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Energy Consumption i n  t h e  P i p e l i n e  I n d u s t r y  

by 

W i l l i a m  F. Banks . 

ABSTRACT 

E s t i m a t e s  a r e  developed of t h e  energy consumption and energy 

i n t e n s i t y  (EI )  of f i v e  c a t e g o r i e s  of U .  S. p i p e l i n e  i n d u s t r i e s :  n a t u r a l  

g a s ,  c rude  o i l ,  pe t ro leum p r o d u c t s ,  c o a l  s l u r r y ,  and wate r .  For compara- 

b i l i t y  w i t h  o t h e r  t r a n s p o r t a t i o n  modes, i t  i s  d e s i r a b l e  t o  c a l c u l a t e . E I  

i n  Btu/Ton-Mile, and t h i s  i s  done, a l t h o u g h  t h e  n e c e s s a r y  u n i t  c o n v e r s i o n s  

i n t r o d u c e  a d d i t i o n a l  u n c e r t a i n t i e s .  S i n c e  wate r  and sewer l i n e s  o p e r a t e  ' 

by l i f t  and g r a v i t y ,  a comparable EI  is  n o t  d e f i n a b l e .  



PREFACE 

Subsequent t o  Congressional  approval  of t h e  Department of Energy 

Organ iza t ion  Act of 1977 ( P u b l i c  Law 95-91 - Aug. 4 ,  19771, v a r i o u s  f e d e r a l  

government departments  and agenc ies  prev ious ly  having some form of  r e g u l a t o r y  

j u r i s d i c t i o n  over  p i p e l i n e s  were .removed of some o r  a l l -  of t h e i r  r e g u l a t o r y  

r e s p o n s i b i l i t i e s .  These r e g u l a t o r y  r e s p o n s i b i l i t i e s  were t r a n s f e r r e d ,  

main ly ,  t o  e i t h e r  t h e  Fede ra l  Energy Regulatory Commission (FERC) o r  

t h e  Economic Regula tory  Adminis t ra t ion  (ERA) w i t h i n  t h e  newly formed Depart- 

ment of Energy (DOE). 

Two of t he  independent agenc ies ,  t h e  Federa l  Power Commission (FPC) 

and t h e  Federa l  Energy Adminis t ra t ion  i 'EA), were l i q u i d a t e d  and a l l  of 

t h e i r  d u t i e s  t r a n s f e r r e d  t o  t h e  DOE. I n  a d d i t i o n ,  t h e  I n t e r s t a t e  Commerce 

Commission (ICC), a s  r e l a t e d  t o  i t s  p i p e l i n e  r e g u l a t o r y  r e s p o n s i b i l i t i e s ,  

was r e l i e v e d  of a l l  of i t s  d u t i e s  except  f o r  j u r i s d i c t i o n  over  c o a l  s l u r r y  

p i p e l i n e s .  The remaining f e d e r a l  agenc ies  and departments  desc r ibed  i n  

S e c t i o n  5.0 of r e p o r t  number HCP/M-1171-3 of t h i s .  s e r i e s  ( i . e . ,  t h e  Depart- 

ment of T ranspo r t a t i on ,  t h e  Environmental P r o t e c t i o n  Agency, t he  Department 

of  t he  I n t e r i o r  and t h e  Department of Labor) r e t a i n e d  t h e i r  r e g u l a t o r y  

r e s p o n s i b i l i t i e s  over  p i p e l i n e s .  

FERC ( a n  independent ,  five-member o r g a n i z a t i o n  wi th in  t h e  DUE) 

i n h e r i t e d  most of t h e  gas  p i p e l i n e  r e g u l a t o r y  func t ions  of t h e  FPC. In  

a d d i t i o n ,  FERC i n h e r i t e d  t h e  a u t h o r i t y  of  t h e  I C C  t o  e s t a b l i s h  r a t e s  o r  

charges  f o r  t he  t r a n s p o r t a t i o n  of o i l  by p i p e 1 i n e . a ~  w e l l  a s  t he  v a l u a t i o n  

of  such p i p e l i n e s .  Under t h e  DOE Organiza t ion  Act,  t h e  FERC was de lega ted  

t h e  fol lowing gene ra l  r e s p o n s i b i l i t e s :  

o  I s sue  and en fo rce  l i c e n s e s  f o r  h y d r o e l e c t r i c  power-projects.  

o  E s t a b l i s h  and en fo rce  r a t e s  and charges f o r  t h e  s a l e  and 

t r ansmis s ion  of e l e c t r i c i t y  and f o r  t he  non-emergency i n t e r -  

connect ion of f a c i l i t i e s  f o r  t h e  gene ra t i on ,  t r ansmis s ion ,  

and s a l e  of e l e c t r i c i t y .  



o  E s t a b l i s h ' a n d  en fo rce  rat 'es and charges f o r  the. t ransmiss ion  

and s a l e  of n a t u r a l  gas .  

o  I s s u e  and en fo rce  c e r t i f i c a t e s  of p u b l i c  convenience and 

n e c e s s i t y  f o r  c o n s t r u c t i o n  of f a c i l i t i e s ,  abandonment of 

s e r v i c e s  o r  f a c i l i t i e s ,  e t c  f o r  n a t u r a l  gas  l i n e s .  

o  E s t a b l i s h  and en fo rce  c u r t a i l m e n t s  of n a t u r a l  ga s  ( o t h e r  

than  e s t ab l i shmen t  and review of cur ta i , lment  p r  i o r i t 1 . e ~ )  . 

o  Regulate  mergers :and s e c u r i t i e s  a c q u i s i t i o n s  under . t h e  

Na tu ra l  Gas Act and Fede ra l  Power Act. 

.o Other f u n c t i o n s  a s  may be  ass igned  by t h e  Sec re t a ry .  

The ERA is charged w i t h  admin i s t e r ing  many of t h e  DOE'S regula-  

t o r y  programs o t h e r  t han  those  o f ! t h e  FERC. The ERA i n h e r i t e d  t h e  former. 

r e s p o n s i b i l i t i e s  of t h e  FEA a s  r e l a t e d  t o  o i l  p r i c i n g ,  a l l o c a t i o n ,  and i m -  

p o r t  programs. I n  a d d i t i o n ,  t h e  ERA admin i s t e r s  o t h e r  r egu la to ry  programs, 

i nc lud ing  convers?on of o i l -  and gas- f i red  u t i l i t y  and i n d u s t r i a l  f a c i l i t i e s  

t o  coa l ;  n a t u r a l  gas  impor t lexpor t  c o n t r o l s ;  n a t u r a l  gas  cu r t a i lmen t  p r i o r i -  

t i es  and emergency a l l o c a t i o n s ;  r e g i o n a l  coo rd ina t ion  of e l e c t r i c  power 

system planning and r e l i a b i l i t y  of bu lk  power supply,  and emergency and 

contingency planning. 

Under t h e  DOE o rgan iza t ion  Act,  t h e  ERA was de lega ted  t h e  fo l l owing .  

r e s p o n s i b i l i t i e s :  

o  Assure a v a i l a b i l i t y  and r e g u l a t e ' p r i c i n g  and a l l o c a t i o n  

of crude o i l ,  n a t u r a l  gas' l i q u i d s ,  and n a t u r a l  gas  l i q u i d s  

products .  

o  Assure a v a i l a b i l i t y  and r e g u l a t e  p ' r ic ing and .a l . loca t ion  

of p re t ro leum products .  

vii 



o Develop and implement standby and emergency r e g u l a t i o n s  

and programs. 

o ~ s s u r e ' c o m p l i a n c e  wi th  t h e  enforcement of ERA program 

r e g u l a t i o n s .  

o Ensure market compet i t ion.  

o Provide  a S p e c i a l  Counsel f o r  compliance and enforcement. 

o Administer program f0.r  conversion of u t i l i t i e s  and MFBI's 

t o  coa l .  

o In t e rvene  b e f o r e  FERC and o t h e r  Federa l  r egu la to ry  agen- 

c i e s  (wi th  A s s i s t a n t  S e c r e t a r i e s  and General  Counsel.). 

. ' . o Perform compliance and l i t i g a t i o n  f o r  r e g u l a t o r y  programs 

. (with A s s i s t a n t  S e c r e t a r i e s  and.Genera1 Counsel).  

o In t e rvene  b e f o r e  s t a t e  u t i l i t y  r e g u l a t o r y  proceedings 

. (with n d s i s t a n t  S e c r e t a r i e s  and General  Counsel). 

.o Regula te  n a t u r a l  gas  and e l e c t r i c  power imports  and expor t s .  

o E s t a b l i s h  n a t u r a l  gas  cu r t a i lmen t  p r i o r i t i e s .  

. <  . 

o Assure vo lun ta ry  coo rd ina t ion  of e l e c t r i c  u t i l i t i e s .  

o Perform long range u t i l i t y  planning.  

o Assure es tab l i shment  of emergency in t e r connec t ions .  

o Review i n t e r l o c k i n g  d i r e c t o r a t e s .  

o Perform non-FERC o i l  p i p e l i n e  r egu la t i on .  

viii. 
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P i p e l i n e  i n d u s t r y  d a t a  c o l l e c t i o n , ,  p rev ious ly  done by t h e  BoM, 

FPC, and I C C  has  been consol ida ted  under t h e  Energy Information Administra- 

t i o n  of t he  DOE. This  o rgan iza t ion  i s  r e spons ib l e  f o r  t he  c o l l e c t i o n  of 

d a t a  r equ i r ed  by t h e  FERC and the  ERA. 

It i s  of p a r t i c u l a r  i n t e r e s t  t o  n o t e . t h a t  t he  FERC, a s  s t a t e d  i n  

t h e  DOE Organiza t ion  Act ,  i s  n o t , s u b j e c t .  t o  t h e  supe rv i s ion  o r  d i r e c t i o n  of 

any o t h e r  o f f i c i a l  of t h e  DOE. However, ' the ERA i s  charged wi th  t he  respon- 

s i b i l i t y  of  o rganiz ing  and managing an a c t i v e  i n t e r v e n t i o n  program on beha l f  

of t h e  s e c r e t a r y  of  t he  DOE be fo re  t he  FERC and o t h e r  Federa l  and S t a t e  

r e g u l a t o r y  agenc ies  i n  support  of . ~ e ~ a r t m e n t a l  p o l i c y  ob j ec t ives .  

It i s  apparent  then t h a t  t h e  FERC i s  now t h e  p r i n c i p l e  p i p e l i n e  

r egu la to ry  agency of  t h e  Federa l  Government. It concerns i t s e l f  wi th  

t a r i f f s ,  p r o f i t s  and o t h e r  s i m i l a r  ma t t e r s  t h a t  d i r e c t l y  impact t h e  day t o  

day o p e r a t i o n  of a  p ipe l ine .  The r e p o r t i n g  requirements  prev ious ly  admin- 

i s t e r e d  by the  FPC and I C C  a r e  now handled by t h e  FERC. The d u t i e s  of t h e  

ERA a r e  more broad and po l i cy  o r i e n t e d  than  FERC. It i s  apparen t  from t h e  

l i s t  of t h e i r  r e s p o n s i b i l i t e s  t h a t  t h e  ERA i s  i n t e r e s t e d  i n  a s su r ing  t h a t  

energy i s  d i s t r i b u t e d  and a l l o c a t e d  f a i r l y  and a t  reasonable  p r i c e s .  The 

ERA does not  involve i t s e l f  with d a i l y  ope ra t i on  un l e s s  i t  becomes necessary  

t o  i n f luence  t he  i n d u s t r y  t o  ach ieve  a  p o l i c y  o b j e c t i v e ,  o r  change a  condi- 

t i o n  such a s  a  market p l ace  imbalance. 

This  s tudy  was s u b s t a n t i a l l y  completed be fo re  t h e  DOE was c r ea t ed .  

A s  a  r e s u l t ,  r e f e r e n c e s  t o  t he  p i p e l i n e  r e g u l a t o r y  s t r u c t u r e  do not  acknowl- 

edge the  events  and agenc ies  desc r ibed  above. The purpose of t h i s  p r e f ace  

i s  t o  a l e r t  the  r eade r  t o  t h i s  s i t u a t i o n  and t o  update  t h e  r e g u l a t o r y  

r e f e r e n c e s  of t h i s  r e p o r t .  In gene ra l ,  an  a c c u r a t e  understanding of t h e  

r egu la to ry  s t r u c t u r e  of t he  Federa l  Government a s  r e l a t e s  t o  p i p e l i n e s  w i l l  

r e s u l t  i f  t h e  r eade r  s u b s t i t u t e s  DOE (FERC) f o r  a l l  r e f e r ences  t o  t h e  FPC o r  

I C C  i n  t h e  contex t  of ga s  and o i l  p i p e l i n e  r e g u l a t i o n .  
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1.0 OBJECTIVES 

1.1 Purpose  of t h e  P r o j e c t  

The work r e p o r t e d  h e r e  is a p a r t  of a p r o j e c t  which is  being 
3 conducted by t h e  team of Systems, S c i e n c e  and Sof tware  (S ) of San Diego, 

and P i p e  L i n e  T e c h n o l o g i s t s ,  I n c .  ( P i p e t e c h )  of Houston, under ERDA C o n t r a c t  
. . 

E (04-03)-1171, "Energy Study of P i p e l i n e  T r a n s p o r t a t i o n  Systems." The basic 

purpose  of t h e  p r o j e c t  i s  t o  a s s e s s  t h e  s u s c e p t i b i l i t y  of t h e  o i l ,  g a s ,  and 

o t h e r  p i p e l i n e  i n d u s t r i e s  t o  energy-conserva t ive  t e c h n o l o g i c a l  i n n o v a t i o n s ,  

and t o  i d e n t i f y  t h e  necessa ry  r e s e a r c h ,  development,  and demons t ra t ions  (R, 

D ,  & D) t o  e x p l o i t  t h o s e  o p p o r t u n i t i e s .  

3  
The p r o j e c t  f i n a l  r e p o r t  i s  being p u b l i s h e d  ' a s  S  r e p o r t  ' 

HCPIM-1171-1, "An Energy Study of P i p e l i n e  T r a n s p o r t a t i o n  Systems." That  

f i n a l  r e p o r t  w i l l  be  a summary, combining t h e  r e s u l t s  from t h e  t a s k  r e p o r t s  

l i s t e d  i n  T a b l e  1.1-1. A s  w i l l  be  no ted  from t h e  t a b l e ,  t h i s  p r e s e n t  r e p o r t  

i s  one of t h o s e  t a s k  r e p o r t s .  

1.2 Purpose  of t h i s  Report  

Accomplishment of t h e  broad o b j e c t i v e s  d e f i n e d  above can b e s t  

b e  r e a l i z e d  i f  t h e  energy consumption of t h e  p i p e l i n e  i n d u s t r y  is under- 

s tood .  s t a t e d  e q u i v a l e n t l y ,  i t  is d e s i r e d  t o ,  unders tand  t h e  magnitude of 

t h e  energy be ing  expended, i t s  p a t  t e r n ,  what' measures cou ld  reduce  i t ,  and  

what R ,  D ,  and D program w i l l  b e s t  e n a b l e  and /or  enhance such  r e d u c t i o n .  

The purpose  of t h i s  r e p o r t  is t o  a d d r e s s  t h e  f i r s t  two of t h e s e  q u e s t i o n s ,  

i .e. ,  how much energy i s  being expended by t h e  i n d u s t r y  and what g e n e r a l  

p a t t e r n  i t  fo l lows .  
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A second purpose is  t o  e s t i m a t e  t h e  u n i t  energy consumption, 

i.e., t h e  energy consumed p e r  u n i t  of t r a n s p o r t  accomplished. This  index of 

m e r i t  i s  o f t e n  c a l l e d  energy i n t e n s i v e n e s s  ( E I ) ,  bu t  f o r  succ inc tnes s  it i s  

h e r e i n  . r e f e r r e d  t o  a s  energy i n t e n s i t y .  It is c a l c u l a t e d  from any of t h e  

formulae 

dE - 
E I;= - -  - - =  P d t  

QxD FxD xD 
d t  

where 

IE P energy i n t e n s i t y  

E energy consumed 

Q I q u a n t i t y  of commodity t r anspo r t ed  

D . e d i s t a n c e  t r anspo r t ed  

P power' 

F commodity flow. 

. 
The second and t h i r d  formulae y i e l d  an i n s t an t aneous  va lue  f o r  

IE, whi l e  t h e  f i r s t  y i e l d s  an average over  whatever t ime pe r iod  E and Q 

have been.  i n t e g r a t e d .  I n  t h i s  s t udy ,  on ly  annual  averages  a r e  cons idered ,  

s o  t h e  l i n e  i s  considered t o  be i n  quasi-s teady s t a t e  opera t ion .  It i s ,  of 

course ,  recognized t h a t  system t r a n s i e n t s  do i n  f a c t  adverse ly  a f f  e c t  energy 

consumption, a s  i s  d iscussed  i n  Report HCP/M-1171-4 of t h i s  series, 

Sec t ion  4.3.6.1.2, fn  connect ion w i t h  p i p e l i n e  du ty  cyc les .  

The t a s k  of developing a n  a c c u r a t e  and p r e c i s e  e s t i m a t e  of energy 

i n t e n s i t y  reduces i n  p r a c t i c e  t o  a n  e f f o r t  t o  determine t h e  t h r e e ' q u a n t i t i e s  

E ,  Q ,  and D ,  o r  equ iva l en t ly ,  t h e  numerat0r .E and t h e  denominator (Q x D l .  



A s  w i l l  b e  s e e n  i n  what fo l lows ,  i n  t h e  ca se  of g a s  p i p e l i n e s  t h e  numerator 

E i s  known r a t h e r  a c c u r a t e l y  bu t  t h e  denominator (Q x D) can only be  de t e r -  

mined a c c u r a t e l y  'by r e sea rch  i n t o  t h e  records  of each i n d i v i d u a l  p i p e l i n e  

company. The o p p o s i t e  s i t u a t i o n  o b t a i n s  w i th  t h e  o i l  p i p e l i n e s ,  where t h e  

denominator ( Q  x D). i s  r epo r t ed  by each company and publ ished by t h e  ICC, 

b u t  t h e  numerator E can only be  determined accu ra t e ly  by r e sea rch  i n t o  t h e  

r eco rds  . of each i n d i v i d u a l  p i p e l i n e  company. 

For purposes  of drawing comparisons w i th  o t h e r  t r a n s p o r t a t i o n  

' modes, i t  is h igh ly  d e s i r a b l e  t o  convert  t h e  I t o  a  common set of u n i t s ,  E 
which i n  t h e  a n c i e n t  Eng l i sh  system i s  

Btu * 
Ton-Mile 

T h i s  cnnversj,on i n t r o d u c e s  an inaccuracy ,  s i n c e  t h e  s tandard  u n i t s  

of measure f o r  q u a n t i t y  a r e  d i f f e r e n t  i n  t h e  d i f f e r e n t  types  of p i p e l i n e s .  

The s t anda rd  u n i t  i n  t h e  n a t u r a l  gas  i ndus t ry  is t h e  s tandard  cub ic  f o o t  

(Sc f ) .  I n  t h e  petroleum indus t ry  it is  t h e  B a r r e l  (Bbl o r  B ) ,  which is  4 2  

g a l l o n s .  I n  t h e  water  i ndus t ry  i t  is  t h e  gallon. And i n  t h e  s l u r r y  i ndus t ry  

i t  is  t h e  t o n  of coa l .  These and o t h e r  i n a c c u r a c i e s ,  and t h e i r  r educ t ion  i n  

t h e  cou r se  of f u t u r e  r e sea rcb  i n t o  t h e  s u b j e c t ,  a r e  d i scussed  i n  t h e  t e x t  

a s  they  a r e  encountered.  

* Energy I n t e n s i t y  a s  used i n  t h i s  s tudy  r e f e r s  t o  only t h e  energy consllmed 
i n  ope ra t i ng  t h e  system. No allowance f o r  energy consumed i n  c o n s t r u c t i o n  
of a  system o r  o t h e r  p o i n t s  of energy consumption a r e  considered. 



2.0 SUMMARY 

Table 2.0-1 p r e s e n t s  a summary of t h e  energy e s t ima te s  f o r  t h e  s i x  

types of p i p e l i n e s  which were examined. 

2.1 Gas P i p e l i n e  Energy Summary 

The t o t a l  annual energy consumption of t he  gas  p i p e l i n e  i n d u s t r y ,  

a s  p i p e l i n e  f u e l ,  is  approximately 0.7 Quad (7x1014 Btu).  The 25-year 

t r e n d  may be  seen  by r e fe rence  t o  Table 3.3-1. The peak consumption, which 
6 occurred i n  1972, was 766,'156 x 10 c f ,  o r  approximately 0.8 Quad. 

Add i t iona l ly ,  a small amount of compression energy,  e s t ima ted  t o  be l e s s  

than  f i v e  pe rcen t ,  i s  taken  from non-gas sources ,  p r i n c i p a l l y  a s  purchased 

e l e c t r i c i t y .  

It is  es t imated  t h a t  between 85 and 90% of t h e  p i p e l i n e  f u e l  is 

consumed i n  t h e  t ransmiss ion  func t ion .  The product ion  func t ion  consumes 4 

o r  5%, and t h e  c o l l e c t i o n  func t ion  consumes between 6 and 8%, whi le  t h e  

s t o r a g e  func t ion  appears  t o  consume a n e g l i g i b l e  amount. No r e l i a b l e  d a t a  

have been found t o  i n d i c a t e  consumption by t h e  d i s t r i b u t i o n  func t ion ,  b u t  i t  , 

is  be l i eved  t o  be of t h e  same o rde r  of magnitude as t h e  c o l l e c t i o n  func t ion ,  

i . e . ,  l e s s  than  8%. The approximate breakdown f o r  1974 can be seen  by 

r e fe rence  t o  Table 3.3-3 i n  Sec t ion  3.3, p. 3-29. 

The energy i n t e n s i t y  (EX) of gas  p i p e l i n e s  v a r i e s  widely,  u sua l ly  

between about  1000 and 4000 Btu/Ton-Mile. The average appears  t o  l i e  near  

2000. 

The p i p e l i n e  companies do not  c a l c u l a t e  t h e i r  energy f n t e n s i t y  

s i n c e  i t  is  not  a u s e f u l  parameter t o  them i n  t h e i r  bus ines s ,  a l though 

energy consumption and conserva t ion  a r e  ma t t e r s  of primary concern t o  a l l  

l e v e l s  of t h e i r  manageme.nt. However, one l a r g e  gas  p i p e l i n e  company, a s  an 

a c t  of coopera t ion  wi th  t h e  DOE, performed t h e  necessary r e sea rch  t o  assemble 

the data and c a l c u l a t e  t h e  E I  of t h e i r  e n t i r e  t r u n k l i n e  system f o r  1976. 

The r e s u l t  was j u s t  over  1000 Btu/Ton-Mile. , I n  e a r l i e r . y e a r s ,  when t h e  system 
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throughput  was h ighe r ,  t h e  E I  was pos s ib ly  a s  much a s  50% g r e a t e r .  

The minimum-cost EI appears.  t o  occur  n e a r  t h e .  lower end of t h e  . . 

1000-4000 'range a s  may be  seen  from Table  3.4.2-2, p. 3-44. A f u r t h e r  p o i n t  

of i n t e r e . s t  i s  t h e  f a c t  t h a t  t h e  maximum p r o l i t  and cash flow appear  t o  

occur  nea r  t h e  top  of t h e  range. It t h e r e f o r e  appears  t h a t  t h e  p r i c e  of g a s  

must i n c r e a s e  by sever .a l  t imes above t h e  p r e s e n t  i n t e r s t a t e  r egu la t ed  va lue  
. . 

of $1.48/Pfcf be fo re  t h e  p i p e l i n e  owner w i l l  be  motivated t o  o p e r a t e  a t  t h e  

most energy-conservat ion condi t ion .  I n  making t h i s  observa t ion ,  i t  is of 

course  recognized t h a t  t h e r e  a r e  o t h e r  p r a c t i c a l i t i e s  t h a t  m i l i t a t e  a g a i n s t  

ope ra t i ng  gas  p i p e l i n e s  i n  t h e i r  most energy-conservative mode. 
. , 

2.2 Crude O i l  p i p e l i n e  Energy Summary 

The 1976 energy consumption of t h e  United S t a t e s  crude o i l  p i p e l i n e  

i n d u s t r y  is  es t imated  t o  be  2 x l o l o  kw-hr (0.07 Quad). Within t h e  

i n h e r e n t  accuracy,  bf t h e  method which. was employed t o  d e r i v e  t h i s  f i g u r e ,  i t  

would c a r r y  a h igh  confidence l e v e l .  There a r e ,  however, unknowns regarding 
. . . .  . . . 

t h e  i n p u t  d a t a  which render  t h e  e s t i m a t e  suspect.. ~ u r t h e ; ,  r e sea rch  would be  

r equ i r ed  t o  r e s o l v e  t h e s e  unknowns and improve t h e  accuracy of both t h e  

method' and o f '  t h e  s p e c i f i c  r e s u l t s .  
. . .  . .  . 

- ,  .. . . . .  

T h e ' e s t i m a t e  f o r  t h e  energy i n t e n s i t y  of t h e  crude l i n e s  is 286 

~ t u / ~ o n - ~ i l e .  This  e s t i m a t e  is  much below o t h e r s ,  e.g., t hose  of H i r s t  
. >  

(Ref. 1 )  and of P r o j e c t  Independence (Ref. 2) .  However, s ea rch  of t hose  
. . 

r e f e r ences .  has no t  ye t  revea led  t h e  b a s i s  f o r  t hose  h ighe r  numbers, s o  t h a t  
. . 

r e c o n c i l i a t i o n  has  no t  y e t  been completed, a l though it  i s  planned t o  cont inue  

t h e  r e c o n c i l i a t i o n .  

To avoid leav ing  impressions of non-exis tent  accuracy,  i t  i s  
' 

suggested t h a t  t h e  rounded va lue  of 300 Btu/Ton-Mile be used. 



2 ..3 Products  P i p e l i n e  Energy Summary 

The e s t i m a t e s  f o r  pr'oducts l i n e s  a r e  0.068 Quad f o r  t h e  energy 

consumption and 388 BtuITon-Mile f o r  t h e  energy i n t e n s i t y .  The gene ra l  

comments made earlier r ega rd ing  t h e  crude o i l  e s t ima te s  apply h e r e  a l s o .  It 

i s  sugges ted  t h a t  t h e  rounded va lue  of 400 BtuITon-Mile be used f o r  t h e  E I .  
. . 

2.4 Coal-Water S l u r r y  P i p e l i n e  Energy Summary 

This  i n d u s t r y  p r e s e n t l y  c o n s i s t s  of only one system, t h e  Black 

Mesa P i p e l i n e ,  Inc .  The e s t i m a t e  f o r  i t s  t o t a l  energy consumption, when t h e  

comp'lete d e s l u r r i f  i c a t i o n  p roces s  i s  taken  i n t o  account ,  is 0.0054 Quad. . 

The components of t h i s  f i g u r e  a r e  shown i n  Table  2.4-1, which i s  a  r e p l i c a  

of Tab le  6.4-1. The e s t i m a t e  f o r  energy i n t e n s i t y  is  4730 Btulton-mile,  

rounded t o  4800. Seve ra l  comments a r e  i n  order .  

F i r s t ,  a l though t h e  f i g u r e  of 341,000 BtuITon f o r  t h e  p i p e l i n e  

o p e r a t i o n  i s  known t o  be  a c c u r a t e ,  s i n c e  i t  was supp l i ed  a s  a  cou r t e sy  by 

  lack Mesa p i p e l i n e ,  i t  of course  i nc ludes  whatever inaccuracy is  in t roduced  

by t h e  p o s t u l a t e d  e f f i c i e n c y  of t h e  e l e c t r i c  gene ra t i on  and d i s t r i b u t i o n  

g r i d .  Also, t h e  341,000 Btu/Ton f o r  a l l  p i p e l i n e  ope ra t i on  may be  e i t h e r  

o v e r s t a t e d  o r  unde r s t a t ed ,  depending upon viewpoint ,  i f  t h e  purpose i s  

comparison wi th  o t h e r  t r a n s p o r t a t i o n  modes. On one hand, most of t h e  energy 

of s i u r r y  p r e p a r a t i o n  is. t o r  g r ind ing .  S ince  t h e  c o a l  must be pu lver ized  i n  

any ca se ,  i t  i s  n o t  f a i r  t o  charge a l l  of t h i s  t o  t r a n s p o r t a t i o n .  On t h e  
. . 

o t h e r  hand, t h e  l i n e  f a l l s  2600 f e e t  between i ts  head and i ts  c r i t i c a l  . - 
e l e v a t i o n .    his f r e e  g r a v i t a t i o n a l  energy compares wi th  l e s s  than 8000 f e e t  

of head which' i s  added by t h e  pumps. 'l'hus, when a  comparison i s  made f o r  

e q u i l e v e l  t e r m i n a l s ,  t ak ing  both of t h e s e  f a c t o r s  i n t o  account ,  t h e  energy . 

consumed i n  p i p e l i n e  o p e r a t i o n  is s l i g h t l y  l e s s ,  a s  may be  seen  i n  t h e  f i r s t  

column of Table  2.4-2. 

Second, i f  one accep t s  t h e  e s t i m a t e  of Zandi (Ref. 4) of 544 

~ t u / ~ o n - ~ i l e  f o r  t h e  energy i n t e n s i t y  of a  r a i l r o a d  t o  move t h e  c o a l  between 

t h e  same two p o i n t s ,  one s e e s  an apparen t  l a r g e  advantage f o r  t h e  r a i l r o a d .  

When t h e  e f f e c t s  of d i s t a n c e ,  s c a l e ,  and c u r r e n t  technology a r e  taken i n t o  



Table 2.4-1 

Energy consumption - Black Mesa P i p e l i n e  

(Btu l ton  of c o a l )  

S l u r r y  Water Supply 

P i p e l i n e  Operat ion 

Pumping Energy 186,000 

S l u r r y  p r e p a r a t i o n  

& o t h e r  operat ' ions 155,000 

D e s l u r r i f i c a t i o n  

I n i t i a l  s e p a r a t i o n  205,000 

Moisture  c o r r e c t i o n ,  710,000 

32 t o  10.74% 

To ta l  

Source: Reference 3 



TABLE 2.4-2 

(TABLE 6.4-5) 

S l u r r y  water  supply  

~ i ~ e ' l i n e  o p e r a t  i o n  

Pumping energy 

Other  o p e r a t i o n s  

D e s l u r r i f i c a t i o n  

I n i t i a l  s e p a r a t i o n  205,000 

Mois ture  m. 
Cor rec t ion  

T o t a l  

Length .of p i p e l i n e  (mi) 

Energy i n t e n s i t y  (Btu/ton-mi) 

b lack  Mesa E T S I  

10..74% mois ture  26% mois ture  
6 4x10 tons  6 

25x10 tons  

1967 technology 1977 technology 

Source: Reference 3 



account ,  an energy i n t e n s i t y  of about 600 Btulton-mile is  a n t i c i p a t e d  f o r  a 

1000-mile, 25 mi l l i on - ton lyea r  p i p e l i n e .  The comparison between t h i s  

e s t i m a t e  and t h e  e s t i m a t e  f o r  t h e  Black Mesa l i n e  is p re sen t ed  i n  Table  

2.4-2, which i s  a r e p l i c a  of Table  6.4-5. 

F i n a l l y ,  a major conclusion t h a t  was reached e a r l i e r  i n  t h i s  

program regard ing  t h e  f u t u r e  of coa l - s lu r ry  p i p e l i n e s  is  confirmed. I n  

r e p o r t  HCP/M-1171-4 of t h i s  s e r i e s ,  t h e  conc lus ion  emerged t h a t  t h e  c o a l  

s l u r r y  p i p e l i n e  is  a c o s t - e f f e c t i v e  and energy-ef fec t ive  mode of t r a n s p o r t ,  

bu t  no t  i n  t h e  coal-water form. The coal-methanol s l u r r y  o f f e r s  promise of 

e l imina t ing  t h e  huge energy,  p e n a l t i e s  i n  t h e  d e s l u r r i f  i c a t i o n  p roces s ,  

reducing t h e  t o t a l  p i p e l i n e  water  requirement by a f a c t o r  of perhaps t h r e e ,  

and a t  t h e  same time making a premium engine f u e l  a v a i l a b l e .  It is no t  

sugges ted  t h a t  c o a l  can be converted t o  methanol a s  e a s i l y  a s  c o a l  can be  

s epa ra t ed  from water ,  bu t  t h e r e  a r e  many o t h e r  r e t u r n s  t h a t  acc rue  from t h e  

energy inves t ed  i n  t h e  conversion process  and which render  t h e  coal-methanol 

' system much t o  be  p re fe r r ed .  ~ n h i b i t e d  enthusiasm f o r  t h e  concept i s  

. premature under t h e  p re sen t  absence of an o v e r a l l  system a n a l y s i s .  C lea r ly ,  

however, t h e  concept m e r i t s  such a n a l y s i s .  

2.5 Water Systems Energy Summary 

The e s t i m a t e  f o r  energy consumption i n  water  supply systems is 

0.05 Quad, and f o r  was te  water  systems,  i t  is  0.017 Quad. Energy i n t e n s i t y  

cannot be c a l c u l a t e d  f o r  water  systems i n  t h e  same way a s  is done f o r  t h e  

o t h e r  p i p e l i n e s  and o t h e r  t r a n s p o r t a t i o n  modes, because i n  water  d i s t r i b u t i o n  

systems,  u n l i k e  petroleum p i p e l i n e s ,  t h e  f l u i d  i s  no t  pumped through £rum 

sou rce  t o  d e s t i n a t i o n .  I n s t e a d ,  t h e  water  i s  pumped t o  a h igh- leve l  s t o r a g e  - 
t ank  from which i t  f lows by g r a v i t y  through t h e  d i s t r i b u t i o n  l i n e s  t o  

consumers. S ince  a l l  t h e  energy i s  inpu t  t o  t h e  system a s  work t o  r a i s e  t h e  

water  t o  t h e  s t o r a g e  r e s e r v o i r s ,  t h e  energy i n t e n s i t y  f o r  water  systems is 

de f ined  a s  energy per  u n i t  of mass p e r  u n i t  of l i f t .  Thus, t h e  approach 

used i n  t h i s  s tudy  t o  d e s c r i b e  t h e  El of water  systems is not  compat ible  

w i th  t h a t  used f o r  the o t h e r  p i p e l i n e  systems. 



