s  (e.g., 24 i n . )  cou ld  be used i n s t e a d  o f  t h e  l a r g e  

36 - i n .  l i n e .  The sma l l e r  va lves ,  expansion j o i n t s ,  and o t h e r  f i t t i n g s  

may be more r e l i a b l e ,  thus  r educ ing  t he  p r o b a b i l i t y  o f  f a i l u r e .  



6.1.2 Rupture of the 24-in. Liquid Outlet Line Between the Storage Tank and 

the F i rs t  Block Valve 

Possible Ini t ia t ing Events 

Fatigue fa i lure  from pressure and thermal cycling. (low probability) 

Failure of block valve or pipe f i t t i n g .  (low probability) 

Failure of expansion joint .  (medium probability) 

Fluid hammer. (low probability) 

Results and Effects of Release Prevention and Control Systems 

Gas detector warns operator who closes the internal block valve. 

Elapsed time - one minute, maximum spi l l  volume - 110,000 gallons. 

Gas detectors f a i l  or operator ignores warning and internal valve 
6 i s  n o t  closed fo r  10 minutes. Maximum sp i l l  - 1.1 x 10 gallons. 

Internal valve f a i l s  and cannot be closed. Entire tank contents 

are  spi l led.  Maximum sp i l l  i s  23 x lob gallons. 

Spi l l s  will be contained by diked area around the storage tanks. 

Additional Information Required 

What i s  the fa i lure  frequency of large cryogenic pipes and f i t t i ngs?  

What are the de ta i l s  on operation of the internal valve and possibi l i ty  

of fa i lure?  

Potential Design and Operational Changes 

Internal block valve could be activated by the Master Emergency 

Shutdown system. 



G.1.3 Leak o r  Rupture o f  a  16 - i n .  Loading Arm 

Poss ib l e  I n i t i a t i n g  Events 

e Bad make-up o f  t h e  f l a n g e  connec t ion  w i t h  t he  sh ip .  (nedium p r o b a b i l i t y )  

Loading-arm sv i ive l  j o i n t  f a i l s  f rom excess ive mot ion  o r  l a c k  o f  

i n s p e c t i o n  and maintenance. (medium p robab i l  i t y )  

e Fat igue  f a i l u r e  f rom thermal and p ressure  c y c l i n g .  ( l ow  p r o b a b i l i t y )  

The l o a d i n g  arm i s  b locked i n  and n o t  d ra ined .  The l i n e  heats  up 

and t h e  r e l i e f  va lves do n o t  f u n c t i o n  p rope r l y ,  caus ing t h e  l i n e  

t o  f a i  1  f rom overpressure.  ( l ow probabi  1  i t y )  

o F a i l u r e  o f  h y d r a u l i c  power u n i t  p reven ts  arm f rom moving f r e e l y ,  

r e s u l t i n g  i n  r u p t u r e  o f  arm. ( l o w  p r o b a b i l i t y )  

s Emergency uncoupl i n g  p r i o r  t o  s h u t t i n g  down system. ( l ow  p robab i  1  i t y )  

F a i l u r e  o f  mot ion  i n d i c a t o r  t o  a c t i v a t e  ESD system i n  t h e  even t  o f  

excess ive  s h i p  mot ion  causes r u p t u r e  o f  l o a d i n g  arm. ( l ow  probabi  1  i t y )  

e Another vesse l  c o l l i d e s  w i t h  LNG tanker  w h i l e  i t  i s  docked. ( l ow  

p r o b a b i l i t y )  

Resu l t s  and E f f e c t s  o f  Release Preven t ion  and Cont ro l  Systems 

o The ESD shu ts  o f f  l o a d i n g  pumps and c loses  b l ock  va lves  w i t h i n  1  m inu te  

a f t e r  s p i l l .  Maximum s p i l l  volume would be 14,000 g a l l o n s .  

e The ESD i s  n o t  a c t i v a t e d  o r  f a i l s  t o  respond, and i t  takes  10 minutes 

f o r  o p e r a t o r  t o  shu t  down system. Maximum re l ease  i s  140,000 g a l l o n s .  

e S p i l l s  w i l l  d r a i n  i n t o  t h e  containment area under l o a d i n g  arms, 

except  f o r  s p i l l s  a t  f l a n g e  connec t ion  which cou ld  s p i l l  on to  s h i p  

and i n t o  t h e  water .  

Leaks f rom sw ive l  j o i n t s  and o t h e r  f a i l u r e s  cou ld  spray a l l  over  

dock area. 

A d d i t i o n a l  I n f o r m a t i o n  Required 

@ What a r e  t h e  d e t a i l s  o f  o p e r a t i o n  o f  t h e  ESD, i - e . ,  how f a s t  a  s p i l l  

i s  de tec ted  and how soon t he  ESD shu ts  down t h e  system? 

What i s  t h e  f a i l u r e  f requency o f  c ryogenic ,  mar ine l o a d i n g  arms? 



G.1.4 Storage Tank Pressure  Safe ty  Valves Relieve. 

I f  t hese  valves f a i l  on demand o r  t h e i r  capac i ty  (792,000 1  b /h r )  i s  exceeded, 

t he  s to rage  tank could f a i l  from overpressure.  

Poss ib le  I n i t i a t i n g  Events 

Refr igerant  systems s h u t  down but natural  gas flow i s  not stopped 

e i t h e r  by temperature ove r r ide  of flow cont ro l  valve o r  manually 

by t h e  ope ra to r .  Tank reaches vent  pressure  i n  two minutes and 
4  vent r a t e  i s  350,000 l b l h r .  (9 .4  x 10 equ iva l en t  ga l lons  l i q u i d )  

(medi u m  probabi 1 i  t y  ) 

L N G  leaving l i q u e f a c t i o n  t r a i n  i s  not s u f f i c i e n t l y  cooled because 

of f a i l u r e  of t h e  l i q u e f a c t i o n  process cont ro l  equipment o r  because 

c o n t r o l l e r  s e t p o i n t s  a r e  wrong. I f  temperature i s  wi th in  14°F of 

tank s a t u r a t i o n  temperature,  bo i lo f f  compressor wi l l  handle vapor 

produced. I f  temperature i s  17°F above s a t u r a t i o n ,  t he  tank wi l l  

reach r e l i e f  pressure  i n  20 t o  60 minutes and the  vent r a t e  would be 
3 3 8,000 t o  26,000 l b l h r .  (2 .2 .  x 10 t o  7.0 x 10 equiva len t  ga l lons  

1 i q u i d )  (medium probabi 1 i  t y )  

Rollover - t h e  amount of vapor vented depends on excess thermal energy 

of  feed and on f i l l i n g  r a t e .  (low p r o b a b i l i t y )  

e Boiloff  compressor o r  pressure  c o n t r o l l e r  f a i l s  and no vapor i s  

removed from t h e  tank ( e . g . ,  power f a i l u r e ) .  A t  normal bo i lo f f  

r a t e s ,  i t  would t ake  4  t o  5 days t o  reach vent  pressure .  Vent r a t e  
2  2000 l b l h r .  (5 .4  x 10 equ iva l en t  ga l lons  l i q u i d )  (medium p r o b a b i l i t y )  

In su la t ion  f a i l u r e  - t h i s  i s  not l i k e l y  t o  cause overpressure ,  a s  

t o t a l  f a i l u r e  would only inc rease  bo i lo f f  t o  5000 l b / h r ,  which can 

be handled by one compressor. ( 1 . 3  x 10"~uivalent ga l lons  l i q u i d )  

(low p r o b a b i l i t y )  

Resul ts  and Ef fec t s  of Release Prevent ion and Control Systems 

Vapor re1 eased by re1 i e f  valves wi 11 be denser  than the  a i r  and wi 11 

tend t o  d r i f t  downward. 



I f  t h e  r e l i e f  va lves  f a i l ,  t h e  tank cou ld  overpressure and s p l i t .  

S p l i t  would most l i k e l y  occur  a t  r o o f - w a l l  seam and o n l y  vapor 

woul d  be re1  eased. 

a F a i l u r e  a t  r o o f  j o i n t  cou ld  p o s s i b l y  cause f a i l u r e  o f  e n t i r e  tank .  

e There i s  l i t t l e  chance o f  r o l l o v e r  o c c u r r i n g  i f  feed  compos i t i on  i s  

cons tan t  and l i q u e f a c t i o n  o p e r a t i o n  i s  normal.  

e Tank con ta i ns  t o p  and bot tom f i l l  nozz les.  The bot tom f i l l  nozz le  

empt ies i n t o  a  60 - i n .  s t i l l i n g  w e l l  and f l ashes  a t  tank  c o n d i t i o n s .  

The l i q u i d  i s  d ispersed  o u t  ho les  a t  t h e  bottom o f  t h e  w e l l .  

If l i g h t  feed  i s  bot tom f i l l e d  and heavy feed  t o p  f i l l e d ,  chances of 

s t r a t i f i c a t i o n  a r e  l e s s .  

I f  t h e  t ank  became s t r a t i f i e d  and r o l l o v e r  occurred,  t h e  r e s u l t i n g  

vapor produced would be reduced by t h e  f a c t  t h a t  a l l  feed  i s  f l a s h e d  

a t  t ank  c o n d i t i o n s .  The r e s u l t i n g  vapor produced would be equal 

t o  t h e  hea t  l e a k  i n t o  t h e  bot tom l a y e r .  

A d d i t i o n a l  I n f o r m a t i o n  Required 

e What i s  t h e  f requency o f  r e l i e f  va l ve  f a i l u r e  and t h e  e f f e c t  o f  

i n s p e c t i o n  and t e s t i n g  on f requency o f  f a i l u r e ?  

0 What a r e  t h e  f requenc ies  o f  l i q u e f a c t i o n  p l a n t  upsets  and p roduc t  

c o n t r o l  va l ve  f a i l  u res?  Combination cou ld  l e a d  t o  overp ressure  o f  

t ank .  

I f  tank  overpressures and r e l i e f  va lves  f a i l  o r  a re  n o t  l a r g e  enough, 

where w i l l  t ank  f a i l  and what i s  l i k e l i h o o d  o f  t h e  whole t ank  c o l l a p s i n g ?  

P o t e n t i a l  Design and Opera t iona l  Changes 

Design t ank  t o  w i t hs tand  h i ghe r  pressures.  

Design t ank  t o  s p l i t  a t  r o o f / w a l l  seam, l e a v i n g  bot tom c o n t a i n e r  

i n t a c t  i n  t h e  event  o f  overpressure.  ( T h i s  i s  no rma l l y  t h e  case 

f o r  LNG tanks . )  



6.1.5 Storage Tank Underpressures and Vacuum Relief Valves Open. 

If these valves f a i l  or are not large enough, storage tank could collapse. 

Possible In i t ia t ing  Events 

The following events can cause the pressure in the storage tank to  

f a l l :  

- Pressure control system f a i l s  or i s  inoperable and b o t h  boiloff 

ccmpressors are  run a t  fu l l  speed. Will take 36 minutes to 

reach vacuum re1 ief pressure. (medi uni probabi 1 i ty )  

- No vapor i s  returned to tank during ship loading. The tank will 

reach 0.03 psig in 1 2  minutes. (niediuni probability) 

Results and 'Effects of Release Prevention and Control Systems 

In each of these cases, the emergency gas supply system would be auto- 

matically activated before the re l ie f  valves would open. For the re l ie f  

valves to  open, the emergency gas supply system would have to  f a i l  to  operate 

or not have a large enough capacity. 

Additional Information Reauired 

e Capacity of emergency gas supply system and frequency of fa i lure  of 

control valve and control 1 er .  

a Frequency of re l ie f  valve fa i lure  and effect  of inspection and test ing 

on frequency of fa i lure .  

Potential Design and Operational Changes 

Design tank to  withstand higher vacuum. 



6.1.6 The Storage Tank i s  Overfilled with L N G .  

The L N G  covers the suspended ceil ing a n d  flows down the annular space bet- 

ween the tank walls. 

Possible Ini t ia t ing Events 

Two levels of fa i lure  are required: 

- High level alarm f a i l s ,  or level indicator gives improper reading, 

or operator ignores high level alarm. 

- The high-high level signal f a i l s  t o  activate shutdown system or 

level indicator gives improper reading and does not act ivate  

alarm. (low probabi 1 i  t y )  

Liquid sloshes over inner wall due to horizontal acceleration of the 

tank from earthquake. (low probability) 

Results and Effects of Release Prevention and Control Systems 

a The consequences of overf i l l  are hard to determine. The insulating 

properties of the per l i te  in the annular space would be reduced, 

increasing heat leakage to  2-112 times normal. ,-he outer carbon 

steel shell could f a i l  and the roof f a l l ,  causing the inner tank to  

f a i l  . 
The inner tank has 13 f t  of freeboard (distance from maximum liquid 

level t o  top of tank) to  prevent l iquid from sloshing over. 

Additional Information Reauired 

e What e f fec t  would overflow have on the following parts of the tank? 

- Suspended ceil ing 

- Insulation 

- Outer tank 

a Details on level indicator and likelihood of i t  giving an incorrect 

reading . 

Potential Design and Operational Changes 

Construct outside tank of niaterials suitable for  cryogenic service. 



Provide the tank with an overflow l ine  t o  prevent sp i l l ing  into 

the annular space between the inner and outer tanks. 



G.1.7 Storage Tank Fails. 

7 Size of sp i l l  could be u p  to 550,000 bbls (2.3 x 10 gallons) fo r  a total  

fa i lure .  

Possible In i t ia t ing  Events 

Overpressure or underpressure of outer tank (see other release events) 

Sabotage (low probabi 1 i t y )  

Large earthquake (1 ow probabi 1 i ty ) 

Airplane crash (low probabi 1 i t y )  

e Fire and explosion in other sections of the plant ( low probability) 

Stress from thermal and pressure cycling (low probability) 

Stress corrosion (1 ow probabi 1 i t y )  

Fai 1 ure of shel 1 -to-roof we1 ds, nozzle we1 ds, or shel 1 -to-bottom 

we1 ds (1  ow probabi 1 i ty )  

Differential se t t l ing  of foundation or frostheave resulting from 

heater fa i lure  (low probability) 

Results and Effects of Release Prevention and Control Systems 

0 Overpressure or underpressure do not necessarily cause complete 

f a i  1 ure. 

The high, small-diameter dike surrounding the tank holds 133'% of 

fu l l  tank contents. 

Additional Information Required 

What i s  the e f fec t  of f i r e  or explosions in other sections of the 

plant on the storage tank? 

What e f fec t  will collapse of the tank have on the structural integri ty  

of the dike? 

@ What design factors are included t o  account for cycling s t resses? 

Potential Design and Operational Changes 

Build the tank underground. 



G.1.8 Rupture of 18 - i n .  Feed Gas L i n e  i n  L i q u e f a c t i o n  T r a i n .  

Poss ib l e  I n i t i a t i n g  -- Events 

A l e a k  f r om  c o l d  l i n e  con tac t s  carbon s t e e l  l i n e  and causes i t  t o  
f a i  1  . (medi um probabi  1 i t y )  

Fa t i gue  f r om s t a t i c  and c y c l i c  s t r esses .  ( l o w  p r o b a b i l i t y )  

e F a i l u r e  o f  v a l v e  body o r  p i pe  f i t t i n g .  ( l ow  p r o b a b i l i t y )  

Resu l t s  and E f f e c t s  o f  Release Preven t ion  and Con t ro l  Systems 

There a r e  no gas d e t e c t o r s  i n  area, so o p e r a t o r  would have t o  n o t i c e  

s p i l l  - l ow  p ressure  i n  p i p e l i n e  would be an i n d i c a t i o n  o f  a  break. Depend- 

i n g  on how l o n g  i t  takes t o  i s o l a t e  t h e  system, t h e  maximum re leases  would 

be: 

1  m inu te  

10 minutes 

5 3 1.7 x  10 s c f  (2.1 x  10 e q u i v a l e n t  
g a l l o n s  1  i q u i d )  

6 4 1 .4  x  10 s c f  (1.7 x  10 e q u i l v a l e n t  
g a l l o n s  l i q u i d )  

A d d i t i o n a l  I n f o r m a t i o n  Requi red 

Does p ressure  i n d i c a t o r  i n  t h e  l i n e  a la rm i n  t h e  c o n t r o l  room? I s  

t h e r e  o t h e r  i ns t r un len ta t i on  t h a t  would i n d i c a t e  a  p i p e  break? 

How l o n g  would i t  take  o p e r a t o r  t o  i s o l a t e  t h e  system? 

P o t e n t i a l  Design and Opera t iona l  Changes 

Pu t  combus t ib le  gas d e t e c t o r s  i n  l i q u e f a c t i o n  area. 

e Pressure i n d i c a t o r  i n  f eed  gas l i n e  cou ld  a c t i v a t e  t h e  MES i n  t h e  

even t  of l ow  o r  h i g h  pressure.  

The MES c o u l d  i n c l u d e  i s o l a t i o n  va l ves  i n  t h e  l i q u e f a c t i o n  system. 



G .  1 .9 Rupture of 20-in. Nixed Refr igerant  Liquid Piping Between High Pressure 

Separator  and Main Cryogenic Heat Exchanger. 