3.0 ENERGY CONSUMPTION I N  GAS PIPELINES 

3.1 Gas P i p e l i n e  I n d u s t r y  P r o f i l e  

3.1.1 Systems D e s c r i p t i o n  - T y p i c a l  Gas P i p e l i n e  

F i g u r e  3.1.1-1 d i s p l a y s  a  schemat ic  of a  complete n a t u r a l  g a s  

g r i d .  A t  t h e  t o p  and bottom a r e  shown g a t h e r i n g  and t r a n s m i s s i o n  systems 

which f e e d  i n t o  a main loop. Gas i s  s o l d  o f f  of t h e  loop  through '  s a l e s  

m e t e r s ,  shown h e r e  a t  s e v e r a l  p o i n t s  around t h e  loop. Gas may a l s o  be t aken  

o f f  t h e  loop and p l a c e d  i n  s t o r a g e ,  o r  of c o u r s e  r e t u r n e d  from s t o r a g e  t o  

t h e  l o o p ,  p r o c e s s e s  which consume energy and r e q u i r e  compression f a c i 1 i t i . e ~ .  

Compression f a c i l i t i e s ,  c a l l e d  b o o s t e r s ,  a r e  a l s o  shown a t  s e v e r a l  p o i n t s  

around t h e  loop. I n  a d d i t i o n  t o  supp ly  from l o n g - d i s t a n c e  t r a n s m i s s i o n  

( t r u n k ) .  l i n e s ,  g a s  may b e  f e d  i n t o  t h e  loop from manufactured-gas s o u r c e s ,  

LNG s o u r c e s  o r  LPG p l a n t s .  A t  t h e  upper  r i g h t  is shown a n  o f f s h o o t  through 

a s a l e s  mete r  i n t o  a  d i s t r i b u t i o n  system,  of which t h e r e  a r e  t y p i c a l l y  

s e v e r a l .  

The p r e s e n t  s t u d y  is  concerned w i t h  energy consumption and 

c o n s e r v a t i o n  i n  t r a n s p o r t a t i o n ,  which f o r  a  p i p e l i n e  i s  t h e  main l i n e ,  o r  . 
t r a n s m i s s i o n  system. On F i g u r e  3.1.1-1, t h e s e  a r e  t h e  s e c t i o n s  between t h e  

t r e a t i n g  p l a n t s  and t h e  purchase  mete r  s t a t i o n s ,  upper l e f t  and lower l e f t  

c o r n e r s  

3.1.2 S t a t i s t i c a l  C h a r a c t e r i z a t i o n  of Gas P i p e l i n e s  

A s  w i l l  b e  f u r t h e r  e x p l a i n e d  i n  t h e  n e x t  s e c t i o n ,  t h e  FPC 

c o l l e c t s  d a t a  from t h e  81 C l a s s  A and C l a s s  B companies ( t h o s e  whose annua l  

revenue exceeds $1 m i l l i o n ) .  For s t u d y i n g  i n d u s t r y  t r e n d s ,  t h e  FPC f u r t h e r  

d e f i n e s  "major" C l a s s  A and Class B companies a s  t h o s e  which s e l l  50 b i l l i o n  

c u b i c  f e e t  p e r  y e a r .  
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Figure 3 .1 .1 -1 .  Schematic - Typical  Natural Gas System 



F i g u r e  3.1.2-1 shows t h e  growth o f  g a s  p i p e l i n e  mi leage  by tyde  

f o r . t h e  y e a r s  1950-1975. I n  F i g u r e  3.1.2-2, t h e  mi leage  f o r  1973 and 1974 

i s  d i s a g g r e g a t e d  by p i p e  s i z e ,  and F i g u r e  3.1.2-3 shows t h e  s i z e  t r e n d s  

d u r i n g  t h e  decade 1964-1974 f o r  t h e  major  companies. The Task Force  wh.ich 
. . 

compiled t h e  N a t i o n a l  Gas Survey i n  1973 developed c o n s i d e r a b l e  a d d i t i o n a l  

i n f o r m a t i o n  beyond t h a t  c o n t a i n e d  i n  t h e  r e g u l a r  FPC s t a t i s t i c s ,  and t h e i r -  

breakdown i s  shown i n  F i g u r e  3.1.2-4. 

F i g u r e s  3.1.2-5 and 3.1.2-6 p r e s e n t  s t a t i s t i c s .  on t o t a l  compressor 

horsepower.  F i g u r e  3.1.2-7 shows s t a t i s t i c s  on b o t h  p ipe  m i l e s  and horsepower 

f o r  a x e l e c t e d  s u b s e t  of t h e  major  companies,  a l o n g  w i t h  peak s e n d o u t s  and. 

revenues .  

The inves tments  i n  p l a n t  t o  perform t h e  major  f u n c t i o n s  a r e -  

shown i n  F i g u r e  3.1.2-8 f o r  t h e  p e r i o d  1964-1974, and more d e t a i l e d  breakdown 

compiled by t h e  Na t iona l  Gas Survey Task Force  i s  shown . i n  F i g u r e  3.1.2-9. 

Expenses t o  m a i n t a i n  and o p e r a t e  t h o s e  p l a n t s  a r e  shown i n  F i g u r e  3.1.2-10, 

and some load f a c t o r s  a r e  shown i n  F i g u r e  3.1.2-11. 

F i n a l l y ,  cons,umer p r o f i l e s  a're shown i n  F i g u r e s  3.1.2-12 and 
' 

3.1.2-13. 



Field and Transmis ion 9 Distribution 
Year Total Gathering Pipeline Main 

1971* 
1972* 
1973* 
1974* 
1975 
1975 Steel, 

P1a.S t ic 
Other 

'~ncludes data for Hawaii subsequent to 1959 and for Alaska subsequent t? 
1960; excludes service pipe. Data not ad-justed to common , diameter 
equivalent. Mileage shown as of end,of each year. 

2~ncludes 3.6 thousand miles of underground storage pipe in 1971, 3.3 thou- 
sand miles in 1972, 3.4 thousand miles in 1973, 4.9 thousand miles in 
1974, and 5.0 thousand moles in 175, some of which was formerly included 
in Field and Gathering pipe. 

3~ncludes * fiberglass. 
Revised. 
Source: Reference 5 

Figure 3.1.2-1 - Gas Pipeline Mileage (in thousands) 



I t em - 
All c l a s s e s  A and B .Major c l a s s e s  A and B 

p i p e l i n e s  (amount p i p e l i n e s  (amount) 

F i e l d  54,930 55,248 42,311 42,856 

( a l l  s i z e s  combined) - 
, . .  

Transmiss ion  

0 - 5.'0 i n .  24,558 23,473 19,201 18,552 

5.1 - 10.0 i n .  .34310 33,339 22,828 22,849 
. , 

10.1 - 15.0 i n .  17,820 17,833 12,917 12,930 

15.1 - 20.0 i n .  . 36,852 31,496 28,063 26,071 

20.1 - 25.0 i n .  23,561 23,686 22,673 22,727 

26 i n .  13,878 13,892 13,878 ,13,892 

28 i n .  1 1 1 1 

. 3 0  i n .  ' 30,120 30,342 29,510 29,713 

3 1  i n .  15 4 154 154 15 4. 

32 112 i n .  

34 in. 

38 i n .  11,163 11,255 11,160 11,180 

40 i n .  6 6 6 6 

42 i n .  89 7 916 897 . 916 

43 i n .  9 9 - - 
55 i n .  16 16 - - 

--- . . 

T o t a l  193,855 186,927 161,760 159,462 

S t o r a g e  , ( a l l  s i z e s  3,960 3,634 3,234 

combined) 

Source:  Refe rence  6 

F i g u r e .  3.1.2-2 - Gas P i p e l i n e  Mileage by S i z e  
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Source: Reference 6 

Figure 3.1.2-3 .- Gas Pipeline Mileage by Function 



. . Miles of P ipe lne  
p i p e l i n e  s i z e  ' 

Normal0.D. Gathering Transmission S torage  To ta l  

On Shore 
Under 10" 92,657.1 99,462.5 2,908.9 195,028.5 

10" 5,787.0 13,324.8 342.1 19,453.9 
11" 161.1 867.1 1,028.2 
12" 4.,301.7 .. 20,081.2 531.9 24,914.8 
13" 120.2 905 .O 25.9 1,051.1 

O f f  Shore . . 

U n d e r -  10" 954.1 204.3 1,158.4 
10" 109.8 133.3 243.1 
12" 155.1 406.9 562.0 
14" - 27.8 4 4 i 2  . 72.0 

Source: Reference 6 

Figure 3.1.2-4 - Gas P i p e l i n e  Mileage i n  Use, 3 1  December 1970 
. . 



YEAR T o t a l  Transmission 

19 55 5,517 4,350 

1356 6,011 4,848 

1957 6,633 5,412 

1958 6,996 5,612 

1959 7,504 6,046 

1960 7,843 6,359 

a Not comparable t o  provious yea r s  due t o  r e c l a s s i f i c a t i o n  
Revised 

Source: Reference 5 

Figure  3.1.2-5 - Gas P i p e l i n e  Compressor Horsepower (Thousands) 



I Type of F a c i l i t y  
I Gather ing  I Transmiss ion . I Sto rage  I T o t a l  
I No. I No. I No. I No. 
I Dr iv ing  T o t a l  I Driv ing  T o t a l  I Driv ing  T o t a l  I Dr iv ing  T o t a l  
I Uni t s  . H 1  1 Uni t s  HP I Unit  HP I Uni t s  HP 

On Shore I I I I 
1 7,777 3,860,751 1 5,215 11,459,7771 749 941,944 1 14,741 16,262,472 
I I I I 

Off Shore  I I I I 
1 203 166,343 1 4 4,4001 1 207 170,743 
I I I I 

T o t a l  I I I I 
1 7,980 4,027,094 1 5,219 11,464,1771 749 941,944 1 14,948 16,433,215 

Source: Reference 6 

Figu re  3.1.2-6 - Gas P i p e l i n e  Compressor Horsepower 
3 1  December 1970 



Compr2ssor S t a t i o n s  Miles of Transmis 3i .33 P i p e l i n e  9975 
:?lo. of I n s t a l l e d  10" & 13.1" :20.111' 61 Peak Day Operating 

T r a ~ s m i ; s i o n  Horse- Under 23.0" Over Sendout Revenues 
Name of ~ r a n s m i s s i o n  System S t a t i ~ n s  power T o t a l  ' Diameter 3 i s n e t e r .  Diameter (MMCF) ($000,000) 

Algonquin Gas. T r a n s m i s s i ~ n  Zo. 3 30,900 9 09 28 1 138 490 704 233.4 
C i t i e s  Se rv ice  Gas Co. 35 225,510 5,275 1,417 2,443 1,415 1,975 244.5 
Colorado I n t e r s t a t e  Gas Co. 14 125,180 2,440 425 1,217 798 1,255 230.1 
Columbia Gas Transmission Cb. 85 346,577 10,325 . 3,774 ~1,986 1,655 6,652 1,008.6 
Columbia Gulf Transmission Co. 18 470,516 3,576 130 368 3,078 1,477 134.9 

Consolidated Gas Supply Coqp. 46 119,367 3,672 538 1,454 680 4,423 598.7 
Eas t  Tennessee Na tu ra l  Gas Co. 10 25,170 1,012 44 7 383 182 30 8 46.9 
E l  Paso Natura l  Gas Co. 5 3 803,068 9,488 1,801 1,690 4,997 3,624 1,009.8 
F l o r i d a  Gas Transmission Ca. 20 144,070 4,267 1,384 89 3 1,990 684 101.5 
Michigan Wisconsin P i p e k n e  Co. 39 766,942 7,620 1,323 700 5,597 4,801 703.1 

Midwestern Gas Transmission Co. . 14 
M i s s i s s i p p i  River  TransmLssion 120. 18 
Natura l  Gas P i p e l i n e  Co. of America 50 
Northern Natura l  Gas Co. 6 1 
P a c i f i c  Gas Transmission Cc . 12 

Panhandle Eas te rn  P i p e l i n e  Co. 57 
South Georgia Natura l  Gas Co. 2 
Southern Na tu ra l  Gas Co. 36 
Temeco,  Inc.  60 
Texas Eas te rn  Transmission C o r p  75 ' 

Texas Gas Transmission Corp. 19 461,710 5,559 1,191 .l ,439 2,929 2,498 386.9 
T r a n s c o n t i n e n t i a l  Gas Papel ine  Corp. 36 961,185 8,780 753 .: ,444 6,583 4,727 601.1 
Transwestern P i p e l i n e  Cc. 134 226,714 3,327 1,336 438 1,553 880 184.0 
Trunkl ine  Gas 20. 20 332 ,OOC- 3,679 6 544 . 3,129 1,407 279.3 
United Gas P i p e l i n e  Co. " ' 30 175,505 7,309 2,364 .3 :,044 1,901 3,633 602.5 

Inc ludes  t ransmiss ion systems c i t h  more than 500 miles of t ransmiss ion p i p e l i n e  and $5 m i l l i o n  opera t ing revenues. 

Source: Reference 5 

Figure  3.1.2-7 - Major 'Gas  P i p e l i n e  Companies Operation S t a t i s t i c s ,  1975 
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Figure, 3 .1 .2-8  - .Major Gas Pipel ines ,  Plant in  service 



Gross Plant By Type 01 Facility 
Accumulated 

Comprclror Procas and A11 Dcprcciation 
Pipcline Statiom Conditioning Other Total Waenm 

- -- - - 

Production Plant 
On Shore ' I ,8493 912.9 826.1 950.0 4538.1 
Off Shorc 210.7 652 46.4 15.1 337.4 
Total ' 2.060.0 978.1 8725 965.1 4.875.7 

Tnnsmi3sion Plant 
On Shore 14.019.7 2.961 .I 70.9 1.018.6 18.0903 
off Shore 505.8 .r 3.1 5093 
Total 145255 2.961.1 71.3 1.04 1.7 18599.6 

Stonge Plant 
On Share 2155 168.0 425 1.001.3 1.647.3 
Off Shore 
Total 21 5.3 568.~1, 425 1,0013 ! ,647,s 

lnrangible Plant' . 

On Shore 
Off Shore 
T o u l  

General Plant 
On Shore 
Off Shore 
T o u l  

Qthrr Plrnr 
On Shore 267.4 2.0 275 458.8 755.7 
OK Shore . 13 15 
Total 268.9 2.0 273 458.8 7571 

Total Facilicia 
On S h m  . 16.463.1 4,2444 967.0 i.1PB.O * 25,8023 
Off Shore 71 8.4 652 . . 46.8 18.7 849.1 
Tom1 7 1 8 . $  - 4.109.6 f.O!S.P ., 4.467 26,651 -6 

ACCIJXt ULATED DEPRECIATION. PLANT RESER\'ES 
( tor  Companies Reporting Depreciation Raclves) 

T a ~ a l r  - - - 

Source: Reference 6 

Figure 3.1.2-9 - Gas Pipeline Plant Investment, 
31 December 1.970 
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Source: Reference' 6 

Figure 3.1.2.-10 - Gas Pipeline Operation 
and Maintenance Expenses 



Ranue Load Fanon  
. 1-6 Included in Range 1965 I971 

1 
- -- 

70.00-74.99 4 1 
2 75.00-79.99 1% - ' I  
3 80.00-84.99 2 4 
4 85.00-89.99 4 2 
5 90.m94.99 s 4 .  
6 95.00-99.99 2 - 4 - 

Total 16 - - 16 - - - 
SVdghred Avenge 
Arith. Aven6e 
(I) Sczvrcc: Form 2. 

Source: Reference 6 

Figure 3.1.2-11 - Gas Pipeline Load +actors 



Year T o t a l  R e s i d e n t i a l  Commercial I n d u s t r i a l  Other 

-- - - * Excludes customers purchas ing  f o r  r e s a l e  and s a l e s  f o r  r e s a l e .  
Customer d a t a  i s  based on y e a r l y  averages .  Excludes d a t a  
f o r  Alaska p r i o r  t o  1 9 5 9  and Hawaii p r i o r  t o  1960. 

Source: Reference 5 

Figure 3.1.2-1 2 - National Gas Consumption ( lo6 ~tu /Cusf  omer) 



Year Total 
Field 
use 

Carbon Portland Use3 as 
Black Petroleum Cement Pipeline 
Plants3 Refineries Pl3nts Fusl 

Electric 
Public Utility Other 
Power plants2 industrial2 

I 
Industrial ccnsurnption as reported by the Bureau of Mines.inc1ude.s sales by nonutility producers 
and crhers, and natural gas mixed with rr.anufactured gas. Iience quantities reported in this 
table substantially exceed those reported in Section YII, as utility industrial sales. 

Y 

Consumption by "Electric Public Utility Power Plants" includes srall quantities of gas other 
than 2atura1, impossible to segregate. To this extent cansumption by other industrials is 
understated. 
'~ata revised' to include natural gas to enrich hydrocarbans, as of 1964. 
'~nclcded in "Other Industrial." 

Source: Reference 5 

Figure. 3.1.2-13 - Industrial Nat-~ral Gas Consumption (lo6 ~ t u l l  



Compressor S t a t i o n s  Miles  of Transmission P i p e l i n e  1975 . 
No. of I n s t a l l e d  10" & 10.1" 20.1" & Peak Day Operating 

Transmiss ion  Horse- Under 20.0" Over Sendout Revenues 
Nane of Transmission System S t a t i o n s  power T o t a l  Diameter Diameter Diameter (MMCF) ($000,000)  

3 Algonquin Gas Transmission Co. 30,900 909 281 138 490 704 . 233 .4 
C i t i e s  Se rv ice  Gas Co. 3 5 225,510 5,275 1,417 2,443 1 ,415  1,975 244.5 
Colorado I n t e r s t a t e  Gas Co. 14 125,180 2,440 425 1,217 798 1 ,255  230.1 
Colunbia Gas Transmission Co. ' 8 5 346,577 10,325 3,774 4,986 1 ,655  6,652 1,008.6 
Colunbia Gulf Trans,misston Co. 18  470,516 3,576 130 368 3,078 1 ,477  134.9 

Consol idated Gas Snpply Corp. 46 119,367 3,672 538 2,454 680 4,423 598.7 
East  Tennessee Na tu ra l  Gas Co. 10 25,170 1,012 447 383 182 308 46.9 
E l  Paso Na tu ra l  Gas Co. 53 803,068 9,488 1 ,801  2,690 4,997 .3,624 1,009.8 
F l o r i c a  Gas Transmission Co. 2 0 144,070 4,267 1,384 . 893 1 ,990  684 101.5 
Michigan Wisconsin P i p e l i n e  Co. 39 766,942 7,620 1 ,323  700 5,597 4,801 703.1 

Midwestem Gas Transmission Co. 14 
M i s s i s s i p p i  R iver  Transmission Co. 18' 
Na tu ra l  Gas P i p e l i n e  .Go. of America 50 
Norti--ern Na tu ra l  Gas Co. 6 1 

w P a c i f i c  Gas Transmission Co. 
I 

12 
r 

Panhandle Eas te rn  P i p e l i n e  Co. 5 7 
South Georgia Natural .  Gas Co. 2 
Southern Na tu ra l  Gas Co. 36 
Tenneco, Inc.  6 0 
Texas Eas te rn  Transmission Corp. 75 

Texas Gas Transmission Corp. 19 461,710 5,559 1,191 1,439 2,929 2,498 386.9 
T r a n s c o n t i n e n t i a l  Gas P i p e l i n e  Corp. 36 961,185 8,780 75 3 1,444 6,583 4,727 601.1 
Transwestern P i p e l i n e  Co. 134  226,714 3,327 1,336 438 1 ,553  880 184.0 
Trunkl ine  Gas Co. 2 0 332,000 3,679 6 544 3,129 1 ,407  279.3 
United Gas P i p e l i n e  Co. 30 175,505 7,309 2,364 3,04'4 1 ,901  3,633 602.5 

I n c l u d ~ s  t ransmiss ion systems wi th  mor+ than 500 m i l e s  of t ransmiss ion p i p e l i n e  and $5 m i l l i o n  opera t ing  revenues. 

Source: Reference 5 

F i g u r i  3.1.2-7 - Major Gas P i p e l i n e  Companies Operation S t a t i s t i c s ,  1975 



3.2 Gas P i p e l i n e  Data Sources 

There a r e  two primary sou rces  of gas  p i p e l i n e  da t a :  t h e  FPC* 

Form 2 and t h e  Bureau of Mines (BOM) Form 6-1341-A. 

3.2.1 FPC Data 

The FPC d a t a  is  submi t ted  on FPC Form 2 by t h e  81 Class  A and B 

p i p e l i n e  companies. These c l a s s e s ,  by d e f i n i t i o n ,  i n c l u d e  a l l  companies 

w i t h  annual  ga s  revenues exceeding one m i l l i o n  d o l l a r s .  I n  a d d i t i o n ,  t h e r e  

a r e  22 C la s s  C and D companies, i.e., t hose  having annual  revenues between 

$25,000 and $1,000,000. These l a t t e r ,  who account f o r  l e s s  than  1 pe rcen t  

of a l l  i n t e r s t a t e  s a l e s ,  f i l e  an abbrev ia ted .Porm 2A. 

A l l  of t h e  Form 2 and 2A r e p o r t s  a r e  a v a i l a b l e  f o r  p u b l i c  

i n s p e c t i o n .  The FPC annual ly  pub l i shes  a summary of s t a t i s t i c s  r e l a t i n g  

only  t o  t h e  81  Class  A and B companies. 

For s t a t i s t i c a l  summary purposes ,  t h e  commission a l s o  d e f i n e s  a 

ca t ego ry  c a l l e d  major companies, which inc ludes  those  whose combined s a l e s  

f o r  r e s a l e  and gas  t r a n s p o r t e d  ( i n t e r s t a t e )  f o r  a f e e  exceed 50 MMMcf p e r  

yea r .  Thia ca tcgory  inc ludcd  3 4  companico foy 1975. Only t h c  ~ t a t i ~ t i c ~  on 

t h e s e  companies a r e  used by t h e  FPC t o  observe developments i n  t h e  i n t e r -  

s t a t e  p a r t  of t h e  i ndus t ry .  I n  1975, t h e s e  companies accounted f o r  84 

p e r c e n t  of t o t a l  gas  purchases  by PPC r egu la t ed  p i p c l i n c  companies from 

n a t u r a l  gas producers ,  and 85% of t h e  n a t u r a l  gas  product ion  of a l l  regu- 

l a t e d  p i p e l i n e  companies. These 34 major companies a l s o  accounted f o r  98 

p e r c e n t  of c i t y  g a t e  s a l e s  t o  i n t r a s t a t e  u t i l i t i e s  n o t  r egu la t ed  by t h e  

Commission and 68 pe rcen t  of t h e  i n d u s t r i a l  s a l e s  made by p i p e l i n e  companies 

from t h e i r  main t r ansmis s ion  l i n e s .  

Almost a l l  of t h e  d a t a  r epo r t ed  on t h e  Form 2 c o n s i s t s  of d o l l a r  

amounts, and is ,  . t h e r e f o r e ,  no t  of i n t e r e s t  f o r  p r e s e n t  purposes.  F igure  

*The .reader i s  r e f e r r e d  t o  t h e  P re face  f 0 r . a  b r i e f  d i s c u s s i o n  of t h e  c u r r e n t  

F e d e r a l . p i p e l i n e  r e g u l a t o r y  s t r u c t u r e .  



3.2.1-1, Shee ts  1, 2; and 3 ,  d i s p l a y s  t h e  L i s t  of Schedules which 'comprises 

t h e  Form 2  submi t t a l .  Those schedules  which a r e  of p r e sen t  i n t e r e s t  a r e  on 

Sheet 3  and have been overshaded t o  a s s i s t  t h e  re-ader. Examples of t h e  

in format ion  and i t s  p o t e n t i a l  use a r e  presen ted  i n  t h e  s e c t i o n s  t o  fol low.  

3.2.2 BOM Data 

The BOM c o l l e c t s  d a t a  independent ly .  o f .  t h e  FPC. The i r  d a t a  a r e  

c o l l e c t e d  on t h e i r  Form 6-1341-A, which is  shown i n  F igure  3.2.2-1. Shee t s  1  

and 2. '  There a r e  two i n t e r e s t i n g  a s p e c t s  t o  t h e i r  opera t ion .  F i r s t ,  t h e i r  

coverage i s  more comprehensive than  t h a t  of t h e  FPC, i n  t h a t  t h e  BoM t r i e s  

t o  i nc lude  a l l  of t h e  i n t r a s t a t e  companies. Second, t h e  submissions a r e  

vo luntary  and t h e r e f o r e  p r o p r i e t a r y ,  and cannot be d i s c lo sed  wi thout  consent.  

Add i t i ona l ly ,  i t  i s  worth no t ing  t h a t  i t  would be remarkable 

indeed i f  f u l l  coverage were obtained by.means of. vo lun ta ry  subn i s s ions ,  so  

i t  is  expected t h a t  t h e r e  a r e  some omissions.  . T h i s  n a t u r a l l y  l e a d s  t o  t h e  . 

thought  t h a t  i f  i t  were decided t o  f u r t h e r  r e f i n e  t h e  c a l c u l a t i o n s  which use  

t h e s e  d a t a ,  i t  would be d e s i r a b l e  t o  v e r i f y  t h e  e x t e n t  of t h e  coverage. 

3.3 Energy Consumption i n  Gas P i p l i n e s  

The BOM d a t a  of p r e sen t  i n t e r e s t  a r e  t h e  f i g u r e s  f o r  consumption 

of compressor f u e l .  These f i g u r e s  a r e  publ i shed  i n  t h e i r  annual  Minera l s  

Yearbook, and a r e  t abu la t ed  annual ly  i n  t h e  ACA p u b l i c a t i o n ,  Gas Fac ts .  

Table  3.3-1 p r e s e n t s  t h e s e  f i g u r e s  f o r  s e l e c t e d  year 's  s i n c e  1950. The 

conversion t o  Quads has ' been  done using '  t h r e e  conver'sion f a c t o r s  - t h e  DOE 

conversion f a c t o r  of 0.98 t r i l l i o n  SCF p e r  q u a d r i l l i o n  Btu. (Quad), t aken  

from Reference 7, t h e  va lue  of 1975 ~ t u / S c f  used by BOM, and an  approximate 

average lower hea t ing  va lue  of 960 Btu/Scf.  

Unfor tuna te ly ,  i t  is seldom c l e a r  from t h e  p r e s e n t a t i o n  of t he  

d a t a  what hea t ing  va lue  is  assumed, o r  how i t  i s ' c a l c u l a t e d .  ' T h e  ca lo r ime te r s  

commonly used t o  measure hea t ing  va lue  i n t roduce  t h e  gas  i n t o  t h e  combustion 

chamber by bubbling through w a t e r , ' s o  t h a t  t h e  gas  is s a t u r a t e d  w i t h  water 

vapor.  Thus, when t h e  combustion. p r o d u c t s . a r e  cooled t o  . the  o r i g i n a l  



I LIST OF SCHEDULES (Natural  Gas Company) 1 - - 
Designate i n  column by t h e  terms "none" o r  "not  appl icable"  a s  appropr ia te  
i n  ins tances  where no information o r  amounts have been reported i n  c e r t a i n  
schedules.  Pages may be omitted where t h e  responses a r e  "none" o r  
"Not app l i cab le"  t o  t h e  schedules on such pages. 

I 

T i t l e  o f  Schedule 

( a )  

General Corporate Information and Summary 
F inanc ia l  Statements 

General Information .......................... 
Control  Over Respondent ...................... 
Corporat ions Control led by Respondent ........ 
O f f i c e r s  .................................... 
Direc to r s  .................................... 
Secur i ty  Holders and Votinq P o w e r . , , , , , , . . . . .  
Important Changes During t h e  Year ............ 
Comparative Balance Sheet-Statement A * . . . . . . .  
Summary of  U t i l i t y  P l a n t  and Accumulated 

Provis ions  f o r  Depreciat ion,  Amoritination. 
and Depletion-Statement B . . . . . . . . . . . . . . . . . . .  

Statement of  Income f o r  t h e  Year-Statement C. 
Statement of  Retained Earnings f o r  t h e  Year- 

Statement D ................................ 
Statement of Changes i n  Financia l  Posi t ion- 

Statement E . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Balance Sheet  Supporting Schedules 

.......................... ~ o n u t i l l t y  Property 
Accumulated Provision f o r  Depreciat ion and 

......... Amortization of  Nonut i l i ty  Property 
.................................. Investments 

................... I~lvestmellts i n  Subsididry 
............... Motes and Accounts Receivable. 

Accumulated Provisions f o r  Uncol lec t ib le  
................................. Accounts-Cr 

....... ~ e c e i v a b l e s  from Associated Companies. 
....................... Mater ia ls  and Supplics 

................................... Gas Stored 

............... Production Fuel and O i l  Stocks 
.................................. Prepayments 

Miscellaneous Current  and Accrued A s s e t s . . . . .  
Extraordinary Property Losses. . . . . . . . . . . . . . . .  
Prepaid Gas Purchases Under Purchase 

.................................. Agreements 
Advances f o r  Gas P r i o r  t o  I n i t i a l  De l ive r i e s  

................. o r  Commission C e r t i f i c a t i o n  

Figure 3.2.1-1 - Sheets  1-3, L i s t  of 
f i l e d  by Class  A and B Natural Gas Companies 
(Facsimile of Or ig inal  Form) 
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Sheet 2 
Figure 3.2.1-1 - (Continued) 

LIST OF SCHEDULES (Natural Gas 

T i t l e  of schedule 
(a)  

Unamortized Disc. and Exp. and Unamort. 
Premium on Debt ............................. 

Preliminary Survey and Investigation Charges. 
Miscellaneous Deferred Debits ................ 
Deferred Losses from Disposition of U t i l i t y  
Plant ....................................... 

Unamortized Loss and Cain on Reacquired 
Debt ........................................ 

Accumulated Deferred Income Taxes.. . . . . . . . . . .  
Capital Stock.. .................. ;........... 
Capital Stock Subscribed, Capital Stock 
Liab i l i ty  fo r  Conversion, Premium on Capital 
Stock, and Installments Received on Capital 
Stock. ...................................... 

Other Paid-In Capital ........................ 
Discount on Capital Stock .................... 
Capital Stock Expense ................ l . . . . . . .  
Long-Term Debt ............................... 
Securi t ies  Issued o r  Assumed and Secur i t i es  
Refunded o r  Retired During the Year.. . . . . . . .  

Notes Payable ................................ 
Payables t o  Associated Companies 
Taxes Accrued, Prepaid and charged During 
Year ........................................ 

Reconciliation of Reported Net Income with . 
Taxable Income for  Federal Income Taxes..... 

Miscellaneous Current and Accrued 
Liab i l i t i es ,  ................................ 

Customer Advances fo r  Construction ........... 
Deferred Gains from Disposition of U t i l i t y  
Plant ....................................... 

Other Deferred Credits ........................ 
Undelivered Gas Obligations Under Sales 
Agreements .................................. 

Operating Reserves. . . . . . . . . . . . . . . . . . . . . . . . . . .  
Accumulated Deferred Income Taxes.. . . . . . . . . . .  
Investment Tax Credits Generated and 
Utilized ..................................... 

Accumulated Deferred Investment Tax Credi ts . .  

Income Account Supporting Schedules 

Gain or  Loss on Disposition of Property ...... 
Income from U t i l i t y  Plant. T..eased t o  Others... 
Part iculars  Concerning Certain Other Income 
Accounts.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Par t iculars  Concerning Cer'tain Income 
Deduction and In te res t  Clrdr.yes Accounts..... 

Expenditures fo r  Certain Civic, P o l i t i c a l  
and Related Act iv i t i es  ...................... 

Extraordinary Items ........................... 
Common Stat ion 

Common U t i l i t y  Plant and Expenses ..........'.. 
Regulatory Commission Expenses ............... 
Charges iuL Outside Professional and nt.hPr 
Consultative Services.. .  .................... 

Distribution of  Salar ies  and Wages ........... 
Gas Plant ,  Sales, Operating and 

S t a t i s t i c a l  Data 

Gas Plant In Service ......................... 
Gas Plant Loacod t o  Othcro ................... 
Gas Plant Held for  Future Use.. . . . . . . . . . . . . . .  
Production Properties Held for  Future Use.... 
Conotruction Work i n  Progress and Cu~ryleted 
Construction Not Classified--Gas ............ 

Accumulated Provision f o r  Depreciation of Gas 
U t i l i t y  Plant. .  ............................. 

Accumulated Provision for  Amortization and . 
Depletion of Gas U t i l i t y  Plant-Producing 
Natural Gas Land and Land Rights ............ 

Company) (Continued) 
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509 
Accumulated Provision f o r  Amortization and 
Depletion of Gas U t i l i t y  Plant-Underground 

. Stoyaqe Laird and, Land R1ght.s. . . . . . . . . . . 

Dec. 73 

510 



Sheet 3 
Figure 3.2.1-1 . (Continued) 

3-22 

LIST OF SCHEDULES (Natural Gas 
T i t l e  of  Schedule 

( a )  

Accumulated Provision f o r  Amortization and 
Depletion of  Gas U t i l i t y  Plant  Other Gas 
Plant  i n  Service, Amortization and Depletion 
of Gas P lan t  Leased t o  Others. Amortization 
of tias Plant  Held f o r  Future Use ............ 

Accum . Prov . f o r  Amort . & Depletion of  Gas 
U t i l  . Plant- band . of Leases ................. 

G d s  Pla11t AcquisiLion Adjustments and 
Accllm11J.at.ed Provision f o r  Amortization of  . 
Gas P lan t  Acquisition Adjustments ........... 

Gas Operating Revenues ....................... 
Unauthorized Overrun Pena l t i es  and Waivers 
of Pena l t i es  ................................ 

Sale o f  Natural Gas by Communities ........... 
Residential and Commercial Space Heating 
Customers ................................... 

In te r rup t ib le .  Off Peak. and Firm Sales t o  
.... Distr ibut ion System I n d u s t r i a l  Customers 

Field and Main Line Indus t r ia l  Sales of 
Natural Gas .................................. 

Sales f o r  Resale-- Natural Gas ................ 
......... Interdepartmental Sales-- Natural tias 

Rent from Gas Property and Interdepartmental 
Rents ....................................... 

Revenue from Transportation of Gas of  Others 
Natural Gas ............................... :. 

Sales of Products Extracted from Natural Gas . 
Rcvenuee from Natural Gas Processed by 

...................................... Others 
Incidental  Gasoline and O i l  Sales and Other 
Gas Rever~uss ................................ 

....... Gas Operation- and Maintenance Expenses 
Number of 6 s  Department Employees ........... 
Lease Rentals Charged ........................ 
Exploration and Development Expenses ......... 
Abandoned Leases ............................. 
Gas Purchases ................................ .................... Exchange Gas Transactions 
Exchange Gas Accounting ...................... 
Gas Used i n  U t i l i t y  Operations (Credit) ...... 
Other Gas Supply Expenses .................... 
Transmission and Compression of Gas by 

...................................... Others 
Franchise Requirements ....................... 

......... Miscellaneous General Expenses (Gas) 
.................. Co~istruct lur~ Overl~eclds--Gas 

General ~ p s c r i . p t i n n  o f  Construction Over- 
head Procedure .............................. 

Depreciation. Depletion. and Amortization 
of Gas Plant  .......................... i . . . . .  

Natural Gas Reserves and Land Acreage 
(Deleted. see FPC From No . 40) .............. 

Natural Gas Reserves and Land Acreage 
(Deleted. See FPC Fnm No . 40) .............. 

Chanses i n  Estimated Hydrocarbon KeserVeS 
and Costs ................................... 

Natural Gas Reserves Available from Purchase 
Agreements .................................. 

Natural Gas Productior~ and Gathering S t a t i s -  
t i c s  ........................................ 

Products Extraction operations-- Natural Gas .. 
Compressor S ta t ions  .......................... 
Number of.Gas and O i l  Wells .................. 
Field and Storage Lines ...................... 
Gas Storage .................................. 
Translnissiur~ Lines ........................... 
Manufactured Gas Production S t a t i s t i c  ........ 
Liquefied Petroleum Gas Operations ........... 
Transmission system Peak Ueliverics .......... 
Auxiliary Peaking F a c i l i t i e s  ................. 

..................... Gas Account-- Natural Gas 
Service Interrupt ions Occuring on the  
Pipel ine System .............................. 

System Map ................................... 
Rcscarch and Development Act iv i t i es  .......... 

.................................. Attenuation 
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INSTRUCTIONS 

Please provide the information requested on the reverse side of this form and return one 
copy a s  soon a s  possible in the enclosed envelope. I t  will be appreciated if this report can 
b e  returned before the 15th of February. 

Quantity-Report all volumes in MILLION ,CUBIC FEET a t  the pressure base of 
14.73 pounds per square inch absolute a t  60°F. 

Value-Report all values in THOUSANDS OF DOLLAW. 

I State- File a separate report for each State in which your company operates. 

I1 MIXED GAS OPERATIONS: In mixed gas operations only the natural gas  c o m p  
nent should be  reported. If both natural and mixed gas a r e  distributed, report 
natural gas  operations and the natural gas portion of your mixed gas operations on 
separate  forms. Adjust all volumes to the pressure base of 14.73 pounds per square 
inch absolute a t  60°F. 

I IAl  When leases a re  not wholly owned by the reporting company, it  is requested that 
the operator of the facility report 100 percent of the production. Exclude any p r e  
duction from leases, which you own that are  operated by others. Your company's 
gross production of g a s  should include royalty interests and gas used in own opera- 
tions. Estimate if necessary. 

Value of g rnss  production a t  well includes t h e  producer's realization from all 
products contained in the gas delivered In r~atural gas  processing plants. Assign no 
value to that  portion of gross production used for repressuring. Do not include gath- 
ering charges or State taxes. Ignore tax exempt interests and tax  reimbursements. 

Ilk2 Ileceipts of gas  from companies within the State covered by this report. 
n. Rcport total receipts o! gas iiorii orher producers wlt.11lt1 l.11~ Stale. 
b. Receipts of gas  from within the State, from natural gas  processing plants 

other than your own, exchange gas, and gas received for transport, should 
be reported by individual company and .amount received from each company. 

IIAD Receipts of gas  from outside of thc S t h t ~  should be shown by individual corirparly, 
the bordering State from which the gas was, received, a ~ i d  the amount received 
from each company. 

IIA4 Withdrawals from underground storage- Report only company-owned gas withdrawn 
Tro1.n storage. 

IIB1, 2, 5 Value of gas  usedin lease operations, a s  plant fuel, in your pipeline operations, and 
extraction loss, should represet11 lhe cost to your company or  average wellhead 
price of the gas, 

IIRl  Extractinn loss-Total extraction loss tor natura1,gas processlnd plant$ operated by 
. your own company. This volume and value should agree with those reported on 

the k'oim b-1343-A. Show d!spuslllo~i uf ~es ldue  gas f1u111 y u u ~  UWII plarlls U I J C ~  

propor uoo oatogoxy, i.o., industrial, sales i n  n t b r  rnmpanies, vented, retlirn t.n 
formation 

IIB2 Include gas  used in lease operations, as.plant fuel and net use for gas  lift. 

IIB6 Total deliveries of natural gas to natural gas processing plants operated by com- 
panies other than your own. 

IIB7a Include c x e h a n ~ c  63s and gasdelivered for transport e s  well as  gas sold tn nt,her 
pipeline and distributing companies within State. List companies and amount ot 
each sale individually. 

IIB7b Deliveries of gas  outside of the State to pipeline or distribution companies should 
be  listed by company and amount of each sale individually. 

ITRR nolivered directly to  consilrners: 
a.  Residential-Include nahlral gas used in private households for heating. cook- 

ing, and other household uses. 
b. Commercial-Include natural gas used by non-manufacturing organizations, 

sllch a s  hotels, restaurants, retail stores, laundries, and other service enter- 
prises; also gas  used in agriculture, forestry and fisheries. 

c. Industrial-Gas sold directly to industrial consulrlers. Include gas used\ a s  
fuel in cl~emical plants (your own and others). used to produce carbon black, 
and gas consumed by own company. 

d. Electric utilities- Natural gas  used a s  fuel in klectric utility plants inclllding 
those operated by your company. 

e. Other consumers-Include deliveries to municipalities and government agen- 
cies for use in schools, institutinns, street lighting, etc. 

I1139 Report only company-owned gas stored in underground storage 
Figme 3 .2 .2 -1  (Continued) 



Table 3.3-1 

Year 

Energy Consumption i n  Gas P i p e l i n e s ,  

I n t r a s t a t e  and I n t e r s t a t e  

Approximate Energy Consumption, Quads 

Reference 5 '  ' 

Source: Data c o l l e c t e d  by BOM 



t empera tu re  and condensed, t h e  l a t e n t  h e a t  of vapo r i za t i on  in t roduced  by 

s a t u r a t i n g .  t h e  g a s  is a l s o  .measured. The a p p r o p r i a t e  c o r r e c t i o n  f o r  t h i s  

l a t e n t  h e a t  is t aken  a s  p a r t  of t h e  s t anda rd  measuring technique. However, 

t h e  amount of g a s  o r i g i n a l l y  p re sen t  is l e s s  than  would be t h e  c a s e  w i th  dry 

g a s ,  by t h e  amount of dry g a s  which i s  d i sp l aced  by t h e  water  vapor ,  b u t  no 

c o r r e c t i o n  is  made f o r  t h i s  e f f e c t .  Thus, t h e  h ighe r  hea t ing  va lue  (HHV) on 

t h e  d ry  b a s i s ,  i s  about  20 Btu/Scf more than  on t h e  wet bas i s .  Con t r ac t s  

a r e  u s u a l l y  w r i t t e n  on t h e  wet b a s i s ,  many times f o r  a n  HHV of 1000 B ~ U / S C ~ .  

The g a s  is d e l i v e r e d  d r y ,  o r  nea r ly  s o ,  s o  t h a t  t h e  de l ive red  HHV is  g e n e r a l l y  

around 1020 Btu/Scf .  The lower hea t ing  v a l u e  (LHV) i s  approximately 90 Btu 

less than  t h e  BHV. The HHV is  used i n  t h e  t a b l e .  

The f i g u r e s  presen ted  i n  t h e  l a s t  t h r e e  columns of Table  3.3-1 

a r e  a  good approximation t o  t h e  t o t a l  energy consumption i n  t h e  gas  p i p e l i n e  

i n d u s t r y .  I n  a d d i t i o n  t o  t h e  u n c e r t a i n t y  a l r eady  mentioned i n  Sec t ion  3.2.2 

a s  t o  completeness  of coverage of a l l  t h e  i n t r a s t a t e  p i p e l i n e s ,  t h e s e  

f i g u r e s  c o n t a i n  t h r e e  a d d i t i o n a l  sources  of e r r o r .  The f i r s t  a d d i t i o n a l  

s o u r c e  is j u s t  t h e  cumulat ive r e s u l t  of t h e  i n h e r e n t  imprec is ion  i n  each of 

t h e  c o n s t i t u e n t  numbers which a r e  added t o  make t h e  t o t a l .  The s t anda rd  

d e v i a t i o n  of t h e  sum is  simply t h e  r m s  of t he  sum 'of t h e  i n d i v i d u a l  variances.. 

' 

The second e r r o r  source i s  t h e  v a r i a t i o n  i n  hea t ing ,va lues  of 

t h e  t u e l .  The l U Z U  Btu/Scf which was used i n  t h e  conversion from column 2  

of Table  3.3-1 t o  column 3 was used i n  Reference 7  a s  an  approximation t o  

t h e  average  v a l u e  f o r  p ipe l ine -qua l i t y '  gas .  However, t h e  BOM uses  1075 

~ t u / S c f ,  and t h a t  v a l u e  was used i n  column 4. A more r e a l i s t i c  va lue  would 

appear  t o  be t h a t  based upon t h e  lower hea t ing  va lue ,  a s  shown i n  t h e  l a s t  

column. The a c t u a l  hhv v a r i e s  of course  bu t  i s  g e n e r a l l y  i,n the. n~ ighhnrhnnd  

of t h e  f i r s t  two f i g u r e s .  

The t h i r d  e r r o r  source  l i e s  i n  t h e  f a c t  t h a t  t h e  f i g u r e s  presen ted  

do no t  i nc lude  o t h e r  sou rces  of compression energy b e s i d e s  gas .  There i s  a  

s m a l l  f r a c t i o n  of p i p e l i n e  compressors which a r e  e l e c t r i c a l l y  dr iven.  For 

1970-71, t h i s  f r a c t i o n  was est 'imated a s  4.1 percent .  However, t h e  methodol- 

ogy employed i n  t h a t  r e f e r e n c e  i s  b e l i e v e d  t o  con ta in  a  sys t ema t i c  e r r o r  



which would reduce t h i s  f i g u r e  by something over 10 percent .  The e l e c t r i c  

b i l l s  f o r  e l e c t r i c a l l y - d r i v e n  compressor s t a t i o n s  a r e  r epo r t ed  on Schedules 

556 and 557 of Form 2. Thus, i f  f u r t h e r  refinement,  should become necessary 

o r  d e s i r a b l e ,  an  e s t ima te  of t h i s  e r r o r  could be made by t o t a l i n g  t h e  

f i g u r e s  from those  schedules  of t he  81 Class  A and B i n t e r s t a t e  companies. 

The unce r t a in ty  would then  be reduced t o  t h e  non-gas energy by i n t r a s t a t e  

and Class  .C and D i n t e r s t a t e  companies. 

  he f i r s t  two of t hese  e r r o r  sources a r e  compensating and would 

tend t o  average out  when taken over l a r g e  blocks of data .  The t h i r d  i s  i n  

t h e  form of omissions, and thus  makes t h e  e s t ima te  low. Also, a s  has  been 

noted ,  t h e r e  a r e  almost c e r t a i n l y  some omissions from t h e  o r i g i n a l  BOM 

compilations.  Thus, i t  i s  l i k e l y  t h a t  t h e  b e s t  e s t ima te  i s  near  t h e  high 

s i d e  of t h e  range. It is t h e r e f o r e  suggested t h a t  . a  two-figure e s t ima te  of 

0.71 Quad be  used. For a s ing le - f igu re  e s t ima te ,  0.7 Quad i s ' , p robab ly  very  

good, i . e . ,  t h e  t r u e  va lue  is  more l i k e l y  t o  be nea re r  t o  0.7 than  t o  0.6 o r  

0.8. 

The breakdown. of energy consumed i n  t h e  c a t e g o r i e s  of c o l l e c t i o n ,  

t r ansmis i ion ,  s to rage  and d i s t r i b u t i 0 n . i ~  not repor ted  i n  terms of Btu .,: 

consumed i n  each of t h e s e  functions,. However, t h e  d o l l a r  va lues  of energy 

consumed by t h e  i n t e r s t a t e  companies a r e  repor ted  on FPC Form 2 and a r e  

broken i n t o  t h e  f i r s t  t h r e e  of t h e s e  ca tegor ies .  The t a s k  f o r c e  which 

prepared t h e  Nat iona l  Gas Survey compiled t h e s e  f i g u r e s  f o r  t h e  10 reg ions  

def ined  e a r 1 i e r . b ~  t h e  Future  Gas Requirements Committee. These r e g i o n s . a r e  

shown i n  F igure  3.3-1. The t a s k  f o r c e  compilat ions a r e  shown i n  Table 

3.3-2. It is immediaeelg noted,  though not  unexpected, t h a t  t h e r e  i s  no 

r epor t ed  consumption f o r  t h e  d i s t r i b u t i o n  process ,  s i n c e  t h e  r epo r t ing  

,companies a r e  not  engaged i n  d i s t r i b u t i o n .  ~ ~ ~ i i c a t i o n  of t h i s  same f r ac t ton -  

a 1  breakdown t o  t h e  t o t a l  consumption previous ly  quoted i n  Table 3.3-1, 

y i e l d s  t h e  approximate breakdown f o r  1974, which i s  shown i n  Table 3.3-3. 

The va lues  f o r  d i s t r i b u t i o n  were der ived  by simply assuming t h a t  func t ion  

about  equal  t o  c o l l e c t i o n .  

3.4 Es t imate  of Energy I n t e n s i t y  of Gas P i p e l i n e s  

As was explained i n  Sec t ion  1.2 above, t h e  energy i n t e n s i t y  of a 



t r a n s p o r t a t i o n  mode i s  c a l c u l a t e d  f rom t h e  formula 

IE = energy consumed 
throughput  x d i s t ance .  

The throughput  can be  expressed i n  any convenient  way, e.g. , ' a s  a mass, 

volume, o r  energy c o n t e n t  but  f o r  purposes  of comparison wi th  o t h e r  modes, 

' t h e  most u s e f u l  term i s  mass. Thus, i n  t h e  Engl i sh  system of u n i t s ,  t h e  E I  

i s  expressed  u s u a l l y  i n  Btu/ton-mile,  o r  Btu pe r  t0n.pe.r  mile. 

FUTURE GAS REQUIREMENTS COMMITTEE REGIONS 

Source: Referenee 6 

Figu re  3.3-1 - Regions Used i n  t h e  Analys i s  



Table 3.3-2 

Region 

1 

2 .  

3 

4 

5 

6 

7 

8 

9 

10 

Distribution of Energy Cost, 1970,. klMcf 
Major Companies Only 

Prod. Coll'n. Transmission 

1.311 

0.931 

0.776 

0.8 14 

1.089 

0.542 

0.028 

0.167 

0.523 

0.476 

Strg. 

0.015 

0.064 

0.007 

0.026 

0.012 

0.021 

0.007 

0.001 

0.000 

0.000 

Dist. 

0 

0 .  

0 

0 

0 

. o  
0 

0 

0 

0 

Total 

1.363 

1.040 

0.807 

0.868 

1.158 

0.643 

0.263. 

0.302 

0.699 

0.730 

Source: Reference 6 



Table, 3.3-3 

Approximate Breakdown of 1974 Energy Consumption 
i n  Gas P i p e l i n e  

Funct ion  F r a c t i o n  

p roduc t ion  0.0441 

c o l l e c t i o n  0.0681 

t r r ~ ~ a m P ~ a i a n  0.8G8'1 

Sto rage  0.0194 

DOE Fac to r  

(1020 Btu /c f )  

0.0301 

0.0464 

0,5922. 

0.0133 

Energy, Quads 

BOM Fac to r  

(1075 Btu/cf )  

0.0316 

. .0.0488 . 

0.6227 



3.4 .'l Industry-average Energy I n t e n s i t y  of Gas P i p e l i n e s  

It is obvious t h a t  t h e  average  EI  f o r  t h e  i ndus t ry  cannot. be  

c a l c u l a t e d  from summary s t a t i s t i c s .  Although . t o t a l  energy consumed and 

t o t a l  throughput a r e  known w i t h  high p r e c i s i o n ,  no f i g u r e  f o r  t h e  d i s t a n c e .  

e x i s t s .  The d i s t a n c e  f i g u r e  t h a t  would pos s ib ly  be  t h e  most i n t e r e s t i n g  

would be  t h e  sum of t h e  throughput-weighted d i s t a n c e s  f o r  each. l eg .  I n  - 

p r i n c i p l e ,  i t  would be  p o s s i b l e  t o  c a l c u l a t e  t h e  throughput f o r  every l e g  i f  

t h e r e  w e r e  a  meter reading a v a i l a b l e  a t  every branch po in t .  Such read ings  

probably e x i s t  f o r  most t r u n k l i n e  branch po in t s .  The c o l l e c t i o n ,  compilat ion 

and r educ t ion ,  and a n a l y s i s  of t h a t  d a t a  would exceed t h e  c o s t  l i m i t s  of t he  

p re sen t  p r o j e c t ,  s o  i t  has no t  been at tempted.  The complexity and scope of 

such an :under tak ing  can be  app rec i a t ed  by s tudy of t h e  gas  p i p e l i n e  map 

publ i shed  by t h e  Fede ra l  Power-Commission. Moreover, a s  seen  below, i t  is  

unnecessary f o r  t h e  p re sen t  purpose,  which is t h e  f i r s t  o rde r  e s t i m a t e  of 

g a s  p i p e l i n e  EI. 

. . 

It is  w e l l  t o  no t e  a t  t h i s  p o i n t  an  important  d i s t i n c t i o n  

between t h e  o v e r a l l ,  industrywide E I  and t h a t  which ob ta in s  f o r  a  s p e c i f i c  

r o u t e  and haul .  For example, i n  t h e  ca se '  of r a i l r o a d s ,  i f  one t a k e s  t h e  

t o t a l  locomotive energy consumed and d i v i d e s  i t  by t h e  t o t a l  ton-miles of ' 

t r a n s p o r t ,  t h e  r e s u l t ,  f o r  t h e  year  1972, i s  

( IE )  - - 5.446 x l 0 l 4  Btu Btu 

R a i l  7.84 x  1011 Ton-Mile Ton-Mile 

However, i f  one examines a  p a r t i c u l a r  r o u t e  and h a u l ,  one 

almost i n v a r i a b l y  o b t a i n s  a  much d i f f e r e n t  f i g u r e .  For exampl'e, Zandi 

(Ref. 4) used t h e  rai lway engineers '  'handbook formula t o  c a l c u l a t e  t h e  EI of 

a  r a i l r o a d  which would d u p l i c a t e  t h e  haul  of t h e  Black Mesa s l u r r y  p ipe l ine .  

H e  ob ta ined  a  f i g u r e  of 450 ~ t u / T o n - ~ i l e .  

~ e t u r n i n ~  now t o  t h e  c a s e  of t h e  gas  p i p e l i n e s  and cons ider ing  

f i r s t  t h e  industry-wide E I ,  i n  t h e  absence of throughput d a t a ,  i t  is  neces- 

s a r y  t o  make a n  e s t i m a t e  of the  throughput. 



In  p repa r ing  t h e  FPC Nat iona l  Gas Survey, t h e  Task Force f o r  

Transmission Opera t ions  prepared e s t ima te s  of t h e  c o s t  of s e r v i c e  i n  1970 t o  

each of t h e  t e n  reg ions ,  shown aga in  i n  F igure  3.4.1-1. Refer r ing  once more 

t o  t h e  n a t i o n a l  map one a g a i n  a p p r e c i a t e s  t h e  complexity of t h e  n a t i o n a l  gas  

t r ansmis s ion  network. However, i t  is  observed t h a t  Region 1 i s  suppl ied  

a lmost  e x c l u s i v e l y  by Tennessee Gas P i p e l i n e  Company (Tenneco) from w e l l s  on 

t h e  c o a s t  of Texas and Louisiana.  From t h e  map, t h e  s e p a r a t i o n  of t h e  

c e n t e r  of c o l l e c t i o n  and c e n t e r  of d i s t r i b u t i o n  is sca l ed  t o  be approxi- 

mately 1700 miles. This  provides  a  f i r s t - o r d e r  e s t ima te  of t he  d i s t ance .  

An es t ima te  of t h e  f u e l  consumed p e r  MCF of through.put is  

ob ta ined  from t h e  Task Force  e s t ima te  o t  t h e  c o s t  of service f o r  Region 1, 

whtch is  presented  i n  Table 3.4.1-1. It i s  seen t h a t  t h e  c o s t  o£ f u e l  is  

es t ima ted  t o  be 1.311 ~ IMCF.  Under FPC account ing ,  t h i s  gas  is  c r e d i t e d  

t o  purchases  ( o r  product ion)  a t  whatever purchase p r i c e  (o r  product ion  c o s t )  

was pa id .  Reference t o  Schedule 529, Line  1, of t h e  Form 2 f i l e d  by Tenneco 

f o r  1970 w i l l  r e v e a l  t h a t  f i g u r e .  Since the  1970 f i g u r e  is no t  r e a d i l y  a t  

hand, f o r  p r e s e n t  i l l u s t r a t i v e  purposes t he  n a t i o n a l  average f i g u r e  is used. 

Reference  t o  Gas F a c t s ,  1975, p. 110, repea ted  h e r e  f o r  convenience of t h e  

r e a d e r  a s  Table 3.4.1'-2, r e v e a l s  t h a t  f i g u r e  t o  be 1/.1 ~ I M C P .  That r h i s  

f i g u r e  is  probably very  c l o s e  t o  what Tenneco pa id  i n  1970 can be i n f e r r e d  

from i n s p e c t i o n  of Table 3.4.1-3, where i t  i s  seen  t h a t  t h e  Texas-Louisiana 

average  wellhead p r i c e  f o r  1974 was very  c l o s e ,  i.e., wtehin less than  2%, 

t o  t h e  n a t i o n a l  average. I f  t he  same were t r u e  f o r  1970, dividi .ng t h e  

17.ld va lue  i n t o  t h e  1.311 LIMCF average f u e l  c o s t  f o r  t ransmiss ion  

t o  Region 1 y i e l d  a  va lue  of 7.667% f o r  t he  r a t i o  of gas  consumed i n  com- 

p r e s s i o n  t o  gas  t r anspor t ed .  Using 1020 Btu/Scf f o r  t h e  hea t ing  va lue  and 

41,000 Scf per  t on  then  y i e l d s  a n  EI of 3206, ~ t u l ~ o n - M i l e  f o r  t he  energy 

i n t e n s i t y .  

Repeating t h e  process  f o r  Region 4 ,  t h e . a v e r a g e  d i s t a n c e  i s  

s c a l e d  t o  be approximately 850 m i l e s  from t h e  Texas-Oklahoma panhandles t o  

t h e  Chicago a r e a ,  y i e l d i n g  a  va lue  of 2593 ~ t u / T o n - ~ i l e  f o r  t h e  EI. Fur ther  

n o t e  of t hese  es t imated  va lues  w i l l  be taken a t  t he  end of t he  next s ec t ion .  



Source: ~efe'rence h 

~ i g u r e  3.4.1-1 - Regions Defined by Future Gas ~ e ~ u i r e m e n t s  Committee 
.. . 



Table 3.4.1-1 

COST OF SERVICE, 1970 

Region 1 
Production Gathering Transmission 

C/MCF @/MCF @/MCF 

Operating 0.479 0 3.062 

Fuel 0.037 0 1 . 3 1 1  

Maintenance 

G t i A  

~epreciatioa 

Income Taxea 

Other Taxes 

Return 

Totals 

. '  Region 4 

Operating 

Fuel 

Maintenance 

G & A  

~epreciation 

Income Taxes 

Other Taxes 

Return 

~otala 

storage Distribution 
C/MCF C/MCF 

0.054 0 

Total 
C/MCF 

3.595 

1 .363 

1.283 

3 .212 

9.144 

4.220 

3.716 

16 .577 

4 3 . 1 1  

Data extracted from FPC Forms 2, 2A, 1 5  15A. 

Source: Referenc.,~ 6 



T a b l e  3.4.1-2 

Average Wellhead P r i c e  and Marketed P r o d u c t i o n  of 

N a t u r a l  Gas, 1950-1975~ 

Average Marketed Production 
Wellhead Price Millions of Trillions of 

Year (cents per MCF) Cubic Feet BTU 

1950 6.5 6,282,060 6,753.0 

1951 7.3 7,457,359 8,016-7 
1952 7.8 8,013 f45.7 8,614.5 
1953 9-2 8,396,916 9,026.7 
1954 10.1 8,742,546 91398.2 
1955 10-4 9,405,351 10,110.4 

1956 10.8 10,081,923 10,838.2 
1957 11.3 10,680,258 11,481.0 
1958 11-9 11,030,248 11,85705 
1959 12.9 12,046,115 12,949.5 
1960 14.0 12,771,038 13,728.8 

1961 15.1 13,254,025 14,248.1 
1962 15.5. 13,876,622 14,917-4 
1963 15-8 14,746,663 15,852.7 
1964 15.4 15,462,143 16,62168 
1965 15.6 16,039,753 17,242.7 

1966 15.7 17,206,628 18,497.1 
1967 16.0 18,171,325 19,534-2 
1968 16.4 19,322,400 20,771.6 
1969 16.7 20,698,240 22,250.6 
1970 1721 21,920,642 23,564.7 

1971 18.2 22,493,012 24,180-0' 
1972 18.6 22,531,698 24,221.6 
1973 21.6 22,647,549 24,346.1 
1974 30.4 21,600,522 23,220-6 
1975 44-5. 20,108,661 21,616.8 

a Marketed production as reported by the Bureau of ~ i n e s  is 
equivalent to natural gas production usefully consumed. It 
includes natural gas sold by producers. and other non- 
utilities to industrial consumers and includes natural gas 
mixed with manufactured gas for consumption. 

Source:  Refe rence  5  



Table 3.4.1-3 

~ v e r a g e  Wellhead P r i c e  and Marketed Product ion of 

Na tu ra l  Gas, By S t a t e ,  1974 and 1975 

1974 - 1975 - 
Averaqc Marketed Average U a r k a t d  

We l l l~ead  P r i c c  P roduc t ron  wellne~d P r i c c  Pr'crclactlon 
D l v l s i o n  and S t a t e  ( c e n t s  p c r  K F )  .(n?lfX) ( c e n t s  p e r  FlCF) (MnCF) 

Un i t ed  S t a t e s  30.4 21,600,522 44.5 20,108,661 

New England 0.0 0 0.0 0 

Middlc  A t l a n t i c  44.6 87,627 68.0 92,304 
New J e r s e y  0.0 0 0.0 0 
New Yotk 55-0 4,990 74.0 7 628 
P e n c s y l v a n i a  44.0 02,637 67.5 84,676 

E a s t  Nor th  C e n t r a l  49.0 162,800 66.6 188,859 
I l l i n o i s  40.0 1 ,436  - 70.0 1 ,440  
I n d i a n a  14.0 176  39.0 346 
U ich igan  5C.4 69,133 63.4 102,113 
Ohio 48.2 92,055 70.6 84,960 . 
Wisco r . sh  0.0 0 0.0 0 

West North C e n t r a l  16.8 920,S59 17.5 871,006 
Iowa 0.0 0 0.0 0 
Kansas  16.6 886,782 17.2 041,635 
Minnesota  . 0.0 0 0.0 0 
M i s s o u r i  31.4 33 34.0 3 0 
N e b ~ a s k a  34.0 2,538 54.1 2,565 
Nor th  Dakota 19.9 31,206 23.0 24,786 
South taku ta Q.0 0 0.0 0 

Sou th  A t l a n t i c  36.5 247,672 50.4 205,'683 
Delaware 0.0 0 0 . 0 0 
D i s t r i c t  o f  Co lunb i a  0.0 0 0.0 0 
F l o r i d a  53.6 38,137 97.3 44,383 
Geor,gia  0.0 0 0.0 0 
Maryland 24.0 1 3  3 27.0 93 
Nor th  C a r o l i n a  0.0 0 0.0 0 
Soutic C h r o l h a  0.0 0 0.0 0 
V i rg i r r i a  51.0 7,096 51.5 6,723 
West Virginia 32.8 202,306 36.9 154,484 

E a s t  Sou th  C e n t r a l  44.7 178,545 59.3 172.e 697 
A Z a b m  74.3 27,86S 87.0 37,814 
Kentucky . $6.0 71,871 54,O 60,:l.l 
M s s i s s i p p f  19.5 78,787 49.6 74,34S 
Tennessee  34.0 1 7  43.0 2 7 

West Sou th  C e n t r a l  30.6 17,687,346 45.6 16,398,056 
Mxsnc.6 26.0 123 r 975 34.7 116,237 
L o u i s i a n a  30.9 7,753,631 42.3 7,090,659 
OkLahom 28.0 1,638,942 32.0 3,605,410 
Texas  31.1 Ll , l )u ,  728 91.9 7 ,485 ,764  

Mountain 29.3 1,821,684 38.2 1,801,478 
Ar izona  20.0 224 28.0 208 
Colorado  20.0 144.,629 26.0 171,629 
Idaho  0.0 0 0 .  Q 3 
Montana 25.3 54,871 43.3 40,734 
Nevada 0.0 0 0.0 0 
New Xexico 31.4 l rZ44p779 40.5 Z,217.4fCI 
Utah 41.2 50,522 48.0 55,354 
Wyoming 24-5 326,657 33.7 316,123 

Faaif i c  40.0 494,289 56.7 478,578 
- Alaska  17.0 128,YaS 30.2 L60,579 

C a l i f o r n i a  44.0 365,354 70.0 318,308 
Hawaii  0.0 0 0.0 0 
Oregon 0.0 0 0.0 0 
Washington 0.0 0 0.0 0 

a ReLlCczs price i t  f i r r t  painb of t r a n s f e r ,  r e p r e s e n t i n g  sales m d e  by p roduce r s .  

Source: Reference 5 



3.4.2 Spec i f ic -haul  Energy I n t e n s i t y  of Gas P i p e l i n e s  

. The EI  f o r  a  s p e c i f i c  t ransmiss ion  system can be c a l c u l a t e d  w i t h  

h igh  p r e c i s i o n  i f  a l l  t h e  p e r t i n e n t  engineer ing  des ign  parameters  a r e  known 

wi th  h igh  p r e c i s i o n ,  because t h e  g a s  dynamics a r e  thoroughly understood and 

well-documented; s t eady  flow c o r r e l a t i o n s  a r e  a v a i l a b l e .  Some of t h e  more 

f a m i l i a r  c o r r e l a t i o n s  a r e :  

o  Weymouth - used i n  d i s t r i b u t i o n  and ga the r ing  systems. The 

flow c a l c u l a t e d  w i t h  t h i s  f o r n u l a  w i l l  r e s u l t  i n  conserva t ive  

va lues  and s i n c e  t h e  formula is  not  complex, i t  is s u i t a b l e  f o r  

p re l iminary  s i z ing .  

o  Panhandle A - used ex t ens ive ly  i n  t h e  United S t a t e s  f o r  l a r g e  

high-pressure t ransmiss ion  systems. The formula i s  s u i t a b l e  
6 6 f o r  u s e  i n  a  Reynolds number range of 5 x 10 t o  11 x 10 . 

o Revised Panhandle - used f o r  high-pressure t ransmiss ion  iys- 

tems. This  formula is used i n  t h e  Reynolds number range of 
6 6 4 x  10 t o  40 x  10 . 

Each formula has a s  a  v a r i a b l e  t h e  t r ansmis s ion  f a c t o r  on 

which i s  based t h e  l o s s  i n  p re s su re  due t o  f r i c t i o n  i n  t h e  p ipe l ine .  The 

method f o r  ' c a l cu l a t i ng  t h i s  f a c t o r  , as  w e l l  'as t h e  a p p l i c a t i o n  of t h e  for -  

mulas is  noted i n  a  flow computation manual publ i shed  by t h e  American Gas 

Assoc ia t ion .  The Petroleum Engineer P i p e l i n e  Handbook (Ref. 8)  con ta in s  t h e  

data r equ i r ed  f o r  so lv ing  t h e  r ev i sed  Panhandle formula i n  me t r i c  u n i t s .  

The gas  dynamics model used i n  t h i s  s tudy  is a  p r o p r i e t a r y  

computer code of P ipe  Line Technologis t s ,  Inc. ,  a  p a r t i c i p a t i n g  company i n  

t h i s  p r o j e c t .  The code is  a v a i l a b l e ,  f o r  a  r o y a l t y ,  t o  s e rve  t h e  needs of 

q u a l i f i e d  i n v e s t i g a t o r s  who may wish t o  v e r i f y  o r  extend the  r e s u l t s  of t h i s  

s tudy .  F igure  3.4.2-1 p r e s e n t s ,  f o r  i l l u s t r a t i v e  purposes on ly ,  t h e  p r i n t -  

o u t  from t h e  model f o r  a  p a r t i c u l a r  system i n  a  p a r t i c u l a r  year  of its 

ope ra t i on ,  and f o r  a  p a r t i c u l a r  market ( th roughput ) .  



Elsewhere i n  Task 1 of t h i s  p r o j e c t ,  r e f e r e n c e  systems have been 

des igned  f o r  each p r i n c i p a l  type of p i p e l i n e  - gas, crude,  products ,  s l u r r y  

and water .  T h e , r e f e r e n c e  gas  system was introduced i n  another  r e p o r t  of 

t h i s  series, HCP/M-1171-3, Sec t ion  7.1, where some economic s imu la t ion  

r e s u l t s  were presented .  Between t h e  r e f e rence  system design and economic 

model is  t h e  gas  dynamics model a l r eady  desc r ibed ,  which t akes  a s  input  t h e  

system des ign  parameters  and t h e  p re sc r ibed  throughput (market f o r e c a s t )  and 

c a l c u l a t e s  t he  energy consumption and c o s t  of compression. 

Table 3.4.2-1 p r e s e n t s  s e l e c t e d  ou tpu t s  from a s e r i e s  of 

f u l l  economic s i m u l a t i o n  runs. The t h i r d  column is  the  EI f o r  fou r  through- 

pu t s .  A s  would be expected,  t h e  EI i s  n e a r l y  p r o p o r t i o n a l  t n  t h e  square of 

t h e  flow. Thus, t h e r e  is  seen  t o  be a wide v a r i a t i o n  i n  EI, wi th in  a range 

of reasonably  expec tab le ,  o r  a t  l e a s t  not  h ighly  unusual ,  market condi t ions .  