Poss ib le  I n i t i a t i n g  Events 

Fatigue from thermal cycl ing.  (low p robab i l i t y )  

Fatigue from pressure cycl i  ng. (low probabi 1 i  t y )  

Fai 1 ure of expansion j o i n t  t o  opera te  properly.  (medi urn probabi 1 i  t y )  

Fa i lu re  of  valve body o r  pipe f i t t i n g .  (low p r o b a b i l i t y )  

Fluid hammer from f a s t  valve c losu re .  (low p r o b a b i l i t y )  

Resul ts  and Effec ts  of Release Prevention and Control Systems 

L N G  product valve would reduce or  s top  the  feed gas flow because of  lack 

of cool ing .  Refr igerant  cyc les  would go t o  t o t a l  recycle .  Operator would 

have t o  recognize s p i l l  and i s o l a t e  system. En t i r e  inventory of 4000 ga l lons  

would be l o s t  in  1 minute. 

Additional Information Required 

0 A l a r g e  port ion of t he  r e f r i g e r a n t  inventory would be exhausted 

before t h e  opera tor  could i s o l a t e  the  system. The s i z e  of t he  

s p i l l  would depend on the fol lowing:  

- inventory i n  t h e  system 

- por t ion  of t h e  inventory t h a t  could escape through the  break. 

o Frequency of f a i l u r e  of piping,  f i t t i n g s ,  and vesse l s  in r e f r i g e r a n t  

systems. 

Poss ib le  Design and Operational Changes 

See niodifications l i s t e d  in  Sect ion G.1.8. 



G .  1.10 R u ~ t u r e  of 10-in.  I n l e t  Nozzle t o  Pro~ane/Mixed Refr iaerant  Exchanaer. 

Possible  I n i t i a t i n g  Events 

Fatigue f a i l u r e  from thermzl cycl ing.  (low probabil i t y )  

* Fatigue f a i l u r e  from pressure cyc l ing .  (law p r o b a b i l i t y )  

Fa i lu re  of valve body o r  pipe f i t t i n g .  (low p r o b a b i l i t y )  

Resul ts  and Effec ts  of Release Prevention and Control Systems 

L N G  product valve would reduce o r  s top  t h e  feed gas flow because of 

lack of cool ing.  Refr igerant  cyc les  would go t o  t o t a l  recycle .  Operator 

would have t o  recognize s p i l l  and i s o l a t e  system. En t i r e  inventory of 10,000 

ga l lons  could be l o s t  in  3 minutes. 

Additional Information Reauired 

A l a rge  port ion of t he  r e f r i g e r a n t  inventory would be exhausted 

before the  opera tor  could i s o l a t e  the  system. The s i z e  of the  s p i l l  

would depend on t h e  fol lowing:  

- inventory i n  the  system 

- port ion of t h e  inventory t h a t  could escape through the  break. 

e Frequency of f a i l u r e  of piping,  f i t t i n g s ,  and vesse ls  in  r e f r i g e r a n t  

systems. 

Potent ia l  Design and Operational Changes - 

* See modif icat ions l i s t e d  i n  Sect ion G.1.8. 



G.l . l l  Leak o r  Rupture i n  a  Refr igerant  Compressor ( inc luding  i n l e t  and o u t l e t  

nozzles and pi ping) . 

Poss ib le  I n i t i a t i n a  Events 

o Low flow r a t e  causes surging t h a t  could r e s u l t  i n  f a i l u r e .  Control 

scheme includes an t i su rge  con t ro l .  (medium probabi 1 i  t y )  

Cont ro l le r  f a i l u r e  o r  improper control  poin t  allows l i q u i d  carryover  

from t h e  f l a s h  drums o r  s epa ra to r s  t o  the  compressor suc t ion .  

(medi urn probabi 1 i  t y )  

* Fa i lu re  of  a i r  coolers  causes compressor t o  overhea t .  (medium 

(probabil  i  t y )  

Low oi  1 pressure  causes compressor t o  overheat .  (medium p r o b a b i l i t y )  

Results and Effec ts  of  Release Prevention and Control Systems 

I n i t i a l  r e l e a s e  would be 1 imi ted t o  the  vapor in  the  system. As t h e  

system heats  u p  t h e  l i q u i d  would eventua l ly  boil  ou t .  

The compressors t r i p  ou t  au tomat ica l ly  f o r  t he  following cond i t ions :  

- high v ib ra t ion  

- high o r  low suc t ion  o r  discharge pressure  

- high o i l  temperature 

- high bearing temperature 

- low o i l  pressure  

- Master Emergency Shutdown i s  ac t iva t ed  

- gas de tec to r  i n  compressor bui lding reaches second leve l  alarm. 

Additional Information Required 

Inventory in  the  r e f r i g e r a n t  systems and the  quan t i ty  t h a t  would 

escape from a leak a t  t h e  compressors. 

Rate of compressor f a i l u r e  from surg ing ,  overheat ing,  and l i q u i d  i n  

the  suc t ion  l i n e .  

Frequency of f a i l u r e  of c o n t r o l l e r s  and control  valves.  

Poss ib le  Design and Operational Changes 

Combustible gas de tec to r s  could be located in  the  a rea .  

Each r e f r i g e r a n t  s to rage  tank with a  bottom o u t l e t  1 i n e  could be 

equipped with an in t e rna l  block valve. 
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6.1.12 Rupture of 12-in.  Transfer  -- Line from Liquefact ion Area t o  t h e  Storage 

Tanks. 

Poss ib le  In i  t i a t i n a  Events 

Fatigue f a i l u r e  from thermal cyc l ing .  (low p r o b a b i l i t y )  

Fa i lu re  of valve body o r  pipe f i t t i n g s .  (low p r o b a b i l i t y )  

Resul ts  and Ef fec t s  of Release Prevention and Control Systems 

S p i l l  i s  de tec ted  by gas sensor  and opera tor  shu t s  down system in  

one minute. S p i l l  i s  10,000 ga l lons .  

S p i l l  goes undetected f o r  10 minutes - t o t a l  s p i l l  volume i s  

40,000 gal 1 ons . 

Additional Information Required 

Frequency of f a i l u r e  of l a r g e  cyrogenic pipes and f i t t i n g s .  



G.1.13 Rupture o f  O u t l e t  Nozzle o r  P i p i n g  on R e f r i g e r a n t  Storage Tanks 

(propane, e t h y l  ene) . 
P o s s i b l e  I n i t i a t i n g  Events 

F a t i g u e  f a i l u r e  f r o m  thermal  c y c l  i n g .  ( l o w  p r o b a b i l i t y )  

F a i l u r e  o f  v a l v e  body o r  p i p e  f i t t i n g .  ( l o w  p r o b a b i l i t y )  

S e c t i o n  o f  o u t l e t  p i p i n g  b locked  i n  and f i l l e d  w i t h  l i q u i d  r e f r i g e r a n t .  

Re1 i e f  v a l v e s  f a i l  t o  handle  thermal  p ressure  b u i l d u p .  ( l o w  p robab i  1  i t y )  

R e s u l t s  and E f f e c t s  o f  Release P r e v e n t i o n  and Con t ro l  Systems 

No gas d e t e c t o r  i n  area,  must depend on o p e r a t o r  observance. I f  

r u p t u r e s  occur  a f t e r  1 s t  b l o c k  va lve ,  o p e r a t o r  can b l o c k  i n  tank  and 

l i m i t  s p i l l .  I f  n o t ,  t h e  e n t i r e  con ten ts  o f  t h e  t a n k  w i l l  s p i l l  - 

100,000 g a l l o n s  f rom e t h y l e n e  tank  o r  170,000 g a l l o n s  f r o m  e i t h e r  o f  

t h e  propane tanks .  

A d d i t i o n a l  I n f o r m a t i o n  Required 

e Severa l  i n c i d e n t s  o f  t h i s  t y p e  have been r e p o r t e d  i n  t h e  l i t e r a t u r e .  

The consequences o f  t h i s  t y p e  o f  i n c i d e n t  c o u l d  a f f e c t  t h e  main LNG 

s t o r a g e  tanks  pu 120 f t  away. F a i l u r e  f requency f o r  these t ypes  o f  

tanks  shou ld  be determined.  



G.2 REPRESENTATIVE RELEASE EVENTS FOR THE LNG MARINE VESSEL 

The p o t e n t i a l  re leases  chosen as r e p r e s e n t a t i v e  r e l ease  events  f o r  t h e  

LNG mar ine vessel  a re  1  i s t e d  i n  Table G.2. (The re fe rence  marine vessel  

was descr ibed  p r e v i o u s l y  i n  Appendix C.) The analyses o f  t h e  i n d i v i d u a l  

r e l ease  events  appear below. 

TABLE G . 2 .  Represen ta t i ve  Release Events f o r  an LNG Marine Vessel 

1 . Rupture o r  l e a k  i n  one o f  t h e  LNG cargo tanks.  

2. Cargo tank  i s  o v e r f i l l e d .  

3. Pressure s a f e t y  va lves  r e l i e v e  t o  t h e  atmosphere. 

4. Rupture o r  l e a k  i n  t h e  1  i q u i d  cargo hand1 i n g  system. 

5. Rupture o r  l e a k  i n  t h e  vapor hand l i ng  system. 

6 .  Release o f  LNG o r  n a t u r a l  gas from s h i p  d u e - t o  n i i sopera t ion  

o f  t h e  cargo hand l i ng  system. 



G.2.1 Rup tu re  o r  Leak i n  One o f  t h e  LNG Cargo Tanks. 

P o s s i b l e  I n i  t i a t i n a  Events  

C o l l i s i o n  w i t h  a n o t h e r  s h i p .  ( l o w  p r o b a b i l i t y )  

e Ground ing.  ( l o w  p r o b a b i  1  i t y )  

F a t i g u e  f a i l u r e  f r o m  dynamic l o a d s  imposed by wave- induced f o r c e s .  

( l o w  p r o b a b i l  i t y )  

c F a t i g u e  f a i l u r e  f r o m  the rma l  c y c l i n g  ( t h e  c a r g o  t a n k s  may be k e p t  c o o l  

d u r i n g  b a l l a s t  voyages u s i n g  t h e  sp ray  sys tem) .  ( l o w  p r o b a b i l i t y )  

Ove rp ressu re  ( see  S e c t i o n  G.  2 . 4 ) .  ( l o w  p r o b a b i l  i t y )  

F i r e  o r  e x p l o s i o n  i n  a n o t h e r  p a r t  o f  t h e  s h i p .  ( l o w  p r o b a b i l i t y )  

Sabotage.  ( l o w  p r o b a b i l i t y )  

F a i l u r e  o f  s t o r a g e  t a n k  s u p p o r t  s k i r t  due t o  bend ing  and compress ive  

l o a d  s t r e s s e s  and d e f o r m a t i o n s  due t o  h u l l  bend ing and t o r s i o n .  

( 1  ow p r o b a b i  1  i t y )  

R e s u l t s  and E f f e c t s  o f  Release P r e v e n t i o n  and C o n t r o l  Systems 

Loss o f  one c a r g o  s t o r a g e  t a n k  c o u l d  r e l e a s e  up t o  25,000 m 3 

(160,000 b b l )  o f  LNG. 

A d d i t i o n a l  I n f o r m a t i o n  Requ i red  - 

e P r o b a b i l i t y  o f  LNG vesse l  b e i n g  i n v o l v e d  i n  a  c o l l i s i o n .  

E f f e c t  o f  l o s s  o f  one ca rgo  t a n k  on t h e  i n t e g r i t y  o f  t h e  s h i p  and 

t h e  o t h e r  c a r g o  t a n k s .  

P o t e n t i a l  Des ign  and O p e r a t i o n a l  Changes - 

Des ign t a n k s  t o  w i t h s t a n d  h i g h e r  p r e s s u r e s .  

P r o v i d e  secondary  c o n t a i n m e n t  system. 



G.2.2 Cargo Tank i s  Overfi l led.  

Possible Ini t i a t i n a  Events 

Level indicators  in tank give f a l s e  readings. (medium probabi l i ty)  

Crewman does not c lose  i n l e t  valve and ESD f a i l s .  (medium probabi l i ty)  

Results and Effects of Release Prevention and Control Systems 

Liquid wil l  en te r  the vapor header a t  a r a t e  of 11,000 gpm unt i l  

the flow to  the tank i s  stopped. 

Liquid would leave the tank through the vapor l i ne  t o  the compressors 

and could cause compressor f a i l u r e .  Liquid would eventually have 

t o  be drained from vapor 1 ine.  

Additional Information Reauired 

Type of level indicators  used and the likelihood of t h e i r  f a i l i n g  o r  

giving an incorrect  reading. 

0 Effect of L N G  on vapor header and compressors. How i s  l iquid  removed 

from the vapor handling system? 

Potential Design and Operational Changes 

Provide overflow l i n e  t o  other tanks t o  prevent overflow in to  vapor 

header. 



6 . 2 . 3  Pressure Safety Val ves Re1 ieve t o  the  Atmosphere. 

Fa i lu re  of t hese  s a f e t y  valves could eventua l ly  r e s u l t  i n  f a i l u r e  of a 

cargo t a n k ( s )  from overpressure.  

Poss ib le  Ini  t i a t i n a  Events 

Loss of boi 1 o f f  compressor. (medi um probabi 1 i t y  ) 

Fai 1 ure of pressure  control  1 e r  (compressor speed control  ) o r  pressure  

ind ica t ing  device.  (medium probabi 1 i t y )  

Fa i lu re  of tank i n s u l a t i o n .  (low p robab i l i t y )  

Roll ~ v e r  (1 oadi ng) . ( 1  ow probabi 1 i t y )  

Addi :ion of "warm" L N G  t o  cargo tanks ( load ing) .  (medium p r o b a b i l i t y )  

Fa i lu re  of  pressure  r egu la to r  on vapor re turn  l i n e  (unloading) .  

(medium probabi 1 i t y )  

Ship in  po r t  and not allowed t o  unload o r  vent b o i l o f f .  (medium 

probabi 1 i t y )  

Resul ts  and Effec ts  of Release Prevention and Control Systems 

Under normal cond i t ions ,  t he  tank would take 2 t o  3 days t o  reach 

r e l i e f  valve pressure ( 3 . 5  ps ig )  i f  no vapor i s  removed from the  tank.  

The tanks have a maximum design pressure of 31 psig in p o r t .  Under 

normal circumstances,  t h e  tank wi l l  reach t h i s  pressure  in  10 t o  40 

days i f  no vapor i s  removed from the  tank.  

The tanks have a maximum design pressure of 10 psig a t  s ea .  Under 

normal condi t ions ,  t h e  tank wi l l  reach t h i s  pressure in  5 t o  12 days 

i f  no vapor i s  removed. 

Rel ief  valve capaci ty  i s  24,000 scfm per valve a t  4 . 7  ps ig .  

Additional Information Required 

P robab i l i t y  of f a i l u r e  of pressure c o n t r o l l e r ,  p ressure  r e g u l a t o r ,  

and bo i lo f f  compressor. 

Does s h i p  have c a p a b i l i t y  t o  vent steam when i t  i s  i n  por t?  

Potent ia l  Design and Operational Changes 

Design tank f o r  higher pressure .  
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G . 2 . 4  Rupture or Leak in the -- Liquid -- C a r ~ H a n d l i n g  System. 

Possible , Ini -- t i a t ingEvents  

Fluid hammer from f a s t  valve closure. (low probability) 

Fatigue fai  1 ure from thermal and pressure cycl ing. (low probability) 

Failure of valves or pipe f i t t i n g s .  (medium probability) 

e Failure of expansion joint .  (medium probability) 

Line i s  blocked and f i l l e d  with LNG.  The l ine  i s  allowed to heat u p  

and the thermal re1 ief valves do not open, allowing the l ine to over- 

pressure. (low probabi 1 i ty ) 

Coll ision or grounding. (low probability) 

Fire or explosion in another part of the ship. (low probability) 

Results and Effects of Release Prevention and Control Systems 

A gas detector alarm or a crewman activates the ESD and the system 

i s  isolated in 1 minute. Spill s ize  would range from 0 t o  67,000 

gallons depending on s ize of the rupture or leak. 

Rupture or leak goes undetected or emergency shutdown system f a i l s  to 

i so la te  1 eak--re1 ease continues for 10 minutes--release ranges from 

0 t o  520,000 gallons. 

Additional Information Required 

How long does i t  take t o  detect a leak or rupture? 

Complete description of l iquid handling system--number and type of 

valves and f i t t i n g s ,  s ize  and materials o f  construction for  pipes, 

and number of expansion joints or loops. 

Potential Design and Operational Changes 

Provide some type of secondary containment system, e .g . ,  a pipe within 

a pipe or a diked area beneath the liquid header. 



G.2.4 Rupture o r  Leak i n  t h e  Vapor Hand l ing  System. 

P o s s i b l e  I n i t i a t i n g  Events 

F a i l u r e  o f  v a l v e s  o r  p i p e  f i t t i n g s  f r o m  m a n u f a c t u r i n g  d e f e c t s .  

(medium p r o b a b i l i t y )  

F a t i g u e  f a i  1  u r e  f r o m  thermal  and p ressure  c y c l  i n g .  ( l ow p robab i  1  i t y )  

F a i l u r e  o f  expans ion j o i n t .  (medium p r o b a b i l i t y )  

L i n e  f i l l e d  w i t h  LNG i s  b locked  i n  and a l l o w e d  t o  h e a t  up. Thermal 

r e l i e f  v a l v e s  do n o t  open, a l l o w i n g  t h e  l i n e  t o  overp ressure .  

( l o w  p r o b a b i l i t y )  

C o l l i s i o n  o r  grounding.  ( l o w  p r o b a b i l i t y )  

F i r e  o r  e x p l o s i o n  i n  ano ther  p a r t  o f  t h e  s h i p .  ( l o w  p r o b a b i l i t y )  

R e s u l t s  and E f f e c t s  o f  Release P r e v e n t i o n  and C o n t r o l  Systems 

e A gas d e t e c t o r  o r  a  crewman a c t i v a t e s  t h e  ESD and t h e  system i s  

i s o l a t e d  i n  1  m i n u t e - - s p i l l  s i z e  would range f rom 0  t o  18,000 s c f  

depending on t h e  s i z e  o f  t h e  r u p t u r e  o r  l e a k .  

e Rupture o r  l e a k  goes undetected o r  ESD f a i l s  t o  i s o l a t e  l e a k  and 

r e l e a s e  c o n t i n u e s  For 10 m i n u t e s - - r e l e a s e  ranges f rom 0  t o  155,000 s c f .  

A d d i t i o n a l  I n f o r m a t i o n  Required 

e How l o n g  does i t  t a k e  t o  d e t e c t  a  l e a k  o r  r u p t u r e ?  

Complete d e s c r i p t i o n  o f  t h e  vapor h a n d l i n g  system--number and t y p e  

o f  v a l v e s  and f i t t i n g s ,  s i z e  and m a t e r i a l s  o f  c o n s t r u c t i o n  f o r  p i p i n g ,  

and nutxber o f  expans ion j o i n t s  o r  l oops .  

P r o b a b i l i t y  o f  f a i l u r e  o f  t h e  components o f  t h e  p i p i n g  ne twork .  

P o t e n t i a l  Design and Opera t iona l  Changes 

0 Ciake t h e  vapor  header a  p i p e  w i t h i n  a  p i p e  t o  p r o v i d e  f o r  c o n t a i n -  

ment o f  a  r e l e a s e .  



G.2.6 Release - of L N G  o r  Natural Gas from Ship due t o  bifsoperation of Cargo 

Handling System. 

Poss ib le  I n i t i a t i n g  Events 

Operator disconnects  loading arms while loadinglunloading i s  tak ing  

p lace .  (medium p r o b a b i l i t y )  

Loading ( c ros sove r )  valves a r e  l e f t  open and bl inds a r e  o f f  o r  

improperly connected on t h e  s i d e  of the  s h i p  oppos i te  from where 

1 oadi nglunl oadi ng i s  tak ing  p lace .  (medi u m  probabi 1 i  t y )  

Valve t o  vent s t ack  o r  r i s e r  i s  l e f t  open during loading/unloading 

ope ra t ions .  (medium probabi 1 i  t y )  

Resul ts  and Effects  of Release Prevention and Control System 

Q S p i l l  s i z e  would range from 0 t o  67,000 g a l l o n s ,  assuming the  s i t u a -  

t i o n  i s  r e c t i f i e d  in  one minute. 

e S p i l l s  ou t  t h e  vent  r i s e r  could crack deck p l a t e s .  

Coast Guard inspec t ion  of t h e  vessel p r i o r  t o  of f loading  should 

reduce e r r o r s  of t h i s  type .  

Additional Information Required 

Complete piping and instrument drawings (P&ID) of cargo hand1 ing 

system a r e  needed t o  determine a l l  pos s ib l e  means of misoperation 

of t h e  system. 

0 Deta i l s  on which valves and equipment a r e  inspected by the  Coast 

Guard p r i o r  t o  unl oadi ng/l oadi ng . 
Potent ia l  Design and Operational Changes 

Provide an i n t e r l o c k  system which would autoniat ical ly  open and c l o s e  

valves a s  requi red  f o r  loading and unloading, i . e . ,  a l l  valves t h a t  

must be closed during loading would be closed au tomat ica l ly  by 

a c t i v a t i o n  of one switch.  



6 . 3  REPRESENTATIVE R E L E A S E  EVENTS FOR THE L N G  IMPORT TERMINAL 

The potential release events chosen as representative of the L N G  import 

terminal are given in Table 6 . 3 .  ( A  discussion of the reference import t e r -  

minal was presented previously in Appendix D .  ) The individual re1 ease events 

are analyzed here. 

T A B L E  6 . 3 .  Representative Release Events for an L N G  Import Terminal 

Failure of 9% nickel-steel inner storage tank. 

Failure of carbon-steel outer barrier for L N G  storage tank. 

LNG release from 16-in. loading arms. 

Failure of 42-in. liquid transfer l ine  from unloading dock to shore. 

Failure of 42-in. l iquid transfer l ine  from shore t o  storage. 

Failure of 20-in. L N G  transfer l ine  from storage to  the secondary pumps. 

Failure of 24-in. LNG transfer l ine from secondary pumps to vaporizers. 

Seawater vaporizer fa i lure .  

Submerged combustion vaporizer fa i lure .  

Failure of vaporizer ex i t  l ines .  

Failure of fuel gas compressor suction l ine .  

Failure of 4-in. L N G  recirculation l i  tie. 

Failure of 16-in. vapor return l ine  to  sh ip ' s  tanks. 

Failure of 30-in. vapor l ine  from pipeline compressors t o  gas transmission 
pipeline. 



G.3.1 F a i l u r e  o f  9% N i cke l -S tee l  I n n e r  Storage Tank. 

Poss ib l e  I n i  t i a t i n a  Events 

Overpressure o r  underpressure o f  tank (medium p r o b a b i l  i t y )  

Sabotage ( l ow  p r o b a b i l i t y )  

Large ear thquake (1 ow probabi  1  i t y  ) 

A i r p l a n e  c rash  (1 ow probabi  1  i t y )  

F i r e  and e x p l o s i o n  i n  o t h e r  sec t i ons  o f  t h e  p l a n t  ( l ow  p r o b a b i l i t y )  

F a i l u r e  of s h e l l - t o - r o o f  o r  s h e l l - t o - b o t t o m  welds and nozz le  welds 

( l ow  p r o b a b i l i t y )  

D i f f e r e n t i a l  f ounda t i on  s e t t l i n g ,  o r  f r os theave  f rom f o u n d a t i o n  

h e a t i n g  c o i l  f a i l u r e  ( low p r o b a b i l  i t y )  

s Cor ros ion  s t r e s s  (1  ow p robab i  1  i t y )  

Outer  tank  co l l apse .  ( low p r o b a b i l i t y )  

Resu l t s  and E f f e c t s  o f  Release P reven t i on  and Con t ro l  Systems 

The maximum amount o f  LNG r e l e a s e  f r om each o f  t h e  two tanks i s  
7 550,000 b b l  . (2.3 x  70 g a l l o n s )  

A d d i t i o n a l  I n f o r m a t i o n  Requi red 

Are t h e  s h e l l - t o - r o o f  and s h e l l - t o - b o t t o m  j o i n t s  weak i n  case o f  over -  

p ressure  t o  p reven t  a  complete t ank  f a i l u r e ?  

P o t e n t i a l  Design and Opera t iona l  Changes 

B u i l d  t ank  underground and sur round ing  e a r t h  c o u l d  be used as con- 

t a i  nment d i  ke. 

Design t ank  t o  w i t h s t a n d  h i g h e r  p ressures  and a  h i g h e r  vacuum. 



G . 3 . 2  F a i l u r e  o f  Carbon-Steel Outer  B a r r i e r  f o r  LNG Storage Tank. 

Poss ib l e  I n i t i a t i n g  Events 

Leaks f rom t h e  i n n e r  tank  ( l o w  p r o b a b i l i t y )  

I n s u l a t i o n  f a i l u r e  r e s u l t i n g  i n  f r o s t  spo ts  on t h e  o u t e r  s h e l l  and 

p o s s i b l e  f r a c t u r e  due t o  compression and expansion c y c l i n g  o f  t h e  

i n s u l a t i o n  ( low probabi  1  i t y )  

C y c l i c  thermal p ressure  and s t a t i c  l oad  s t resses  ( low p r o b a b i l i t y )  

D i f f e r e n t i a l  s e t t l i n g  o f  t h e  f ounda t i on  o r  f r os theave  due t o  founda- 

t i o n  hea te r  f a i  l u r e s  (1 ow probabi  1  i t y )  

Flaws i n  t h e  co rner  welds, nozz le  welds, and r o o f - s h e l l  j o i n t s  

( l ow  p r o b a b i l  i t y )  

I f  i n n e r  tank  p ressure  r e l i e f  va lves  were a c t i v a t e d ,  c o l d  vapor 

c o u l d  s e t t l e  on t h e  o u t e r  tank  and f r a c t u r e  i t  ( l o w  p r o b a b i l i t y )  

Leakage o f  a i r  i n t o  t h e  N2 purge l i n e  i n t o  t h e  annu la r  space, m o i s t u r e  

cou ld  f o rm  and f r o s t  spo ts  cou ld  fo rm on t h e  e x t e r i o r  s h e l l  and cou ld  

f r a c t u r e  i t  ( l ow  p r o b a b i l i t y )  

Sabotage (1 ow probabi  1  i t y )  

Large ear thquake (1  ow probabi  1  i t y )  

A i r p l a n e  c rash  (1  ow probabi  1  i t y )  

F i r e  o r  exp los i on  i n  o t h e r  f a c i l i t i e s  nearby.  ( l ow  p r o b a b i l i t y )  

Resu l t s  and E f f e c t s  o f  Release Preven t ion  and Cont ro l  Systems 

A  complete f a i l u r e  o f  t h e  o u t e r  s h e l l  cou ld  c o l l a p s e  t h e  i n n e r  s h e l l ,  

r e s u l t i n g  i n  a  maximum r e l e a s e  o f  550,000 bb l  o f  LNG f rom each t ank .  

A  conc re te  d i k e  designed t o  c o n t a i n  1 .3  t imes t h e  maximum s to rage  tank  

c a p a c i t y  surrounds each t ank .  

D iscuss ion  and A d d i t i o n a l  I n f o r m a t i o n  Required 

What i s  t h e  e f f e c t  on t h e  concre te  d i k e  i n  t h e  event  o f  a  s to rage  

tank  c o l l a p s e ?  



What i s  the effect  on the storage tank of a f i r e  or explosion in 

adjacent areas? 

What design factors are included for  the cyclic stresses the storage 

tank undergoes? 

Potential Design and Operational Changes 

Util ize s ta inless  steel or other cryogenic material for  outer she l l .  

Incorporate an overflow l ine  t o  prevent any overflow of L N G  from 

making contact with the outer she l l .  



6 . 3 . 3  LNG Release from 1 6 - i n .  Load ina Arms. 

P o s s i b l e  I n i t i a t i n g  Events  

8 Bad c o n n e c t i o n  o f  t h e  f l a n g e s  w i t h  t h e  arms and t h e  s h i p  (medium 

p r o b a b i  1  i t y )  

0 Emergency u n c o u p l i n g  due t o  ex t reme m o t i o n  o f  t h e  s h i p  (medium 

p r o b a b i l  i t y )  

F i s s u r e  o r  b reak  due t o  ex t reme m o t i o n  s t r e s s e s  and f a i l u r e  o f  t h e  

h i g h  r o t a t i o n a l  sens ing  d e v i c e s  ( l o w  p r o b a b i l  i t y )  

H y d r a u l i c  power f a i l u r e  wou ld  f a i l  t o  keep t h e  arms moving f r e e l y  

and a  r u p t u r e  c o u l d  r e s u l  t ( 1  ow p r o b a b i l  i t y )  

8 F a t i g u e  f a i l u r e  from the rma l  and p r e s s u r e  c y c l  i n g  ( l o w  p r o b a b i l i t y )  

The l o a d i n g  arm i s  b l o c k e d  i n  and n o t  d r a i n e d .  The l i n e  h e a t s  up 

and i f  t h e  r e l i e f  v a l v e s  f a i l e d ,  t h e  l i n e  c o u l d  r u p t u r e  f r o m  o v e r -  

p r e s s u r e  (1 ow p r o b a b i  1  i t y )  

Thermal and p r e s s u r e  c y c l  i c  s t r e s s e s .  ( l o w  p r o b a b i l  i t y )  

R e s u l t s  and E f f e c t s  o f  Release P r e v e n t i o n  and C o n t r o l  Systems 

e The ESD s h u t s  o f f  l o a d i n g  pumps and c l o s e s  b l o c k  v a l v e s  w i t h i n  1 

m i n u t e  a f t e r  s p i  11 . LNG r e 1  ease volume would  be 15,000 g a l l o n s .  

I f  t h e  ESD f a i l e d  t o  respond and a  normal shutdown was r e q u i r e d ,  a  

maximum o f  t e n  m inu tes  t o  shutdown would  r e s u l t  i n  a  134 ,000-ga l l on  

LNG r e l e a s e  f o r  a break.  

o A con ta inmen t  system c o u l d  h o l d  s p i l l s  f r o m  t h e  l o a d i n g  arms. 

Leaks f r o m  s w i v e l  j o i n t s  and o t h e r  components c o u l d  s p r a y  a l l  o v e r  

t h e  dock.  

A d d i t i o n a l  I n f o r m a t i o n  Requi r e d  

e How f a s t  can t h e  ESD system a c t u a l l y  d e t e c t  t h e  haza rd  and s h u t  down 

t h e  p rocess?  

e What i s  t h e  f a i l u r e  f requency  f o r  t h e  l o a d i n g  arms? 



P o t e n t i a l  Design and Opera t iona l  Changes 

P r o v i d e  a  movable t r o u g h  under t h e  arms t o  c a t c h  s p i l l s  and d r a i n  

i n t o  t h e  conta inment  f a c i l i t i e s  under t h e  dock. 



Failure of 42-in. Liquid Transfer Line from Unloading Dock t o  Shore. 

Possible I n i t i a t i ng  Events 

St resses  t o  the t r e s t l e  support and piping from large  waves, high 

winds, earthquakes, 1 ightni n g ,  e t c .  (low probabi l i ty)  

Malfunction of a valve causing i t  t o  close too rapidly could r e s u l t  

in extreme f l u id  hammer and rupture the l i ne .  (low probabi l i ty)  

The drain system i s  e i t he r  not act ivated or f a i l s  t o  a c t i va t e  when 

the l i n e  i s  blocked, leaving the l i n e  f i l l e d  with L N G .  The r e l i e f  

valves f a i l  when the l i n e  heats u p  and pressurizat ion r e s u l t s .  

(low probabi l i ty)  

Thermal, s t a t i c ,  and pressure cycling s t r e s s e s ;  however, the l i n e  i s  

normally maintained a t  operating conditions by rec i rcu la t ing  L N G .  

(low probabi 1 i  t y )  

e Failure of valve bodies o r  welding flaws a t  the pipe f i t t i n g s .  

(low probabi l i ty)  

Failure of expansion jo in t .  (medium probabi l i ty)  

Results and Effects  of - Release Prevention and Control Systems 

Sp i l l s  enroute would f a l l  in to  the ocean. 

ESD shuts down the system in 1 minute. If ESD f a i l s  t o  operate,  i t  

takes 10 min t o  shut down the system. 

Break 

Amount of Release 
1 -mi n Shutdown 10-mi n Shutdown 

485,000 gal 962,000 gal 

Additional Information Required 

How f a s t  can the  ESD system actual ly  de tec t  the hazard and shut 

down the system? 

e What i s  the  frequency of f a i l u r e  of t h i s  l i ne?  

A more de ta i l ed  descript ion of the drain system i s  required.  



P o t e n t i a l  Design and Opera t iona l  Changes 

Employ a  p i pe -w i t h i n -a -p i pe  system o f f s h o r e  t o  c o n t a i n  any LNG 

r e 1  ease. 

Use two sma l l e r  t r a n s f e r  l i n e s  r a t h e r  than  t h e  42- in .  l i n e .  The 

sma l l e r  components should  be more r e l i a b l e .  



G.3.5 F a i l u r e  o f  42 - in .  L i q u i d  T rans fe r  L i n e  f rom Shore t o  Storage. 