This  now r a i s e s  t he  quest i .on of what is the  EI most l i k e l y  t o  be  

s e e n  i n  p r a c t i c e .  To t h e  e x t e n t  t h a t  p i p e l i n e  ope ra to r s  understand t h e i r  

b u s i n e s s  and i n f l u e n c e  t h e i r  own d e s t i n y ,  t h e  answer must b e  t h a t  t h e  most 

l i k e l y  E I  i s  t h a t  a t  which e i t h e r  t he  r e t u r n  t o  t h e  ope ra to r  i s  maximum o r  

some c o s t  i s  a minimum. For any l i n e ,  t h e  t o t a l  u n i t  c o s t  of course  i s  

i n f i n i t e  f o r  z e r o  throughput ,  f i r s t  decreas ing .  ?:% throughput i nc reases ,  

p a s s i n g  through a minimum, then  inc reas ing .  The magnitude of t h e  minimllm 

c o s t ,  and the throughput a t  which it occurs ,  a r e  s e n s i t i v e  t o  l i n e  diameter ,  

as i s  seen  i n  t h e  ' example of ' ~ i ~ u r e  3.4.2-2. 

To i n v e s t i g a t e  t h i s  ques t ion ,  a search  f o r  t h e  optimum through- 

p u t ( ~ )  w a s  made by conduct ing f u l l  16-year s imu la t ions  of p i p e l i n e  ope ra t ion  

a t  each throughput.  A l l  c a p i t a l  investment was made i n  yea r  ze ro ,  and 

throughput  was he ld  cons t an t  f o r  each case.  Zero debt  was taken, i n  an 

e f f o r t  t o  expose t h e  t r u e  economic effecL in terms of r e t u r n  on ownership. 

Some s e l e c t e d  r e s u l t s  a r e  t abu la t ed  i n  Table 3.4.2-2. 

The f i r s t  obscrvnt ion  t o  be made is t h a t  the minimum-cost 

p o i n t  i s  below even t h e  lowest  EI (and throughput)  which w a s  examined. It 

may b e  noted t h a t  t h e  engineers  who designed t h e  system were not  s u r p r i s e d  
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Table 3.4.2-1 

Energy In tens i ty  of  Reference Gas System 

Throughput, Compression 
9 10 Ton-Mile/Yr Energy, 1012 Btu 





Table 3 . 4 . 2 - 2  

S e a r c h . f o r  Economic Energy I n t e n s i t y  

LAC* 

M i l l s  /Ton-Mile 

5.17 

5.95 

7.36 

.Book P r o f i t *  

"16-year present  va lue ,  d iscounted . ,a t  10%. . , 

* 
Cash Flow 



a t  t h i s  res .ul t .  It w a s  t h e i r  f e e l i n g  t h a t  t h e  minimum throughput cond i t i on ,  
6  

i.e., t h e  1.363 x 10 Ton-MilesIDay which corresponds t o  t h e  EI of 1121, 

i s  . abou t  a t  t h e  minimum-cost opera t ing  p o i n t  f o r ' t h i ~  l i n e .  

More impor t an t ly ,  i t  may b e  observed t h a t  t h e  opera t ing  p o i n t  

which y i e l d s  maximum r e t u r n  t o  an  owner-investor i s"  a t  a  much h ighe r  energy 

i n t e n s i t y .  The p r i c e  of f u e l  was taken t o  be  t h e  $1.46/MCF (1977 r egu la t ed  

p r i c e )  r e c e n t l y  s e t  by t h e  FPC, and even a t  t h i s  r e l a t i v e l y  h igh  p r i c e ,  i n  

terms of prev ious  y e a r s ,  t h e  maximum r e t u r n  ope ra t ing  p o i n t  f a l l s  a t  an EI 

approximately t h r e e  t imes g r e a t e r  than  t h a t  of t he  minimum-cost po in t .  To 

b r i n g  t h e  two t o g e t h e r  would r e q u i r e  a  gas p r i c e  of several d o l l a r s  per 

Me!?. 

It may a l s o  be  noted t h a t  i n  none of t h e  ca ses  s t u d i e d  was the  

FPC p r o f i t  i i m i t  reached,  s o  t h a t  t h e  c o s t  t o  t h e  consumer i s  t h e  same a l l  

c a s e s  

This  a r e a  of i n v e s t i g a t i o n ,  i . e . ,  the' r e l a t i o n s h i p s  between 

energy consumption, p r o f i t ,  and c o s t  t o  t h e  consumer, con ta ins  many i n t e r e s t -  

i n g  ques t ions  and war ran t s  f u r t h e r  i nves r iga t ion .  I n  p a r t i c u l a r ,  when a  

p l a n  is being developed f o r  implementation bf t h e  recommendations of Task 2, 

Regu la t ion  and T a r r i f f ,  more d e t a i l e d  case  s t u d i e s  w i l l  be needed. Fu r the r  

work is t h e r e f o r e  recommended. 

Re fe r r ing  a g a i n  t o  F igure  3.4.2-1, i t  i s  seen  t o  be c o n s i s t e n t  

w i t h  t h e  r e s u l t  j u s t  der ived .  For a  24-inch l i n e ,  which is  t h e  diameter of 

t h e  re ference-sygtem,  t h e  f i g u r e  i n d i c a t e s  a minimum c o s t  a t  about 300 x 
6 3 '  6  3 10 f t  /day, a s  opposed t o  t h e  200 x 10 f t  /day which corresponds 

t o  t h e  minimum-throughput po in t  i n  Table 3.3.2-3. It seems q u i t e  reasonable  

t h a t  t h e  i n c r e a s e  i n  f u e l  p r i c e s  s i n c e  1963 could account f o r  t h i s  s h i f t  t o  

lower flow. . 

F i n a l l y ,  i t  is observed t h a t  t h e  maximum-return EI of approxi- 

mately 3100 ~Tu/Ton-Mile f o r  t h e  r e f e rence  system i s  not  i n c o n s i s t e n t  wi th  

t h e  3200 de r ived  i n  t h e  previous  s e c t i o n  f o r  Regional  1, New England. The 



Tenneco l i n e  c o n s i s t s  of p a r a l l e l  p ipes  ranging i n  s i z e  from 24 t o  30 

inches.  The lower f i g u r e  of 2600 which w a s  der ived  f o r  Region 4 i s  a l s o  not  

i n c o n s i s t e n t  when i t  is recognized t h a t  t he  p r i n c i p a l  l i n e  from t h e  Pan- 

handle a r e a  t o  Chicago c o n s i s t s  of 24  t o  36 inch  pi.pes. For t h e  l a r g e r  

pipes;  .a lower energy i n t e n s i t y  would be expected. 

The foregoing c a l c u l a t i o n s  were s e n t  t o  s e v e r a l  p i p e l i n e  companies 

f o r  review. The responses were t h a t  t h e  methodology and va lues  seemed rea- 

sonable,  b u t  s i n c e  they had never c a l c u l a t e d  EI, they  could not  comment upon 

t h e  a c t u a l  magnitudes. However, one l a r g e  company performed t h e  nec.essary 

r e sea rch  i n t o  t h e i r  own records  and c a l c u l a t e d  t h e  EI f o r  t he  t r u n k l i n e  

p o r t i o n  of t h e i r  system i n  1976. The r e s u l t  was j u s t  over 1000 Btu/Ton-Mile. 

However, i n  e a r l i e r  yea r s ,  when t h e  throughput was much h ighe r ,  t h e  EI was of 

course  much h igher ,  s o  t h a t  t h e  EI f o r  t h a t  system may w e l l  have been above 

1500 Btu/Ton-Mile. This  r e s u l t ,  of course ,  l e a d s  t o  t h e  susp ic ion  t h a t  t h e  

e s t i m a t e s  developed above a r e  high. 

Taking a l l  of t h e  foregoing d i scuss ion  i n t o  account;  i t  is  conclud- 

ed t h a t  t h e  1976 average EI l i e s  between 1000 and 4000 B tu /Ton-~ i l e ,  a t  high 

confidence. Taking t h e  geometric mean, i n  r ecogn i t i on  of t he  skewed n a t u r e  

of t h e  p r o b a b i 1 i . t ~  d e n s i t y  func t ion ,  y i e l d s  a  va lue  of 2000 Btu/Ton-Mile. 

This  is  t h e  e s t ima te  f o r  energy i n t e n s i t y  of g a s  p ipe l ines .  



4.0 ENERGY CONSUMPTION I N  OIL PIPELINES 

4.1 O i l  P i p e l i n e  Indus t ry  P r o f i l e  

4.1.1 P i p e l i n e  H i s to ry -  . .. 

On October 10, 1865, t h e  f i r s t -  o i l  p i p e l i n e  i n  t h e  United S t a t e s  

was completed. It was 5 mi l e s  of 2-inch, lap-welded;. wrought i r o n  p ipe ,  

he ld  t oge the r  by threaded coupl ings ,  and r a n  from P i t h o l e  t o  Mi l l e r ' s  Farm . 

i n  Pennsylvania.  It reduced t h e  c o s t  of t r anspo r t i ng  crude o i l  from $3 t o  

$1 pe r  b a r r e l .  I n  t h e  yea r s  immediately fo l lowing ,  p i p e l i n e s  of 2 t o  6 

inch-diameter p ipe  were b u i l t .  

Table  4.1.1-1 is  a s t a t i s t i c a l  h i s t o r y  of a l l  o i l  p i p e l i n e  miles 

i n  t h e  United S t a t e s  from 1918 through 1964. F igure  4.1.1-1 shows t h e  growth 

.of v a r i o u s  types  of p i p e l i n e  f o r  t h e  same period.  

From 1900 t o  1910, United S t a t e s  o i l  p i p e l i n e  ope ra to r s  increased  

t o t a l  t r u n k l i n e  length  by 138%. I n  t h e  decade £=om 1'920 t o  1930, t h e  t o t a l  

l eng th  i n  ope ra t i on  was increased  by 81%, wh i l e  a c t u a l  'shipments i n  t h a t  I 

pe r iod  inc reased  by 158%, due t o  t h e  s t e a d i l y  i nc reas ing  use  of l a r g e r  diam- 

e t e r  pipe.  The g r e a t e s t  t e c h n i c a l  g a i n  of t h e  1920-30 decade f o r  reducing 

ope ra t i ng  c o s t s  was t h e  i n c r e a s e  i n  p i p e  diameter  t o  10 and 12 inches.  With 

t h e  except ion  of t h e  P r a i r i e  P ipe l ine ' s  12-inch p i p e  i n  1906 and She l l ' s  

10-inch i n  1916, t h e  l a r g e s t  i n  t h e  United S t a t e s  had been 8 inches.  

During t h e  1930's, p i p e l i n e  i n d u s t r y  expansion was e r r a t i c ,  due no 

doubt t o  t h e  depression.  However, t h e r e  were some important  events .  The 

f i r s t  p i p e l i n e  t o  c r o s s  t h e  Con t inen ta l  Divide was b u i l t  i n  t h i s  per iod .  It 

was a 440-mile l i n c , . w i t h  6- and 8-inch p ipe ,  which ran  from Lance Creek, 

Wyoming, t o  t h e  S a l t  Lake p l a n t  of t h e  Utah O i l  Ref in ing  Co. Also,  p roducts  

p i p e l i n e s  s t a r t e d  t h e i r  major development during t h e  depress ion ,  a noteworthy 

'example being t h e  cons t ruc t ion  of t h e  732-mile Susquehanna-Sun O i l  L ine  system 

i n  1930-31. By 1937 i t  was t r a n s p o r t i n g  g a s o l i n e  a t  one-third t h e  u n i t  c o s t  

of r a i l r o a d  shipping.  S t a t i s t i c s  f o r  t h i s  pe r iod  a r e  g iven  i n  Table  4.1.1-2. 



Table 4.1.1-1 

P i p e l i n e  Opera t ions  
i n  U. S. a s  I n d i c a t e d  

by Number of Miles  of Pepe l ine  i n  Opera t ion  
(Those R e p o r t i n g  t o  I C C  - End of Year) 

PRODUCT LINES 

TRUNK TOTAL Tlt UNK OATHUINO 

49,656 
48,063 
47.125 ( a t )  
46.777 (estJ 

Source: Reference 10 



O F  CRUDE OIL 
GATHEPING LJNES 

./.<- TOTAL LENGTH OF ./ 
,,.-./ FRCDUCT LINES 

..-.-- ./.-. 

1 920 1 930 1 940 1950 1960 
END OF YEA12 

Source: Refe rence  11 

F i g u r e  4.1.1-1 - Growth of U.. S. P i p e l i n e s  f o r  1918-1964 



The importance of l a r g e  p ipe  diameters  is dramatic.  For example, 

a 10-inch l i n e  w i l l  t r a n s p o r t  f l u i d  a t  a n  average c o s t  which i s  37% lower 

t h a n  t h a t  f o r  an  8-inch l i n e .  A 16-inch l i n e  can double t h e  de l ive ry  r a t e  

and dec rease  t h e  c o s t  per  bar re l -mi le  by more than  half  i n  comparison t o  an 

8-inch l i n e .  O f  course ,  t h e s e  savings a r e  r e a l i z e d  only i f  a c e r t a i n  mini- 

mum shipment l e v e l  is maintained,  and t h e r e  a r e  many in s t ances  i n  which t h e  

t r a d e o f f  of p ipe  c o s t s ,  pumping requirements ,  and shipping volume f avor s  t h e  

small-diameter p i p e l i n e .  

By 1941, a 24-inch diameter  p i p e l i n e  was i n  operat ion.  This was 

t h e  Big I r i s h  l i n e ,  which extended from t h e  Gulf Coast t o  t h e  Eastern Sea- 

board ,  and whose purpose w a s  t o  augment World War I1 tanke r  shipments. 

Tab le  4.1.1-3 shows t h e  s h i f t  i n  o i l  t r a n s p o r t  methods from 1941 through 

1945. F igures  4.1.1-2 and 4.1.1-3 show t h e  1950-1975 t r ends  i n  terms of 

i n t e r c i t y  f r e i g h t  and i n t e r s t a t e  p i p e l i n e  shipments. 

The Co lon ia l  system, b u i l t  i n  1963, was 2600 mi l e s  long,  1046 mi les  

of which was made of 36-inch-diameter, h igh  s t r e n g t h ,  t h i n  w a l l  pipe. Today 

t h e  system has  4127 m i l e s  of p ipe ,  some of which is  40 inches i n  diameter. 

I ts  t r u n k l i n e  sh ipping  record  f o r  t h e  yea r  1976 was over 591 b i l l i o n  b a r r e l -  

miles of petroleum p roduc t s ,  t h e  average hau l  d i s t a n c e  is approximately 1040 

mi les .  

From t h e  f i r s t  p i p e l i n e  i n  1865, 5 mi les  of 2-inch p i p e  i n  Pennsyl- 

v a n i a ,  t h e  United S t a t e s  today has over 170,000 mi l e s  of crude o i l  and p t t r a -  

leum products  p i p e l i n e s ,  and growth cont inues a s  shown i n  Table 4.1.1-4. It 

is of i n t e r e s t  t h a t  t h e  9391 m i l l i o n  b a r r e l s  of crude o i l  shipped through 

t r u n k l l n e s  i n  1975 was an  i n c r e a s e  over t h a t  shipped i n  1945 of approximately 

5 t o  1. 

4.1.2 P i p e l i n e  F a b r i c a t i o n  

Ear ly  p i p e l i n e s  were welded, b u t  only along t h e  seam of t he  p ipe  

dur ing  i t s  manufacture. Lengths of p ipe  were joined by threaded couplings. 

The a d d i t i o n a l  requirements  of threading t h e  p i p e  ends made t h i s  a c o s t l y  

p roces s ,  p a r t i c u l a r l y  a s  p ipe  diameter increased .  Coupling of p ipes  by 



T a b l e  4.1.1-2 

G a s o l i n e  P r o d u c t i o n  and P i p e l i n e  Shipments of Crude O i l  
and Pe t ro leum Produc t s , '  1931-41 ( M i l l i o n s  of b b l )  

Shipmonls originoted on interstote 
Total gosolino common corriwr liner 

U. S. gasoline pipeline . 
Year production shipments Produck C ~ d w  Totol 

f'ishmd go& and nophlho. aaduding . . noturol gas liquids. 

Source:  Refe rence  12 . 



Table 4.1.1-3 

Average Dailp P e t r o l e ~ m  Del iver ies  to.  t h e  East Coast by 

Mod? c15 Transportat ion (k941-45) 

Tank car 35,mO 0.3) 624,684 (51.3) 851,905 161.3) * 646.1 13 (37.7) 504,197 (27.7) 
Plpelino 54,- 0.5) I 20,459 (9.9) 166,990 (19.2: 662,559 (38.7) 732,537 140.3) 
Barges and lake bnkon 28.1~10 0.8) 80,793 (6.61 112,147 (8.li 127.64 1 (7.5) 127;)02 (7.0) 

10101 overland 117.mO 0.51 825,936 (67.9) 1,231,042 188.61 1,436,353 (84.0) I,364,316 (75.01 
Tanker 
Total daily d*l lver 

3aur2e: Reference 13 



Source: ~ e f  erence 14 
Figure 4.1.1-2 - U .  S .  intercity Pipe l ine  O i l  Shipments 

Compared t o  A l l  Freight Shipments 



Source  : R e f e r e n c e  15 

F i g u r e  4 .1 .1 -3  - U. S. I n t e r s t a t e  P i p e l i n e  T r u n k l i n e  Shipments 



T a b l e  4.1.1-4 

U. S. P i p e l i n e  O p e r a t i o n s ,  Crude O i l  and Pe t ro leum P r o d u c t s  ' . 

Miles of.Pipeline 

Total Deliveries 
(1000 B) 

. . 

Total Trunkline Traffic 
(1,000,000 B-Mi)' 

Increase 

Source: Refe rence  16 ' . 

- .  . . . . 



welding began on a  l a r g e  s c a l e  i n  t h e  1920's. By t h a t  t i m e  a l s o ,  seamless 

tub ing  has  rep laced  t h e  lap-welded p i p e  and e l e c t r i c  a r c  welding had begun 

t o  r e p l a c e  oxyace ty lene  welding. Techniques f o r  r e p a i r i n g  l i n e s  whi le  they 

con ta ined  o i l  o r  p roduc t s  were a l s o  being developed. 

Large p i p e l i n e s  need e i t h e r  t h i c k e r  o r  s t ronge r  s t e e l  than do t h e  

s m a l l e r  l i n e s .  F u r t h e r ,  t h e  use of high p r e s s u r e s  t o  i n c r e a s e  f l u i d  f low 

s u b j e c t e d  t h e  p i p e  t o  s t i l l  h igher  stress. These requirements  were m e t  by 

t h e  development of new a l l o y s  and hea t  t r e a t n e n t s  t o  i n c r e a s e  p i p e  s t r e n g t h  

t o  above ,100,000 p s i .  This  a l s o  i nc reased  t h e  w e l d a b i l i t y  of t h e  ma te r i a l .  

T h r s r ~  was still. a major problew which  has korced thick-wall  p i p e  

f a b r i c a t i o n .  The c o r r o s i o n  of e x t e r n a l  p i p e  had t o  be  accommodated by e x t r a  

, t h i c k n e s s  t o  overcome t h e  e l e c t r o l y t i c  metal  l o s s .  This  has been circum- 

ven ted  by t h e  development of s p e c i a l  coa t ings  and ca thod ic  p ro t ec t i on .  Ln 

p roduc t s  p i p e l i n e s ,  some of t he  r e f i n e d  products  have a  co r ros ive  e f f e c t  on 

t h e  i n t e r n a l  s u r f a c e  of t h e  pipe. Here aga in ,  t echniques  f o r  p r o t e c t i o n  

have. been developed, namely, t h e  u s e  of i n t e n s e  coa t ings  t o  prevent  w a l l  

c o r r o s i o n  and of product  a d d i t i v e s  t o  dec rease  co r ros ivenes s  of t h e  f l u i d .  

4.1.3 P i p e l i n e  Pumping Equipment 

Pumpfng machinery evolved fsnm steam engtnes  through d i e s e l  engines  

t o  e l e c t r i c a l l y  d r i v e n  c e n t r i f u g a l  pumps. E l e c t r i c a l  power f o r  p i p e l i n e s  

underwent its f i r s t  major test i n  1926 when a  30,000 barrel-per-day (BID) 
main l i n e  s t a t i o n  was s u c c e s s f u l l y  powered by e l e c t r i c  pumps. I n  1927, t h e  

Oklahoma Pipe Line  Co. opened an  a l l - e l e c t r i c  50,000 B I B  s r a c l o n ,  and i n  

1928, S h e l l  O i l  fo l lowed wi th  an almost  completely e l e c t r i c a l l y  powered 

p i p e l i n e  which was l a r g e r  chan che cumbluaLlu~~  ul: Ll~t: L W U  j u ~ t  mentioned. 

This  was soon superseded by A t l a n t i c s ' s  500-mile West Texas Line ,  which 

was e x c l u s i v e l y  powered by e l e c t r i c i t y .  

I n  most ca se s  today,  e l e c t r i c i t y  i s  used whenever i t  i s  ava i l ab l e .  

When i t  is  not  a v a i l a b l e ,  o r  t h e r e  is  a  c a p i t a l  equipment advantage i n  con- 

t i n u i n g  t o  u se  o l d e r  machinery, e i t h e r  d i e s e l  engines  o r  gas  t u r b i n e s  a r e  

used. I n  many c a s e s  t h e  f u e l  is  drawn from t h e  p ipe l ine .  Table 4.1.3-1 



shows t h e  p r i n c i p a l  energy s o u r c e s  f d r  f i J e  l a r g e  companies s e l e c t e d  f o r  

s t u d y  i n  t h e  F e d e r a l  Energy A d m i n i s t r a t i o n ' s  P r o j e c t  Independence.  It is 

s e e n  t h a t .  f o r  t h e s e  f , i v e  companies, e l e c t r i c i t y  w a s  t h e  p r i n c i p a l  f u e l ' i n  

a n  e s t i m a t e d  88% of  t h e  usage.  

4.1.A P i p e l i n e  C o n t r o l  and M o n i t o r i n g  

C o n t r o l  and moni to r ing  of o i l  and p r o d u c t s  p ipe1, ine  f l o w  are now 

e f f e c t e d  by d i g i t a l  ,computer sys tems which c o n t r o l  and meter  f low,  f o l l o w  

i n t e r f a c e s  between p r o d u c t s ,  r e c o r d  f l o w  o p e r a t i o n s ,  s e n s e  f a u l t s ,  a c t u a t e  

t h e  alarm sys tems  when n e c e s s a r y ,  p r o v i d e  d e l i v e r y  i n f o r m a t i o n ,  and assist 

i n  customer b i l l i n g .  These sys tems have becone h i g h l y  p r e c i s e  and have 

c o n t r i b u t e d  enormously t o  b o t h  q u a l i t y  and e f f f c i e n c y .  

O p e r a t i o n a l  p a r a m e t e r s  such  a s  p r e s s u r e ,  f low,  and t e m p e r a t u r e ,  

and equipment c o n d i t i o n s  such  a s  t e m p e r a t u r e  of b e a r i n g s  and e l e c t r i c a l  

wind ings ,  a r e  sensed.  C o r r e c t i v e  a c t i o n  such  a s  a  s w i t c h  t o  s t andby  equip- 

ment may be  hand led  e n t i r e l y  by t h e  c o n t r o l  system. 

Modern p e t r o l e u m  p r o d u c t s  shipments  demand h i g h l y  s o p h i s t i c a t e d  

b a t c h  s e p a r a t i o n  equipment. Th i s  equipment must f i r s t  s e l e c t  t h e  sequence 

of t h e  p r o d u c t s  which i n t e r i a c e  i n  t h e  p i p e l i n e ,  t h e n  t h e  p r o p e r  f low char -  

a c t e r i s t i c s  t o  a s s u r e  nonlaminar f low and t h u s  p r e v e n t  t h e  p r o d u c t s  from 

i n t e r m i x i n g  must b e  main ta ined .  Next,  i n t e r f a c e  c u t t f n g ,  p'robably t h e  most 

d e l i c a t e  of t h e  o p e r a t i o n s  performed by t h e  equipment;  &st b e  performed. 

~ v i i t i o n  g a s o l i n e ,  f o r  example,  n u s t  be k e p t  a b s o l u t i i y  uncontaminated.  To 

achieve t h i s ,  t h e  f low i n t o  t h e  d e l i v e r y  t r u c k  cannot  b e g i n  u n t i l  t h e  

i n t e r f a c e  between t h e  a v i a t i o n  g a s o l i n e  and t h e  p r o d u c t  p r e c e d i n g  i t  i n  t h e  

l i n e  h a s  passed  t h e  o u t l e t  p o i n t .  Near t h e  end of t h e  d e l i v e r y ,  t h e  v a l v e  

must b e  c l o s e d  b e f o r e  t h e  n e x t  i n t e r f a c e  r e a c h e s  t h e  va lve .  C l e a r l y ,  t h e  

more r e l i a b l e  t h e  equipment f o r  t h i s  p rocedure ,  - t h e  h i g h e r  t h e  economic 

e f f i c i e n c y .  It may b e  n o t e d  t h a t  e l e c t r i c a l  machinery is most e a s i l y  

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

4.1.5 Economic C o n s i d e r a t i o n s  

P i p e l i n e  b a r r e l - m i l e  shipment c o s t  d e c r e a s e s  markedly w i t h  i n c r e a s e d  



Table  4.1.3-1 

Energy I n t e n s i t y  of 

S e l e c t e d  Pe t ro leum P i p e l i n e  Companies 

a~djusted to exclude fuel used bn non-trunk operations 
since ton-mlles were available only for trunkline s~iuve- 
ments. Btu's are on a production basis and represent 
Btu inputs to the utility plant when electricity is 
in the form of energy use ( i  .e., 11,586 Btu/kwThr). 

Company 

1: 1 9 7 0  

1 9 7 1  

1 9 7 2  

1 9 7 3  

2: 1 9 7 1  

1 9 7 2  

3 :  1 9 7 2  

1 9 7 3  

4 :  1 9 7 0  

5 :  , 1 9 7 1  

1 9 7 2  

Es t ima ted  h l e i g h t e d  
Average 1 9 7 2  

R e s p o n d i n g  C o m p a n i e s  

Source:  Refe rence  2 

~ t u  p e r ,  
T o n - M i l e  

4 2 4 . 8  

4 2 4 . 8  

4 1 4 . 6  

4 1 4 . 6  

5 2 0 . 9  

358 .4  

432.5 

4 4 5 . 7  

5 4 6 . 9  

1 0 1 8 . 6  

1 0 6 7 . 9  

432.91 

E s t i m a t e  f o r  A l l  
Cornpanic s 550 

- -- 
7 5 - R f l $  

P r i n c i p a l  F u e l  

E l e c t r i c i t y  ( 8 7 % )  

E l e c t r i c i t y  ( 8 7 % )  

E l e c t r i c i t y  ( 9 0 % )  

E l e c t r i c i t y  ( 9 1 . 3 % )  

E l e c t r i c i t y  ( 1 0 0 % )  

E l e c t r i c i t y  ( 1 0 0 % )  

E l e c t r i c i t y  ( 7 6 . 3 % )  

E l e c t r i c i t y  ( 7 5 . 8 % )  

E l e c t r i c i t y  ( 8 7 . 5 % )  

E l e c t r i c i t y  ( 7 5 . 6 % )  

rleetriei ty (72.6%) 

8 8 %  

t 



quan t i t y .  These c o s t s ,  however, a r e  no t  a f f e c t e d  t o  any l a r g e  e x t e n t  by ship-  

ping d i s t a n c e ,  which i s  q u i t e  t h e  oppos i t e  s i t u a t i o n  from t h a t  wi th  r a i l  o r  

t anke r  t r a n s p o r t .  A s  wi th  a l l  methods of t r a n s p o r t ,  some th re sho ld  shipment 

s i z e  i s  requi red  f o r  economical t r a n s p o r a t a t i o n  by p ipe l ine .  

F igure  4.1.5-1 shows a  comparison of .cost  E. q u a n t i t y  f o r  s e v e r a l  

modes of crude and .products ship.ment t o  and w i t h i n  Europe. Figure 4.1.5-2 

s e p a r a t e s  p i p e l i n e  c a p a b i l i t i e s  which were i n t e g r a t e d  i n  Figure 4.1.5-1 t o  

show throughput a s  a  func t ion .  of . p i p e l i n e . s i z e .  . Another i -n t e r e s t i ng  a spec t  

of p i p e l i n e  ope ra t i on  i s  shown i n  F igure  4.1-.5-3 where throughput i s  a  
. , .  . .. 

func t ion  of '  p i p e l i n e  u t i l i z a t i o n .  This  i n d i c a t e d  t r end  is  c o n s i s t e n t  wi th  
. . 

t h a t  of F igure  4.1.5-1. Figure 4.1.5-3 i s  normalized , t o  an. u l t i m a t e  minimum 

t r a n s p o r t a t i o n  c o s t .  It shows u n i t  c o s t  o f . t r a n s p o r t a t i o n  f o r .  a  p i p e l i n e  

designed t o  accommodate 'an i n i t i a l  throughput shown. a t  A with  a  p o t e n t i a l  

throughput a s  shown a t  B. Poin t  C shows t h e  u n i t  c o s t  i nc rease  caused by 

t h e  a d d i t i o n  of pumping machinery, and po in t  D shows t h e  advantage t o  both 

c o s t  and throughput . ~. when . t h e  p o t e n t i a l  of t h e  new l i n e  i s  f u l l y  u t i l i z e d .  

. . 
n o t e d . i n  Sect.ion 4.1.4, t h e  products  p i p e l i n e  makes much more 

s t r i n g e n t  demands upon t h e  c o n t r o l  and .moni tor ing  system. This  is  pa r t i cu l a r - .  
. .  . 

l y  t r u e ' i n  main ta in ing  sepa ra t i on -  of t h e  va r ious  products  i n  t h e  l i n e .  The 

in te rmix ing  of a  small amount of one grade of crude o i l  wi th  another  i s  of 

s m a l l  moment, whereas products  ba tches  must -be p r e c i s e l y  separa ted .  
. . 

I n  crude o i l  l i n e s ,  most of t h e  personnel  a r e  concent ra ted  a t  t h e  

p o i n t  where t h e  o i l  is ga thered ,  gauged, and s e n t  i n t o  t h e - p i p e l i n e .  Con- 

v e r s e l y ,  t h e  products  p i p e l i n e s ,  personnel  a r e  most l i k e l y  t o  be found a t  

t e rmina l  po in t s .  

4.1.6 P i p e l i n e  Ownership 

Although s e v e r a l  l a r g e  single-owned and non-shipper-owned pipe- 

l i n e s  e x i s t ,  t h e  gene ra l  p r a c t i c e  is  j o i n t  ownership by a  group of sh ippe r s  

who pool  t h e i r  investments  and t h e i r  shipments. J o i n t  ownersh ip ' in  most 

ca se s  has  proved t o . b e  economiccally p re fe r ab l e .  Management modes vary  

among j o i n t l y  owned p i p e l i n e s .  ,For example, t h e  g i a n t  Colonia l  P ipe  Line  



Source: Reference 1 7  

Figure.  4.1.5-1 - Cost of Transpor t  R e l a t i v e  

t o  Annual Q u a n t i t i e s  



Throuqnpul - rn~lt~ons fops or' yeor 

Source: Reference 1 7  

F igure  4.1.5-2 - P i p e l i n e  Diameter and Transpo r t a t i on  

Cost Rela ted  t o  Throughput 
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Figu re  ,461.5-3 - T r a n s p o r t a t i o n  Cost Rela t ed  t o  U t i l i z a t i o n  



Co. ma in t a in s  a  s i n g l e  t a r i f f  throughout t h e  system, whi le  i n  o t h e r  systems 

each owner e s t a b l i s h e s  t h e  t a r r i f f  f o r  h i s  own shipments.  Opera t ions  

management a l s o  d i f f e r s  from one system t o  another .  The two management 

schemes most p r eva l en t  a r e  (1)  ope ra t i ons  management f u n c t i o n  performed by 

one of t h e  p i p e l i n e  owners' g roups ,  and ' (2)  o p e r a t i o n s  management. by an 

o u t s i d e  company.bired by t h e  p i p e l i n e  combine. 
. .  , 

4.1.7 O i l  P i p e l i n e  C h a r a c t e r i s t ' i c s  

P i p e l i n e  crude o i l  movements pas s  through two d i f f e r e n t  s t e p s  o r  

types  of f a c i l i t i e s .  These a r e  g a t h e r i n g  systems and t runk  systems. A s  t h e  

name imp l i e s ,  . i n  a  ga the r ing  system, crude o i l  is t r a n s p o r t e d  from t h e  nu- 
. . . , . .  

merous product ion  l e a s e s  i n  a n  o i l  f i e l d  t o  p i p e l i n e  ' t r unk  s t a t i o n  o r  r a i l  

head. A ga the r ing  system might be  compared t o  a  series: of sma l l  s t r e a n s  

t h a t  f eed  i n t o  a  r i v e r .  It i s . i n  . the ga the r ing  system t h a t  crude o i l  begins  

t h e  f i r s t  l e g  of i ts journey t o  market. F igures  4.1.7-1 and 4.1.7-2 show 

t h e  two s t a g e s  of .the.. ga the r ing  s y s t e m  (Ref. 18) .  
.,. 

I n  most' i n s t ances , .  w e l l s .  i n  t h e  same g e n e r a l  a r ea .p roduce  t h e  same 

g rade  of o i l  which a l lows  a l l  f e e d e r  l i n e s  i n  a  ga the r ing  system t o  flow to-  
. . 

g e t h e r  i n t o  a  common s t ream i n t o  the'  t r unk  s ' ta t ion.  ' I f  two types  of crude 

a r e  produced i n  t h e  same a r e a  and cannot be  mixed t o g e t h e r ,  i t  i s  necessary 

t o  c o n s t r u c t  a dua l  ga the r ing  system. 
. ... 

. ,. . . .. . 

The c o l l e c t i o n  of l e a s e  o i l  i n  ga the r ing  systems is performed by 

p i p e l i n e  f i e l d  people  known a s  gaugers .  \nlen l e a s e  t anks  have been f i l l e d  

t h e  producer n o t i f i e s  the p i p e l i n e  gauger  who samples t h e  o i l  f o r  q u a l i t y  

and v e r i f i e s  t h e  q u a n t i t y  be fo re  tu rn ing  i t  i n t o  t h e  ga the r ing  system. The 

o i l  then  moves by g r a v i t y  o r  is pumped i n t o  tanks  a t  t h e  n e a r e s t  t r unk  

s t a t i o n .  I n  a  modern o i l  f i e l d ,  a  very  l a r g e  percentage  of t h e  product ion  

from l e a s e s  i s  . t r a n s f e r r e d  au toma t i ca l l y  from producer  t o  p i p e l i n e  through 

Lease 'Automatic Custody Trans fe r  (LACT) equipment. Such equipment automati-  

c a l l y  pumps o i l  from a l e a s e  su rge  tank when t h e  o i l  reaches  a  c e r t a i n  l e v e l  

i n  t h e  t ank ,  cont inuous ly  monitors  t h e  o i l  f o r  excess  sediment and water  con- 

t e n t ,  measures t h e  o i l  through a  meter a s  i t  i s  t r a n s f e r r e d  and cont inuous ly  



3 i g u r e  4.1.7-1 - Pr3dacing Wells and Lease Tank Bat t e ry  



OUTGOING MAIN LINE - -  

Figu re  4.1.7-2 - Crude O i l  Gather ing System 



draws o f f  a p o r t i o n . o f  sample of t h e  o i l  i n t o  a con ta ine r  from which t h e  

gauger  can determine q u a l i t y  l a t e r .  