Poss ib l e  I n i t i a t i n g  Events 

M a l f u n c t i o n  o f  a  v a l v e  caus ing i t  t o  c l ose  t o o  r a p i d l y  c o u l d  r e s u l t  

i n  extreme f l u i d  hammer and cou ld  r u p t u r e  t h e  l i n e .  ( l ow  p r o b a b i l i t y )  

Thermal, s t a t i c ,  and pressure c y c l i c  s t resses ;  however, these  a r e  

u n l i k e l y  because r e c i r c u l a t i n g  LNG ma in ta i ns  t h e  l i n e  a t  o p e r a t i n g  

c o n d i t i o n s .  ( l ow  p r o b a b i l i t y )  

Valve body f a i l u r e s  o r  f l aws  a t  welded p i p e  f i t t i n g s .  ( l ow  p r o b a b i l i t y )  

Expansion j o i n t  ma1 f u n c t i o n .  (medium p r o b a b i l  i t y )  

Resu l t s  and E f f e c t s  o f  Release Preven t ion  and Cont ro l  Systems 

ESD system shu ts  down t h e  ope ra t i ons  i n  1  minute.  I f  ESD f a i l s  t o  

operate ,  i t  cou ld  t ake  up t o  10 min t o  shu t  down. 

Amount o f  Release 
1  - m i  n  Shutdown 10-mi n  Shutdown - 

Break 485,000 ga l  962,000 ga l  

A conta inment  d i k e  i s  l o c a t e d  on shore t o  c o n t a i n  any s p i l l s  o f  LNG. 

A d d i t i o n a l  I n f o r m a t i o n  Required 

What t y p e  o f  components a re  i n c l u d e d  t o  a c t i v a t e  t h e  ESD system? 

How l o n g  does t h e  ESD system a c t u a l l y  t ake  t o  de tec t ,  a c t i v a t e ,  and 

shu t  down t h e  system? 

What i s  t h e  f requency o f  f a i l u r e  o f  t h i s  system? 



G.3.6 F a i l u r e  o f  20 - in .  LNG T rans fe r  L i n e  f rom Storage t o  t h e  Secondary Pumps. 

Poss ib l e  I n i  t i a t i n a  Events 

S t a t i c ,  c y c l i c ,  and thermal s t resses .  However, these l i n e s  opera te  

345 d a y s l y r .  Therefore,  t h e  o p e r a t i n g  c o n d i t i o n s  a t  these l i n e s  

seldom change. ( l ow  p r o b a b i l i t y )  

F l u i d  hammer s t resses  due t o  a  v a l v e  m a l f u n c t i o n  and r a p i d  c l o s u r e  

o f  t h e  va l ve  d u r i n g  ope ra t i on .  ( l o w  p r o b a b i l i t y )  

Leaky va lves ,  f l anges ,  coup l ings ,  o r  f l aws  con ta ined  w i t h i n .  

(medi um probabi  1  i t y )  

Expansion j o i n t  ma1 f u n c t i o n .  (medium p r o b a b i l  i t y )  

Resu l t s  and E f f e c t s  o f  Release Preven t ion  and Cont ro l  Systems 

The ESD system shuts  down t h e  pumps and c loses  t h e  va lves  i n  1  m inu te .  

I f  t h e  ESD system f a i l s ,  i t  takes 10 minutes f o r  shutdown t o  occur .  

Q An independent d i k e  system enc loses t h e  secondary pumps t o  c o n t a i n  

any s p i l l  t h e r e .  

Amount o f  Release 
1  -ni i  n  Shutdown 10-mi n  Shutdown 

Break 16,000 ga l  52,000 ga l  

A d d i t i o n a l  I n f o r m a t i o n  Required 

e What i s  t h e  f requency o f  f a i l u r e  f o r  t h i s  system? 



G.3.7 F a i l u r e  o f  24 - in .  LNG T rans fe r  L i n e  f rom Secondary Pumps t o  Vapor i ze rs .  

Poss ib l e  I n i t i a t i n g  Events 

S t a t i c ,  c y c l i c ,  and thermal s t resses .  However, these systems ope ra te  

345 d a y s l y r  and o p e r a t i n g  c o n d i t i o n s  ve ry  seldom change. ( low 

probabi  1  i t y )  

I f  t h e  l i n e  i s  b locked  o f f  and r e l i e f  va lves f a i l  t o  opera te  when i t  

hea ts  up, a  r u p t u r e  cou ld  occur .  ( l ow  p r o b a b i l i t y )  

Leaky va lves ,  o r  f i t t i n g s  o r  f l aws  f o r  c rack  p ropaga t ion  t h e r e i n .  

(medi um probab i  1  i t y  ) 

Welding f l a w s  i n  f i t t i n g s  o r  p i pe  coup1 i n g s .  ( l ow  p r o b a b i l i t y )  

F l u i d  hammer f rom r a p i d  c l o s i n g  o f  a  m a l f u n c t i o n i n g  va lve .  ( l ow 

probabi  1  i t y )  

Resu l t s  and E f f e c t s  o f  Release Preven t ion  and Cont ro l  Systems 

The ESD system s tops  ope ra t i ons  i n  1  minute.  I f  t h e  ESD systern f a i l s ,  i t  

takes  10 minutes t o  manual ly  c l o s e  va l ves .  

Break 

A d d i t i o n a l  I n f o r m a t i o n  Reauired 

Amount o f  Release 
1 - m i  n Shutdown 1 0-mi n Shutdown 

23,000 ga l  100,000 ga l  

I f  t h e  p ressure  c o n t r o l  system ma l f unc t i ons ,  can t h e  system over -  

p ressure  due t o  a  con t inued  pumping i nc rease  and r e l i e f  v a l v e  

f a i  1  u re?  

a What i s  t h e  f requency o f  f a i l u r e  f o r  t h i s  system? 

P o t e n t i a l  Design and Opera t iona l  Changes 

I n c o r p o r a t e  a  spray s h i e l d  t o  cover  t r a n s f e r  l i n e .  



G.3.8 Seawater Vaporizer Fai lure .  

Possible I n i t i a t i n g  Events 

e Vaporizer leaks from tube v ibra t ions  causes f a i l u r e  by local  f r e t t i n g .  

(medium probab i l i ty )  

Icing on the  e x t e r i o r  f i n s  would r e s u l t  in poor heat t r a n s f e r  

c a p a b i l i t i e s ,  which could allow cold vapors t o  reach carbon-steel 

components i f  the  temperature o u t l e t  ind ica to r  f a i l s .  ( l o w  

probabil i  t y )  

Temperature c o n t r o l l e r  f a i l s  and allows cold vapors t o  reach carbon- 

s t e e l  components. (medium probabi 1 i  t y )  

Results and Effects  of Release Prevention and Control Systems 

The ESD system should shut  down the pumps and valves in 1 minute. 

I f  the ESD system f a i l s ,  i t  would take approximately 10 minutes t o  

manually shut  down the  system. 

Any s p i l l  from the  seawater vaporization system i s  control led by a 

dike surrounding the  immediate v i c i n i t y .  

Break 

Amount of Release 
1 -mi n Shutdown 10-min Shutdown 

1,700 gal 17,000 gal 

Additional Information Required 

What i s  the  frequency of f a i l u r e  f o r  the  seawater vaporizers? 

What would be the  e f f e c t  on the vaporizer in the  event of a 

tube f a i l u r e ?  



G.3.9 Submerged Combustion Vaporizer Failure. 

Possible Ini t i a t ina  Events 

Clogging of a nozzle can resul t  in a hot spot on the downcomer which 

can eventually burn through, thus allowing hot gases access to  the 

tube chamber above the water l i ne .  If the water level should be low 

and any of the top tubes exposed due t o  controller f a i lu re ,  this  would 

in turn expose the tube to the hot gases. (medium probabil i  t y )  

Temperature controller and flow controller fa i lure  could allow cold 

vapors to reach carbon-steel components. (medium probabi 1 i  t y )  

Results and Effects of Release Prevention and Control Systems 

The vaporization ESD system would shut down appropriate pumps and valves 

automatically within 1 minute. If the ESD system f a i l s ,  the system can be 

manually shut down in approximately 10 minutes. LNG would be released into the 

water bath and vapor would ex i t  through the exhaust gas stack. 

Additional Information Reaui red 

Is there a containment dike located in the area to contain any s p i l l s ?  

What i s  the maximum LNG flow capacity for  these vaporizers? 

Potential Design and Operational Changes 

Backup controls t o  ensure the downcomer stays cool and the LNG coi l s  

are  never exposed. 



6.3.10 F a i l u r e  o f  - Vapor ize r  E x i t  L i nes .  

Poss ib le  I n i t i a t i n g  Events 

Ma l f unc t i on  o f  temperature c o n t r o l l e r  a l l o w i n g  c o l d  vapors t o  reach 

carbon-stee l  components by n o t  supp ly ing  enough water  t o  t he  

vapo r i ze r  o r  a1 l ow ing  t he  LNG t o  f l o w  t o o  r a p i d l y .  (medium p r o b a b i l i t y )  

Cont ro l  va l ve  m a l f u n c t i o n  a l l o w i n g  an increased f l o w  r a t e  and c o l d e r  

o u t l e t  p roduc t .  (medium p r o b a b i l i t y )  

Loss o f  seawater f l o w  and f a i l u r e  o f  f l o w  sensor t o  a c t i v a t e  ESD 

system. (1 ow probabi  1  i t y )  

Resu l ts  and E f f e c t s  o f  Release Preven t ion  and Cont ro l  Svstems 

The vapo r i ze r  ESD shuts  down the  system a u t o m a t i c a l l y  i n  1  minute.  I f  t h e  

ESD system f a i l s ,  t h e  system can be shu t  down i n  10 minutes manual ly.  

Amount o f  Release 
1-min Shutdown 10-mi n  Shutdown 

Break 84,000 s c f  770,000 s c f  
(1000 e q u i v a l e n t  (9300 e q u i v a l e n t  
ga l  l o n s )  ga l  1  ons) 

A d d i t i o n a l  I n f o r m a t i o n  Reauired 

How c lose  a re  t he  i n l e t  and carbon-stee l  o u t l e t  l i n e s ?  A  smal l  l e a k  i n  

t he  vapo r i ze r  i n l e t  l i n e  cou ld  p o s s i b l y  spray LNG on t h e  o u t l e t  l i n e  and c rack  

it. 

P o t e n t i a l  Design and Opera t iona l  Changes 

I nco rpo ra te  s t a i n l e s s  s t e e l  e x i t  l i n e s  f o r  a  l onge r  d i s t ance  t o  

handle any c o l d  vapors.  

I nco rpo ra te  a  spray s h i e l d  around t h e  e x i t  l i n e s  t o  p r o t e c t  ad jacen t  

components f rom c o l d  vapors.  



G.3.11 F a i l u r e  o f  Fuel  Gas Compressor Suc t i on  L i ne .  

Poss ib l e  I n i t i a t i n g  Events 

Fuel-gas p rehea te r  f a i l u r e  a l l o w i n g  c o l d  vapors t o  reach  carbon-s tee l  

components. (medi um probabi  1  i t y )  

F a i l u r e  o f  va lves ,  f i t t i n g s ,  o r  welds.  ( l ow p r o b a b i l i t y )  

Resu l t s  and E f f e c t s  o f  Release Preven t ion  and Con t ro l  Systems 

The VES system c l oses  a p p r o p r i a t e  va l ves  and shu ts  down punips i n  1  m inu te .  

I f  t h e  VES system f a i l s ,  t h e  system can be s h u t  down manua l l y  i n  10 minutes.  

Amount o f  Release 
1 -min Shutdown 1 0-mi n  Shutdown 

Break* 

Break** 

1  I ,000 s c f  24,000 s c f  
(140 e q u i v a l e n t  (290 e q u i v a l e n t  
ga l  1  ons ) ga l  1  ons) 

35,000 s c f  260,000 s c f  
(420 e q u i v a l e n t  (3100 e q u i v a l e n t  
ga l  1  ons) g a l  1  ons) 

- 

*Normal Opera t i  ons 
**Unloading Operat ions 

A d d i t i o n a l  I n f o r m a t i o n  Requi red 

E x a c t l y  where i s  i t  i n  t h e  compressors t h a t  t h e  s t a i n l e s s  s t e e l  com- 

ponents change t o  ca rbon-s tee l?  

What i s  t h e  f requency o f  f a i l u r e  f o r  t h i s  system? 

P o t e n t i  a1 Design and Opera t iona l  Changes 

I n c l u d e  s t a i n l e s s  s t e e l  l i n e s  up t o  f u e l  gas compressors. 

Temperature sensor i n  s u c t i o n  l i n e  shou ld  a c t i v a t e  ESD system i n  

t h e  even t  o f  l o w  temperature.  



6.3.12 - Failure of -- 4-in. L N G  Recirculation Line. 
PA 

Possible I n i t i a t i ng  Events - 

S t a t i c  and corrosion s t resses  (low probabi l i ty)  

6 Welding flaws in pi pefi t t i n g s  o r  valves (low probabil i  t y )  

If  a section of pipe i s  blocked and the drain valves f a i l  to  open, the 

L N G  could heat u p ,  overpressure, and rupture the l i n e  i f  the r e l i e f  

bfalve f a i l e d .  (low probabi l i ty)  

e Fluid hammer s t r e s s e s  possibly due to  a malfunction i n  a valve r e su l t -  

ing in a rapid closing of the valve. (low probabi l i ty)  

St resses  from large  waves, high winds, earthquakes, l ightning,  e t c .  

( I  ow probabi 1 i  t y )  

Results and Effects  of Release Prevention and Control Systems 

The ESD system would automatically shut  down the reci rcula t ion l i n e  

in  1 minute. I f  the ESD system f a i l e d ,  i t  would take 10 minutes t o  

shut down the system. 

Break 

Amount of Release 
1 -mi n Shutdown 1 0 4  n Shutdown 

5,400 gal 19,000 gal 

A containment dike i s  located on shore and a t  the unloading s i t e  t o  

contain any s p i l l s .  

Additional Information Required 

a How f a s t  can the ESD system actual ly  detect  the hazard and shut down 

the system? 

e What i s  the frequency of f a i l u r e  f o r  t h i s  system? 

A more deta i led  descript ion of the drain system i s  required. 



G.3.13 F a i l u r e  o f  16- in .  Vapor Return L i n e  t o  S h i p ' s  Tanks. 

Poss ib l e  I n i t i a t i n a  Events 

Flange, coup1 ing ,  o r  f i t t i n g  f a i l u r e  ( low p r o b a b i l i t y )  

S t a t i c ,  c y c l  i c y  and thermal s t resses  ( low p r o b a b i l  i t y )  

Valve f a i l u r e  ( low p r o b a b i l i t y )  

St resses f r om 1  arge waves, earthquakes, 1  i g h t n i n g ,  e t c .  (1  ow 

probabi  1 i t y  ) 

Resu l ts  and E f f e c t s  o f  Release Preven t ion  and Cont ro l  Systems 

The ESD system would a u t o m a t i c a l l y  shu t  down the  l i n e  w i t h i n  1 

minute.  I f  t h e  ESD system f a i l s ,  i t  takes 10 minutes t o  shu t  down. 

Amount o f  Release 
1  -mi n  Shutdown 10-min Shutdown 

Break 35,000 s c f  135,000 s c f  
(420 e q u i v a l e n t  ( 1  600 e q u i v a l e n t  
ga l  1  ons) ga l  l o n s )  

A d d i t i o n a l  I n f o r m a t i o n  Reaui r e d  

How f a s t  would t h e  ESD system be a c t i v a t e d ?  

What i s  t h e  frequency o f  f a i l u r e  f o r  t h i s  system? 



6.3.14 Failure of 30-in. Yapor Line from Pipeline Compressors t o  Gas Trans- 

mission Pipeline.  

Possible I n i t i a t i ng  Events 

* Pressure control valve and re1 ief  valve malfunction could overpressure 

the system. (low probabi l i ty)  

Failure of the cooling fans could allow the temperature t o  increase 

dnd s t r e s s  the system, causing f a i  1 ure. (low probabi l i ty)  

Fatigue from s t a t i c  and corrosion s t resses  and welding flaws. (low 

probabi l i ty)  

Results and Effects  of Release Prevention a ~ d  Control Systems 

The ESD system would i so l a t e  the l i n e  and shut down compressors in 1 m i n -  

ute. I f  the ESD system f a i l e d ,  i t  would take 10 minutes t o  manually shut  down 

the sytem. 

Break 

Amount of Release 
1 - m i  n Shutdown 10-niin Shutdown 

420,000 scf  640,000 scf  
(5,100 equivalent (7,800 equivalent 
gal lons) gal 1 ons) 

Additional Information Reauired 

What i s  the frequency of f a i l u r e  f o r  t h i s  system? 

Potential Design and Operational  change^ 

Design piping t o  withstand higher pressures and temperatures. 



6.4 REPRESENTATIVE RELEASE EVENTS FOR THE LNG PEAKSHAVING PLANT 

The p o t e n t i a l  r e l e a s e  events  chosen as r e p r e s e n t a t i v e  o f  normal ope ra t i ons  

a t  a  peakshaving p l a n t  a r e  l i s t e d  i n  Table G.4. The re l ease  events  f o r  t r ans -  

p o r t a t i o n  and t r a n s f e r  a r e  shown sepa ra te l y  i n  Table G.5. (The re fe rence  peak- 

shaving p l a n t  was descr ibed  p r e v i o u s l y  i n  Appendix E . )  The analyses o f  t h e  

i n d i v i d u a l  r e l ease  events a re  presented below. 

TABLE 6.4. Represen ta t i ve  Release Events f o r  an LNG Peakshaving 
F a c i l  i t y  

Gas supp ly  l i n e  f rom p i p e l i n e  f a i l s .  