The t runk  l i n e  s t a t i o n  is  u s u a l l y  provided. w i t h  s e v e r a l  . tanks hav- 

i n g  capac i ty  t o :  

o S t o r e  s u f f i c i e n t  crude o i l  t o  main ta in  a cons tan t  flow t o  t h e  

next  s t a t i o n .  

o Receive the  v a r i a b l e  runs  from ga the r ing  systems. 

o Measure t h e  r e c e i p t s  from connect ing c a r r i e r s .  

o ~ c c u m u i a ' t e  s u i t a b l e  q u a n t i t i e s  of d l £  f e r e n t  . grades  f o r  des i r ed  

ba t ch  i i z k s .  
. . 

A &de t runk  l i n e  s t a t i o n  is schemat ica l ly  i l l u s t r a t e d  i n  F igu re  

4.1.7-3, a n d . F i g u r e  4.1.7-4 i l l u s t r a t e s  t h e  t runk  l i n e  system (Ref. 18). 

A prndiicts t runk  l i n e  is- i l l u s t r a t e d  i n  F igu re  4.1.7-5. Mariy s i m -  

i l . . a r i t  5e.s are obvious (Ref. 19). However, t h e r e  a r e  some important  d i f f e r -  

ences.  Crude o i l  l i n e s ,  because of t h e  h ighe r  v i ~ c o s i t y  of t he  o i l ,  a re  

g e n e r a l l y  of l a r g e r  diameter  p ipe  than  product l i n e s .  p roducts  temperatures  

do not  g r e a t l y  a f f e c t  t h e i r  v i s c o s i t y ;  : therefore  pumping r a t e $  ean remain 

n e a r l y  c o n s t a n t  wlch ' temperature.  Also, t h e  temperature control prohl.em ts 

n o t  severe .  crude o i l  operar ions ,  on L l l r  o t h e r  hand, are very . s e n s i t i v e  t o  

tempera ture  because of t h e  h ighe r  v i s o c i t y .  Thus, temperature becomes more 

c r i t i c a l  i n  t h e  crude 1 i n e s . a n d  t h e r e  a r e  much g r e a t e r  demands for f l e x l b l l =  

i t y  i n  the pumping machinery. 

Corrosion on t h e  i n t e r n a l  su r f  ace  is a problem c h i e f l y  confined 

t o  products  p i p e l i n e s .  Treatment o f ' t h e  metal. i t s e l f  may help. ,  b u t  i n  m o s t .  

c a s e s  t h e  products  must b e  made l e s s  c o r r o s i v e  e i t h e r  by a d d i t i v e s  o r  dehy- 

d r a t i o n .  ,Crude o i l  l i n e s  s u f f e r  from p a r a f f i n  depos i t s ,  which can b u i l d  
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Figu re  4.1.7-3 - Trunk Line  S t a t i o n  



Figure 4 .1 .7-4  - Trunk Line System 



F i g u r e  4.1.7-5 - P r o d u c t s  P i p e l i n e  



u p . t o  c o n s i d e r a b l e  t h i c k n e s s .  While t h i s  has  t h e  advan tage  of p r o t e c t i n g .  

a g a i n s t  c o r r o s i o n ,  ' t h e  p a r a f f i n  must b e  s c r a p e d  away p e r i o d i c a l l y .  

4.2 O i l  P i p e l i n e  D a t a  Sources  

The d a t a  used i n  t h i s  s t u d y  was o b t a i n e d  from two s o u r c e s :  

(1)  R e p o r t s  t o  t h e  I C C  by t h e  Companies 

(2)  I n t e r v i e w s  w i t h  s e v e r a l  i n d i v i d u a l  companies 

F i g u r e s  4.2-1 and 4.2-2 are c o p i e s  of pages  from t h e  I C C  Repor t  P, 

upon which t h e  p i p e l i n e  companies r e p o r t  t h e i r  a n n u a l  o p e r a t i n g  expenses ,  

I t e m  Number 320, and S t a t i s t i c s  of O p e r a t i o n ,  I t e m  Number 400. The c o s t  of 

o p e r a t i n g  f u e l  and power is  r e p o r t e d  on L i n e  4 ,  F i g u r e  4.2-1. The b a r r e l -  

m i l e s  are r e p o r t e d  a t  t h e  bottom of F i g u r e  4.2-2. 

The a c q u i s i t i o n  of d a t a  by i n t e r v i e w  w a s  accomplished on ly  w i t h  

g r e a t  d i f f i c u l t y ,  and o n l y  a  few d a t a  , v a l u e s  were ob ta ined .  However, it 

w i l l  b e  s e e n  t h a t  t h o s e  v a l u e s  are u s e f u l ,  a n d , a r e  b e l i e v e d  t o  b e  ve ry  

a c c u r a t e .  

4.3 E s t i m a t i o n  Methodology f o r  Oil P i p e l i n e s  

It was e x p l a i n e d  i n  S e c t i o n  . 1 . 2  above t h a t  t h e  accomplishment of 

t h i s  s u b t a a k  ~ c d u c c o  t o  a n  offort  ts es t ima te  the thrpp qiianr.lrie4 on rhe 

r igh t -hand  s i d e  of t h e  formula  f o r  t h e .  energy i n t e n s i t y ,  

where ,  

. , 
Ii  - -. 1 I 

e ne rgy  i n t e n s i t y ,  Btu. 
. . 

Ton-Mi l e .  
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310. OPERATING REVENUE ACCOUNTS 

State the pipeline operating revenues of the respondent for the year, 
classified in accordance with the Uniform System of Accounts for Pipe 
Lines. 
I I I I 

Line 
NO. I Operating revenue crude oil . Products Total 

accounts 
(a) I (b) I (c) I (d) 

(200) Gathering revenues 
(210) Trunk revenues 
(220) Delivery revenues 
(230) Allowance oil revenue 
(240) Storage and demurrage 

- - 
Lin 
NO 

7 

1 
2 
3 
4 

5 

6 

7 
8 
9 
10 

11 

12 
13 
14 
15 
16 

.17 
18 
19 
ao 
21 
22 

6 
7 
8 

320. OPERATING EXPENSE ACCOUNTS . - 
State the pipeline operating expenses of the respondent for the year 

revenue 
(250) Rental revenue 
(260) Incidental revenue 

Total 

OPERATIONS 

Operating expense accounts CRUDE OIL 

(300) Salaries and wage 
(310) Supplies and expe 
(320) Outside services 
(330) Operating 

(340) Oil loss 
and shortages 

TOTAL OPERATIONS 

MAINTENANCE 

(400) Salaries and wages 
(410) Supplies and exp 
(420) Outside services 

. . 
TOTAL MAINTENANCE EXPENSES . . 

(a) 

amorj!tization 
(550) Pensions and benefits 
(560) Insurance 
(570) Casualty and other losses 
(580) Pipeline taxes (p. 42) ' 

TOTAL GENERAL EXPENSES 
Grand Totals 

Gathering 
(b) 

(500) Salaries and wages 
(510) Supplies and expenses 
(520) Outside servLces 
(530) Rentals (p.48) 
(540) Depreciation and 

Operating rcltio (ratio of operating expenses to operating revenues-percent) . I 

. . 

I Gathering . . Trwk I 
. , Figure 4.2-1 - ICC Annual Report Form P - Item 320, 

Qperat.l,ng RXI)F?nSP ~ c c c ~ i i n t ~  Shaet 1 
(Facsimile of original form) 

Total 
(el 

. Trunk 
(c) 

Delivery 
(dl 
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I 
I 

320. OPERATING EXPENSE ACCOUNTS - Continued 

C l a s s i f y i n g  them i n  accordance wi th  t h e  Uniform System of  Accounts f o r  

PRODUCTS 
Line 

TOTAL 

No. Gather ing  Trunk Del ivery  T o t a l  Gathering Trunk Del ivery  T o t i  
(f (9) (h)  (i) (j) (k) (1 (m) 

$ $ $ $ $ $ $ $ 

1 
2 
3 
4 
5 
6 

7 
8 
9 

10  
I1 

12 
1 3  
14  
1 5  
16 
17 
18 
1 9  
20 
2 1 
2 2 

I 23 Del ivery  T o t a l  

P i p e l i n e  Annual Report P 

F igure  4.2-1 - (Continued) Sheet  2 

4-26. 



400. STATISTICS OF .3PEPATIONS .Z m 

& 

11p 
E 
7 
0 

f 
'? 
ti. 

I - - 
2 .C 
0 3 
VI -,= d. P 

r.2 : F 
m y :  
0 
*2  
0 ;  

3. - 
5. ; = v> 
P, 
A - 

-h 

0" 3 
7 3  2.2 

I* 
.A 

I> 3 

1. Give particulars by States of ori~in for crude 
oil and for each kind of product received during 
the year. Classify and,list in column by States 
of origin the refined products transported in the 
rollowinc order: 29111 Gasoline, jet fuels and other 
high volatile ptroleum fuels except natural 
gasoline; 29112 Kerosene: 29113 Distillate fuel oil; 
29114 Lubricati2g and similar oils and derivatives; 

leum fuels; 29119 Products of petroleum refining, 
29115 Residue1 Cue1 oil and other low volatile petro- 

misc.- Specify and Total - products. 
2. As used herein, the term crude oil means oil 
in its natural state, not altered, refined or' 

prepared for use by any process; and products 
means oils that have been refined, altered or 
processed for use, such as fuel oil and gasoline. 
3. Natural gasoline or other similar products, 
whenever blended with crude oil in transit should 
be classified and reported as crude oil in this 

receipts shown in columns (b) and (c). 
Entries in column (c) should be the sums 
of corresponding entries in columns (b), ' 

(c), and (d). In column (f) show all oils 
delivered to connecting carriers reportirg 
to the Interstate Commerce Commission. In 

Line 
No. 

schedule. ;column (g) show all -oils: terminated on 
4. In column (b) show all oils received by the respondent's gathering lines, and in 1 respondent..from connecting carriezs reporting to column (h) all oils delivered out of 
the Interstate Commerce Commission. In column (c) 'respondent's system, except deliveries 

NUMBER OF BARRELS DELIVERED OUT OF SYSTEM 

show all oils originated on respondent's gathering 
lines and in column (d). all oils received into 
respondent's system from all sources, except 

State 05 origjn 

(a) 

CRUDE CsIL 

shown under columns (f). and (9). Entries 
in column (i) should be the sums of. corres- 
ponding entries in columns (f) , (g) , and (h) . 
5. Returns in "Note" should be estimated3 
not actually shown on respondent's records 

Total de- 
livered out 
of system 

(1) 

To connecting 
carriers 

(f) 

N@ER OF BARRELS ECEIVED INTO SYSTEM 

TERMINATED 
Total received 
into system 

(el 

From connecting- 
carriers 

(b) 

On gatt-ering lines 

(9) 

On trunk lines 

(h) 

OIiIGINATED 

On gathering lines 

(c) 

- 

On trunk lines 

(d) 



- E energy consumed annual ly ,  Btu 

Q q u a n t i t y  t r a n s p o r t e d  annual ly ,  Barrels 

D E d i s t a n c e ,  t r anspor t ed  annual ly ,  mi l e s  

I 

Est imat ion  of t h e  numerator E c o n s t i t u t e s  an end i n  i t s e l f ,  s i n c e  

t h e  t o t a l  annual energy consumption is t h e  f i r s t  o b j e c t i v e  of t h i s  study. 

Informat ion  regard ing  t h e  denominator i s  equa l ly  u s e f u l  i n  t h e  t o m  ot q aud 

D s e p a r a t e l y ,  o r  a s  t h e  product  (Q x D). It has been seen  i n  t h e  preceding 

s e c t i o n  t h a t  o i l  p i p e l i n e s  r e p o r t  t h e  d a t a  i n  t he  l a t t e r  form, a s  bar re l -mi les .  

Unfo r tuna te ly ,  they  do not  r e p o r t  ton-miles, nor  average dens i ty .  Thus, a n  

imprec i s ion  of plus-or-minus f i v e  t o  t e n  percent  i s  introduced by t h e  use  of 

any v a l u e  f o r '  average d e n s i t y  which i s  unsupported by cons ide rab le  research.  

1t has  a l s o  been seen  i n  t h e  preceding s e c t i o n  t h a t  t h e  d i r e c t  mea- 

surements ,  i n  t h e  form o f . r e c o r d e d  da t a ,  whose t o t a l  would r ep re sen t  the 

numerator E i n  the formula, does no t  e x i s t .  The Companies a r e  no t  requi red  

t o  record  o r  main ta in  such d a t a ,  and wh i l e  some of chem may du  so ,  many do 

no t .  Accordingly, i t  becomes necessary  t o  work wi th  such d a t a  as does  e x i s t ,  

which was seen  t o  be the  annual c o s t s  of energy, a s  r epo r t ed  on Line  4 ,  

F i g u r e  4.2-1 above. 

The g e n e r a l  approach which was taken  then ,  was t o  e s t ima te  t he  to- 

t a l  energy by developing a n  e s t ima te  ok t h e  average u n i t  C U ~ L  o l  purchased 

energy and d iv id ing  t h a t  va lue  i n t o  t h e  t o t a l  c o s t  of power and f u e l .  To 

e s t i m a t e  energy i n t e n s i t y ,  the c o s t  i n t e n s i t y  i s  f i r s t  c a l c u l a t e d  by d i -  

v i d i n g  throughput ,  i n  ba r r e l -mi l e s  i n t o  t h e  t o t a l  energy c o s t .  Dividing 

t h i s  r e s u l t  by t h e  e s t i m a t e  of average u n i t  energy c o s t  then  y i e l d s  t h e  

f i r s t -n ' rde r  e s t i m a t e  of energy i n t e n s i t y  (EI) a t  t h e  pumping .s ta t ion  meter. 

Div id ing  ;by t h e  e f f i c i e n c y  of t h e  e l e c t r i c  gene ra t ion  and t ransmiss ion  

. s y s  tem g ives  t h e  EI a t  the' b o i l e r .  F i n a l l y ,  t h e  conversion from ~ t u / B a r r e l -  



' . . . I  . ; 

~ i i e  t o  Btu/Ton-Mile. is made by mu l t i p ly ing  by a  reasonab1.e v a l u e  of energy .. . . . 
i n v e r s e  d e n s i t y  i n  B a r r e l s  /Ton. .. . . . :: 

Unfor tuna te ly ,  t h e  t o t a l s  publ i shed  i n ,  t h e  I C C  s t a t i s t i c s  a r e  no t  

broken i n t o  s u f f i c i e n t  d e t a i l  t h a t  t h i s  method can be  a p p l i e d  d i r e c t l y  t o  

t hose  s t a t i s t i c s ,  because t h e  only f i g u r e  g iven  f o r  .fue,l- and power. costs .  
' 

inc ludes  ga the r ing  and d i s t r i b u t i o n  energy a s  w e l l  a s  t r u n k l i n e  energy. To 

o b t a i n  t h a t  breakdown, i t  is necessary t o  consu l t  each of t h e  104 r e p o r t s  

f i l e d  by t h e  i n d i v i d u a l  companies. A s  w i l l  be  s een ,  t h a t  is n e i t h e r  conve- 

n i e n t ,  nor necessary ,  because h igh ly  r e p r e s e n t a t i v e  samples of t h e  popula t ion  

of companies could be cons t ruc ted .  Having a p p l i e d . t h e  method t o  t h o s e  sam- 

p l e s ,  t h e  i n t e n s i t y  v a l u e  t hus  ob ta ined  i s  then e x t r a p o l a t e d  back t o  t h e  

e n t i r e  popula t ion .  

F i n a l l y ,  i t  is we l l  t o  n o t e  t h a t  t.he same. i n a b i l i t y  t o  o b t a i n  an . . 
a c c u r a t e  e s t i m a t e  of energy i n t e n s i t y  had been t h e  r e s u l t  of an  a t tempt  by 

t h e  Nat iona l  Pe t ro l eun  Council  Task f o r c e  (Ref. 20). A s  r epo r t ed  i n  a  Rand 

Corporat ion . . r epo r t  . -(Ref.. 21) ,  "The NPC Group.. found no va l id '  way t o  c o r r e l a t e  
, . .  . . . 

d i s t a n c e ,  volume, and c o s t ,  using h i s t o r i c a l  in format ion  on t r ansmis s ion  

cos t s . "  The a n a l y s i s  p resen ted  h e r e  r e p r e s e n t s - a  f i r s t .  a t t a c k  upon t h e  
. . 

problem. 

4.3.1 S e l e c t i o n  nf  Samples f o r  Analys i s  . . . . .  
The f i r s t  s t e p  i n  t h e  execut ion  of t h i s  method is t h e  s e l e c t i o n  of 

a  sample from t h e  popula t ion  of 104 companies;"use of t h e  e n t i r e  popula t ion  

Leiug n e l r h e r  necessary o r  de s i r ab l e .  S ince  t h e  v i s c o s i t i e s  of t h e  crudes 

a r e  g e n e r a l l y  d i f f e r e n t  from those  of t h e  products ,  i t  was d e s i r e d  t o  ana lyze  

t h e  s t a t i s t i c s  of crude o i l  p i p e l i n e  companies and petroleum products  pipe- 

l i n e  companies s e p a r a t e l y ,  s o  t h a t  two samples were required.  s i n c e  many 

companies o p e r a t e  both products  and crude l i n e s ,  i t  was necessary  t o  s o r t  

t hen  i n t o  t h r e e  c a t e g o r i e s ,  i.e., t h o s e  whose ope ra t i ons  a r e  predominantly- 

one type  or  t h e  o t h e r ,  and those  which are s i g n i f  i 6 a n t l y  both. For come-  

n ience ,  a  "prime" company i n  e i t h e r  t h e  .products  o r  crude ca tegory  was de- 

f i n e d  a s  one whose t r u n k l i n e  shipments i n  one of t hose  two c a t e g o r i e s  com- 

p r i s e  a t  l e a s t  80% of i ts t o t a l  t r u n k l i n e  shipments. It was found t h a t ,  



of t h e  1 0 4 i n t e r s t a t e  p i p e l i n e  companies i n  t h e  United S t a t e s  i n  1976, 91 

m e t  t h i s  d e f i n i t i o n .  Most of t h e  1 3  which d i d  n o t  w e r e  comparatively small, 

and f o r  some, no t r u n k l i n e  t r a f f i c  t abu la t ed  a t  a l l  was reported.  

. The degree of s p e c i a l i z a t i o n  of . the primes i n t o  t h e  two c a t e g o r i e s  

was analyzed f o r  1975, ' the  f i g u r e s  f o r  1976 not  being a v a i l a b l e  a t  t h e  time. 

The r e s u l t s  a r e  p re sen t ed  i n  Table  4.3.1-1. 

Table  4.3.1-1 * 
F L  luu ~ i ~ v l ' i f i a  Cl:lrnpai~i r.9, 1 97 5 

Degree of Specialization in Either Crude Oil or 
Petroleum .Products Shipments 

% of Specialization Nb. of Companies 

*Prime Company - One whose trunkline shipments of crude or 
products comprise 80% of its total. 



It  i s  s e e n  t h a t  t h e  ' s p e c i a l i z a t i o n  is ex t remely  h i g h ,  i n d i c a t i n g  t h a t  t h e  

s e p a r a t i o n  i s  v i r t u a l l y  complete.  When t h e  1976 f i g u r e s  appeared ,  t h e  ' 

c o ~ p l e t e  s p e c i a l i z a t i o n  a n a l y s i s  was n o t  r e p e a t e d ;  .but i t  was v e r i f i e d  . t h a t  

t h e  s p e c i a l i z a t i o n  of t h e  pr imes had n o t  changed i n  any n o n - t r i v a l  way. 

A f t e r  t h e  pr imes i n  each c a t e g o r y  were  i d e n t i f i e d ,  t h e y  were ' 

t a b u l a t e d  i n ' o r d e r  of t r u n k l i n e  b a r r e l - m i l e s  of t r a f f i c  f o r  1976. Then 

s u f f i c i e n t  companies were t a k e n  i n  sequence '  from t h e  t o p  of t h e  l i s t  t o  

i n c l u d e  a t  least 90% of t h e  t r u n k l i n e  b a r r e l - m i l e s  f o r  a l l  t h e  pr imes i n  

t h a t  ' c a t e g o r y .  Th is  s e l e c t i o n  p r o c e s s  y i e l d e d  21 c r u d e  and 14 p r o d u c t s  

companies. T h e i r  1976 market s h a r e  is  shown i n  T a b l e  4.3.1-2. 

T a b l e s  4.3.1-1 and 4.3.1-2 t o g e t h e r  show t h a t  t h e  two groups  of 

s e l e c t e d  companies a r e  h i g h l y  r e p r e s e n t  a t  i v e  samples  o'f t h e i r  c a t e g o r i e s .  

D i s c u s s i o n  of t h e  a n a l y s e s  performed upon t h e s e  s a m p l e s w i l l  be  p r e s e n t e d  i n  

S e c t i o n  4.4. F i r s t ,  however, t h e  e s t i m a t i o n  of t h e  c o s t  of purchased  power 

w i l l  be  d i s c u s s e d .  

. . 
4.3.2 E s t i m a t i o n  of Purchased Power Cos t  

E a r l y  i n q u i r i e s  had r e v e a l e d  t h a t  p i p e l i n e  companies do n o t  

m a i n t a i n  e x p l i c i t  r e c o r d s  of a l l  t h e i r  power consumption,  ' a l t h o u g h  eng ineer -  

i n g  depar tments  from t i m e  t o  t ime may c o l l e c t  t h e  f i g u r e s  f o r  purposes  of , 

one s t u d y  o r  a n o t h e r .  A number of companies (more t h a n  a duzen) were t h e n  

i n t e r v i e w e d  and asked i f  t h e i r  energy consumption and energy i n t e n s i t y  c o u l d  

b e  o b t a i n e d .  It was found ' t h a t  t h e y  do n o t  c o l l e c t  t h e  d a t a  o r  pe r fo rm t h e  

c a l c u l a t i o n s  i ~ i  ~11e.  ordinary  c o u r s e  of b u s i n e s s ,  a l t h o u g h  e n g i n e e r i n g  

s t u d i e s  may from t ime  t o  t ime  becoilre i-nvolved i n  ~ u c h  q u e s t i o a s .  They were  

t h e n  asked  t o  p r o v i d e  t h e i r  a c t u a l  a v e r a g e  c o s t  of purchased  e l e c t r i c i t y  i n  

d o l l a r s  p e r  k i lowat t -hour .  Most of them d e c l i n e d ;  however, t h e  i n f o r m a t i o n  

p r e s e n t e d  i n  T a b l e  4.3.2-1 was o b t a i n e d .  



The p a t t e r n  o f  v a r i a t i o n  which i s  s e e n  i n  T a b l e  4.3.2-1 i s  a s  

would g e n e r a l 1 y . h  e x p e c t e d .  P i p e l i n e s  i n  t h e  Gulf Coast  and S o u t h e a s t  

g e n e r a l l y  e n j o y  lower  power c o s t s  t h a n  e l sewhere .  Water companies a r e  a b l e  

co o b t a i n  t h e  lowes t  mst  o f  a l l  by v i r t u e  o f  t h e  l a r g e  s t o r a g e  c a p a c i t y  i n  

t h e i r  sys tems ,  which e n a b l e s  them t o  do most o f  t h e i r  pumping a t  n i g h t  and 

t a k e  advan tage  o f  t h e  l o w e s t  power r a t e s .  And p roduc t  l i n e s  g e n e r a l l y  have 

t o  pay somewhat h i g h e r  r a t e s  t h a n  c r u d e  l i n e s ,  because  w i t h  t h e i r  more 

d r a s t i c  d u t y  c y c l e s  t h e y  have h i g h e r  peaking charges .  An example u t i l i t y ,  

r a t e  s c h e d u l e  i s  p r e s e n t e d  i n  F i g u r e  4.3.2-1. 

The f i r 6 t  two vn'llioc i n  F a h l r  4.3.2-1 a r e  p robab ly  below t h e  

n a t i o n a l  a v e r a g e  because  t h e y  p a s s  throl.l&h t h e  r e g i o n  which e n j o y s  rhc 

lowes t  power c o s t .  The n a t i o n a l  ave rage  c o s t  of  purchased e l e c t r i c i t y  f o r  

t h e  p r o d u c t s . l i n e s  i s  l i k e l y  t o  b e . n e a r e r  .to t h e  a v e r a g e  o f  t h e  second and 

f o u r t h  f i g u r e s  t h a n  t o  t h e  second. Hence, fo.r Lhe a n a l y a i o ,  t h a t  average,  

0.02925 $/kw-hr was used.  Reducing t h i s  v a l u e  i n  t h e  p r o p o r t i o n  o f  the 

f i r s t  v a l u e  i n  t h e  t a b l e  t o  t h e  second t h e n  y i e l d s  0.0280 $/kw-hr a s  t h e  

e s t i m a t e  f o r  t h e  n a t i o n a l  a v e r a g e  c o s t  o f  purchased power f o r  c r u d e  l i n e s .  

There  a r e  no obv ious  a d j u s t m e n t s  t o  be  made f o r  t h e  w a t e r  1ine.s. 
. . 

No d e f e n s e  of these e s t i i ~ ~ a t e s  i o  offered,  except t h a t  t h e y  a r e  

r e a s o n a b l e .  They a r e  c e r ~ a i a l y  u s e f u l  as f i r s t - o r d e r  e s t i m a t e s  and a s  g 

meana t n  exercise the methodology. The r e s e a r c h  t h a t  w0~11.d Le . necesoory  . t o  

. rofinu t h ~ m  , i s  d i s c y s s e d  l a t e r  i n  t h i s  r e p o r t .  



T a b l e  4.3.1-2 

Market Share  of S e l e c t e d  Companies, 1976 

6 
T r u n k l i n e  T r a f f i c ,  1 0  B-Mi 

Group 

A l l  Companies 

S e l e c t e d  Sample 

Type 
of 

P i p e l i n e  

1. Large Crude 

2. Large P r o d u c t s  . . . . 

3 .  . Small  c r u d e  

4 Small  P roduc t s  

5. Small P r o d u c t s  

6. . Large Water 

7. Large Sewage 

Crude Produc t s  

Tab le  4'. 3.2-1 

E l e c t r i c i t y  Cos t s  of P i p e l i n e  'companies 

Average 
. . E l e c t r i c i t y  . . 

Average . 

Geograph ica l  ' -  Cost Time 
Regicn ' $/Kw-hr . . P e r i o d  

... . 

South-Southwest 0.0225 1976 

. < 

West. 

. .. 
F a r  West 0.0350' 1.9 76 

West-Central  0.0200 1976 

. . .  Far-Wes t June  1977 
611176-6/1/77 

Source:  ~ e f  e r e n c e  14 
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APPLICABILITY 

Applicable t o  general senrice including l ight ing,  appliances, heating, 
and povtr, o r  any combination thereof,  except aa l b l t e d  by Special 
Conditions 1.. 7. and 10. 

I Within t he  e n t i r e  terrlttoxy served by u t i l i t y .  I 
Per Meter 
Per Month 

Wcrm Charge: 
Hrst 160 hrhr per kv of b i l l i a q  demand, per w... .. ) 0.0klY 

190 kuhr per kv of b i l l i n g  denand, per kvhr..... ' . O b &  
R t r t  lbb kwhr per ku of b i l l i ng  +Rnn&, per ).-&. . .. . .021 97 
fi1 excess kvhr, per kwhr............................. - .01W'T 

Kinima Chsrge: 
The monthly minimum charge s h a l l  be $7,009.00 but not l e s s  than 

$1.40 per  kv of b i l l i n g  dema& 

mergy Cost Adjustment : 
An Energy Cost Adjustment, as specified i n  Section 9.  of the  Prel l -  

minary Statement, v i l l  be included i n  each b i l l  f o r  serrice. The Energy 
CostAdjustment amount aha l l  be the-product of the to ta l .  kilowatt-hours for  
which t he  b i l l  is renderre multiplied by $0.00761 per kil.ovatt-hour. (The 
Energy cost  AdJustmerit amout is not subjrtct t o  say adjustment fo r  serving 
vol twe.  1 

.%el Collection Balance AdJuatment: 
A Fuel Collection Balance Adjustment, as specified i n  Section 10. QI 

the Frelimlnary Statement, v i l l  be deducted from each b i l l  for service.  
The Fuel Collection Balance Adjustment uount  ohal l  be the  product of t he  
t o t a l  kilowatt-hours for  which the b i l l  is rendered multiplied by 
wr kilowatt-hour. ('The Fuel Collectian Balance Adjustment amount is not 
n u b j e ~ t  t o  q adjustment fur bcrvtm voltngc. 

I o n t n  u . I 
(7. b *..wad br aAis?l 118 m -4 bo ad. P . @ l r  p 

4 i 3 - ~  I.*UCO mv 
Advice LeHer No. 

JOHN n. wor 
Doctalon NO. .,. s m r  w a r t . .  r.ru.r,oi 'lfecttw September 1, lmb 

Figure  4.3.2-1 - Example of E l e c t r i c  U t i l i t y  Rate Schedule.  
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SCHEDULE A-6 (Continued) 1 

RATES (Continued) I- 
Reeidual O i l  Sales  Adjustment: 

A Residual O i l  Sales Adjustment, as spec i f i ed  i n  Section 11. of t h e  
Rel iminary S t a t a e n t ,  v i l l  be deducted from each b i l l  for  service .  The 
Residual O i l  Sales AdJustment mount s h a l l  be tbe  product of t h e  t o t a l  
kilovatt-hours f o r  which the  b i l l  is rendered mul t ip l ied by Per 
kilcyatt-hour. (The Residual O i l  Seles AdJustment amount is not subject  t o  
s a y -  adJustsent fo r  serving voltage. ) 

Franchise Fee D i i f e r e n t i d :  
The franchise fee  d i f f e r e n t i a l  as  indicated below vlll be applied 

t o  the  monthly b i l l i n g s  calculated under t h i s  schedule f o r  all customers 
v i t h i n  t h e  corporate l i m i t s  as follovs: 

City of San.Diego 1.9% 

I Such franchise  f e e  d i f f e r e n t i a l  s h a l l  be s o  indicated aria ,added as a 
eeparate item t o  b i l l s  rendered t o  such customers. 

1 SPEC* CONDITIONS 

I 1. Voltwe.  This schedule is applicable vhere the  customer receives 
service  a t  a standard voltage of the  u t i l i t y  above 2 kv. 

2. Primary Voltage Discouqt. Vnen delive-ry hereunder is made &d 
energy is received a t  an avai lable  standard voltage above 2 kv, the  c h u g e s  
before pover fac to r  adjustment v i l l  be reduced as fol lovs:  

.l p e r c e n t  i n  the range of 10.1 kv t o  25 kv 
4 per  cent above 25 kv 

The u t i l i t y  r e t a i n s  the r igh t  t o  change its del ivery v o l t w e  aftel- 
reasonable advance not ice  i n  v r i t i n g  t o  any customer rece iv ing ' s  discount here- 
under and af fec ted  by such change', and such customer then has the option t o  
change h i s  system so as t o  receive service  a t  the  new delivery voltage o r  t o  
accept se.rvice vi thout  voltage discount a f t e r  the  change i n  delivery voltage,  
through transfo.-mers owned by the  u t i l i t y .  

I 3. Voltage R e ~ u l a t o r s .  ~ o l t a g e ' r e g u l a t o r s .  i f  required by the customer. I 
s h a l l  be furnished, i n s t a l l e d  and maintained by the customer. 

4. bill in^ Demand. The b i l l i n g  demand v i l l  be based on kilovatts of 
l~axinum demand a s  measured each month, provided t h a t  the  b i l l i n g  demand s h a l l  
i r l  no case be l e s s  than the highest of ( a )  5,000 kv, ( b )  80 per cent of t h e  
highest b i l l i n g  demand regis tered during the preceding eleven months, o r  ( c )  
the  d ive rs i f i ed  res is tance velder load computed i n  accordance v i t h  the  
u t i l i t y ' s  R u l e  2F-2b. 

(continued) I 
(1. b ..r*d bp .*A#,) (7. L. 1 - d  LI CJ. ?.U.C) 

Advice biter No. 413-E I 8eV80  .V Date riled September 7, 1976 
J O W N ' W .  WOV 

DecLslon NG. w r s  ..* .ltrrrt marl vr rur r~om n f ~ l l v e  September 1, 1976 
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SPECIAL CONDlTIONS (continued) I ' 4. ' Billing.'~emand. ikontinued) 

I For maximum de-& occurring between the hours of 10 p.m. t o  7 a.m. 
of the following day, only 60 per cent, of such maximum demand sha l l  be considered. I 

5. Maximum Demand. The maximum demand in  any =nth sha l l  be the average 
kilowatt inpat during tha t  15 minute interval  i n  which the consumption of 
e lec t r ic  energy is greater than i n  any other 15-minute interval  i n  the month 
a s  indicated o r  recorded by Instruments Installed, owned and maintained by 
the  util.lty. . 

In t he  case of hoists ,  elevators, furnaces and other loads vhere 
the energy demand i s  intermittent o r  subject t o  violent fluctuations, the 
u t i l i t y  may base the maximum demand upon a five-minute interval  instead of 
& 4 dnulr Sntr.&. 

6. Power Factor AaJuscmenL. TLis schcdtrlo i c  baaed on s~rvlcc? t o  10- 
having a maximun reactive kilovolt ampere demand not greater than 75 per cent 
of the maximum kilowatt demand. J n  the event that  the reactive demand exceeds 
75 per cent of the k i l w a t t  demand, the customer sha l l ,  upon receiving written 
notice from the u t i l i t y ,  i n s t a l l  and operate such coeyensating equipment as may 
be necessary t o  reduce the  reactfve demrrnd t o  75 per ccct o r  l e s s  of the k i l o -  
v a t t  Cemand. Unless such correction of reactive demand is made r l t h i n  ninety 
days, there w i l l  be mdded t o  each nonthly b i n  folloving the ninety day period 
8 charge of 15 cents per kilovar of m a x f n u s  reactive demand i n  excess of 75 per 
cent of the  maximwii kilovat,+ t l em~d  (whcbher on peak o r  off peak) for the 
month. 

7. Limitation on Multi-family Service. This schedule i s  not applicable 
t o  service t o  multi-family housing projects or  other services associatet 
therewith, except housing on the premises of educational inst i t l r t inas,  
industr ial  plants and military establishments vhen such housing i s  associated 
with the operation of t h e  e s t a b l l s ~ n t .  