Mo lecu la r  s i eve  adsorber vessel  f a i l s .  

Heat exchanger tube i n  r egene ra t i on  gas hea te r  f a i  1  s. 

LNG p i p i n g  i n  c o l d  box f a i l s .  

R e f r i g e r a n t  compressor s u c t i o n  l i n e  f a i l s .  

R e f r i g e r a n t  s to rage  tank f a i  1s.  

LNG s to rage  tank  f a i l s  

LNG o u t l e t  l i n e  f rom s to rage  tank  f a i l s  

LNG vapor vented through r e l i e f  va lves  a f t e r  o v e r p r e s s u r i z a t i o n  o f  

s to rage  tank.  

Sendout pump vessel  f a i l s .  

LMG supply  l i n e  t o  vapo r i ze rs  f a i l s .  

Vapor izer  hea t  exchanger tube f a i l s .  

Na tu ra l  gas 1  i n e  f rom vapo r i ze rs  f a i l s .  

TABLE G.5.  Representat ive Release Events f o r  T ranspo r ta t i on  and 
T rans fe r  Operat ions 

1. L i q u i d  l i n e  f r om s to rage  t o  t h e  t r u c k  l o a d i n g  s t a t i o n  f a i l s .  

2. F l e x i b l e  l oad ing lun load ing  hoses f a i l  . 
3. Vapor r e t u r n  l i n e  f rom t r u c k  l o a d i n g  s t a t i o n  t o  s to rage  f a i l s .  

4. L i q u i d  l i n e  f rom t h e  t r u c k  un load ing  s t a t i o n  t o  t h e  s to rage  tank  f a i l s .  

5. Truck LNG tank  f a i l s .  

6. T r a i l e r  pressure b u i l d u p  c o i l  f a i l s .  



6.4.1 Gas Supply Line from Pipeline Fails. 

Possible Ini t ia t ing Events 

Fatigue resulting from pressure cycling or s t a t i c  s t r e s s  (low 

probabi 1 i ty )  

Flaws in pipe, valves, flanges, couplings, or welds (low probability) 

External forces such as vehicular crash or earthquake (low 

pi-obabi 1 i t y )  

Results and Effects of Release Prevention and Control Systems 

The estimated maximum natural gas release from a guillotine break, based 

on times for  emergency or normal shutdown, are given below: 

Amount of Release 
1 -mi n Shutdown 10-mi n Shutdown 

Guillotine Break 42,000 scf 120,000 scf 

These releases include natural gas holdup in the system. The gas treatment 

system can be shut down e i ther  manually or by the Master Emergency Shutdown 

(FIES) . 

Additional Information Required 

e What design factors are  included for  pressure cycling and s t a t i c  

s t resses? 

What quality assurance ( Q A )  procedures are  used to eliminate flaws in 

components and connections, and what i s  the r e l i ab i l i t y  of these 

procedures? 

What provisions are made for protection against and alleviation of 

s t resses  caused by external forces? 

Potential Design or Operational Changes 

Q Conduct periodic non-destructive t e s t s  to  identify component degrada- 

tion and allow replacement before fa i lure  occurs. 

e Install  checkvalve a t  molecular sieve adsorbers to prevent backflow 

and leakage of adsorber holdup gas. 



6.4.2 Wolecu lar  S ieve Adsorber Vessel Fa i  1  s .  

Poss ib l e  I n i t i a t i n g  Events 

e Fa t i gue  r e s u l t i n g  f rom thermal c y c l i n g  o r  s t a t i c  s t r e s s  ( l o w  

p robab i  1  i t y )  

Flaws i n  c o n s t r u c t i o n  m a t e r i a l s  o r  welds ( l ow  p r o b a b i l i t y )  

* St resses caused by uneven s e t t l i n g  o f  vessel  f ounda t i on  o r  s h i f t i n g  

o f  vessel  con ten ts  ( 1  ow probabi  1  i t y )  

Cor ros ion  ( 1  ow p robab i  1  i t y )  

* P e n e t r a t i o n  by f l y i n g  p r o j e c t i l e  ( l ow  p r o b a b i l i t y )  

Excess ive p ressure  i n  vessel  ( l o w  p robab i l  i t y )  

F i r e  o r  exp los i on  i n  p l a n t  (medium p r o b a b i l i t y )  

Resu l t s  and E f f e c t s  o f  Release Preven t ion  and Cont ro l  Systems 

The es t ima ted  maximum n a t u r a l  gas re leases  f rom a  g u i l l o t i n e  break, based 

on t imes  f o r  emergency o r  normal shutdown, a re  g i ven  below: 

Amount o f  Release 
1  - m i  n  shutdown 10-min Shutdown -- 

G u i l l o t i n e  Greak 42,000 s c f  120,000 s c f  

The re leases  i n c l u d e  n a t u r a l  gas ho ldup i n  t h e  system. The gas t r ea tmen t  system 

can be shu t  down e i t h e r  manual ly  o r  by t h e  MES. 

A d d i t i o n a l  I n f o r m a t i o n  Required 

0 What des ign  f a c t o r s  a re  i n c l u d e d  f o r  thermal c y c l i n g  and s t a t i c  

s t r esses?  

What QA procedures a r e  used t o  e l i m i n a t e  f l aws  i n  m a t e r i a l s  and welds, 

and what i s  t h e  r e l i a b i l i t y  o f  these procedures? 

What p recau t i ons  a re  taken t o  ensure an adequate base f o r  vesse l  

f ounda t i ons?  



What procedures are used during vessel f i l l i n g  with molecular sieve 

material to  prevent against both abnormal vessel s t resses  during 

loading a n d  naterial  shif t ing during operation? 

What plant design features protect the adsorbers in the event of 

f i r e  or explosion in the plant? 

What i s  the r e l i ab i l i t y  of the pressure control system? 

Potential Design or - Operational Changes 

* Conduct periodic non-destructive t e s t s  to  identify vessel degradation 

and allaw repair before fa i lure  occurs. 

Design vessels and foundations t o  withstand greater s t resses .  

Incorporate features ( e - g . ,  shielding bulkheads) into plant design to  

protect vessels in the event of f i r e  or explosion i n  the plant. 



G.4.3 Heat Exchanger Tube in Regeneration Gas Heater Fails.  

Possible In i t ia t ing  Events 

e Thermal shock or thermal cycling s t resses  (low probability) 

Corrosion (low probability) 

Flaws in materials or welds (low probability) 

Burner explosion (low probabil i t y )  

Results and Effects of Release Prevention and Control Systems 

The estimated maximum natural gas releases from a gui l lot ine break, based 

on times for  emergency or manual shutdown, are given below: 

Amount of Release 
1-min Shutdown - 10-min Shutdown 

Guillotine Break 42,000 scf 120,000 scf 

These releases include natural gas holdup in the gas treatment system. Because 

of the proxiniity of the release to the regeneration heater burner, there i s  

a high probability that  a f i r e  or explosion niay occur. The gas treatment 

system can be shut down e i ther  manually or by the K E S .  

Jddi tional Information Required 

What are the de ta i l s  on diameters, thicknesses, configuration, and 

flow rates through the tubes in the regeneration gas heater? 

e How i s  flowrate controlled t h r o u g h  the regeneration gas heater? 

0 What are  the corrosion problems involved? 

What design factors are included for thermal s t ress  effects?  

What QA procedures are employed to eliminate flaws, and what i s  the i r  

re1 i abi 1 i  ty? 

Potential Design and Operational Changes 

Conduct periodic non-destructive tes t ing  of tubes to identify 

degradation and allow repair or replacement before fa i lure  occurs. 

Use indirect-fired or other type of heater t o  reduce potential for  

f i r e  or explosion as a resul t  of a leak. 



G.4.4 LNG P i p i n g  i n  Cold Box F a i l s .  

Poss ib l e  I n i t i a t i n g  Events 

Thermal shock o r  thermal c y c l  i ng s t resses  (medi urn probabi  1  i t y )  

0 Flaws i n  n i a t e r i a l s  o r  welds ( l ow  p r o b a b i l i t y )  

Resu l ts  and E f f e c t s  o f  Release Preven t ion  and Contro l  Systems 

When t h e  p i p i n g  f a i l s ,  LNG i s  re leased  t o  t h e  c o l d  box, r e s u l t i n g  i n  

p o s s i b l e  f a i l u r e  o f  t h e  c o l d  box. The es t imated  niaximum re leases  o f  LNG and 

n a t u r a l  gas, based on t imes f o r  emergency o r  manual shutdown, a re  g i ven  below: 

Amount o f  Release 
1-min Shutdown 10-min Shutdown 

G u i l l o t i n e  Break 42,000 s c f  120,000 s c f  

These re leases  i n c l u d e  system gas holdup. The 1  i q u e f a c t i o n  system can be 

shu t  down e i t h e r  manual ly  o r  by t he  MES. 

A d d i t i o n a l  I n f o r m a t i o n  Required - 

@ What a r e  t h e  d e t a i l s  on m a t e r i a l s  and f a b r i c a t i o n  techniques used i n  

t h e  c o l d  box? 

o Are t h e r e  any autamat ic  va lves  t o  shu t  down t h e  gas supply  l i n e  t o  

t h e  c o l d  box? 

What des ign  f a c t o r s  a r e  i nc l uded  f o r  thermal s t r e s s  e f f e c t s ?  

@ What QA procedures a r e  employed and what i s  t h e i r  r e1  i a b i l  i t y ?  

P o t e n t i a l  Design and Opera t iona l  Changes 

@ Conduct p e r i o d i c  non -des t ruc t i ve  t e s t s  t o  i d e n t i f y  p i p i n g  degrada t ion  

and a l l o w  replacement o r  r e p a i r  be fo re  f a i l u r e  occurs.  

I nco rpo ra te  spray s h i e l d s  and sump o r  d r a i n  system i n  c o l d  box t o  

p reven t  s p i l l e d  LNG f rom c o n t a c t i n g  s ides  o f  c o l d  box and caus ing 

f a i  1 u re .  



6.4.5 Refrigerant Compressor Suction Line Fai ls .  

Possible I n i t i a t i ng  Events 

Carryover of l iquid  re f r ige ran t  or  cold vapor from compressor suction 

t r ap  (medi urn probabi 1 i  t y )  

Flaws in materials  o r  welds (low probabi l i ty)  

Fatigue resu l t ing  from pressure cycling,  vibrat ional  , o r  s t a t i c  

s t r e s s  (low probabi 1 i  t y )  

Results and Effects  of Release Prevention and Control Svstems 

The maximum re lease  of re f r ige ran t  i s  3000 gallons,  which i s  the cycle 

f l u id  storage capacity in the system. Based on a normal system flowrate of 

about 190 gal/min and times fo r  emergency or normal shutdown, more 1 i  kely 

re1 ease quan t i t i e s  a r e  given below: 

Amount of Release 
l-min Shutdown 10-min Shutdown 

Gui l lo t ine  Break 190 gal 1 ,900 gal 

The l iquefact ion system can be shut  down e i t h e r  manually o r  by the MES. 

Additional Information - Required 

0 What i s  the r e l i a b i l i t y  and response time of the temperature and 

l iquid  level  instrumentation designed to  protect  agains t  carryover? 

What QA procedures a re  employed and what i s  t h e i r  r e l i a b i l i t y ?  

What design fac to rs  a re  included fo r  suction l i n e  s t r e s s e s?  

Potential  Design and Operational Changes 

In s t a l l  secondary suction t r ap  o r  o ther  device t o  minimize chances of 

carryover. 

Conduct periodic non-destructive t e s t s  t o  iden t i fy  and r e c t i f y  

problems before f a i l u r e  occurs. 

High l iqu id  level alarm on suction t r ap  should be t i ed  t o  l iqu id  

recycle pump t o  automatically maintain l iquid  l eve l .  



a High l i q u i d  l e v e l  a la rm should be t i e d  i n  t o  vapor f low c o n t r o l  

v a l v e  t o  shut o f f  f low i n  c a s e  o f  imminent c a r r y o v e r .  

I n s t a l l  a  low tempera tu re  a larm on s u c t i o n  l i n e  t i e d  i n  t o  vapor 

f low c o n t r o l  v a l v e .  



6.4 .6  Refrigerant Storage Tank Fails.  

Possible In i t ia t ing  Events 

e Fatigue resulting from vibration or s t a t i c  s t r e s s  (low probabili ty) 

Flaws in construction materials or welds (low probability) 

External forces such as vehicular crash, earthquake, or flying pro- 
j e c t i l e  (low probability) 

Fire or explosion in plant (medium probability) 

Results and Effects of Release Prevention and Control Systems 

The largest  refrigerant storage tank has a 10,000 gallon capacity. Thus, 

the maximum release from fa i lure  of a single tank i s  10,000 gallons. UV flame 

detectors in the refrigerant storage area would alarm in the event tha t  the 

1 eaking refr igerant  caught f i r e .  

Additional Information Required 

0 What design factors are included for  vibration and s t a t i c  s t resses? 

What QA procedures are  eniployed and what i s  t he i r  re1 iabi l  i ty? 

o What provisions are made for  protection against external forces? 

e What plant features protect the storage tanks in the event of f i r e  

or explosion in the plant? 

Potential Design and Operational Changes 

e Instal 1 conibusti ble gas detectors in refrigerant storage area. 

Conduct periodic non-destructive t e s t s  to identify and rec t i fy  pro- 

blems before f a i lu re  occurs. 

Design storage tanks to  withstand greater s t resses  and external forces.  

Incorporate features into plant design to protect storage tanks from 

external forces and from the effects  of f i r e  or explosion in the 

plant. 



6.4.7 LNG S t o x e  Tank F a i l s .  

Poss ib l e  I n i  t i a t i n a  Events 

Overpressure o r  underpressure due t o  f a i l u r e  o f  r e l i e f  systems p l u s  

any o f  t h e  f o l l o w i n g :  

- Rol l o v e r  o f  LNG i n  tank  (medium p r o b a b i l i t y )  

- Sudden change i n  baromet r i c  pressure (medium p robab i l  i t y )  

- F i r e  (medium probabi  1  i t y )  

- Heatup o r  cooldown o f  tank  t oo  f a s t  (medium p r o b a b i l i t y )  

- Boi  1  o f f  t rea tment  system n o t  p r o p e r l y  c o n t r o l  1  ed ( 1  ow probabi  1  i t y )  

- F a i l u r e  o f  b o i l o f f  compressors ( l o w  p r o b a b i l i t y )  

- Loss o f  tank  i n s u l a t i o n  e f f e c t i v e n e s s  ( l o w  p r o b a b i l i t y )  

Exp los ion  due t o  exp los i ve  gas m i x t u r e  i n  tank  r e s u l t i n g  from: 

- Inadequate purge (medium p robab i l  i t y )  

- Vacuum r e l i e f  a l l o w i n g  a i r  i n t o  t h e  tank  ( l ow  p r o b a b i l i t y )  

I nne r  she1 1  o f f - c e n t e r e d  w i t h  r e s u l t i n g  pressure f o r ces  f a i l  i n g  t h e  

tank  (medium p robab i l  i t y )  

Thermal s t r e s s  f r om t o o  r a p i d  o r  nonuni form cooldown o r  heatup ( l o w  

probabi  1  i t y )  

D i f f e r e n t i a l  f ounda t i on  s e t t l i n g ,  o r  f r os theave  f rom founda t i on  h e a t i n g  

c o i l  f a i l u r e  ( l o w  p r o b a b i l i t y )  

Earthquake o r  tornado (1  ow probabi  1  i t y )  

A i  r c r a f t  c rash  (1  ow probabi  1  i t y )  

Sabotage (1  ow probabi  1  i t y )  

S t r u c t u r a l  f a i l u r e  due t o  f l aws  i n  m a t e r i a l s  o r  welds ( l o w  p r o b a b i l i t y )  

F i r e  o r  exp los ion  i n  o t h e r  sec t i ons  o f  p l a n t  ( l o w  p r o b a b i l i t y )  

Resu l ts  and E f f e c t s  o f  Release Preven t ion  and Cont ro l  Systems 

The maximum LNG re l ease  f rom a  f a i l e d  tank  i s  348,000 bb l  . The s p i l l  

bas in  sur round ing  t h e  s to rage  tank  would r o u t e  t h e  LNG t o  t h e  d i k e d  impoundment 



area, which has t h e  c a p a c i t y  t o  c o n t a i n  t h e  e n t i r e  l eak .  F i r e - f i g h t i n g  systems 

a r e  a v a i l a b l e  t o  c o n t r o l  p o s s i b l e  f i r e s .  

A d d i t i o n a l  I n f o r m a t i o n  Required 

What i s  t h e  r e l i a b i l i t y  and adequacy o f  t h e  p ressure  and vacuum r e l i e f  

systems ( i n c l u d i n g  b o i  l o f f  system and n a t u r a l  gas a d d i t i o n ) ?  

What QA procedures a re  employed i n  tank  c o n s t r u c t i o n  and what i s  t h e i r  

r e l i a b i l i t y ?  