8. Contraat. A contract for  u i n i t i a l  period of Cca yeape, tmd :or 
subsequeqt perlo& of f ive  years each thsreaf ' t~r ,  dl1 be required for  each 
customer served under t h i s  schedule. This contrAct m a y  be crulcelled a t  the 
end of the i n i t i a l  period or  a t  the end or wy subsequent period, provided 
w i t t e n  notice i s  given two years i n  advance pf the end of any such period. 

9 .  Customer's Right t o  Terminate. In the event the net b i l l  for  e lec t r ic  
service t o  tho customer i s  increased as a resul t  of changes i n  t h i s  schedule, 
the customer sha l l  have the r ight  t o  terminate the c o n t r ~ c t  upon vr i t ten  
notice given one year i n  dvaace.of  the date ouch e ~ r v i c e  is t o  terminate, 
and given v i th in  90 days a f t e r  the effective date of.  such change. I 

10. Miscellaneous. This schedule is  not applicable . to standby, aki1iu-y 
scrvice or  service operated i n  para l le l .v i th  a.customerls ,generating plant. 
Suometerin~ o r  resa le  of energy W i l l  not be permitted. 

Addm Lotlet No. 413-E cwruro or 
. . D&J rued September '7, 197i. 

JOHN n. wov 
m i a n  NO. vtcs irtraoarr.martm ..~u-i*om Ufealve September 1, 1975 

Reaolu~~on No. . . E l l . ?  

Figure  4.3.2-1 - Continued (Sheet 3)  



4.4 Energy ~ s t i m a t e s  f o r  Crude O i l  P i p e l i n e s  . 

The sample of 21 crude o i l  p i p e l i n e  companies t h a t  were s e l e c t e d  i n  

Sec t ion  4.3.1 above . a r e  l i s t e d  i n  Table  4.4-1, along w i t h  some of t h e i r  . 

s t a t i s t i c s  of i n t e r e s t .  I n  1976, they  t r anspo r t ed  approximately 95% of a l l  

crude'  o i l  t r u n k l i n e  t r a f f i c  by primes and 90% of t h a t  by t h e  e n t i r e  popula- 

t i o n .  They were r e spons ib l e  f o r  a  combined shipment i n  1976 of 4,054,845 

thousand b a r r e l s  i n  an average haul  of 357 m i l e s ,  f o r  a  t o t a l  of 1,447,949 

m i l l i o n  ba r r e l -mi l e s  shipped (columns 1 ,  2 ,  and 8 ) .  

Before proceeding wi th  t h e  energy c a l c u l a t i o n s ,  i t  is w e l l  t o  

. t a k e  n o t e  of.column 4, shv r t ages  and l o s s e s .  The reasons  f o r  t h e  nega t ive  

l o s s e s ,  which i f  r e a l  would r ep re sen t  g a i n s ,  o r  in f lows  of o i l  i n t o  t h e  

system, a r e  no t  known. It is  presumed t h a t  t h i s  i s  an over-and-under 

account which is  used t o  balance i nven to r i e s .  I* t h a t  ca se ,  t h e s e  f i g u r e s  

have no d i r e c t  s i g n i f i c a n c e  i n  t h e  p r e s e n t  c a l c u l a t i o n ,  except  as they.  may 

perhaps. i n d i c a t e  something about t h e  accuracy of t h e  o t h e r  f i g u r e s  i n  t h e  

r e p o r t .  The. s i g n i f i c a n c e  of t he se  l o s s  f i g u r e s  a s  i n d i c a t o r s  of p h y s i c a l  

l eakage  is  f u r t h e r  d i scussed  i n  Sec t ion  9.0 of Report HCPIM-1171-4 of t h i s  

s e r i e s  (See Table  1.1-1 above). 

Column 5 is  a l s o  i n t e r e s t i n g .  It shows the ,  t o t a l  o p e r a t i o n s  

expense f o r  each company. This t o t a l  combines s a l a r i e s  and wages, s u p p l i e s  

and expenses ,  o u t s i d e  s e r v i c e s ,  ope ra t i ng  f u e l  and power, and o i l  l o s s e s  and 

sho r t ages .  By comparison wi th  c o l u m  3 ,  i t  i s  seen  t h a t  energy is  by f a r  

t h e  l a r g e s t  component of ope ra t i ng  expense, using 75% of t h e  t o t a l . .  Column 

9  shows t h e  percentages  of t o t a l  o p e r a t i o n s  expense f o r  f u e l  and power c o s t s  

f o r  each company and; a s  i n  t h e  o t h e r  ca se s ,  p rovides  t h e  weighted average 

f o r  a l l  t h e  companies l i s t e d .  



Table 4.4-1 - S e l x t e d  Crude Oil Companies 

COST INTENSITY ANALYSIS 

tl 9 1U 11 1 2  

Trunkline Shipments 4 5 6 7 Avg. Q of Tot. Total Operating 
3 Oil Losses Total Operat- Puel 6 Power S h i p -  Operating Expense 

1 2 Fuel 6 Power ,&Shortaqes ing Expense S/HH, $/H. ment Expense ~ / M M  $ /n 
Company HH B-Hi M 8 5 5 $ B-Mi .B - Mi Co1.3 Co1.4 B-Mi B 

Lakehead 293,629 391,540 18,507,533 832,231 23,206,770 63.03 47.27 . 750 79.8 3.6 79.03 59.27 

Amoco 190,548 410,263 li,,878,116 - 22,188,619 88.58 41.14 464 76.1 - L16.45 54.08 

Shell 128,236 368,023 3,987,731 4,623,156 17;88&4,104 77.89 27.08 348 55.8 25.9 139.49 48.50 

Hid-Valley 107,986 142,803 3,977,052 104,559 11,261,282 92.39 69.87 766 88.6 9.3 :04.28 78.86 

Texas Pip. 94,083 335,953 5,660,842 397,358 9,143,089 70.88 .19.85 280 72.9 4.3 97.18 27.22 
Line Co. 

Mobil 93,114 308,884 0,401,893 415,253 10,589,953 90.23 27.20 301 79.3 3.9 113.73 34.28 

Arco 81,258 239,406 7,159,935 51,5,104 10,724,514 88.11 29.91 .339 66.8 4.8 131.98 44.80 
Marathon . 63,480 256,586 5,646,933 i1,950,053) 4,974,345 88.96 22.01 247 113.5 (39.2) 78.36 19.39 

Exxon 62,111 465,637 6,178,988 .1,417,716 10,988,270 99.48 13.87 139 56.2 12.9 176.91 24.68 
Aehland 52,542 76,148 3,594,068 665,964 5,007,641 68.40 47.20 690 71.8 13.3 95.31 65.76 

I 
W West T C I X ~ ~  52,392 131,873 2,255,450 (90;901) 2,823,009 43.05 17.10 397 79.9 (3.21 49.19 21.41 
03 Pipe Line 

Southcap . 44,234 69,378 2. 393,579 - 2,649,767 ;54.11 34.50 638 90.3 - 59.90 38.19 

Platto 35,357 51,307 -1 821,852 - 2,165,823 51.53 35.51 689 84.1 61.26 42.21 
Por tland 23,322 140,242 3.082.864 872.086 4,173,679 132.19 21.98 166 73.9 20.9 178.96 29.76 

Chicap 23,285 118,014 1.914,162 - 2,114,390 82.21 16.22 197 90.5 - 90.80 17.92 
Texaco- 22,715 109,398 1.915,€15 1 , 7 5 1 )  2,787,382 84.34 17.51 208 68.7 (1.9) 122.71 25.48 

cities service 

Pure 20,939 93,228 1,825,219 12.325. 2,861,435 87.17 19.58 225 63.8 4.3 136.60 30.69 
Texas-Nnex. 16,567 155,154 1,183,487 (30,687) 1,601,305 71.44 7.63 107 73.9 (1.9) 96.66 10.32 

Owensboro- 16,033 54,308 538 ,992 (365.191) 373,886 33.56 9.90 295 143.9 (97.6) 23.32 6.88 
Ashland 

Uinneciota 13,330 51,304 2,553,828 (116.291) 2,7176,174 191.58 49.78 260 94.4 (4.7) 203.01 52.75 

Cities 12,708 104,546 l,,P15,191 (38.946) 1,629,096 87.23 10.67 122 68.5 (2.4) 127.39 15.58 
Service - - - - - - -  

Source: Reference 22 



F i n a l l y ,  columns 11 and 12 show i n d i v i d u a l  company t o t a l  opera- 

t i o n s  expenses per  m i l l i o n  bar re l -mi les  and per  thousand b a r r e l s  shipped,  

r e s p e c t i v e l y .  Weighted .averages a r e  aga in  provided. . 

4.4.1 Energy Consumption i n  Crude O i l  P i p e l i n e s  

The energy consumption of t h e  sample may now be  est imated.  The 

p o i n t  of d e p a r t u r e  is t h e  t o t a l  t r u n k l i n e  power and fue l .  c o s t ,  column 3 ,  of 

$113,600,990. Dividing t h i s  c o s t  by t h e  va lue  der ived  i n  t h e  preceding 
9  s e c t i o n  f o r  u n i t  power c o s t ,  0.0280 $/kw-hr, y i e l d s  4.057 x 10 kw-hr. 

This  is  t h e  i nd i ca t ed  consumption of energy a t  t h e  pumping s t a t i o n  meter. 

To o b t a i n  t h e  energy consumption a t  t h e  e l e c t r i c  genera t ing  

s t a t i o n ,  i t  is  necessary t o  d i v i d e  t h i s  r e s u l t  by t h e  a p p r o p r i a t e l y  - 
averaged e f f i c i e n c y  of t h e  gene ra t i on  and d i s t r i b u t i o n  network. This 

e f f i c i e n c y  has  been va r ious ly  es t imated  between 20 and 25%, and f o r  p r e sen t  

purposes a  va lue  of 22% w i l l  b e  used. The r e s u l t ,  is  1.8442 x  l o l o  kw-hr, 

equa l  t o  6.293 r 1013 Btu (0.063 Quad). This  i s  t h e  e s t i m a t e  f o r  t h e  

energy consumption of t h e  sample. 

S i m i l a r l y ,  a n  e s t i m a t e  f o r  t h e  energy consumption by t h e  t o t a l  

n a t i o n a l  crude p i p e l i n e  popula t ion  may b e  der ived ,  beginning w i t h  t h e  1976 

f u e l  and powcr c o s t  f o r  a l l  t he  companies of $126,645,547. 

= 0.070 Quad 

The foregoing c a l c u l a t i o a  d i s r ega rds  t h e  f a c t  t h a t  some of t he  

power i s  no t  purchased e l e c t r i c i t y .  I n  F igure  4.1.3-1 above, i C  was seen  

t h a t  i n  f i v e  p a r t i c u l a r  ca se s  t h e  average amount of non-e lec t r ic  power was 

12%. Now, i f  t h e  reason t h a t  most of t h e  power i s  e l e c t r i c  is  t h a t  e l e c t r i c -  

i t y  i s  g e n e r a l l y  cheaper ,  then a  somewhat h igher  u n i t  power c o s t  e s t i m a t e  

. t h a n  0.0280 should be used f o r  t h e  non-e lec t r ic  f r a c t i o n .  However, t h e r e  i s  

an  o f f s e t t i n g  i n f l u e n c e  i n  t h a t  o the r  prime movers tend t o  be more e f f i c i e n t  



energy c o n v e r t e r s ' t h a n . t h e  e l e c t r i c  g e n e r a t i o n  and d i s t r i b u t i o n  systems. 

S ince  t h e s e  two f a c t o r s  are both unknown and o f f s e t t i n g ,  t h e r e  i s  no r e a d i l y  

e v i d e n t  b a s i s  t o  modify t h e  r e s u l t  t o  account f o r  t he  non -e l ec t r i c  prime 

movers. 

4.4.2 Energy I n t e n s i t y  of Crude O i l  P i p e l i n e s  

Re fe r r ing  a g a i n  t o  Table  4.4-1, t h e  t r u n k l i n e  energy c o s t  

i n t e n s i t y ' f o y  t h e  sample is seen  a t  t h e  bottom of column 6 t o  be  $78.46 pe r  

m i l l i o n  Barrel-Miles.  , Taking a reasonable  average  s p e c i f i c  g r a v i t y  of 0.87 

(6.58 b a r r e l s  p e r  t on )  conve r t s  t h i s  c o s t  i n t d n s i t y  t o  $516.27 p e r  m i l l i o n  

Ton-Miles. So i n  t h e  t o t a l  energy c a l c u l a t i o n  above, d iv id ing  by 0.028 

$/kw-hr y i e l d s  0.018438 kv-hr/Ton-Mlle a t  the s t a t i o n  meter. f) ividl .ng agait! 

by 0 .22  y i e l d s  0.0838 k w - h r ' / ~ o n - ~ i l e  or  286 ~ t u / T o n - ~ i  1 p. a t  t h e  gene ra t i ng  

s t a t i o n .  

It  is of f u r t h e r  va lue  t o  s p e c i a l i z e  t o  a s p e c i f i c  p i p e l i n e  

system. It w a s  expla ined  i n  Sec t ion  4.2.2 above that: some a c t u a l  power cos t  

expe r i ence  i n fo rma t ion  was ob ta ined  through intervie.ws. wi th  i n d i v i d u a l  

comfianies. Taking t h i s  i n£  ormat i o n  and r epea t ing  t h e  process  y i e l d e d  a 

v a l u e  of 490 ~ tu /Ton-E l i l e ,  much more than obta ined  above f o r  t h e  n a t i o n a l  

average.  The c a l c u l a t i o n  1s not  presented hc rc  t o  preservy, 1.11e anonymity of 

t h e  source .  

The rcaoonc for  this l a r g e  d i f f e r e n c e  were not explored i n  

dep th ,  but t h e ' p a r a m e t e r s  of d e n s i t y ,  v i s c o s i t y ,  speed,  l e n g t h s  and d iameters  

f o r  t h e  system were reviewed and compared w i t h  those  of o t h e r  l i n e s ,  and t h e  

d i f f e r e n c e  was found t o  be  not  unreasonable .  The s e n s i t i v i t y  of t h e  r e s u l t  

t o  some of t h e s e  parameters  can be app rec i a t ed  from Table  4.4.2-1. 

This  h ighe r  va lue  f o r  t h e  s p e c i f i c  case does of cuurse  l e a d  t n  

t h e  s u s p i c i o n  t h a t  t h e  e s t i m a t e  der ived above may be low, b u t  wi thout  

f u r t h e r  d a t a  and a n a l y s i s  t h e r e  appears  t o  be  no b a s i s  t o  r a i s e  t h e  e s t i m a t e  

except  by rounding. I r  i s ,  t h e r e f o r e ,  cvncluded t h a t  t h e  best single-f  i g ~ ~ r e  



e s t i m a t e  i s  300, and t h e  b e s t  two-f i g u r e  e s t i m a t e  i s  290. I n  view of t h e  

imprec is ion  of t h e  method, i t  is suggested t h a t  300. Btu/Ton-Mile be used f o r  

both. 

4.5 Energy Es t imates  f o r  Products  P i p e l i n e s  

The sample of 14 p roduc t s  p i p e l i n e  companies t h a t  w e r e  s e l e c t e d  

i n  Sec t ion  4.3.1 above a r e  l i s t e d  i n  Table  4.5-1, a long w i t h  some of t h e i r  

s t a t i s t i c s  of i n t e r e s t .  I n  1976, they t r anspo r t ed  approximately 94% of 

t r u n k l i n e  products  t r a f f i c  by t h e  primes and 78% of t h a t  by t h e  e n t i r e  

populat ion.  This  t a b l e  i s  the  analog of Table.4.4-1, and t h e  e a r l i e r  

g e n e r a l  comments aga in  apply..  

4.5.1 Energy Consumption i n  Products  P i p e l i n e s  

The e s t ima t ion  of .energy .consumption f o r  t h e  product  l i n e s  . is 

t h e  p a r a l l e l  of t h a t  g i v e n - e a r l i e r  f o r  t h e  crude l i n e s .  T h e ' r e s u 1 . t ~  a r e  

1.5508 x 10" kw-hr (0.053 Quad) and 1.9780 x 10" kw-hr (0.068 Quad) 

r e s p e c t i v e l y ,  f o r  t h e  sample and t h e  n a t i o n a l  t o t a l .  Th-e 1976 t o t a l  ppwer 

and f u e l  c o s t  a s  r epo r t ed  by t h e  l C C ,  of $127,284,960, and t h e  average power 

c o s t  from Sec t ion  4.2,.3 were used i n  t h e s e  c a l c u l a t i o n s .  



Table  4.4.2-1 

? i ? e l i n e  Energy 1nten.s iveness  

(Btu/ton-mile) 

Pipeline Kinemtic Viscosity Kinematic Viscoskty Kinematic Viscosity 
diameter 0.000010 ft2;seca 0.000075 ft2/sec - 0.00050 f t2/secc 

(in) Velocity (f t,'sec) Velocity (ft/sec) Velocity (ft/~ec) 

b~alifornia crude oil at 3 0 O ~  

' ~ i ~ h t  engine oil at BOOP 

Source: Reference 1 



COST.INTENSITY ANALYSIS 

Trunkline Shipments 4 5 

3 Oil Losses Total Operat- 
1 2 Fuel 6 Power &Shortages ing Expense 

Cpmpany nn 8-ni M B S S 5 
Colonial 591,688 569,396 56,503,564 127,388 64,383,213 

Plantation 105,640 186,089 9,059,872 372,462 13,682,728 

p. Southarn 26,080 106,846 4,648,535" 67, 1.54 8,566,931 
I Pacific 
P 

Dixia ' 18,797 29,078 2,155,141 445,103 . . 3,453,575 

Hydrocarbon 18,,474 27,364 3,670,318 - 5,262,716 

Fuel & Power 
S / H H ,  s/n, 

8 
Avg . 
Ship- 
ment - 

n i 

9 10 
r of Tot. 
Operating . 
Expense 
Co1.3 Co1.4 

11 12 
Total Operating 

Expense 
$ / M U ,  .$ /M- 
8 - M i  B 

108.81 113.07 

Sourc?: Reference 22 
Table 4.5.1 - Major Petroleum Pipeline Companies 

U. S. Trunklines, 1976 



4.5.2 Energy I n t e n s i t y  of Products  P i p e l i n e s  

, Continuing a s  be fo re ;  and tak ing  0.80 (7.15 b a r r e l s  per  t on )  a s  

a  r ea sonab le  average s p e c i f i c  g r a v i t y ,  t h e  average cos t  i n t e a s i t y  of 98.03 
6  6  $110 B-Mi from Table 4.5-1, column 6  becomes 700.62 $110 T-Mile, and 

t h e  e s t i m a t e  ' f o r  average energy i n t e n s i t y  of t h e  sample i s  388 BtuITon-Mile 

a t  t h e  gene ra t ing  s t a t i o n .  This is a l s o  the  b e s t  e s t ima te  f o r  t h e  populat ion.  

Again s p e c i a l i z i n g  t o  companies which were in te rv iewed,  energy 

i n t e n s i t i e s  of 323, and 405 and 887 Btu/T-Mi'were ca l cu la t ed .  A s  before ,  

t h e  reasons  f o r  t h e  v a r i a b i l i t y  were not reseafehed i n  depL11, L u t  t he  

passmete ts  w e r e  reviewid and found t o  be reasonable.  . The very h igh  number 

is  not  ' t y p i c a l , ,  b u t  is due t o  p a r t i c u l a r  opera t ing  circumstances,  one of 

which i s  t h e  k ind  of extreme duty c y c l e  v a r i a t i o n  t h a t  is  d iscussed  i n  depth 

i n  ~ e ~ d r t  HCP/M-1171-4 .of t h i s  s e r i e s .  I n  f a c t ,  t h e  only reason t h a t  t h e  

d a t a  were c o l l e c t e d  was t h a t  t h e  power c o s t s  had r i s e n  s o  high t h a t  manage- 

ment had ordered  a  s p e c i a l  engineering s tudy  of t h e  s i t u a t i o n .  The r e s u l t s  

w e r e  used i n  a n  i n t e n s i v e  i n t e r n a l  ,educ.ation program f o r  opera t ing  personnel  

and f i r s t l i n e  superv is ion .  

A s  before ,  rounding t h e  va lue  der ived  above l eads  t o  390 and 400 

a s  t h e  b e s t  two-figure and s ing le - f igu re  es t imates .  I n  view sf t h e  impreci- 

s i o n  of t h e  method, t h e  d i f f e r e n c e  i s  llut s i g n i f  ?cant ,  and i t  ' i s  suggeseed 

t h a t  400 B ~ U / T - M ~  be used. 



- 5.0 ENERGY CONSUMPTION I N  WATER .PIPELINES 
, . 

Water systems may be  placed i n t o  two c l a s s e s  - supply and waste. 

Genera l ly ,  t h e  supply system provides  po t ab l e  f r e s h  water  and t h e  waste  

system i s  a  sewage system. Thei r  c h a r a c t e r  i s  very  d i f f e r e n t  from t h a t  of 

o t h e r  p i p e l i n e s .  Notably,  a  c h a r a c t e r i s t i c  of l a r g e  water  systems i s  t h e  

f a c t  t h a t  they a r e  not  p i p e l i n e s  a t  a l l  over  much of t h e i r  span. For ex- 

ample, t h e  l a r g e s t  such -system;the C a l i f o r n i a  (Fea ther  River )  p r o j e c t ,  

' c o n t a i n s  more cana l s  than  p ipe l ines .  Waste systems a r e  l i kewi se  cha rac t e r -  

i z ed  by t h e  f a c t  t h a t  most of t he  flow i s  by g r a v i t y  i n  h y d r a u l i c a l l y  open 

channels  under g r a v i t y ,  a s  opposed t o  f u l l - p i p e  flow under imposed head. The 

energy inpu t  i n  both types of systems is almos't exc lus ive ly  ..by e l e c t r i c a l l y -  

d r iven  pumps a t  i n t e r m i t t e n t  . l i f t  s t a t i ons . '  ' . .  

It was explained i n  t he  opening s e c t i o n  of t h i s  r e p o r t  t h a t  t h e  

primary o b j e c t i v e  of t h i s  program i s  t o  a s s e s s  t he  s u s c e p t i b i l i t y  of t h e  

p i p e l i n e  i ndus t ry  t o  energy-conservative innovat ions ,  and t o  i d e n t i f y  t h e  

o p p o r t u n i t i e s  f o r  energy conservat ion.  Report HCP/M-1171-4 of t h i s  series 

i d e n t i f i e s  t hose  oppor tun i t i e s  and recommends t h e  R ,  D ,  and D programs t o  

e x p l o i t  them. That r epo r t  i d e n t i f i e d  few such o p p o r t u n i t i e s  f o r  improve- 

ments i n  p i p e l i n e s  whose prime movers a r e  e l e c t r i c  motors. Moreover, t h e  

n o t a b l e  except ion ,  i . e . ,  use  of f u e l  c e l l s  wi th  DC motors,  d e r i v e s  p a r t  of 

i ts  a t t r a c t i o n  from two f a c t o r s  which a r e  absent  i n  water  systems. These 

a r e  extreme duty cyc l e s  and the  p o s s i b i l i t y  of t r anspo r t i ng  t h e  f u e l  through 

t h e  p i p e l i n e  i t s e l f .  Thus, no a t t r a c t i v e  energy-conservative o p p o r t u n i t i e s  

have been i d e n t i f i e d  f o r  water  p i p e l i n e s .  

5.1 Water P i p e l i n e  Indus t ry  P r o f i l e  

Table  5.1.-1 p r e s e n t s  some i n t e r e s t i n g  water  i ndus t ry  ? t a t i s ' t i c s ,  

t o  which r e f e r ence  w i l l  aga in  be made l a t e r ,  i n  developing an e s t i m a t e  of 

i n d u s t r y  energy consumpt io~~.  



T h e , b e s t  sourcebook f o r  g e n e r a l  i n f o r m a t i o n  abou t  t h e  w a t e r  

i n d u s t r y  i s  t h e  Water Encyc loped ia  (Ref .  23) (Todd 70) .  U n f o r t u n a t e l y ,  i t  

i s  becoming somewhat ou t -o f -da te ,  and t h e r e  a r e  a p p a r e n t l y  no p l a n s  t o  

r e p u b l i s h .  Most o f  t h e  t a b l e s  t o  f o l l o w  a r e  found t h e r e .  

T a b l e  5.1-2 p r e s e n t s  t h e  t o t a l  w a t e r  i n  u s e  i n  t h e  U. S . , i n  

1965. It i s  n o t e d  t h a t  abou t  81% o f  wi thdrawal  (254,000 mgd o f  314,470) i s  

s u r f a c e  w a t e r  and 19% i s  ground wa te r .  The na t ionwide  p e r  c a p i t a  u s e ,  

bo t tom o f  second column, was 1600 gpd,  a  v e r y  h i g h  f i g u r e  because  i t  i n c l u d e s  

a l l  a g r i c u l t u r e ,  and i n d u s t r i a l  use .  A b e t t e r  c o r r e l a t i o n  i s  pe rhaps  s e e n  i n  

t h e  per  capita w l t h d r a w a i s  through supp ly  sy  s l e u l s ,  j l l ~ ~ i l  i n  I'dblc S.1=3. 

.Tab le  5.1-4 p r e s e n t s  t h e  w i t h d r a w a l s  and u s e  f o r  1965,  and Tab le  5.1-5 

p r e s e n t s  p r o j e c t i o n s  o f  t h o s e  s t a t i s t i c s  t o  1980. These p r o j e c t i o n s  were 

made i n  1968. Tab le  5.1-6, which p r e s e n t s  c o s t s  o f  m u n i c i p a l l y  s u p p l i e d  

w a t e r  i n  the  1 9 5 0 ' s  i s  i n t e r e s t i n g  i n  t h a t  c o s t  does n o t  a p p e a r  too p a r t i -  

c u l a r l y  w e l l  c o r r e l a t e d  w i t h  abundance. 

T a b l e  5.1-2 shows t h e  d r i l l i n g  a c t i v i t y  i n  1964, and Tab le  5.1-8 

shows d e p t h s  o f  t h e  1966 w e l l s . ,  I'he Netage d e p t h  may Le c a l c u l a t e d  from 

t h e s e  f i g u r e s  a s  approx imate ly  153 f e e t ,  a  f i g u r e  t h a t  w i l l  be u s e f u i  l a t e r  

i n  e s t i m a t i n g  e n e r g y  consumption.  Also u s e f u l  w i l l . b e  t h e  i n f o r m a t i o n  i n  

T a b l e s  5.1-9 and 5.1-IU. 



T a b l e  5.1-1 

' Water I n d u s t r y  S t a t i s t i c s  

August ,  1974 

P u b l i c  Water Supply Systems 

Number o f  P u b l i c  Water Supply Systems 

Municipal  Systems, % of T o t a l  
P r i v a t e  Systems, % o f  T o t a l  

M i l e s  of P ipe  f o r  Water D i s t r i b u t i o n  

Popu la t ion  Served 

Replacement Value 

C a p i t a l  Expenditures  

Metered Usage as Per  Cent of T o t a l  
Del ivery  Water Del ivered  

Municipal Systems 
P r i v a t e  Systems 

Number of  Employees 

Average P e r  Capi.ta Usage 150. 

Average P e r  C a p i t a  ~ e s i d e n t i a l  Usage 

T o t a l  Water Supp l i e s  

Dai ly  Withdrawal of  Water From A l l  
Sources 

Fresh Surface 
Fresh  Ground 
S a l i n e  Sur face  

. S a l i n e  Ground 

To.ta1 
United S t a t e s  

12 m i l l i o n  

180 m i l l i o n  

$125 b i l l i o n  

$1.4 b i l l i o n  

gpd - 0.10417 gpm 

60 gpd 

370 bgd 

Source:  Refe rence  24  



 able 5.1-2  . Water Used for P u b l i c  s u p p l i e s  i n  t h e  
United S t a t e s .  1965 

P n  Ground m t r  Surface wmn All rourws 

saa Population u d t e  F d  Frwh Frmh Excluding 
1.000's ~rp. FndC Wlrr ad Fresh Sdiru m d  Sew* Fresh W i n  l and wrneyana Oz:.d 

(Spd) dim dim dim lossas 

AIabrru . . . . . . .  3.486 1.900 200 0 100 8.300 0 6.300 0 8.500 0 6.500 6.500 250 
Alaska ........ 267 640 28 0 28 120 1.0 120 0 140 1.0 140 140 11 
Arizona ........ 
Ark aur ....... 
Cllifornu ....... 
Colordo . . . . . . .  
Connmicut ..... 
'Oalmvem ....... 
Florida ........ 
Georgi* ........ 
H n n i i  ......... 
Idaho . . . . . . . . .  
Illinois ........ 
Indim a ........ 
Iowa ...,...... 
Krnsm ........ 
Ke~ttuchq . . . . . . .  
L w i s i a ~  ....... 
Maine . . . . . . . . .  

. Marylmd . ...... 

New M e u b  ..... 
New York . . . . . . .  
North C.rolim . . . .  
Nonh Dakom .... 
Ohio .......... 
OklwWN ...... 
O n p n  . . . . . . . .  
Pennwlvmia . ; . . .  
Putno R i a  . . . . . .  
Rhoda Island . . ... 
South b o l i r u  . ... 
b u t h  Dakou . . . .  
Tan- . ...... 
Texm ......... 
UW . . . . . . . . . .  
Vnm6ht ....... 
Virginia . . . . . . . .  
Washiwon . . . . . .  
Wnt Virginia . . . . .  
Wisconsin . . . . . . . 
Wroming . . . . . . .  330 15.000 100 S 100 4.800 1 4800 0 4.900 1.0 4.900 3.600 2.100 
District of Columbi* . . 802 U O  0 1 JSO 0 3 5 0 0  350 0 350 350 15 

UnilMSt*tul . . . .  196.411 1.600 61.000 470 61.000 210.000 44.000 250.000 670 270.000 45.000 310.000 290.000 7 8 . m  

I Including Puwto R i m  . 

Source:  Reference  23 



Yea 

T a b l e  5.1-3 - Water Withdrawals P e r  C a p i t a  f o r  P u b l i c  and 
I n d i v i d u a l  Water Supply Systems i n  t h e  U n i t e d  S t a t e s  

(Ga l lons  p e r  c a p i t a  p e r  day) 

P u b l i c  systems 

. r I n d i v i d u a l  

Domestic pub l ic '  Commercial I n d u s t r i a l  T o t a l  Systems 

Source:  Refe rence  23  



Table 5.1-4 - Withdr~wzls axd Consumptive Use of Water il the United States, 1965 

Region 
- From - Rural Eelf- > team-e lec t r i c  

ground- From 
domes t i c  Municipal supp l i ed  power AgricuBture T o t a l  s a l i n e  

--a..-L-l_l wate r  
- I I U U S L ~ L ~ L  

Fresh S a l i n e  I r r i g a t b m  Lives tock  sources, s o u r c e s  

North A t l a n t i c  ................. 390 5.446 9,499 10,500 11,400 lK 81  37,476 2,562 15,380 

South At lant ic-Gulf  ............ 504 1.9EO 3,360 7,600 3,700 3 , 2 m  . 146 20,560 4 ,221 , 4 , 1 3 2  

Great Lakes .................... 274 3.622 9,069 12,000 - - 75 79 25,119 963 25 

Ohio .......................... 300 1.751 E,606 17,400 -- 24 134 28,255 1 ,760 2 7 

Tennessee ...................... 64 253 1 ,076 4,329 -- a 37 ' 5,767 , 202 -- 
Upper M i s s i s s i p p i  203 . ............. l . l C 3  1,664 4,800 -- 95 314 8,179 1 ,707 1 8  

Lower M i s s i s s i p p i  ............. 58 450 1 ,884 1 ,600 200 1,3B 39 5,571 1 , 6 7 1  240 

Souris-Red-Rziny .............. 14 Z 6 9 8 200 -- 24 19 39 1 55 -- 
K i s s o u r i  ....................... 106 Sf9 462 1,400 -- 1 6 , 3 3  . 368 19,344 4,005 - - 

.............. Arkansas-Whit e-Red 103 6E 7 910 600 -- 6,3@ 150 9,410 5,598 7 5 

Texas-Gulf ..................... 40 1, ClZ 5 5,465 2,100 200 ?,$W 100 16,410 8,390 3,300 

Rio Grande ..................... 10 254 215 70 -- 6,57: 69 7,289 3,130 133 

Upper Colorado ................. 6 € 0  4 0 2 0 -- 3,3&D 11 4,017 36 -- 
Lower Colorado ................. 6 SL 2 140 10  -- 6,SOO 1 5  6 ,913 4,14? -- 
Great Basin  ..................... 15  224 225 10  -- 4,575 16 5,115 935 -- 
Columbia-North P a c i f i c  ......... 148 1,105 1 ,911  8 -- 26, $00 59 29,631 4,289 31 

Californ.La ..................... 90 4,010 1 ,250 70 5,600 26,2CQ 80 37,300 13,610 6,140 

Alaska ......................... 8 3 2 102 20 -- - -- 162 2 5 -- 
Hawaii ......................... 7 11 5 112 -- 300 ' 1,360 3 1 ,597 .  706 316 

Puer to  RLco .................... 5 PC 1 31 7 1 400 2 50 6 1,120 157 535 

Tot31 ...................... 2,351 23,;~.5 !t€. 4Q5 62,738 2 1,800 110,853. 1,726 269,617 58,169 30,352 

Souroe: Reference 23 



Table  5.1-4 ( con t . )  

B . Consumptiv? Use 

Steam- 

Region 
Municipal Self-supplied electric power Agriculture 

domestlc industrial Total 
Fresh Saline Irrigation Livestock 

North Atlantic ................. 186 905 555 7 5 8 3 150 6 9 2. 023 

South Atlantic-Gulf ............ 472 36 3 260 42 19 1. 400 139 2. 695 

Great Lakes ................... '100 502 362 9 5 6 8 72 1. 199 .. 

Ohio ........................... 200 2 30 410 138 24 132 1. 134 -- 

Tennessee ..................... 6 1 46 174 6 8 36 331 .. 