What p r o v i s i o n s  a re  made f o r  p r o t e c t i o n  a g a i n s t  and a l l e v i a t i o n  o f  

s t r esses  caused by e x t e r n a l  f o r c e s ?  

What p recau t i ons  a re  taken t o  ensure an adequate base f o r  t h e  tank  

f ounda t i on?  

What i s  t h e  r e l i a b i l i t y  and response t ime  o f  t h e  temperature and 

l i q u i d  l e v e l  i n s t r u m e n t a t i o n  on t he  tank?  

What i s  t h e  r e1  i a b i l i t y  o f  t h e  e l e c t r i c  f ounda t i on  hea te r s?  

P o t e n t i a l  Design and Opera t iona l  Changes 

Conduct p e r i o d i c  n o n - d e s t r u c t i v e  t e s t s  on t h e  s to rage  tank .  

Completely automate t h e  cooldown and heatup procedures.  

Design tank  t o  w i t h s t a n d  g r e a t e r  s t r esses .  

B u i l d  tank  underground so sur round ing  e a r t h  p rov i des  conta inment  o f  

l eaks ,  a d d i t i o n a l  suppor t ,  and added thermal i n s u l a t i o n .  

Develop and i n s t a l l  i n s t r u m e n t a t i o n  t o  d e t e c t  c o n d i t i o n s  l i k e l y  t o  

r e s u l  t i n  r o l l  over .  



G . 4 . 8  L N G  Outlet Line from Storage Tank -- Fails.  

Possible Ini t ia t ing Events 

Fatigue resulting from pressure or thermal cycling or s t a t i c  s t ress  

(low probability) 

Overpressurization due t o  L N G  trapped in l ine and vaporized, coupled 

with fai  1 ure of re1 ief val ve (medium probabi 1 i  t y )  

* Fluid hammer s t resses  caused by too rapid closure of valve during 

operation (low probabi 1 i t y )  

Flaws in pipe, valves, flanges, couplings, or weld (low probability) 

Failure of expansion joint  due t o  excessive flexing (medium 

probability) 

Exterual forces such as vehicular crash or earthquake (low 

probabi 1 i t y )  

Results and Effects of Release Prevention and Control Systems -. 

If the leak i s  prior t o  block valves in the l ine  and the internal block 

valve in the tank f a i l s  t o  operate, the total  contents of the tank might leak 

to  the sp i l l  basin. Thus, the maximum release of L N G  i s  348,000 bbl. Estimated 

releases from gui l lot ine leaks beyond l ine  valves, based on times for  emergency 

or manual shutdown, are given below: 

Amount of Release 
1 -min Shutdown 10-min ~ h z n  

Guillotine Break 28,000 gal 280,000 gal 

If the break i s  between the inner and outer shel ls  of the tank, i t  would pro- 

bably lead t o  fa i lure  of the tank d u e  to contact of the outer tank shell with 

the cold LNG.  (See also Section 6.4.7.)  

Additional Information Required 

What design factors are included for  cyclic and s t a t i c  s t resses? 

What i s  the re1 iabil  i ty of the pressure re1 ief valve? 



What p recau t i ons  and des ign  p r o v i s i o n s  a r e  used t o  avo id  f l u i d  hammer? 

What p r o v i s i o n s  a r e  made f o r  p r o t e c t i o n  a g a i n s t  and a l l e v i a t i o n  o f  

s t r esses  caused by e x t e r n a l  f o r c e s ?  

Can space between tank  s h e l l s  be d ra i ned  o f  l e a k i n g  LNG? Also,  a r e  

t h e r e  any temperature o r  l i q u i d  l e v e l  sensors i n  annu la r  space t o  

d e t e c t  such a  l e a k ?  

What i s  t h e  r e l i a b i l i t y  o f  expansion j o i n t s  i n  t h i s  s o r t  o f  s e r v i c e ?  

P o t e n t i a l  Design and Opera t iona l  Changes 

Conduct p e r i o d i c  non -des t ruc t i ve  t e s t s  on t h e  p i p e  and assoc ia ted  

va lves .  

Put a t  l e a s t  two p a r a l l e l  r e1  i e f  va lves  i n  each i s o l a t a b l e  s e c t i o n  o f  

p i pe .  

Design p i p e  and connect ions t o  w i t h s t a n d  g r e a t e r  s t r esses .  

I n c o r p o r a t e  p r o v i s i o n s  f o r  d r a i n i n g  annu la r  space i n  tank .  



G.4.9 LNG V-rs Vented through R e l i e f  Valves a f t e r  Ove rp ressu r i za t i on  o f  S t o r -  

ijge Tank. 

Poss ib le  I n i t i a t i n g  Events 

R o l l o v e r  o f  LNG i n  tank  (medium p r o b a b i l i t y )  

Sudden d rop  i n  baromet r i c  p ressure  ( l o w  p r o b a b i l i t y )  

F i r e  (medium p r o b a b i l  i t y )  

Heatup o f  LNG i n  s to rage  tank  t oo  f a s t  (medium p r o b a b i l i t y )  

e Boi  1 o f f  t rea tment  system n o t  p r o p e r l y  c o n t r o l  1  ed (1  ow probabi  1  i t y )  

F a i l u r e  o f  b o i l o f f  compressors ( l o w  p robab i l  i t y )  

Loss. o f  tank  i n s u l a t i o n  e f f e c t i v e n e s s  ( l o w  p r o b a b i l i t y )  

Resul ts  and E f f e c t s  o f  Release Preven t ion  and Cont ro l  Svstems 

The es t imated  LNG vapor re leases  depend on t he  l e n g t h  o f  t ime  t h e  tank  

i s  overp ressur ized .  The va lues g iven  below a re  based on t h e  maximum ven t i ng  

r a t e  o f  74,000 scfm and assumed ven t i ng  t imes f o r  minor  and major  overpres-  

s u r i z a t i o n  events .  

Amount o f  Release 
10-min Vent ina Pe r i od  2 -h r  Vent ina Per iod  

Two 12 - i n .  R e l i e f  Valves 740,000 s c f  8,900,000 s c f  

The re l eased  vapors may a l s o  ca t ch  f i r e  o r  explode. A  UV f i r e  d e t e c t o r  and 

d r y  chemical e x t i n g u i s h e r  a r e  l o c a t e d  on t o p  o f  t he  tank  near t h e  r e l i e f  

va lves;  t h e  ex t i ngu i she r ,  d i r e c t e d  a t  t h e  va lves,  i s  ac tua ted  by t h e  d e t e c t o r .  

A d d i t i o n a l  I n f o r m a t i o n  Required 

What p recau t ions  a r e  taken t o  ensure aga ins t  r o l l o v e r ?  

What i s  t h e  r e l i a b i l i t y  of t h e  b o i l o f f  t rea tment  system? 

What i s  t h e  r e l i a b i l i t y  and response t ime  o f  t h e  temperature and l i q u i d  

l e v e l  i n s t r u m e n t a t i o n  on t h e  tank?  

P o t e n t i  a1 Design and Operat ional  Changes 

Completely automate t h e  heatup procedure. 

Develop and i n s t a l l  i n s t r u m e n t a t i o n  t o  d e t e c t  c o n d i t i o n s  1  i k e l y  t o  

r e s u l  t i n r o l  l o v e r .  



6.4.10 Sendout Pump Vessel F a i l s .  

Poss ib l e  I n i t i a t i n g  Events 

e Fa t i gue  r e s u l t i n g  f rom c y c l i c  thermal s t resses  ( l o w  p r o b a b i l  i t y )  

Flaws i n  m a t e r i a l s  o r  welds ( l o w  p r o b a b i l i t y )  

Ex te rna l  f o r c e s  such as earthquake ( l o w  p r o b a b i l i t y )  

Resu l t s  and E f f e c t s  o f  Release Preven t ion  and Cont ro l  Svstems 

I f  t h e  b l o c k  va lves  i n  t h e  tank and t h e  o u t l e t  l i n e  f a i l  t o  opera te ,  t h e  

maximum r e l e a s e  would be t h e  t o t a l  con ten t s  o f  t he  tank,  o r  348,000 bb l  . I f  

t h e  va lves  opera te  p r o p e r l y ,  t h e  maximum re leases  would be based on t imes  f o r  

emergency o r  normal shutdown, as g i ven  below: 

Amount o f  Release 
1-min Shutdown 10-min Shutdown 

To ta l  Vessel Fa i  1  u r e  28,000 ~ a l  280,000 gas 

These re leases  i n c l u d e  t h e  LNG ho ldup i n  t h e  pump vessel  as w e l l  as t h e  f l o w  

th rough  t h e  system. Bo th  t h e  MES and t h e  Vapor i ze r  Emergency Shutdown (VES) 

can be used t o  s t o p  t h e  f l o w  o f  LNG t o  t h e  pump vesse l .  The area around t h e  

pump vessel  i s  mon i to red  by bo th  UV f i r e  d e t e c t o r s  and combus t ib le  gas de tec to r s ,  

and h igh-expans ion foam and o t h e r  f i r e - f i g h t i n g  systems a r e  a v a i l a b l e  t o  con- 

t r o l  any r e s u l t i n g  f i r e .  The l e a k  would be con f i ned  t o  t h e  s p i l l  bas in .  

A d d i t i o n a l  I n f o r m a t i o n  Required 

What des ign  f a c t o r s  a r e  i nc l uded  f o r  c y c l i c  thermal s t r esses?  

What p r o v i s i o n s  a r e  made f o r  p r o t e c t i o n  a g a i n s t  and a l l e v i a t i o n  o f  

s t r esses  caused by e x t e r n a l  f o r c e s ?  

P o t e n t i a l  Design and Opera t iona l  Changes 

@ Conduct p e r i o d i c  non -des t ruc t i ve  t e s t s  on t h e  pump vesse ls .  

Design vesse ls  t o  w i t hs tand  g r e a t e r  s t r esses .  



G.4.11 LNG Supply L i n e  t o  Vapor i ze rs  F a i l s .  

Poss ib l e  I n i t i a t i n g  Events 

* Fa t i gue  r e s u l t i n g  f rom thermal o r  p ressure  c y c l i n g  o r  s t a t i c  s t r e s s  

( l o w  p r o b a b i l i t y )  

* Flaws i n  p ipe,  va lves ,  f l anges ,  coup l ings ,  o r  welds ( l o w  p r o b a b i l i t y )  

Ex te rna l  f o r c e s  such as v e h i c u l a r  crash o r  earthquake ( l ow  p r o b a b i l i t y )  

Ove rp ressu r i za t i on  due t o  LNG t rapped  i n  l i n e  and vapor ized,  coupled 

w i  t h  f a i  1  u r e  o f  r e1  i e f  v a l  ve (medi um probab i  1 i t y )  

F l u i d  hammer s t r esses  caused by t oo  r a p i d  c l o s u r e  o f  va l ve  d u r i n g  

o p e r a t i o n  ( l ow  p r o b a b i l i t y )  

Resu l t s  and E f f e c t s  o f  Release Preven t ion  and Con t ro l  Systems 

The es t imated  maximum LNG re l eases  f rom a  g u i l l o t i n e  break, based on 

t imes  f o r  emergency o r  normal shutdown, a re :  

Amount o f  Release 
1-min - Shutdown 1C-min Shutdown 

G u i l l o t i n e  Break 4,700 ga l  20,000 ga l  

These re leases  i n c l u d e  LNG holdup i n  t h e  1  i n e .  Even w i t h o u t  sendout pumps 

ope ra t i ng ,  t h e  3000-ga l lon l i n e  ho ldup (assuming 500 f t  o f  12- in .  l i n e )  would 

be leaked.  The sendout system can be shu t  down manual ly  o r  by us i ng  e i t h e r  t h e  

MES o r  t h e  VES. F i r e - f i g h t i n g  systems a re  a v a i l a b l e  t o  c o n t r o l  any r e s u l t i n g  

f i r e .  

A d d i t i o n a l  I n f o r m a t i o n  Required 

What des ign  f a c t o r s  a r e  i n c l u d e d  f o r  c y c l i c  and s t a t i c  s t r esses?  

What p r o v i s i o n s  a r e  made f o r  p r o t e c t i o n  a g a i n s t  and a l l e v i a t i o n  o f  

s t r esses  caused by e x t e r n a l  f o r c e s ?  

What i s  t h e  r e l i a b i l i t y  o f  t h e  p ressure  r e l i e f  va l ve?  

What p recau t i ons  and des ign  p r o v i s i o n s  a r e  used t o  a v o i d  f l u i d  hammer? 



P o t e n t i a l  Design and Opera t iona l  Changes 

Conduct p e r i o d i c  non -des t ruc t i ve  t e s t s  on p i p e  and assoc ia ted  va lves .  

Pu t  a t  l e a s t  two r e l i e f  va lves  i n  each s e c t i o n  o f  p i p e  t h a t  can be 

i s o l a t e d .  

@ Design p i p e  and connect ions t o  w i t hs tand  g r e a t e r  s t r esses .  



G.4.12 Vaporizer H e a t m e r  -. Tube Fails. 

Possible Ini t ia t ing -- Event 

e Thermal shock or .thermal cycl i ng s t resses  (medium probabi 1 i t y )  

Corrosion ( 1  ow probabi l i  t y )  

Flaws in materials or welds (low probability) 

Bi,rner explosion (low probabi 1 i  t y )  

Results and Effects of Release Prevention and Control Systems -- 

The estimated maximum releases of L N G  and L N G  vapor from a gui l lot ine 

break, based o n  time for  emergency or manual shutdown, are given below: 

Amount  of Release 
- 1 -mi n xu tdown - 10-mi n Shutdown 

Guillotine Break 100,000 scf 1,000,000 scf 

The released vapor may explode or catch f i r e  due t o  the burner nearby. The 

vaporizers can be shut down by e i ther  the PIES or the VES. The VES will also 

close off the fuel gas and a i r  1 ines t o  the burners. Combustible gas detec- 

tors will close the vents and release Halon into the vaporizer building i f  

gas concentrations exceed se t  l imits .  

Additional Information Reauired 

e What are the de ta i l s  on diameters, thickness, configuration, and flow 

rates  through the tubes in the vaporizers? 

What are the corrosion problems involved? 

o What design factors are included for thermal s t ress  effects?  

How rel iable  are the various vaporizer components? 

Potential Design and Operational Changes 

e Conduct periodic non-destructive t e s t s  on tubes. 

Use indirect-fired or other type of heater t o  reduce the potential 

for  f i r e  or explosion resulting from a leak. 



6.4.13 Na tu ra l  Gas L i n e  f rom Vapor izers  F a i l s .  

P o s s i b l e  I n i t i a t i n g  Events - 

Carryover  of LNG o r  c o l d  vapor f r om  vapo r i ze r s  (medium probabi  1 i t y )  

0 Fa t i gue  r e s u l t i n g  f rom pressure  c y c l i n g  o r  s t a t i c  s t r e s s  ( l o w  

p r o b a b i l i t y )  

Flaws i n  p i pe ,  va lves ,  f l anges ,  coup1 i n g s  o r  welds ( l o w  p r o b a b i l i t y )  

Ex te rna l  f o r c e s  such as v e h i c u l a r  c rash  o r  earthquake ( l o w  

p r o b a b i l  i t y )  . 

Resu l t s  and E f f e c t s  o f  Release Preven t ion  and Cont ro l  Systems 

Assuming t h r e e  vapo r i ze r s  a r e  o p e r a t i n g  and based on t imes f o r  emergency 

o r  normal shutdown, t h e  es t imated  maximum n a t u r a l  gas re leases  f r om a  g u i l l o t i n e  

break a r e  as f o l l o w s :  

Amount o f  Release 
1  - m i  n  Shutdown 10-mi n  Shutdown 

G u i l l o t i n e  Break 

The l i n e  can be i s o l a t e d  manual ly  o r  by us i ng  t h e  VES. 

A d d i t i o n a l  I n f o r m a t i o n  Required 

e What des ign  f a c t o r s  a re  i n c l u d e d  f o r  p ressure  c y c l i n g  and s t a t i c  

s t r esses?  

What p r o v i s i o n s  a r e  made f o r  p r o t e c t i o n  a g i n s t  and a l l e v i a t i o n  o f  

s t r esses  caused by e x t e r n a l  f o r c e s ?  

What i s  t h e  r e l i a b i l i t y  and response t ime  o f  t h e  v a p o r i z e r  o u t l e t  temp- 

e r a t u r e  i n s t r u m e n t a t i o n ?  

P o t e n t i a l  Design and Opera t iona l  Changes 

a Conduct p e r i o d i c  non -des t ruc t i ve  t e s t s  on l i n e  t o  i d e n t i f y  problems 

be fo re  f a i l u r e  occurs .  

I n s t a l l  v a p o r - l i q u i d  sepa ra to r  vesse l  a f t e r  each v a p o r i z e r  t o  p reven t  

LNG ca r r yove r  t o  carbon s t e e l  l i n e .  



6.4.14 iiquid i ine  from Storage to the Truck Loading Station Fails.  

Possible In i t ia t inc  Events 

* Overpressurization due to  L N G  trapped in the l ine  and heated up and 

fa i lure  of the re1 ief valve t o  function (medium probability) 

Thermal cycl i c  s t resses  ( 1  ow probabi 1 i t y )  

* Vehicular damage (low probabil i t y )  

Earthquake (low probability) 

Results and Effects of Release Prevention and Control Systems - -- - 

The estimated maximum L N G  releases from a gui l lot ine break are given 

below, based on the assumption of a time for  an emergency or a normal shutdown: 

Amount of Release 
1-min Shutdown 10-min Shutdown 

Guillotine Break 460 gal 3,600 gal 

The tank loading pumps can be shut down by the Emergency Shutdown (ESD) system. 

The L N G  released from a break will be contained within the impoundment area i f  

the release i s  inside the dike walls. 

Additional Information Required 

@ What i s  the r e l i a b i l i t y  of the re l ie f  valves on the l ine? 

o How many thermal cycles can s tainless  s teel  pipe take prior to 

fa i lure?  

Possible Design and Operational Changes 

If economically feasible ,  p u t  a t  l eas t  two re l ie f  valves in each sec- 

tion of pipe that  can be isolated with L N G  in i t .  

Periodically check welds with non-destructive techniques. 



F l  e x i  b l  e  Loadi  ng/Unl oadi  ng Hoses Fa i  1  . 
Poss ib l e  I n i t i a t i n g  Events 

Wearing o f  t h e  hose b r a i d  by r ubb ing  on t h e  ground o r  on o t h e r  sharp 

o r  ab ras i ve  su r faces  (medi um probab i  l i t y )  

Veh i cu l a r  damage (medium probab i  1  i t y )  

Thermal c y c l i c  s t r esses  ( l o w  p r o b a b i l i t y )  

Hose coup1 i n g  doesn' t seal  p r o p e r l y  ( l o w  p r o b a b i l i t y )  

Resu l t s  and E f f e c t s  o f  Release Preven t ion  and Cont ro l  Systems 

The es t ima ted  maximum LNG re l eases  f rom a  g u i l l o t i n e  break a r e  g i v e n  

below, based on t h e  assumption o f  a  t ime  f o r  an emergency shutdown o r  a  normal 

shutdown : 

Amount o f  Release 
1-min Shutdown 10-min Shutdown 

G u i l l o t i n e  Break: l o a d i n g  470 ga l  3,600 ga l  

un l oad ing  1,600 ga l  10,500 ga l  

The LNG f r om a  break w i l l  f l o w  away f rom t h e  t r u c k  and e i t h e r  vapo r i ze  

o r  be con ta ined  by d i k e s  and t renches .  Dur ing  l oad ing ,  shutdown o f  t h e  l o a d i n g  

pump w i l l  l i m i t  t h e  r e l e a s e  t o  t h e  ho ldup i n  t h e  l i n e s .  The l o a d i n g  s t a t i o n  

va l ves  can a l s o  be c l osed  t o  s t o p  t h e  f l o w .  

Dur ing  un load ing ,  t h e  remote l i q u i d  f l o w  s h u t o f f  va lves  on t h e  t r u c k  can 

be c l osed  t o  s t o p  t h e  f l o w .  The f l o w  o f  LNG t o  t h e  p ressure  b u i l d u p  c o i l  must 

a l s o  be shu t  o f f  t o  p reven t  o v e r p r e s s u r i z a t i o n .  

A d d i t i o n a l  I n f o r m a t i o n  Reauired 

a What i s  t h e  1  i f e  expectancy and wear r e s i s t a n c e  o f  t h e  f l e x i b l e  hose? 

What i s  t h e  r e l i a b i l i t y  o f  t h e  hose connectors? 

Poss ib l e  Design and Opera t iona l  Changes 

o Poss ib l y  remote c o n t r o l s  f r om  t h e  un load ing  s t a t i o n  c o u l d  ope ra te  

t h e  t r u c k ' s  remote s h u t o f f  va l ves .  



G.4.16 Vapor Return L i n e  f rom t h e  Truck Loading S t a t i o n  t o  Storage F a i l s .  

Poss ib l e  I n i  t i a t i n a  Events 

Thermal c y c l  i c  s t r esses  (1  ow probabi  1  i t y )  

Veh i cu l a r  damage (1  ow probabi  1  i t y )  

Earthquake ( l o w  p r o b a b i l i t y )  

Resu l t s  and E f f e c t s  o f  Release Preven t ion  and Cont ro l  Systems 

The es t imated  maximum n a t u r a l  gas vapor re leases  f rom a  g u i l l o t i n e  break 

a r e  g i ven  below, based on t h e  assumption o f  a  t ime  f o r  an emergency shutdown o r  

a  normal shutdown: 

Amount o f  Release 
1-min Shutdown 10-min Shutdown 

G u i l l o t i n e  Break 1,100 s c f  11,000 s c f  

Shutdown of  t h e  sendout pump may decrease t h e  vapor re lease ,  depending on 

how much LNG has been pumped i n t o  t h e  t r u c k  p r i o r  t o  t h e  vapor r e t u r n  l i n e  

f a i l u r e .  The pump can be shu t  down by t h e  ESD. The vapor r e t u r n  v a l v e  on t h e  

t r u c k  o r  a t  t h e  l o a d i n g  s t a t i o n  can be shu t  t o  s t o p  f l o w  through t he  vapor 

r e t u r n  l i n e .  However, t h i s  may cause o v e r p r e s s u r i z a t i o n  o f  t h e  t r u c k  tank  and 

subsequent r e l e a s e  th rough  one o f  t h e  s a f e t y  va lves .  A l l  n a t u r a l  gas vapor 

re leases  w i l l  most l i k e l y  r i s e  i n t o  t h e  atmosphere and d i s s i p a t e .  

A d d i t i o n a l  I n f o r m a t i o n  Reauired 

How many thermal cyc l es  can s t a i n l e s s  s t e e l  p i p e  w i t hs tand  p r i o r  t o  

f a i  1  u r e ?  

Poss ib l e  Design and Opera t iona l  Changes 

P e r i o d i c a l l y  check welds w i t h  non -des t ruc t i ve  techniques.  



G.4.17 L i q u i d  L i n e  f rom t h e  Truck Unloading S t a t i o n  t o  t h e  Storage Tank F a i l s .  

P o s s i b l e  I n i t i a t i n g  Events 

Ove rp ressu r i za t i on  due t o  LNG t rapped  i n  t h e  l i n e  and heated up, 

coupled w i t h  f a i l u r e  o f  t h e  r e1  i e f  v a l v e  (medium p r o b a b i l i t y )  

Thermal c y c l  i c  s t r esses  (1  ow probabi  1  i t y )  

Veh i cu l a r  damage ( l o w  p r o b a b i l i t y )  

Earthquake ( l o w  p r o b a b i l i t y )  

Resu l t s  and E f f e c t s  o f  Release P reven t i on  and Cont ro l  Systems 

The es t ima ted  maximum LNG re l eases  f rom a  g u i l l o t i n e  break a r e  g i v e n  

below, based on t h e  assumption o f  a  t ime  f o r  an emergency shutdown o r  a  normal 

shutdown: 

Amount o f  Release 

G u i l l o t i n e  Break 
1 - n l n  Shutdown 10-min Shutdown 

870 ga l  8,200 ga l  

The s t a t i o n  un load ing  v a l v e  o r  t h e  t r u c k  un load ing  va l ve  can be c l osed  o r  t h e  

remote l i q u i d  f l o w  s h u t o f f  va lves  on t h e  t r u c k  may be opera ted  t o  s t o p  t h e  

f l o w  o f  LNG f rom t h e  t r u c k .  The f l o w  o f  LNG t o  t h e  p ressure  b u i l d u p  c o i l  must 

a l s o  be shu t  o f f  o r  o v e r p r e s s u r i z a t i o n  o f  t h e  t r u c k  tank  may occur .  The LNG 

re l eased  f r om a  break w i l l  be con ta ined  w i t h i n  t h e  impoundment area i f  t h e  

re l ease  i s  i n s i d e  t h e  d i k e  w a i l s .  

A d d i t i o n a l  I n f o r m a t i o n  Required 

How many c y c l e s  can s t a i n l e s s  s t e e l  p i p e  w i t hs tand  p r i o r  t o  f a i l u r e ?  

What i s  t h e  r e l i a b i l i t y  o f  t h e  r e l i e f  va lves  on t h e  l i n e ?  

Poss i  b l  e  Desian and O ~ e r a t i o n a l  Chanaes 

I f  economica l l y  f e a s i b l e ,  p u t  a t  l e a s t  two r e l i e f  va lves  i n  each 

s e c t i o n  o f  p i p e  t h a t  can be i s o l a t e d  w i t h  LNG i n  i t .  

P e r i o d i c a l l y  check welds w i t h  n o n - d e s t r u c t i v e  techniques.  



G.4.18 - Truck LNG Tank F a i l s .  

Poss ib l e  I n i t i a t i n g  Events 

Ove rp ressu r i za t i on  due t o  any one o f  t h e  f o l l o w i n g  p l u s  f a i l u r e  o f  t h e  

r e1  i e f  sys tems : 

- T r a i l e r  road  s a f e t y  v a l v e  i s  n o t  opened a f t e r  t r u c k  l o a d i n g  o r  

un load ing  (medium probabi  1  i t y )  

- F i r e  (medium p r o b a b i l i t y )  

- Loss o f  i n s u l a t i o n  and subsequent heatup o f  i n n e r  s h e l l  (medium 

probabi  1  i t y )  

- Vapor r e t u r n  va lves  a re  l e f t  c losed  d u r i n g  t r u c k  tank  l o a d i n g  

(medi um probab i  1  i t y  ) 

- R o l l o v e r  o f  LNG i n  t h e  t r u c k  tank  ( l o w  p r o b a b i l i t y )  

- Automat ic p ressure  b u i l d u p  r e g u l a t o r  f a i l s  open when feed  v a l v e  i s  

open ( 1  ow p robab i  1  i t y )  

0 Exp los ion  caused by:  

- S t a t i c  spark  due t o  grounding cab les  i n  bad c o n d i t i o n  o r  f a i l u r e  

t o  hook up cab les  (medium p r o b a b i l i t y )  

- Exp los i ve  m i x t u r e  o f  a i r  and n a t u r a l  gas due t o  improper  pu rg i ng  

(medi um probab i  1  i t y )  

- Exp los i ve  m i x t u r e  due t o  use o f  tank  f o r  commodity i ncompa t i b l e  

w i t h  LNG ( l o w  p r o b a b i l i t y )  

Acc iden ts  caus ing  f a i l u r e  o f  bo th  s h e l l s :  

- Puncture o f  b o t h  s h e l l s  by c o l l i s i o n  w i t h  o t h e r  o b j e c t s  (medium 

probab i  1  i t y )  

- Over tu rn  o f  t r u c k  (medium p r o b a b i l i t y )  

- Thermal s t r esses  r e s u l t i n g  i n  a  cracked i n n e r  t ank  w i t h  subsequent 

o u t e r  t ank  f a i l u r e  and r e l e a s e  o f  LNG ( l o w  p r o b a b i l i t y )  

- F i r e  f a i l s  b o t h  s h e l l s  o f  t r u c k  t ank  ( l o w  p r o b a b i l i t y )  



Resu l ts  and Ef fects  o f  Release Preven t ion  and Cont ro l  Systems 

A  complete r u p t u r e  o f  t h e  t r u c k  tank  w h i l e  f u l l  would r e s u l t  i n  t h e  

r e l e a s e  of about  10,500 ga l  o f  LNG, e i t h e r  as a  l i q u i d  o r  vapor. Explos ions 

o r  f i r e s  m igh t  r e s u l t  f rom t h e  re l ease .  

A d d i t i o n a l  I n f o r m a t i o n  Reauired 

What i s  t h e  r e l i a b i l i t y  o f  t h e  va r i ous  ope ra to r  t asks  r e l a t e d  t o  

l oad ing ,  t r a n s p o r t ,  and un load ing  o f  LNG t r u c k s ?  

Poss ib l e  Design and Operat ional  Changes 

More i n t e r l o c k s  cou ld  p o s s i b l y  be i nco rpo ra ted  t o  p reven t  e r r o r s  i n  

per fo rming  c h e c k l i s t  procedures. 



6.4.19 Trailer Pressure Buildup Coil Fails. 

Possible In i t ia t ina  Events 

Thermal cyclic s t resses  (low to medium probability) 

Accident (low probabi 1 i  t y )  

Results and Effects of Release Prevention and Control Systems 

A n  estimated maximum of 100 gal of LNG or natural gas could be released 

from a gui l lot ine break of the pressure buildup co i l ,  assuming 30 seconds to 

shut off LNG flow t o  the co i l .  Flow to the coil can be shut off by ei ther  a 

manual flow control valve or a remote liquid flow shutoff valve. 

e How many thermal cycles can the buildup coi l s  withstand prior to 

fa i lure?  

0 What i s  the accident record regarding the pressure buildup coi l?  



G.5 REPRESENTATIVE RELEASE EVENTS FOR THE LNG SATELLITE PLANT 

The p o t e n t i a l  r e l ease  events  chosen t o  be analyzed f o r  t h e  r e fe rence  LNG 

s a t e l l i t e  p l a n t  a r e  g i ven  i n  Table  G.6. (The f a c i l i t y  d e s c r i p t i o n  f o r  t h e  

s a t e l l i t e  p l a n t  was presented p r e v i o u s l y  i n  Appendix F . )  The analyses o f  t h e  

i n d i v i d u a l  events  appear below. Release events  f o r  t r a n s p o r t a t i o n  and 

t r a n s f e r  ope ra t i ons  a r e  covered i n  Sec t i on  6.4 and a re  n o t  i n c l u d e d  here.  

TABLE G-6. Represen ta t i ve  Release Events f o r  an 
LNG Sate1 1  i t e  Fac i  1  i t y  

1.  Sate1 1 i t e  s to rage  tank  f a i l s  

2. E x i t  gas l i n e  f rom t h e  b o i l o f f  hea te rs  f a i l s .  

3. L i q u i d  d i scha rge  l i n e  f r om  t h e  s a t e l l i t e  s to rage  tank  p r i o r  t o  t h e  
sendout pumps f a i  1 s . 

4. Sendout pump vessel  f a i l s .  

5 .  L i q u i d  r e c i r c u l a t i o n  l i n e  f rom t h e  sendout pumps f a i l s .  

6.  Vapor r e t u r n  l i n e  f rom t h e  sendout pump f a i l s .  

7 .  L i q u i d  l i n e  t o  t h e  vapo r i ze r s  f a i l s .  

8. Vapor ize r  hea t  exchanger tubes f a i l .  

9. Na tu ra l  gas 1 i n e  f rom t h e  vapo r i ze r s  f a i l s .  



G.5.1 S a t e l l i t e  Storage Tank F a i l s .  

Possible I n i t i a t i n g  Events 

Overpressurizat ion due t o  any of the  following plus f a i l u r e  o r  

re1 i  ef sys terns : 

- Rollover of L N G  i n  tank (medium probab i l i ty )  

- Sudden drop in barometric pressure (medium probabil i  t y )  

- Fire  (medi urn probabi 1 i  t y )  

- Heatup of L N G  too f a s t  during tank heatup (medium p r o b a b i l i t y )  

- Boiloff t reatment  system not properly cont ro l led  (low p robab i l i ty )  

- Fai lure  of bo i lo f f  compressors (low p robab i l i ty )  

e Explosion due t o  explosive gas mixture from: 

- Inadequate purge (medium probabi 1 i  t y )  

- Vacuum r e l i e f  allowing a i r  i n t o  the  tank (low p robab i l i ty )  

Inner she l l  off-centered with r e s u l t i n g  pressure forces  f a i l i n g  t h e  

tank (medium probabi 1 i  t y )  

@ Too rapid o r  nonuniform cooldown (low p robab i l i ty )  

8 High external  pressure and f a i l u r e  of both vacuum r e l i e f  valves (low 

probabi 1 i  t y )  

e Pi l ing  cap f a i l u r e  (low p robab i l i ty )  

e Earthquake (low probabi 1 i  t y )  

Airplane crash (low probabil i  t y )  

Sabotage (low p robab i l i ty )  

Results and Effec ts  of Release Prevention and Control Systems 

The maximum re lease  of L N G  from a completely f a i l e d  tank would be 

37,000 bbl ,  which would be contained in  the  impoundment area  surrounding the  

tank. Foam genera t ion ,  dry chemical f i r e  ex t ingu i she r s ,  and a water supply 

system a r e  a v a i l a b l e  t o  combat f i r e  and i t s  e f f e c t s .  



Additional Information Required 

What i s  the r e l i ab i l i t y  of the pressure and vacuum re l ie f  system? 

What design factors are included for the cyclic s t resses  the 

storage tank undergoes? 

Possible Design and Operational Changes 

Connect the vacuum re l ie f  to a nitrogen supply. 

Completely automate the cooldown procedure. 

If economically feasible ,  non-destructively t e s t  the total  tank 

( e  . g . ,  acoustic emission). 



G.5.2 E x i t  Gas L i n e  f rom t h e  B o i l o f f  Heaters F a i l s .  