Upper Mississippi .............. 101 162 58 6 1 .. 83 305 770 

Lower Nississippi .............. 5 2 175 296 16 3 890 38 1, 470 

............... Souris-Red-Rainy 14 11 7 2 .. 24 19 77 

Missouri ....................... 85 221 71 24 .. 9, 798 355 10. 554 

............. Arkansas-White-Red 94 241 322 4 1 . . 5, 030 146 5. 874 

Texas-Gulf ...................... 40 400 880 57 2 5. 810 100 7, 289 

Rio Grande ...................... 7 108 4 6 9 .. 4, 165 6 8 4. 403 

Upper Colorado ................. 3 14 8 13 .. 1. 934 10 1. 982 

Lower Colorado ................... 5 203 50 8 -- 3, 170 12 3, 448 

Great Basin , .................... 9 94 37 2 -- 2. 100 11 2, 253 

Columbia-North Pacific ........ 134 182 100 .. .. 10, 050 5 5 10, 521 

..................... California 60 1. 320 110 70 44 50 20. 944 19. 290 

Alaska ......................... 1 4 7 .. .. . . .. 12 

Hawaii ......................... 7 39 4 .. 3 477 3 533 

Puerto Rico .................... 5 21 10 .. 3 225 6 270 

Total ..................... 1. 636 5, 244 3, 764 659 157 64, 696 1, 626 77, 782 

. . 

Source: Reference 23  



Table  5.1-5 . P r o j e c t i o n s  cf Wi th t rawals  and Consumptive Use of Water i n  t h e  Uni ted S t a t e s ,  1980 

Region 
R u r a i  

Steam- 
S e l f - s u p p l i e d  e L e c t r i c  pcwer A g r i c u l t u r e  

domes t i c  . M u n i c i p a l  
i n d u s t r i a l  

F r e s h  S z l i n e  I r r i g a t i o n  L i v e s t o c k  

T o t a l  

Nor th  k l a n c i c  ................. 
S o u t h  A f l a n c i c - G u l f  ............ 
G r e a t  L s k e s  ..................... 
.Ohio ........................... 
T e n n e s s e e  ..................... 
Upper M i s s i s s i p p i  ............... 
Lower M i s s i s s i p p i  .............. 
Souris-Red-RaFny ............... 
M i s s o u r i  ....................... 
Arkansas-White-Red .............. 

..................... Texas-Gulf  

..................... Rio  Grande  

.................. Upper C ~ l o r a d o  

.................. Lower C s l o r a d o  

G r e a t  R s s i n .  ............ 
........... Columbia-North P a c i f i c  

...................... C a l i f o r n i a  

Alaslca ......................... 
l j a w a i i  .......................... 
P u e r t o  Eico  ...........,........ 

Source:  Refe rence  23 



Table  5.1-5 ( c o n t . )  

Regior . Rural . Self-supplied Steam- 
d 3  mestic industrial electric . power Agriculture Total 

Fresh Saline . Irrigation Livestock 

North Atlantic ................... 200 1. 210 850 120 ' 180 . 230 80 2. 870 

South Atlantic-Gulf .............. 355 600 380 190 80 1. 600 190 3. 395 

Great Lakes ....................... '85 702 728 184 -- 9 5 87 1. 881 

Ohio ............................ 250 300 550 350 .- 4 0 129 1. 619 

Tennessee ........................ 122 64 258 ' 65 .. 16 4 7 572 

Upper Mississippi ................ 9 4 258 98 166 .. 9 5 392 1, 103 

Lower Mississi?pi ................ 72 238 400 60 4 2. 180 5 8 . 3. 012 

Souris-Red-Raixy ................. 16 16 8 4 .. 150 2 1 215 

Missouri ......................... 108 280 9 0 80 .. 12, 100 502 13. 160 

Arkansas-White-Red . . . . . . . . . . . . . . . .  194 . 496 . 674 9 5 .. 6, 800 223 8, 482 

Texas-Gulf ....................... 6 5 740 1. 160 180 ' 20 7. 100 170 9. 435 

Rio Grande ........................ 7 . 220 90 20 .. 4, 270 6 9 4. 676 

.................. Upper Colorado 4 30 35 17 .. 2, 600 14 2. 700 

.................. Lower Colorado . 5 310 80 35 .. 3, 630 15 4. 075 

Great Basin ....................... 9 154 56 25 . . .. 3. 040 15 3. 299 

........... . Columbia-North Pacific 134 . 219 . 244 13 .. 12, 900 7 1 13. 581 

California ........................ 60 4. 620 380 80 185 23. 800 80 29. 205 

Alaska ........................... 2 2G . 20 1 .. 3 .. 50 

5 Hawaii ........................... 6 5 5 -- ' 9 640 4 728 

...................... Puerto Rico 5 3 5 20 .. 20 270 10 360 

Total 1. 792 10. 581 6. 126 1. 685 498 81. 559 2. 177 104. 418 

Source: R e f  s r e n c e  23 



Table 5.1-6 . Cost of Water from Municipal Systems in the 
United States 

[Cora include operation. maintenance. and amortization] 

Do l l an  per mi l l ion  gallons D d l a n  per mi l l ion gallons 

~- .~~ . 

abama . . . . . . . . . . . . .  $227 Nebta%ka . . . . . . . . . . . . . . .  $145 
Arizona . . . . . . . . . . . . .  151 N w & ~  . . . . . . . . . . . . . . .  137 
Arkansa . . . . . ' . . . . . . . .  302 NW Hampshire . . . . . . . . . . .  209 
b l i f o rn ie  . . . . . . . . . . . . .  208 Ndrrl JOWV . . . . . . . . . . . . .  186 
Co lo rdo  . . . . . . . . . . . . .  229 . Nmr Moxie0 . . . . . . . . . . . . .  245 

Connecticut . . . . . . . . . . .  214 N w  York . . . . . . . . . . . . .  190 
0.1aware . . . . . . . . . . . . .  128 Nor th  Carolina . . . . . . . . . . .  229 . . . . .  District of  Columbia 168 Nor th  Oakom . . . . . . . . . . . .  302 . . . . . . . . . . . . . . . . .  Florid4 . . . . . . . . . . . . .  244 . Ohio 181 
Georgia . . . . . . . . . . . . .  174 . Oklahoma . . . . . . . . . . . . . .  247 

i d h o  . . . . . . . . . . . . . . .  232 O w n  . . . . . . . . . . . . . . . .  207 
Illinois . . . . . . . . . . . . .  136 Pennsvlvania . . . . . . . . . . . . .  180 
Indiana . . . . . . . . . . . . .  184 Anwa Ir iand . . . . . . . . . . .  195 . . . . . . . . . . . .  low a . . . . . . . . . . . . . . .  236 South Carolina 169 
K.ns8s . . . . . . . . . . . . .  264 S O U ~  0ak0m . . . . . . . . . . .  281 

U m w e k y d  . . . . . : . . . . . .  144 tmnumn . . . . . . . . . . . . . .  233 
Louisiana . . . . . . . . . . . . .  1 88 Texas . . . . . . . . . . . . . . . . .  244 
Muna . . . . . . . . . . . . . . .  103 Umh . . . . . . . . . . . . . . . . .  184 
Msrvlend . . . . . . . . . . . . . .  136 Vermont . . . . . . . . . . . . . . .  382 
M w w h u s e t u  . . . . . . . . .  193 vlrglnla . . . . . . . . . . . . . . .  187 

. . . . . . . . . . . . .  Michi-n 191 watkingmn . . . . . . . . . . . . .  ' 143 . . . . . . . . . . .  Mlnnwrota . . . . . . . . . . .  175 W w t  Vlrginia 212 
Miuirsippi . . . . . .  . . 719 Wi~~n$in . + . . . . . . . . . . . . .  153 
Miswuri . . . . . . . . . . . . .  180 Wyoming . . . . . . . . . . . . . . .  224 
Monmna . . . . . . . . . . . . .  ' 185 

A 

Source: Reference 23 



Table  5.1-7 . Number of Water Wel ls  D r i l l e d  i n  t h e  
United S t a t e s  i n  1964 

Estimated number 

d wdls drilled 

1964 

Estimated number 
of wells drilled 

1964 . 
.. .... 

Alaberna . . . . . . . . . . .  
AlaJta . . . . . . . . . . .  
Arizona . . . . . . . . . . .  
Arkansas . . . . . . . . . . .  
California . . . . . . . . . . .  

. . . . . . . . . . .  Colorado . . . . . . . . .  Connecticut 
Delaware . . . . . . . . . . .  . . .  District of Columbh 
Florida . . . . . . . . . . .  
G.orgia . . . . . . . . . . .  . . . . . . . . . . .  Hawaii 
Idaho . . . . . . . . . . . . .  
Illinois . . . ........ 
Indiana . . . . . . . . . . .  
Iowa . . . . . . . : . . . . .  
Kansas . . . . . .  ; . . . .  
Kentucky . . . . . . . . . . .  
Loulsima . . . . . . . . . . .  
Main 8 . . . . . . . . . . . . .  

~ 

Manuna  . . . . . . . . . . .  
Nebraska . . . . . . . . . . .  
Nevada . . . . . . . . . . .  
Nsw Harnprhlr 8 .  . . . . . .  
New J ~ M V  . . . . . . . . .  
New Mexico . . . . . . . . .  
New York . . . . . . . . .  
Nor th  Carolina. . . . . . . .  
Nonh Dakota . . . . . . .  
Ohlo . . . . . . . . . . . . .  
Oklahoma . . . . . . . . .  . . . . . . . . . . .  Oragon 
Pennsylvania . . . . . . . . .  . . . . . . .  Rhode Island . . . . . . . .  . South Carolina 

South Oakom . . . . . . .  
Tennoswe . . . . . . . . .  
Tex& . . . . . . . . . . . . . .  
Urnh . . . . . . . . .  .. . .  
V r m o n t  . . . . . . . . . . .  

. . . . . . . . . . .  Maryland . . . . . . . . . . .  6. 902 virginla 10.000 . . . . . . . .  Mmsachusotta 9.000 Washington . . . . . . . . .  1.700 . . . . . . . .  . . . . . . . . . . .  Mich ipn  25. 000 Wart Virginia 5. 900 . . . . . . . . .  M i n n e s o ~  9. 000 Wisconsin . . . . . . . . . . .  12.000 . . . . . . . . . . .  Min in ipp l  . . . . . . . . . .  .5 .  900 Wyoming 1. 000 . . . . . . .  . . . . . . . . . . . . .  Missouri 9.990 T O T A L  433.700 

Source : Reference 23 



Table 5.1-8 - Depths of water Wells Drilled in the 
United States in 1966 

Well Depth, feet 

< 50 

51-100 

101-150 
.. . 

151-200 

Percent of Drilled Wells 

.4 . 1 

26.9 

27.8 

20.6 

Table 5.1-9 - Average Power to Pump Water 
Power Required 

Wire-to-Water Efficiency, Kilowat t-Hours 
Percent pcr 100 ft, per LOO gpm 

. . 

3 8 4 0 

Source: Reference 23 



Table  5.1-10 - U s e f u l  F a c t o r s  i n  P r e l i m i n a r y  P lann ing  
of Smal l  Pumping P l a n t s  

Horqower ~b 

, . Velaiy quired for 10 feet 
Pipe veloc- head. Friction in total head. Pump 

Acre-inches ity. feet VZ feet per 100 and transmission 
per 24 hours per ~ n d  - feet feet of pipe' efficiency = 

20 70 percent 

Gallons 
par minute 

. Source:  Reference 23 



5.2 An Example Water System 

The 1976 Annual Report of t h e  Denver Board of Water Commissioners 

f o r  t h e  c i t y  and county of Denver, Colorado, r e f l e c t s  a  very  w e l l  engineered 

and capably managed wa te r  system (Ref. 25).  F igure  5.2-1 shows t h e i r  supply 

system, and F i g u r e  5.2-2 shows t h e  major d i s t r i b u t i o n  f a . c i l i t i e s .  Table  

5.2-1 l is ts  t h e  pumping s t a t i o n  c a p a c i t i e s .  Table  5.2-2 i s  t h e i r  1976 water  

r e p o r t ,  Table  5.2-3 i s  t h e  1976 power r e p o r t  and Table  5.2-4 is  t h e  summary 

of water  and power c o s t s .  F igure  5.2-3 shows t h e  1976 pump energy r a t e  i n  

kw-days through t h e  year .  F igure  5.2-4 shows power c o s t  h i s t o r y  f o r  t h e  two 

wa te r  systems under t h e i r  j u r i s d i c t i o n .  

Although ope ra t i on  of wtiac' i s  c a l l e d  chef r Elas L ~ L  Y y  sLe~ll (IG, 51 1 - -- - 

m i l l i o n  g a l l o n s  p e r  y e a r )  and t h e  Outs ide  Con t r ac t  System (13,770 m i l l i o n  

g a l l o n s  per  y e a r )  i s  under  t h e  same,nanagement group,  f i s c a l  j u r i s d i c t i o n  

i s ,  i n  some a s p e c t s ,  s epa ra t e .  

- The d a i l y  ope ra t i ng  pumps f o r  h n t h  systems a r e  a l l  e l e c t r i c a l .  

There a r e  some g a s . e n g i n e  pumps f o r  standby o p e r a t i o n  only.  It is  i n t e r e s t -  

i n g  t h a t  they have tunne led  under t h e  Con t inen ta l  Divide f o r  some of t h e i r  

wa te r  l i n e s ,  t h e  t o t a l  l eng th  of which is  1800 m i l e s .  They have a  4-stage 

l i f t  w i t h  some p u r i f i c a t i o n  done a t  each p l a t eau .  The h i g h e s t  l i f t  f o r  any 

g i v e n  l i n e  is 400 f e e t ,  whi le  t h e  average l i f t  f o r  the  t o t a l  system is  160 

f e e t .  

5.3 Water P i p e l i n e  Data Sources 

The d a t a  sou rces  k e d  i n  t h e  e s t i m a t i o n  of water  system energy 

consumption were t h o s e  presen ted  i n  t h e  preceding s e c t i o n s .  The n a t i o n a l .  

t o t a l  and u n i t  energy consumption w i l l  be es t imated  Irulu L I I ~  data i n  Section 

5.1 above. 



@ Crlpple Creek 

L E G E N D -  

-..-.. 
CONTINENTAL DIVIDE 

Z UNDER DEVELOPMENT ----- 
MUWARY SOUTH PLATTE WATERSHED 

-*-.- 
BOUNDARY EAGLE-COLORADO COLLECTION SYSTEM WERSHED (U.D 

MOFFAT TUNNEL (FRASER RIVER) COLLECTION SYSTEM WATERSHED DENVER BOARD ofx - ATER COMMISSIONER% 

RoeERTS TUNNEL COLLECT ION SYSTEM WATERSHED WATER SUPPLY SYSTEM 
ROBERTS TUNNEL CoLLEcncw SYSTEM WATERSHED (u. D.) - WILLIAMS FORK COLLECTION SYSTEM WATERSHED 

A 0 i t ~ i 8  S a l e  in Miles 

Source: Reference 2!? 



MAJOR DISTRIBUTION FACILITIES 
DENVER WATER DEPARTMENT LEGEND 

Ftr. Plt. - Filter Plant 
C.W.R. Clear Water Reservoir 

RS. - Pump Station 

-- - Major Conduits ----- ----- - Unconstructed Facilities 

herry Creek Res. 
(CORPS OF ENGINEERS) 

@ Colorado Blvd.-CS. 
@ Strmtia Spring& b i n  

@ Capitol Hill-RS.-CW?. @ Foothills-Ftr. P1t;C.W.R. 
@ Elizabeth St.-PS. @ Reuse Pilot Plant 
@ 56 th Av~.-RS.-W.R. @ Broomtield- PS.-CMR. 
@ Montclair-PS-W. 

Source: Reference 25 

Figure  5.2-2 - Major D i s t r i b u t i o n  F a c i l i t i e s  



Pump Station . -- 
ASHLAND (5406)  
5260 W. 29th Ave. 

Pump 
Number Make of  Pump hiake of  Motor  

Horse , 

Pov:er - 
Head 

I n  Feet 
Capacity 
I n  51.G.D. 

DeLaval 
Cameron 
Cameron 
Cameron 
Fairbanks Morse 
Fairbanks Morse 

. Total 

General Electric 
General Electric, 
Wertinghouir 
Westinghouse 
Fairbanks Morse . 
Fairbanks Morse 

BANCROFT (5495) 
1500 5. Pierce St. 

Fairbanks Morse 
Aurora 

Total 

Fairbanks Morse 
Lincoln 

BROADWAY (5525) 
6549 5. Broadway 

1 Peerless '. Elliot Electric 
2 Peerless Newman 

Total 

BROOMFIELD (5326) 
9265 Washington St. 

1 Patterson Ideal Electric 
2 . Patterson .Ideal Electric 
3 .  Patterson Ideal Electric 

Total 

CAPITOL HILL (5401) 
10)0 Elizabeth St. 

Whceler Economy 
Byron Jackson ' 

Cameron ' . 
Byron Jackson 
Byron Jackson 

Total 

General Electric 
General Electric 
General Elcctric 
Westinghousc 

. Westinghouse 

' CHERRY CREEK VILLACE (5550) 
4298 5. Tamarac Dr. 

Marathon Electric 
h i a r ~ t h o n  Electric 
Allis Chalmen 

Aurora 
Aurora 
Allis Chalmcrs ' 

Total 

General Electric 
Gen'eral Electric 
General Electric 
General Electrjc 
General Electric 
General Electric 

CHERRY HILLS (5350) 
15W Radclif! 4ve. . 

Worthington 
Worthington 
Worthington 
Wo:thington 
Worthington 
Worthineton 

Total ' 

' CLARKSON STREET'(%92) 
5300 S. Clarkson St. 

M A R  
hi A R 
M A R 
M A R  
M A R  
M A R  

Fairbanks Morse 
Fairbanks Morse 
Fairbanks Moise 
Fairbanks Mor5e 
Fairbanks Morse 
Fdirbanks htorse 

Total 

Fairbanks Morse 
Fairbanks Morse 
Fdirbanks Morse 
Fairbanks Morse 
Fairbanks Morse 
Fairbanks Morse 

' COLORADO BOULEVARD i5620) 
7595 5 rnlnr.dn Rlvrl 

Allis Chalmen 
Fairbanks hlorte 
Fairtanks Morse 
Fairbanks Morse 

Total 

Allis Chalmers 
FairbanL.s Morse 
Fairbanks Morse 
Fairbanks Morse 

unitedstates 
United Siates 

, DATURA (5430) 
5695 5. Daturd St. 

Fairbanks Morse 
Fairb~nks Morse 

Total 

Wheeler Economy 
Byron Jackson 
Oyron J~CL>UII 
Byron jackson 
Worthington ' 

Wherlor Fconomy 
TOIJ~ 

h i  A ' R  
M A R  

EINFELDT 15360) 
1900 S. University Blvd. 

General Electric 
General Electric 
G t . i l r~d l  Electric 
Westicghouie 
Electric Machinery 
G e n e r ~ l  Electric 

Source: Reference 25 

Tablc 5.2-1 - Denver Water Sy s Lelu - 
Pumping S t a t i o n  C a p a c i t i e s  , 



Pump 
Numb:; M a k e  o f  Punip - -- 

klu1w 
Power 

C.il)d~il v 
I n  M.C.D. 

Reliance 
Reliance 
Reliarice 
Reliance 
Reliance 

1 lngerroll- and' 
2 IngersoM-Rand 

3 .. Ing~rso l l -Rand 
4 Ingcrroll-Rar~i! 
5 Ingcrsoll-Rand 

Total 

1 Allis Ch~l rners  
2 Alli> Chalmers 
3 Allis Chalmcn 
4 Allis Ct~almerr 
5 Allis Chalmcn 

Toral 

IdcaI Elccrric 
Ideal Elccrric 
ldeal Electric 
ldeal Elccrric 
ldeal Electric 

1 Fairbanks h4one 
2 Peerl*:ss 
3 Pe+rlrs> 
4 P c c r l c ~ ~  
5 Peerless 

Tot21 

Fairbank, hlorse 
Marathon Electric 
Marathon Electric 
h4dralkon 6lectric 
Marathon Electric 

M A R  
M A R  
hi A R 
P4 4 4 
M A R  

r,t:f FN M O U N T A I N  (5837) 
1.';00 \V. Iswul l  Ave. 

1 Pdttcrson 
? Patlrrson 
7 Parrrrsnn . 
4 Pattcrron 

Tordl 

General Electric 
General Electric 
C~np r . i l  Flprrrir 
General Electric 

United States 
Uni ted Slates 
Cinircd State, 
United States 
ldeal Electric 
.Ideal Electric 
Ideal E iec t~ ic  

M A R  
M A R  
M A k  
M A R  
h4 A R 
hl A R 
M A R  

1 Fairt*anLs Morse 
2 Fairbank\ Morse 
3 Fairbanks Morse 
.) Fairbanks hlorse 
5 DeLaval 
6 DcLavdl 
7 DcLaval 

Total 

H!l LCKEST (5601) 
!Lo\v F'ressure) 

L?31 S. Happy Canyon kd. 

1 :. Allic r h a l m ~ r c  , 

2 Allis C h ~ l m e r s  
3 - Delaval 
4 DeLaval 
5 I )c laval 
6 bVol rhington 
7 Worthington 

Total, 

Al l i \  Cha l rn~ r \  
Allis C h ~ h e r S  
Llertr l r  M a c h ~ n e ~ y  
Elccrric Machinery 
Electric Machinery 
lairbanhs h4orsr 
Fairhank\ M n r w  

M A R  
M A R  
M R 
M R 
h4 R 
hl R 
bl R 

HILLCREST (sma 
(High Presrurc) 

4200 5. blappy C ~ n y r i n  RJ. 

8 American M m h  
9 Uelaval 
10 DcLaval 
11 DeLar.~l 
12 DrLa\.aI 
13 Pattefion 

T l ~ l p l  

We>tinghou>e 
t l e c l r ~ c  M s r t l ~ R e i y  
Electric Machinery 
Llectric Machinery 
Elcctr~c h lach~nery  
ldeal Flrcrric 

M A R  
ki A K 
M R 
M R 
M R 
M W 

Fairbanks Morse 
Allir i h ~ l r n e r ;  
Idv.11 t lectr ic 
f airbanhl Morse 

M A R  
kl A R 
M A R  ' 

A R 

11 I IAK  STREET (5452) 
2570 5. Julian 5:. 

1 Fairbdnks Morse 
2 A l l l j  C h i l 6 e i $  
3 Whrc l c r  I c o n o n ~ y  
4 Fairbarlks Morse 

ioral  . 

hl -9 R 
M A R  
hl A R 
h! A R 
h: A R 

Source: Reference 25 

Table 5.2-1 - continued (Sheet 2 )  



Horse 
Power - 

Head 
I n  Feet - 

Capacity 
I n  M.G.D. 

M e t h o d  of 
Operat ion Pump Station hqake of Pump Make  of hlotor 

KENDRICK (5615) 
(Low Pressure) 

9380 \\. Jewell Ave, 

Patterson Ideal Electric 
DeLaval General Electric 
Worthington General Electric 
Wort l~ingcon General Flectric 
Worthington General Electric 

Total 

M R 
hi A R 
M A R  
M A R  
M A R  

KENDRICK'(5615) . . 
(High Pressure) 

9380 W. Jewell Ave. 

Worthington Electric Machinery 
Worthington Electric Machinery 
Patterson Ideal Electric 
DeLaval . Ideal Electric 
Patterson Ideal Electric 

Total 

M A R  
M A . R  
M R 
M A 
M R 

American United States 
Pacific Ideal Electric 
Pacific Ideal Electric 
Allis Chalmen Allis Chalmen 

Total 

LARERIDCE (5520) 
2700 5. Raleigh St. 

M A R  
M A R  
M A R  
M A R  

Worthington Marathon Electric 
Worthington Marathon Electric 

Total 

M A R  
M A R 

LAMAR (5443) 
6301 W. Yale Ave. 

Peerless Marathon Electric 
Peerless Marathon Electric 

Total 

LEE GULCH.(5510) 
7615 5. Broadway 

Worthington General Electric 
Worthington General Electric 
Worthington General Electric 
Worthington General Electric 
Worthington General Electric 

Total 

.MAP.STOS (5485) 
(Low Pressure) 

5700 W. Quincy Ave. 

N,ARSTON (5485) 
(High Pressure) 

57Rl M'. Quincy Ave. 

Fairbanks Morse Fairbanks Morse 
Patterson Ideal Electric 
Patterson Ideal Electric 
Patrerson Ideal klrctric. 
Pattcnon Ideal Electric 

Total 

MEXICO AVENUE (5428) 
4740 Mexico Ave. 

Peerless Marathon Clecrric 
Peerless Marathon Electric 
Peerless Marathon Electric 
Wheeler Economy Marathon Electric 
Wheeler Economy Marathon Electric 

Total 

M A .R 
M A R  
M A R  
M A R  
M A R  

' M O S 4 C O  (5546) 
3490 5. hlonaco St. 

, Peerless United States 

MOSTCLAIR (5376) 
1105 Q u e b ~ c  St. ' .' . 

Fairbanks Morse Gcneral Electric 
Byron Jackson General Eiectric 
Warner'Goillds Electric Ma'chinery 
Worthi'ngton Elec~ric Mdchinery 

Total 

SOUTHIIEST METRO NO.  2(5594) 
8 T 5  \V. C o d  M ine  Rd. 

Hightrust Vertical 
Pdirbar~k, Morse Palrbanks Morse 

Total 

M A R 
M A R  

Source: Reference 25 

. , 
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Pump 
Number 

2 
3 

1 
3 

4 

1 
2 
3 
4 

2 
3 
4 
5 
6 
7 

Fairbanks Morse 
Fairbanks Morse 

. Total 

worrhlngrorr 
Arnuricarr 
Faicb,nCs Mnrw 

Total 

Worthington 
Worthingron 
Pacific 
Fairbanks Morse 

Total 

Allis Chalmen 
Fairbanks Morse 
Fairbanks Morse 
Fairbanks Morse 
Worthingron 
Fairbanks Morse 

Total 

T o t a l  C lea r  W a t e r  Pumped, 1976: 

50,713,670,000 G a l l o n s  

Total C o n s u m p t i o n ,  1976: 

68,430,620,000 Gal lo r ls  

Make of Moror  

Fairbanks Morse 
Fairbanks Morse 

Cc1itutg 
I l ~ ~ i l r ~ l  5litlt.i 
Fairhankr Morse 

Westinghouse 
Westinghouse 
Delco Electric 
Fairbanks hlorse 

General Electric 
Fairbanks Murw 
Fairbanks Morse 
Fairbanks Morse 
Howell Electric 
Robb~ns 

Horse 
Power - 

' 10 
10 - 
20 

30 
so 
100 
iB6 

25 
25 
60 
60 - 

170 

30 
125 
60 
60 

125 
125 - 
525 

- 
56,710 

.. , 

Head 
In  Feel - 

76 
76 

1 711 
1711 
130 

68 
68 
93 
93 

170 
170 
170 
170 
170 
170 

Cayjdtily 
in M.C.D. 

Method of 
Operation 

M A R  
M A R  
M A K  

M A R  
hi A R 
M A R  
M A- R 

M A R  
M A R  
M A R  
M A R  
M A R  
M A R  

P u m p a g e  by L ~ f t s ,  1976: 

First ~ i f t  37,310,340,000 G a l l o n s  

second ~ i f t  8 , 8 3 5 , b t l 0 . ~ ~  Ld116n5 

f hird Lift 4,453,350,000 G a l l o n s  

,Fourth L i f t  li4.300.000 C;allons 

S o u r c e :  Reference 25 
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Annual Water Repor t  

P e r c e n t  F i l t e r e d  

Moffat  M. G. F i l t e r e d  16,328.53 M. G. D a i l y  44.74 23.81 
Mars ton M. G.  F i l t e r e d  44 405.49 M..G. D a i l y  121.65 64.77 
K a s s l e r  M. G.  F i l t e r e d  1,833.65' M. G. D a i l y  21.46 ' : 11.42 

T o t a l  F i l t e r e d  68,567.67 T o t a l  D a i l y  187.85 T o t a l  % 100.00 
Mas te r  C o n t r a c t  T o t a l  Pumpage 36,511.48 M. G.  
O u t s i d e  C o n t r a c t  Total .  Pumpage 13,769.78 M.G. 
Grant  T o t a l ,  Both Pumpage C o n t r a c t s  f o r  t h e  Year 50,281.26 M .  G. 
P e r c e n t  of F i r s t  L i f t  Pumped '53.94% M. G. Pumped 36,982 98 
P e r c e n t  of Second ~ i f t  Pumped 12.92% M. G.  Pumped 8,861.49 
P e r c e n t  of T h i r d  L i f t  Pumped 06 .38% M. G. Pumped 4,376.29 
P e r c e n t  of F o u r t h  L i f t  Pumped 00.08% M. G. Pumped 60.50 

T o t a l  M. G .  Pumped 50,281.26 

Average M. G. Pumped P e r  Day During 1975 128.64 
Average M. G. Pumped P e r  Day During 1976 137.76 

Source: Refe rence  25 
. , 

T a b l e  5.2-2.- 1976 Water R e p o r t ,  Denver Water System 

Annual Power Repor t  

Master C o n t r a c t  ~ n n u a l  Charge 602 611 ..:- 72 Cost  P e r  KWH 0.0180217 T o t a l  KWH Used 33,438,1114. 
O u t s i d e  C o n t r a c t  Annual Charge 400,795.04 Cost P e r  KWH 0.0234905 T o t a l  KWH Used 17,061,941 
Cost  of e l e c t r i c  & Gas (Smal l  B i l l s )  of V a u l t s  & S t a t i o n s  45,591.38 T o t a l  
Peak Occurred M a j o r i t y  of peaks  o c c u r r e d  between 1 5 t h  & 3 0 t h  of each  month. 
T o t a l  Annual E x p e d i t u r e s  A l l o c a t e d  f o r  Power, E l e c t r i c  and Gas $1,048,998.14 
PDP-8 Logger i n  O p e r a t i o n  Days; Off Days 
PDP-11/45 ILL O p e r a t i o n  3 60 Days; o f f  5 Days 

Source: R e f e r e n c e  25 

T a b l e  5.2-3 - 1916 Pnwer Repor t ,  n ~ n v ~ r  Water System 



S W Y  OF WATER AN0 P M R  COSTS - 1976 

Total Consuuption - - - 68.430.62 M.6. 

Total Water Produced - - 68.567.67 M.6. 

FILTER PM 'PRMUCTION 

Ha6. n A l l  Y.  A y m E  Z OF 

Totals: 68.567.67 181.85 100.001 

Total nater praged: 50.281.26 

Raster contract t o t a l  punpage ------ 36.511.48 
Outside contract t o t a l  puapage ----- 13.769.78 
Percent puanped. t o  t o ta l  consunption -- 73.471 

Purprge by l i f t :  1 PWPEO OF COST 
M.6. TOTAL PROWCEO - PER LIFT 

F i r s t  
Second 
Third 
Fourth 

+tm Sewer . r o a r  Consuaerl other Sources 
h a l l  9111~. E l e c t .  L 6as 

Total : 

hwcr  bncmod  Othr hurccs  ( M L ~ C P    on tract) : 

a. 1200 ShblROnt! 
b. 16W W. 12th (Meters) 
0.  ~ A S S ! Q ~  FlltcrS 
d. Hal-ston Lake (FI l t e r )  
a. Watertm Punq 
f. l l o f f a t  

m R  - 
Master Contract KNH Consumed 31,438,104 
Outsidr Cclnrract KWH Consm.  17,061.941 

Total Consumed: 5 K.U.11;  
Master Contract Total Cost $ 6 ~ : ~ ~ ~ ~ ~  
Outside Cnntract Total Cost S 400,195.04 

Cust nf c l u t r l ~ l t ~  and 98s (-11 b i l l s  for vaults and stat ions) 
amunted to: $ 45.591.30 

Total cost a l l  b i l l s :  1976 S 1,048.998.14 

Source: Reference 25 

Table 5.2-4 - Power Cost H i s to ry  



Source :  R e f e r e n c e  2 5  

F i g u r e  5 .2 -3  - Denver Water Sys tem - 1976  Power Consumption K i l o w a t t - d a y s  



. -  , 

Figure 5.2-4 - Denver Water System - Power Cost History 



5.4 .Energy  E s t i m a t e s  f o r  Water Supply Systems 

I n  t h i s  s t u d y ,  a n  energy i n t e n s i t y  i n  k i l o w a t t - h o u r s  p e r  g a l l o n  

p e r  f o o t  of head w i l l  be e s t i m a t e d .  From t h i s ,  a n  e s t i m a t e  of t o t a l  energy 

consumption i n  k i l o w a t t - h o u r s  can be  d e r i v e d .  Th is  approach i s  n e c e s s i t a t e d  

by t h e  f a c t  t h a t  i n  w a t e r  d i s t r i b u t i o n  sys tems ,  u n l i k e  pe t ro leum p i p e l i n e s ,  

t h e  f l u i d  is n o t  pumped through from s o u r c e  t o .  d e s t i n a t i o n .  Ins tead ,  t h e  

w a t e r  i s  pumped up t o  a  h i g h - l e v e l  s t o r a g e  t a n k ,  from which i t  f lows  by 

g r a v i t y  through t h e  d i s t r i b u t i o n  l i n e s  to .consumers .  S i n c e  a l l  t h e  energy 

i s  i n p u t  t o  t h e  sys tem a s  work t o  r a i s e  t h e  w a t e r  t o  t h e  s t o r a g e  r e s e r v o i r s ,  

t h e  energy i n t e n s i t y  f o r  w a t e r  sys tems i s  d e f i n e d  a s  energy p e r  u n i t  of mass 

p e r  u n i t  of l i f t .  When c a l c u l a t i n g  t h e  E I ,  head which is  d i s s i p a t e d  i n  t h e  

l i f t  p i p e  and t h e  unrecovered dynamic head must of c o u r s e  be  inc luded .  

5.4.1 Energy I n t e n s i t y  of Water Supply Systems 

For w a t e r  d i s t r i b u t i o n  sys tems ,  t h e  energy i n t e n s i t y  ( I  ) j u s t  
E 

d e f i n e d  i s  c a l c u l a t e d  by t h e  formula  

IE = Power (Kw) 
-Flow (1000 gpm) x Head (100 f t )  

. - - 10-5 KW-Min 
Gal-Ft 

For 1000 g a l l o n s  p e r  minu te  of w a t e r  a t  8.328 l b l g a l  pumped 

a g a i n s t  a t o t a l  of 100 f t ,  t h e  power i n t o  t h e  water is 

it P = 1000 Gal x 8.328 - x 100 f t .  x - 1 - BLu 
w Min G a  1 778 ~ t #  



A t  a  wire-to-water e f f i c i e n c y  of 67%, t h e  power i n t o  t h e  motor i s  

And a t  a  22% e f f i c i e n c y  f o r  t h e  genera t ing  and t ransmiss ion  system, the  

power i n t o  t h e  b o i l e r  a t  t h e  genera t ing  s t a t i o n  is 

Thus, the e n e r g y . i n t e n s i t y  a t  t he  b o i l e r ,  f o r  t h e  e l e v a t i o n  head a lone ,  

i. o 

I (l,ift.) = 127.7 Kw-Mi n 
' E 1 0 5 ~ a l - F  t 

Refe r r ing  aga in  t o  Table 5.1-9 a t o t a l  puwer  requirement of 

about  46 Kw i s  i n d i c a t e d  a t  t h e  pump e f f i c i e n c y  of 67% which was used above. 