Poss ib l e  I n i t i a t i n g  Events 

Heaters f a i l  due t o  one o f  t h e  f o l l o w i n g ,  which r e s u l t s  i n  c o l d  gases 

f a i l i n g  t h e  carbon s t e e l  l i n e s :  

- power outage (medi um probabi  1 i t y )  

- mechanical f a i  1  u r e  (medium p r o b a b i l  i t y )  

Rapid b o i l o f f  n o t  adequate ly  handled by t h e  heaters ,  r e s u l t i n g  i n  

c o l d  gases f a i  1  i n g  t h e  carbon s t e e l  1  i n e s  (medium probabi  1  i t y )  

Earthquake ( l o w  p r o b a b i l  i t y )  

Resu l t s  and E f f e c t s  o f  Release Preven t ion  and Cont ro l  Systems 

If t h e  gas l i n e  f a i l s  comp le te ly  p r i o r  t o  t h e  hea te r  e x i t  va lve ,  then  an 

es t imated  6250 s c f  pe r  hour  would be re leased  t o  t h e  atmosphere. I f  t h e  gas 

l i n e  f a i l s  comp le te ly  a f t e r  t h e  hea te r  e x i t  va lve,  then  t h e  e x i t  v a l v e  can be 

c losed,  b u t  an es t imated  6250 s c f  pe r  hour  would be vented t o  t h e  atmosphere 

f rom t h e  s to rage  tank.  When l ow  temperatures a r e  de tec ted  i n  t h e  e x i t  l i n e  

f rom t h e  hea te rs ,  t h e  e x i t  va lves  a r e  a u t o m a t i c a l l y  c losed.  

A d d i t i o n a l  I n f o r m a t i o n  Reauired 

e Are t h e  hea te r  e x i t  l i n e s  and e x i t  va lves  made o f  s t a i n l e s s  s t e e l ?  

0 A d d i t i o n a l  d e t a i l s  concern ing t h e  e n t i r e  b o i l o f f  system a r e  r equ i r ed .  

Poss ib l e  Design and Opera t iona l  Changes 

An a u x i l i a r y ,  gas - f i red ,  h o t  wa te r  ba th  hea te r  cou ld  be on hand f o r  

emergencies . 



6.5.3 L i q u i d  Discharge L i n e  f rom t h e  Sate1 1  i t e  Storage Tank p r i o r  t o  t h e  

Sendout Pumps F a i l s .  

Poss ib l e  I n i t i a t i n g  Events 

e Overp ressu r i za t i on  due t o  LNG t rapped  i n  t h e  l i n e  and heated up 

coupled w i t h  f a i l u r e  o f  t h e  r e1  i e f  va l ve  t o  f u n c t i o n  (medium 

probabi  1  i t y )  

Thermal c y c l  i c  s t r esses  (1  ow probabi  1  i t y )  

e Earthquake ( l o w  p r o b a b i l  i t y )  

Resu l t s  and E f f e c t s  o f  Release P reven t i on  and Cont ro l  Systems 

A  complete break o f  t h e  l i n e  cou ld  p o s s i b l y  r e l ease  t h e  t o t a l  con ten t s  o f  

t h e  t ank  (as  much as 37,000 b b l )  t o  t h e  d i k e d  impoundment area.  I f  t h e  break 

i s  between t h e  i n n e r  and o u t e r  s h e l l s ,  t h e  o u t e r  s h e l l  w i l l  f a i l  and w i t h  i t s  

f a i l u r e  p o s s i b l y  t h e  i n n e r  s h e l l  w i l l  f a i l .  

A d d i t i o n a l  I n f o r m a t i o n  Reauired 

e What i n t e r n a l  va lves ,  i f  any, a r e  i n  t he  tank?  

Poss ib l e  Design and Opera t iona l  Changes 

I f  economica l l y  f e a s i b l e ,  p u t  a t  l e a s t  two r e l i e f  va l ves  i n  t.he p i p e  

between t h e  s to rage  tank  and t h e  pumps o r  between va l ves  i n  t h a t  

s e c t i o n  o f  p i pe .  

o I n s t a l  1  i n t e r n a l  tank  va l ves  i f  t hey  a re  n o t  a l r eady  p resen t .  



G.5.4 Sendout Pump Vessel Fails. 

Possible Ini t ia t ing Events 

Thermal cycl i c  s t resses  (low probabi 1 i ty )  

0 Vehicular damage ( 1  ow probabi 1 i ty )  

Results and Effects of Release Prevention and Control Systems 

A complete rupture of the pump vessel would release the volume of LNG in 

the vessel t o  the impoundment area,  unless the feed valves t o  the pump are open 

simultaneously. Then the release would be about 14,500 gal plus the volunle of 

the purnp vessel, a s su~ ing  i t  takes 10 minutes t o  close the feed valves t o  the 

pump. Either the MES or VES could be activated t o  stop the LNG flow t o  the 

pump vessel. 

Additional Information Reauired 

e What i s  the volume of the pump vessel? 

Is any of the pump vessel in the ground? 

Possible Design and Operational Changes 

e If economically or practically feasible ,  p u t  a barrier around the 

pump vessels. 



G . 5 . 5  L i q u i d  R e c i r c u l a t i o n  L i ne  f rom t h e  Sendout Pumps F a i l s .  

P o s s i b l e  I n i t i a t i n a  Events 

Thermal c y c l i c  s t r e s s  ( l o w  p r o b a b i l i t y )  

V i b r a t i o n a l  s t r esses  ( l o w  probabi  1  i t y )  

Resu l t s  and E f f e c t s  o f  Release Preven t ion  and Cont ro l  Systems 

The es t ima ted  maximum LNG re leases  f rom a  g u i l l o t i n e  break a r e  g i ven  below, 

based on t h e  assumption o f  a  t ime  f o r  an emergency shutdown o r  a  normal 

shutdown : 

Amount o f  Release 
1-min Shutdown 10-min Shutdown 

G u i l l o t i n e  break 100 ga l  1,000 ga l  

Shutdown o f  t h e  pumps w i l l  decrease t h e  LNG r e l e a s e  f rom a  break. The s to rage  

t ank  pumps can be shu t  down by e i t h e r  a  MES o r  VES. The LNG re l eased  f rom a  

break w i l l  be con ta i ned  w i t h i n  t h e  impoundment area. I f  t h e  LNG re l eased  f rom 

t h e  break h i t s  t h e  o u t e r  s h e l l  o f  t h e  tank,  t h e  o u t e r  s h e l l  may c rack  o r  f a i l .  

A d d i t i o n a l  I n f o r m a t i o n  Required -- 

How many thermal  cyc l es  can t h e  s t a i n l e s s  s t e e l  p i p e  t a k e  p r i o r  t o  

f a i  1  u re?  

e How much v i b r a t i o n  can t h e  p i p e  t ake  p r i o r  t o  f a i l u r e ?  

Poss ib l e  Design and Opera t iona l  Changes 

Put  a  s h i e l d  a long  p o r t i o n s  o f  t h e  r e c i r c u l a t i o n  l i n e  t h a t  runs  c l o s e  

t o  t h e  o u t e r  s h e l l  o f  t h e  s t o rage  tank .  



G.5 .6  Vapor Return Line from the Sendout Pump Fails.  

Possible Ini t ia t ing Events 

Q Thermal cyclic s t ress  (low probability) 

Vibrational stresses (low probabil i t y )  

Results and Effects of Release Prevention and Control Systems 

A break in the vapor return l ine while the pumps are cooling down would 

release cold natural gas t o  the atmosphere. 

Additional Information Required 

@ How much LNG i s  vaporized when one of the pumps i s  cooled down? 

How many thermal cycles can the vapor return l ine  take prior to 

fa i lure?  

e How much vibration can the pipe take prior to fa i lure?  



6.5.7 L i a u i d  L i n e  t o  t h e  V a ~ o r i z e r s  F a i l s .  

P o s s i b l e  I n i t i a t i n g  Events  

O v e r p r e s s u r i z a t i o n  due t o  LNG t r a p p e d  i n  t h e  l i n e  and hea ted  up 

coup led  w i t h  f a i l u r e  o f  t h e  r e l i e f  v a l v e s  ( l o w  p r o b a b i l i t y )  

V e h i c u l a r  damage ( l o w  p r o b a b i  1  i t y )  

e Ear thquake ( l o w  p r o b a b i  1  i t y )  

R e s u l t s  and E f f e c t s  o f  Release P r e v e n t i o n  and C o n t r o l  Systems 

The e s t i m a t e d  maximum LNG r e l e a s e s  f r o m  a  g u i l l o t i n e  b reak  a r e  g i v e n  

be low,  based on  t h e  assumpt ion  o f  a  t i m e  f o r  an emergency shutdown o r  a  normal 

shutdown : 

Amount o f  Release 
1-min  Shutdown 10-min Shutdown 

G u i l l o t i n e  b reak  120 g a l  1,000 g a l  

These r e l e a s e s  a r e  based on t h e  assumpt ion  t h a t  b o t h  pumps a r e  o p e r a t i n g  a t  t h e  

t i m e  o f  t h e  b reak .  Shutdown o f  t h e  pumps w i l l  decrease t h e  LNG r e l e a s e  f r o m  

a  b reak .  The s t o r a g e  t a n k  pumps can be s h u t  down by e i t h e r  t h e  FiES o r  VES. 

The LNG r e l e a s e d  f r o m  a  b reak  s h o u l d  d r a i n  i n t o  and be c o n t a i n e d  by  t h e  impound- 

ment a r e a .  

A d d i t i o n a l  I n f o r m a t i o n  Requ i red  

What d i a m e t e r  i s  t h e  l i n e  t o  t h e  v a p o r i z e r s ?  

How many the rma l  c y c l e s  can t h e  1  i n e  t a ~ e  p r i o r  t o  f a i l u r e ?  

Poss i  b l  e  Des ign and G p e r a t i  ona l  Changes 

I f  e c o n o m i c a l l y  f e a s i b l e ,  p u t  a t  l e a s t  two r e l i e f  v a l v e s  i n  each 

s e c t i o n  o f  p i p e  t h a t  can be i s o l a t e d  w i t h  LNG i n  i t .  



Vaporizer Heat Exchanger Tubes Fail .  

Possible In i t ia t ing  Events 

Thermal cyclic s t resses  (medium probabil i t y )  

Thermal shock (medium probabi 1 i ty )  

Corrosion ( 1  ow probabi 1 i t y )  

Explosion (low probability) 

Results and Effects of Release Prevention and Control Systems 

A t  a maximum, about 500 gil  of L N G  could be released to the water bath, 

assuming one pump i s  running a t  50 gal/min for  10 minutes prior t o  shutdown. 

The L N G  might explode or catch f i r e  due t o  the burners nearby. Shutdown of 

the pumps or the feed valves to the vaporizer will decrease the LNG release 

from a break. The pumps and the feed valves can be shut down by ei ther  the 

FlES or VES. The MES will also shut off the fuel to the vaporizer burners. 

Additional Information Required 

What are  the de ta i l s  on diameters, configuration, and flow rates 

through the tubes in the vaporizers? 

What a re  the corrosion problems? 

Possible Desian and O~erational Chanaes 

e If economically feasible ,  hot-water heat exchangers should be used. 



6.5.9 Na tu ra l  Gas L i n e  f rom t h e  V a ~ o r i z e r s  F a i l s .  

Poss ib l e  I n i  t i a t i  na Events 

e Cold gases o r  LNG coming f r om vapo r i ze r s  (medium p r o b a b i l i t y )  

Veh i cu l a r  damage ( l o w  p r o b a b i l i t y )  

Earthquake ( l o w  p r o b a b i l  i t y )  

Resu l t s  and E f f e c t s  o f  Release P reven t i on  and Cont ro l  Svstems 

A maximum o f  about 83,000 s c f  o f  n a t u r a l  gas cou ld  be re l eased  t o  t h e  

atmosphere, assuming bo th  vapo r i ze r s  o p e r a t i n g  a t  a  t o t a l  o f  about  8,300 scfm 

f o r  10 minutes p r i o r  t o  shutdown o f  t h e  vapo r i ze r s  and v a p o r i z e r  e x i t  va l ves .  

The vapo r i ze r s  and vapo r i ze r  e x i t  va lves  can be shu t  down by e i t h e r  t h e  MES 

o r  VES. 

A d d i t i o n a l  I n f o r m a t i o n  Required 

What i s  t h e  response t ime  o f  t h e  v a p o r i z e r  o u t l e t  temperature 

c o n t r o l  1  e r ?  
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APPENDIX H 

PROCESS FLOW DIAGRAM SYMBOLS - 

The symbols used i n  t h e  process f l o w  diagrams t h r o u g h o u t  t h i s  s t u d y  a r e  

d e f i n e d  i n  t h i s  appendix.  The appendix i s  d i v i d e d  i n t o  two p a r t s  : t h e  f i r s t  

d e a l s  w i t h  i n s t r u m e n t a t i o n  and c o n t r o l s  , and t h e  second covers  v a l v e s ,  1  i n e s  , 
and equipment.  A l l  o f  t h e  i t ems  p resen ted  h e r e  do n o t  n e c e s s a r i l y  a p p l y  t o  each 

i n d i v i d u a l  f a c i  1  i t y  c o n s i d e r e d  i n  t h i s  s t u d y .  

H . l  - INSTRUMENTATION AND CONTROLS 

A l l  i n s t r u m e n t a t i o n  and c o n t r o l s  a r e  i n d i c a t e d  i n  t h e  v a r i o u s  process f l o w  

diagrams by  s m a l l  c i r c l e s .  The l e t t e r s  i n s i d e  t h e  c i r c l e s ,  d e f i n e d  below, i d e n -  

t i f y  t h e  f u n c t i o n s  o f  t h e  v a r i o u s  i t e m s .  No d i s t i n c t i o n  i s  made between board-  

mounted and l o c a l l y  mounted equipment.  

P ressure  I n s t r u m e n t a t i o n  .- and C o n t r o l l e r s  - P  

i I n d i c a t o r  

R Recorder  

C C o n t r o l l e r  

A A larm ( H  o r  L o u t s i d e  c i r c l e  i n d i c a t e s  h i g h  o r  l o w )  

S S w i t c h  

o Flow I n s t r u m e n t a t i o n  - and C o n t r o l l e r s  - F  

I I n d i c a t o r  

R Recorder 

C C o n t r o l l e r  

A A la rm ( H  o r  L o u t s i d e  c i r c l e  i n d i c a t e s  h i g h  o r  l o w )  

A n a l y z e r  I n s t r u m e n t a t i o n  - A  -- 

R Recorder 

A A la rm ( H  o r  L o u t s i d e  c i r c l e  i n d i c a t e s  h i g h  o r  l o w )  



Level  I n s t r u m e n t a t i o n  - L  

I I n d i c a t o r  

R Recorder 

A Alarm ( H  o r  L  o u t s i d e  c i r c l e  i n d i c a t e s  h i g h  o r  l ow )  

Temperature I n s t r u m e n t a t i o n  -- and C o n t r o l l e r s  - T 

I I n d i c a t o r  

R Recorder 

C C o n t r o l l e r  

A Alarm ( H  o r  L  o u t s i d e  c i r c l e  i n d i c a t e s  h i g h  o r  l ow )  

S  Shutdown 

Hand Ac tua ted  C o n t r o l l e r s  - H 

I I n d i c a t o r s  

C Con t ro l  1  e r s  

Emergency Shutdown Systems 

LES - Loading Emergency Shutdown 

MES - Master Emergency Shutdown 

OES - O f f sho re  Emergency Shutdown 

VES - Vapor i ze r  Emergency Shutdown 

H . 2  VAL\lES, LINES, AND EQUIPMENT 

The ma jo r  va lves ,  l i n e s ,  and equipment assoc ia ted  w i t h  t h e  v a r i o u s  LNG 

f a c i l i t i e s  a r e  shown i n  t h e  a p p r o p r i a t e  process f l o w  diagrams. The i d e n t i f i c a -  

t i o n  systems used f o r  these  components a r e  exp la i ned  below. 

Valves 

A i l  va l ves  shown i n  t h e  process f l o w  diagrams a r e  i d e n t i f i e d  by g raph i c  

symbols, as  shown here :  

81 Con t ro l  va lve ,  pneumatic o p e r a t o r  

& Con t ro l  va lve ,  s o l e n o i d  o r  motor  o p e r a t o r  

M Hand opera ted  process v a l v e  

Check v a l v e  

7 o r  7 R e l i e f  va l ve .  



L ines  

The va r i ous  l i n e s  i n  t h e  process f l o w  diagrams a re  shown g r a p h i c a l l y  as 

f o l  1 ows : 

Process l i n e s  

- I,- I I -  
Pneumatic i nstrument leads 

---------- E l e c t r i c a l  i ns t rumen t  leads.  

Equipment 

A s i n g l e  l e t t e r  i s  used t o  i d e n t i f y  each t ype  o f  major  p l a n t  components: 

C Compressor 

E o r  A Heat exchanger 

P Pump 

V Vessel o r  Vapor izer  

T Tank. 

Numbers a r e  used w i t h  each l e t t e r  t o  i n d i c a t e  t he  s p e c i f i c  p i ece  of  equipment: 
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