This  would i n d i c a t e  t h a t  i n  gene ra l  the  v e l o c i t y  head and f r i c t i o n  head 

t o g e t h e r  a r e  about  equal  t o  the  e l e v a t i o n  head. In spec t ion  of Table 5.1-10 

shows t h a t  v e l o c i t y  head i s  gene ra l ly  small, l e s s  than  two f e e t  f o r  r y p i c a l  

v e l o c i t i e s .  The f r i c t i o n  head is s e v e r a l  f e e t  per  hundred f e e t ,  so  t h a t  i t  

i s  easy t o  s e e  why t h e  va lues  i n  Table 5.1-9 should be  reasonable.  The 

t o t a l  i n c e n s i t y .  tl~en i s  

- - =  Kw-Min 
*E - 46 209.09 

0.22 10 Gal -Ft 

T t  is interest i rq t o  compare t h i s  w i th  t h e  Denver experience. 

That system was seen  i n  Table 5.2-3 above t o  consume 50,500,045 (33,438,104 

p l u s  17,061,941) kw-hr t o  move a  throughput of (Table 5.2-2) 50,281.26 

m i l l i o n  ga l lons .  The energy i n t e n s i t y  is 



a t  t h e  motor,,  o r  

37.66 - = 171 Kw-Min 

0.22 
5 .  10 Gal-Ft 

a t  t h e  b o i l e r .  

5.4.2 Energy Consumption i n  Water Supply Systems 

R e f e r r i n g  a g a i n  t o  Tab le  5.1-1 above,  i t  i s  s e e n  t h a t  i n  1974 

t h e  i n d u s t r y  s e r v e d  approximately  180 m i l l i o n  p e o p l e ,  consuming 150 gpd p e r  
9 c a p i t a ,  o r  27 x  10 gpd. Also i n  t h a t  t a b l e ,  and i n  T a b l e  5.1-2, i t  was 

s e e n  t h a t  abou t  20% of t h e  s u p p l i e s  a r e  t a k e n  from ground w a t e r ,  i.e., 

w e l l s .  Also,  from Table  5.1-8, a n  average  w e l l  dep th  of 153 f e e t  was 

c a l c u l a t e d .  There  is no d a t a  a v a i l a b l e  on a v e r a g e  l i f t  from t h e  s u r f a c e ,  

b u t  i f  t h e  160 f e e t  average  a t  Denver i s  t y p i c a l ,  t h e n  t h e  energy consump- 

t i o n ,  a t  t h e  g e n e r a t i n g  s t a t i o n  b o i l e r  i s  

1 Day 209.1 Kw-Min E = 27 x  10' x- 
Day 1 4 4 0 M i n  lo5 ~ a l - F t  

x (0.2 x  153 + 160) f t  x 8760 
Y r  

= 6.54 x  101° Kw-hr = 0.233 Quad 
Y r  

I f  t h e  Denver e x p e r i e n c e  (I  = 171) i s  t y p i c a l ,  then  
E 

The a v e r a g e  would app.ear t o  be  n e a r  0.2 Quad. 

Two comments a r e  i n  o rder .  



F i r s t ,  i f  t h e  0.2 Quad i s  a t  a l l  a c c u r a t e ,  i t  is somewhat sur -  

p r i s i n g ,  i n  t h a t  i t  is  s e v e r a l  t i m e s  l a r g e r  t han  t h e  e s t i m a t e s  ' f o r  t h e  o t h e r  

l i q u i d  p i p e l i n e s .  It t h e r e f o r e  merits f u r t h e r  s c r u t i n y .  

Second, t h e  p r i n c i p a l  u n c e r t a i n t y  i n  t h e  methodology is c l e a r l y  

i n  t h e  e s t i m a t e  of average  l i f t .  I n  t h e  above examples, t h e  p r i n c i p a l  

q u e s t i o n s  i nvo lve  t h e  r e p r e s e n t a t i v e n e s s  of t h e  I l l i n o i s  Water Survey, Table  

5.1-9, which is t h e  b a s i s  of t h e  E I  of 209.9, and of t h e  Denver l i f t  of 160 

f e e t .  Chile it might be  expected.  t h a c  t h e  per -cap i ta  consumption might no t  

v a r y  wide ly ,  pe rhaps ' by  a  f a c t o r  of two o r  t h r e e  a c r o s s  t h e  popula t ion  of 

sys tems ,  i t  is  easy  t o  see how t h e  average  l i f t  could vary  by a  f a c t o r  of 

t en .  C l e a r l y ,  re f inement  of t h e  e s t i m a t e  merits f u r t h e r  r e sea rch  regard ing  

t h e s e  two f a c t o r s ,  t h e  ave rage  l i f t  being p a r t i c u l a r l y  important .  

5.4.3 F i r s t -o rde r -Re f inemen t  of t h e  Es t imate  

s t i m u l a t e d  by t h e  cons idk ra t i ons  j u s t  d i s cus sed ,  J, S. Moore 

(Ref. 26) of Muel ler  Assoc i a t e s  ob ta ined  informat ion  about  t h e  Bal t imore,  

Washington, D. C. and New ~ o r k  C i ty  systems,  and found t h e  pe r - cap i t a  

consumption f o r  t h o s e  systems t o  be approximately 140, 150, and 200 gpd 

r e s p e c t i v e l y .  The geomet r ic  mean of t h e s e  va lues  i s  143 gpd, q u i t e  c l o s e  t o  

t h e  v a l u e  of 150 i n  Tab le  5.1-1. 

Moore a l s o  found,  somewhat s u r p r i s i n g l y ,  t h a t  only 43, 73, and 

10 p e r c e n t  r e s p e c t i v e l y  of t h o s e  systems water  s u p p l i e s  were pumped. That 

i s ,  N e w  York appa ren t ly  o b t a i n s  90% of i t s  water  by g r a v i t y .  Thus, i t  

appea r s  u n l i k e l y  t h a t  t h e  average  l i f t  f o r  any of t h e s e  t h r e e  systems even 

approaches t he  160 f e e t  of t h e  Denver syscen. Since more s p e c i l i c  iafor~na- 

t i o n  is no t  a v a i l a b l e  f o r  t h e s e  systems,  i f  they a r e  t o  be 11sefu1 i n  develop- 

i n g  n a t i o n a l  e s t i m a t e s ,  ano the r  approach must be taken.  

'The pe r - cap i t a  energy consumptions f o r  t h e  Bal t imore and Washing- 

t o n  systems were' found by Moore t o  be  18.89 and 7.64 Kw-Hr i n  1976. By 

c o n t r a s t ,  t h e  1976 pe r - cap i t a  energy consumption of t h e  Denver system is  

approximately 48 Kw-Hr. Ex t r apo la t i ng  from t h e  18U m i l l i o n  popula t ion  



e s t i m a t e d  t o  be  s e r v e d  i n  1974 (Tab le  5.1-1) t o  1976 a t  t h e  same growth r a t e  

as t h a t  s e e n  i n  t h e  s t a n d a r d  m e t r o p o l i t a n  areas o v e r  t h e  p reced ing  two y e a r s  

( S t a t i s t i c a l ' A b s t r a c t  of t h e  U. S., 1976, T a b l e  1 8 ) ,  y i e l d s  183.3 m i l l i o n  ' 

f o r  t h e  1976 p o p u l a t i o n  se rved .  Taking t h e  g e o m e t r i c  mean of t h e  t h r e e  

p e r - c a p i t a  energy f i g u r e s  above and m u l t i p l y i n g  by t h e  p o p u l a t i o n  s e r v e d  

y i e l d s  1.193 x 1013 Kw-Hr consumed a t  t h e  pump-motor j u n c t i o n  boxes. As 

b e f o r e ,  d i v i d i n g  by 0.22 f o r  t h e  e f f i c i e n c y  of t h e  e l e c t r i c a l  g e n e r a t i o n  and 

t r a n s m i s s i o n  sys tem y i e l d s  5.42 x 1013 as t h e  e s t i m a t e  f o r  t h e  t o t a l  energy 

c o n s u ~ ~ t i o n .  The rounded, s ing le - f  i g u r e  e s t i m a t e  of 0.05 Quad is  sugges ted .  

5.5 Energy Consumption i n  Waste-water Systems 

. . Some r e c e n t  energy e x p e r i e n c e  of the '  San Diego sewage sys tem i s  

summarized i n  T a b l e  5.5-1. Th is  is t h e  pump s t a t i o n  th rough  which al l .  t h e  

m e t r o p o l i t a n  sewage is pumped t o  t h e  t r e a t m e n t  p lan t . ,  from which i t  i s  

d i s c h a r g e d  s e v e r a l  thousand f e e t  o u t  i n t o  t h e  ocean bottom. There  are some 

70 o t h e r  pump s t a t i o n s  ii t h e  San Diego system,  many of them v e r y  . t i n y .  The 

power c o ~ s u m p t i o n  and c o s t  d a t a  f o r  a l l  t h e s e  pl 'ants  e x i s t s ,  b u t  h a s  n o t  

been reduced o r  analyzed.  The power f o r  a l l  o t h e r  s t a t i o n s  combined i s  

b e l i e v e d  t o  b e  n o t  more t h a n  two- th i rds  t h a t  f o r  s t a t i o n  2. 

T a b l e  5.5-2 shows a t a b u l a t i o n  of t h e  sewage p ' l an t s  i n  1962. 

Taking t h e  1962 p o p u l a t i o n  s e r v e d  of 118,371,919 from t h a t  t a b l e ,  r a t i o i n g '  

up i n  p r o p o r t i o n  t o  g e n e r a l  p o p u l a t i o n  growth t o  1976, and app ly ing  t h e  San 

Diego p e r - c a p i t a  energy consumption y i e l d s  an  e s t i m a t e  f o r  t h e  energy con- 

sumption of 0.017 Quad. 

No d e f e n s e  of a s i n g l e - p o i n t  e s t i m a t e  such  a t  t h i s  i s  o f f e r e d .  

I t  is s imply t h e  f i r s t  s t e p  i n  what cou ld  b e ,  i f  they  w e r e  needed, a series 

of s u c c e s s i v e  re f inements .  I f  i n . t h e  f u t u r e ,  such  r e f i n e m e n t s  a r e  d e s i r e d ,  

t h e  methodology f o r  t h e  n e c e s s a r y  r e s e a r c h  is  now c l e a r .  However, due t o  

t h e  . smal l  p o r t i o n  of U. S. and p i p e l i n e  s e c t o r  energy consumption f e p r e s e n t -  

ed  by t h i s  v a l u e  no f u r t h e r  re f inement  was a t t e m p t e d  i n  t h i s  s t u d y .  



Table  5.5-1 

C i ty  of San Diego Sewage Pump S t a t i o n  No. 2 

Throughput, mgpd 111.457 112.155 119.931 

Energy, Kw-hr x 10 3 29,557 30,504 31,176 

Energy Cos t ,  $ 676,468 964,597 1,120,611 

Unit  Energy Cost ;  

$/Kw-hr 0.02289 0.03162 0.03594 

t 

FY i s  J u l y  through June  



STATES 

Total Separate Combined Both ... Not stated 

P o p u l ~  Populb Popula- Popula . Popul8- 
Num- tion Num- tion Num- tion Num- tion Num- tion 
b e r '  sewed ber served bsr served ber sewed ber oened 

. . . . . . .  Alabama 
Alaka . . . . . . .  
Arizona . . . . . . .  
Arkansea . . . . . .  
California . . . . . .  
Colorado . . . . . .  
Connecticut . . . .  
Delaware . . . . . .  
District of Columbia 
Florida . . . . . . .  

. . . . . . .  Georgia 
Hawaii . . . . . . .  
Idaho . . . . . . . .  
Illinois . . . . . . .  
Indiana . . . . . . .  
Iowa . . . . . . . .  
Kansm . . . . . . .  
Kentucky . . . . . .  

. . . . . .  Louisiana 
Maine . . . . . . . .  
Maryland . . . . . .  
Massachusem . . .  
Michigan . . . . . .  
Minnesota . . . . .  
Mississippi . . . . .  
Missouri . . . . . .  466 2.643. 725 41 1 7.065. 225 6 44.945 24 1.411. 960 25 121. 595 

......................... Montana . . . . . .  114 385.220 103 299. 680 4 19.600 7 65.940 
Nebraska . . . . . .  300 802. 230 275 517. 470 13 26. 790 6 245. 150 6 12. 820 
Nwada . . . . . . .  37 314. 030 33 233.430 4 80.600 .................................................... 
New Hampshire . . 78 283.460 19 45.660 29 91. 350 27 1003 00 3 2.250 

New Jerwy . . . . .  210 4.504. 015 169 2.314. 640 . 9 366. 375 5 1.311. 185 27 311.815 
................................ ........ ................ . ......... New Mexico . . . .  76 599. 821 76 599. 821 ., , ..,,... 

. NewYork . . . . .  548 13.443. 148 389 2.709. 148 53 519.525 87 10.192. 945 19 21. 530 
........................... Norm Carolina . . .  359 1.751. 365 355 1.742. 940 1 1.020 3 7.405 

............................. North Dskors . . .  185 321. 175 127 1189 30 48. .196. 855 10 6. 390 

Ohio . . . . . . . . .  441 6.776. 295 241 1.856.930 117 1.735. 680 59 3.110. 420 24 73.265 
Oklahoma . . . . .  284 1.452.524 279 1.438. 724 ................................................ .. .... 5 13.800 

......... Oregon . . . . . . .  165 927. 080 1 1  270. 110 ' 37 610. 280 6 46.1 00 3.590 
Pennsylvania . . . .  682 9.559. 417 439 2.687.262 137 707. 915 95 6.144.115 11 20.125 

............................................................ Pueno Rico . . . .  69 121.634 69 121. 634 ., .....-......... 
. Rhode Island . . . .  22 561. 975 18 174. 385 .........,..,......,.... 3 386. 470 1 1. 120 

South Caroline ... 221 927.1 14 221 927. 114 ................................................................................ 
..... .................. South Dakota . . .  181 378.257 154 343. 162 20 15. 925 7 19.1 70 , 

T c n n e w  . . . . . . .  139 1.478. 443 126 1.1223 68 5 195. 125 2 142.100 2 18. 950 
Texas . . . . . . . . .  832 6.602.147 826 6.486. 007 1 55. 000 3 58. 100 . 2 3.040 

Utah . . . . . . . .  79 695.635 75 695. 635 ...................................................... .- ...................... 
Vermont . . . . . .  52 186.157 8 8. 390 7 8. 555 36 165. 812 1 3.4'30 
Virginia . . . . . . .  211 1.866241 202 1.481. 817 1 180. 000 5 181. 050 23 23. 374 

. Washington . . . . .  230 1.628.330 133 373.650 46 825. 505 15 302.030 36 127.145 
West Virginia . . . .  176 726. 181 98 168. 460 48 425.471 19 87.970 1 1  00.28O 

Wisconsin . . . . . .  392 2.668.315 . 306 712.268 . ..M 1.316. 600 51 640. 147 1 . 
Wyoming . . . . . .  7 1 222. 275 68 221.155 ........................ , ............................ 3 1.120 

Total . . . .  11.655 118.371. 919 9. 462 57.309.049 1309 26.964. 066 647 33.836. 027 337 1262.7'8 

Source:  Refe rence  23 

Table  5.5-2 . Munic ipa l  Sewage Treatment  P l a n t s  i n  t h e  
Uni ted  S t a t e s  



Treated Untreated Minor Primay Intermediate 

Pap.ul+ Popul& Popule Popula- Popule 
N u m .  . tisn N u m  tion  NU^ tion N u m  tion Num- tion 
bar served ber served bar senred ber sewed . . ber sewed 

+ ......................... ........................... 1.231. 420 72 263.623 69 71 1. 560 
....... 1 ' 16.000 20 51.620 ........................... 1 10. 000 ......................... 

69 684. 699 5 25.950 ........................... 17 35.274 ......................... ......................... ........................... 137 618. 475 24 174.200 73 173.155 
484 11.399. 057 22 59. 435 1 4. 000 102 7.769. 699 4 384.880 

........................... la9 1.397.736 27 23. 370 33 52.205 . 1 550.000 
82 1.438.816 9 52.840 2 8. 000 47 1.091. 093 2 113.400 ......................... ........................... 13 262.9 78 3 4 2  63 1 1  259.022 
1 1.323.470 ........................................... ; ............................................................... 

328 2.106. 749 18 63. 765 3 .68. 000 81 836. 155 2 39. 760 

........................... 139 1.722.370 77 546.122 112 346.015 1 584. 155 
17 60. 091 10 302.075 ........................... 8 26. 320 ................. ; ....... 
64 . 261. 039 27 41. 960 1 . 460 37 143.000 ......................... 
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..... .................. 372 1.302.430. 66 274. 370: ... 32 221. 406 1 4. 600 ........................... ..... ........ 322 l.L(l2.440 '13 155.810 ......., , i. 19 143. 300 ......... l i 2  1.159.600 oY 163. 955 ..........,.,.. 30 630. 870 3 181.?65 ......................... 127 827.060 34 la73. 615 ............................... 1 1  212.89$ 
. ................... . 17 43.9 95 92 435. 458 .....,.. 14 28. 795 ......................... 

Seeonday 
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Source: Reference 23 

. . 
Table 5 . 5 - 2  . Continued (Sheet 2) 



Report HCP/M-1171-4 of t h i s  series (See Table  1.1-1 above) 

con ta in s  a  t e c h n i c a l  d i s cus s ion  of' s l u r r y  p i p e l i n e s ,  and a  d e s c r i p t i o n  of 

t h e  only ope ra t i ng  U.S. l i n e  f o r  long-dis tance t r a n s p o r t ,  t h e  Black Mesa 

l i n e .  , Reference 5 d i s c u s s e s  t h e  econorjics and p o l i t i c s  of s l u r r y  p i p e l i n e s  

i n  depth. Theref o r e ,  no p r o f i l e  is pr ,esented here .  , . :  

I n  analyzing energy consumption i n  t h e  Black Mesa p i p e l i n e ,  i t  

is  necessary t o  cons ider  t h e  t h r e e  d i s t i n c t  opera t ions :  
- 

(1)  The e x t r a c t i o n  of t h e  water  from t h e  ground and d e l i v e r y  t o  
t h e  p i p e l i n e  head. These ope ra t i ons  a r e  conducted by t h e  
Peabody Coal Company. 

(2) S l u r r i f i c a t i o n  and t r a n s p o r t a t i o n  of t h e  coa l .  These 
ope ra t i ons  a r e  conducted by t h e  Black Mesa P i p e l i n e ,  
Incorpora ted .  

. . 
(3) D e s l u r r i f i c a t i o n  and consGmption of t h e  ' coa l .  ~ h e s k '  

operations a r e ,  conducted by t h e  Southern. 'Cal i f  o r n i a  Edison 
. Company. . ,  . . .  

6.1 Energy i n  S l u r r y  Water 

The water  f o r  t h e  Black Mesa p i p e l i n e  is taken  from w e l l s  near  

t h e  head of t h e  l i n e .  The depth of t he  l i f t  v a r i e s  between 2000 and 2200 

f e e t .  Taking 2100 f e e t  a s  an average,  and al lowing another  200 f e e t  f o r  

f r i c t i o n  and v e l o c i t y  b r ings  t h e  t o t a l  head t o  about .2300 feet:.'' 

The p ropor t i on  of (bone-dry) c o a l  t o  water  i s  48 t o  52 .(Ref. 3) .  

The mois ture  conten t  o f  t h e  coal.. i s  s p e c i f i e d ' b y  c o n t r a c t  a t  10.74%, and t h e  

conten t  of t h e  'as-mined c o a l  averages very  c ' lose t o  c h i s  f i g u r e .  Thus, a ton 

. . . , of c o n t r a c t  c o a l ~ c o n t a i n s ~  



l b  of d ry  coa l .  The s l u r r y  p r o p o r t i o n s  vary  s l i g h t l y  from day t o  day., b u t  

ave rage  about  48% dry  c o a l  t o  52% water .  ~ h u s ,  a  t o n  of c o n t r a c t  c o a l  

e n t e r i n g  t h e  s l u r r i f  ier  emerges a s  

l b  of s l u r r y ,  of which 2000 l b  i s  the  o r i g i n a l  c o n t r a c t  c o a l  and 1719 l b  i s  

wa te r  which must be  added t o  form t h e  s l u r r y .  

Taking a s  b e f o r e  64% f o r  motor-pump e f f i c i e n c y . a n d  22% f o r  t h e  

e l e c t r i c  g r i d ,  t h e  energy.  investment  i n  t h e  water  pe r  t o n  of c o a l  is ' 

' 

a t  t h e  power p l a n t  b o i l e r .  

6.2 Energy i n  P i p e l i n e  Opera t ion  

The Black Mesa p i p e l i n e  ope ra t i on  r e q u i r e s  22 Kw-hr per  t on  of 

c o a l  a t  t h e  s t a t i o n  meter (Ref. 3 ) .  Agafrl (Sec.  4.4-1) al lowing 22% e f f i - -  

c iency  f o r  t h e  e l e c t r i c  g r i d  y i e l d s  

of c o a l  t r a n s p o r t e d ,  a t  t h e  power p l a n t  b o i l e r .  

6.3 ,E.neer&y_- i n  D e s l u r r i f i c a t i o n  

l l e s l u r r i f i c a t i o n  energy must be  very  c a r e f u l l y  c a l c u l a t e d .  There a r e  

many o p e r a t i o n s  involved ,  a s  can be s een  from Table  6.3-1. Sone of t h e s e  

o p e r a t i o n s  would be  r equ i r ed  wi th  d ry  c o a l ,  though t o  a  d i f f e r e n t  degree.  



Table 6.3-1  

Active storage 

Booster pumps to active storage 

Agitators 

Slurry transfer pumps. 

Water pump to primary treatment 

Water pump to evaporation pond 

' Boiler fuel preparation 

Centrifuges 

Pulverizer rni.11~ 

Steam cycle efficiency loss, 32% moisture 10.74% 

Clariflocculator agitators 

Under£low pump 

Underflow injection pump 

Reslurry from inactive storage 

Conveyor motors 

Vibrator motors 

Reslurry pump, primary 

Reslurry pump, final 

Source: Reference 27 



The Southern C a l i f o r n i a  Edison eng inee r s  have c a l c u l a t e d  t h a t  t h e  energy 

consumed i n  d e s l u r r i f i c a t i o n  is about  63,000 B tu l ton  of coal .  This  energy 

i s  e l e c t r i c a l  power t o  t h e  motors which d r i v e  t h e  equipment. The energy 

which must be i npu t  t o  t h e  b o i l e r  t o  supply t h i s  power i s ,  f o r  a  s t a t i o n  

h e a t  r a t e  of 11,100 Btu/Kw h r  (Ref. 27) ,  

A d d i t i o n a l l y ,  t h e  steam c y c l e  e f f i c i e n c y  s u f f e r s  under t h e  

requirement  t o  r e d u c e . t h e  mois ture  from t h e  32% t o  which i t  i s  reduced i n  

t h e  i n i t i a l  s e p a r a t i o n  t o  t h e  10.74% c o n t r a c t  va lue  (Ref. 27) [Dina, 19761. 

Now, i t  was s een  above t h a t  a  t on  of c o n t r a c t  c o a l  (10.74% 

moi s tu re )  con ta in s  1785.2 pounds of d ry  coal .  This  amount of d ry  c o a l  
. . 

e n t e r i n g  t h e  b o i l e r  c o n s t i t u t e s '  

pound of wet c o a l  (32% moi s tu re ) ,  from which 2625.3 - 2000 = ,625.3 pounds of 'water 

must b e  removed EO y e i l d  a Luu of c o n t r a c t  coa l .  Taking 

of water  a s  t h e  s e n s i b l e  and l a t e n t  en tha lpy  t o  hea t  and evapora te  t h e  

mois ture  between t h e  approximate cond i t i ons  of 700F e n t e r i n g  and 2800F 

s t a c k  gas  e x i t ,  

is  t h e  energy r equ i r ed  t o  dry  t h e  c o a l ,  a f t e r  i t  e n t e r s  t h e  b o i l e r ,  back Lo 

t h e  b o i l e r ,  back t o  t h e  c o n t r a c t  va lue .  



. . 

6.4 S l u r r y  P i p e l i n e  Energy I n t e n s i t y  

The energy components, d e s c r i b e d  above a r e  sumned on T a b l e  6.4-1. 

I n  1976, t h e  l i n e  t r a n s p o r t e d  4,174,694 t o n s  of c o a l .  Thus t h e  energy 

consumption was approx imate ly  

4,174,694 x 1,292,000 = 5 . 3 9 4 ~ 1 0 ~ ~  Btu 

= 0.0054 Quad. 

. . 
The energy i n t e n s i t y  is o b t a i n e d  by d i v i d i n g  t h e  energy.  p e r  t o n  

by t h e  273.16-mile l e n g t h  of t h e  p i p e l i n e .  

. . "  

Two of t h e  energy components i n  T a b l e  6.4-1 r e q u i r e  e x p l a n a t i o n .  

F i r s t ,  t h e  pumping energy i s  t h a t  r e q u i r e d  t o  add approx imate ly  7500 f t  of 

head t o  t h e  s l u r r y  a s  i t  moves th rough  t h e  p ipe .  However, i t  must be  n o t e d  

t h a t  t h e  l i n e  f a l l s  2600 f t  from i t s  head t o  i t s  . c r i t i c a l  e l e v a t i o n  12 m i  

from i t s  t e r m i n a l .  Thus, i f  t h e  purpose  were an  e q u a l  e 1 e v a t i o n . c o m p a r i s o n  

w i t h  o t h e r  t r a n s p o r t  modes, i t  would b e  n e c e s s a r y  t o  u s e  

i f o r  t h e  pumping energy.  

Second, a n  e s t i m a t e d  80% of t h e  energy f o r . s l u r r y  p r e p a r a t i o n  

and o t h e r  o p e r a t i o n s  i s  used i n  g r i n d i n g  t h e  c o a l ,  which would be  n e c e s s a r y  

i f  t h e  c o a l  were t r a n s p o r t e d  i n  any o t h e r  way, and t h e r e f o r e  cannot  f a i r l y  

b e  charged t o  t r a n s p o r t a t i o n .  I f  a l lowance  i s  made f o r  t h a t  f a c t ,  o n l y  

a b o u t  

wpuld be  charged t b  t r a n s p o r t a t i o n .  When t h e s e  a d j u s t m e n t s  a r e  made, t h e  

a d j u s t e d  energy c o n s u m p t i o n ' g i v e n . i n  T a b l e  6.4-2 i s  o b t a i n e d .  



T a b l e  6.4-1 

Energy consumption - Black Mesa P i p e l i n e  
( B ~ U / L U L I  UL ~ o a l )  

S l u r r y  Water Supply 
P i p e l i n e  O p e r a t i o n  

Pump i n g  energy  186,000 

S l u r r y  p r e p a r a t i o n  
& o t h e r  o p e r a t i o n s  155,000 

D e s l u r r i f i c a t i o n  

I n i t i a l  s e p a r a t i o n  205,000 
M o i s t u r e  c o r r e c t i o n ,  710,000 

' 32 t o  10.742 

915,000 
T o t a l  1,292,000 

Sources:  R e f e r e n c e s  3 and 27 



T a b l e  6.4-2 

Adjusted energy consumption - Black Mesa P i p e l i n e  
( B t u l t o n  of Coal)  

S l u r r y  w a t e r  Supply 
P i p e l i n e  O p e r a t i o n  

Pumping energy 250,000 
6 o t h e r  o p e r a t i o n s  31,000 

D e s l u r r i f i c a t i o n  

I n i t i a l  s e p a r a t i o n  205,000 
Mois tu re  c o r r e c t i o n ,  710,000 

915,000 
T o t a l  1,232,000 



Seve ra l  comments a r e  i n  o rde r .  F i r s t ,  i t  must be ' r ecogn ized  

t h a t  a l l  of t h e  energy chargeable  t u  t he  s l u r r y  p i p e l i n e  mode of t r a n s p o r t  

i s  s t i l l  n o t  i n  t h e  c a l c u l a t i o n .  For example, about a m i l l i o n  d o l l a r s  worth 

of chemicals  pe r  y e a r  a r e  r equ i r ed  i n  t h e  d e s l u r r i f i c a t i o n  process .  Some 

energy  i s  r equ i r ed  t o  manufacture t hose  chemicals ,  but t h e  amount has  no t  

been  determined,  and thus  i s  n o t  inc luded  i n  t h e  c a l c u l a t i o n .  It i s  be l i eved  

t o  be  i n s i g n i f i c a n t .  

Second, i t  is  i n t e r e s t i n g  t o  compare magnitudes* The r eade r  

w i l l  r e c a l l  from Sec t ions  4.4.1 and 4.5.1 above t h a t  t h e  energy consumption 

of t h e  crude and p roduc t s  p i p e l i n e  networks was es t imated  a t  0.070 and 0.068 

Quad r e s p e c t i v e l y .  Thus i t  has  j u s t  been concluded t h a t  when a l l  t h e  energy 

t h a t  must be consumed has  been taken  i n t o  accodnr,  r h i s  b l l ~ g l t :  p l p t l l n t  

consumes a  t e n t h  a s  much energy a s  e i t h e r  t h e  e n t i r e  crude o i l  p i p e l i n e  

network o r  t h e  p roduc t s  network. 

Th i rd ,  i t  may be  observed t h a t  t h e  energy consumed i n  pumping 

t h e  s l u r r y  is s m a l l  compared t o  t h e  d e s l u r r i f i c a t i o n  energy. 
- 

Fourth,  t h e  conc lus ion  reached e a r l i e r  i n  t h i s  program regard ing  

t h e  f u t u r e  of coa l - s lu r ry  p i p e l i n e s  i s  supported.  I n  r e p o r t  HCP/M-1171-4 of 

t h i s  series ( s e e  Table  1.1-1 above) ,  t h e  conclusion was reachcd t h a t  t h e  

c o a l  s l u r r y  p i p e l i n e  is  a  c o s t - e f f e c t i v e  and energy-ef fec t ive  mode of 

t r a n s p o r t ,  bu t  n u t  i n  t h e  coal-water torm. The coa l -me~hanol  fanu o f f e r c  

promise of e l i m i n a t i n g  t h e  energy p e n a l t i e s  i n  t h e  d e s ~ . ~ ~ r r i f i c a t i o n  process ,  

and a t  t h e  same time reduc ing  t h e  water requirement by a  f a c t o r  of t h r e e  o r  

f o u r .  C lea r ly ,  as was recommended i n  t h a t  t e p o r r ,  t h e  cuucept m e r i t s  

f u r t h e r  study. 

~ i n n ~ l y ,  i f  nne accepts t h e  estimate of Zandi (Ref. 4) of 544 

Btu/ton-mile f o r  t h e  euergy i n t e n s i t y  of a  r a i l r o a d  tn mnve t h e  c o a l  between 

t h e  same two p o i n t s ,  one s e e s  an apparen t  l a r g e  energy advantage f o r  t h e  

r a i l r o a d .  However, t h i s  should n o t  be e x t r a p o l a t e d  t o  f u t u r e  p i p e l i n e s .  As  



an.:example, Table  6.4-3 p r e s e n t s  t h e  energy consumption e s t i m a t e  of Energy 

Transpo r t a t i on  Systems, Inc.  (ETSI) f o r  a  25 m i l l i o n  t on lyea r ,  1000-mi water  

s l u r r y  p i p e l i n e  us ing  advanced technology. 

When t h e s e  f i g u r e s  a r e  ad jus t ed  on t h e  same b a s i s  a s  used i n  

Table  6.4-2, except  t h a t  a  g r a v i t y  boos t  of 3000 f t  was taken,  t h e  estimate 

shown i n  Table  6.4-4 is  obtained.  I n  Table  6.4-5, t h e s e  r e s u l t s  a r e  re-  

arranged t o  provide  a  d i r e c t  comparison wi th  t h e  Black Mesa f i g u r e s  from 

~ a b ' l e  6.4-2. A dramat ic  s i x f o l d  r educ t ion  i n  E I  i s  seen  t o  r e s u l t  from t h e  

combined e f f e c t s  of g r e a t e r  d i s t a n c e  ( f a c t o r  of f o u r ) ,  g r e a t e r  s c a l e  ( f a c t o r  

of s i x ) ,  l a t e r  technology (10 y e a r s ) ,  and much less mois ture  t o  be removed 

( f a c t o r  of 2.5). 



Table 6.4-3 

ETSI energy estimate 

(25 m i l l i o n  tons coal /yr ,  1000 mi) 

Energy 
6 Kw-hr 1012 Btu 

. . 10 - 
Yr Yr 

E l e c t r i c  energy 

S lurr i f  i c a t  ion 3 ii 1 

Pumping 50 2 

Dewatering 146 

Water supply - 40 

Subtotal 989 

Less grinding cred i t  -226 - 
Net e l e c t r i c  energy 763 = 

Steam energy 

Total energy 

Source: Reference 28 



T a b l e  6.4-4 . 

Adjus ted  energy  e s t i m a t e  - ETSI p i p e l i n e  
(25 m i l l i o n  t o n s  c o a l l y r ,  1000 mi) 

Energy 

6kwhre Btu 
lo y r  t o n  

E l e c t r i c  energy from g r i d  
( n  = 0.22) 
S l u r r i f i c a t i o n ,  n e t  
Pumping 
Water supp ly  

E l e c t r i c  energy from customer 
power p l a n t  l i n e s ,  i n i t i a l  
s e p a r a t i o n  ( s t a t i o n  h e a t  rate 
= 11,100 Btulkwhre) 

~ o i s t u r d  c o r r e c t i o n ,  32 t o  26% 

Source:  R e f e r e n c e  28 



T a b l e  6.4-5 

Comparison of a d j u s t e d  energy consumption 
( B t u l t o n  of Coal-) 

Black Mesa ETSI 
273 m i  1000. m i  

10.74% m g i s t u r e  26% m o i s t u r e  
4x10 t o n s  

6  
25x10 t o n s  

1967 technology  1976 technology  

S l u r r y  w a t e r  s u p p l y  
P i p e l i n e  o p e r a t i o n  

~ i l m p i n g  energy 259,000 
O t h e r  o p e r a t i o n s  31,000 

D e s l u r r i f  i c a t i o n .  
I n i t i a l  s e p a r a t i o n  205,000 
M o i s t u r e  710,000 

c o r r e c t i o n  
T o t a l  

Leng th  of p i p e l i n e  (mi) 
Energy i n t e n s i t y  (Btul ton-mi)  
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