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. -  

Sect ion  207 of t h e  Energy Reorganization AcL of: 1974 r equ i r ed  t h e  

Nuc lea r  Kegulatory Commission t o  conduct a nuc lear  energy c e n t e r  s i t e  

survey and r e p o r t  i t s  f ind ings  t o  t h e  Congress and t h e  Council on 

Environmental Qual i ty .  The Survey included a genera l  s c reen ing  of t h e  

48 contiguous S t a t e s  t o  i d e n t i f y  l a r g e  land a r e a s  t h a t  would be l i k e l y  

t o  con ta in  si tes p o t e n t i a l l y  s u i t a b l e  f o r  nuc lea r  energy c e n t e r s ,  It 

evalua ted  t h e  t e c h n i c a l  and p r a c t i c a l  cons ide ra t ions  involved i n  1 oca t ing  

the production of electric power a t  a nuc lea r  energy cen te r  and compared 

t h e s e  cons ide ra t ions  wi th  those  involved i n  producing im equiva len t  

amount of power a t  d ispersed  sites. 

One of t h e  techniques u t i l i z e d  i n  t h e  Survey w a s  an a n a l y s i s  of 

s e v e r a l  "surrogate" si tes.  

s tudy  of  c e r t a i n  concepts and a n a l y s i s  o f  a l t e r n a t i v e s  as they app l i ed  

t o  a real, r a t h e r  than hypo the t i ca l ,  l oca t ion .  S e l e c t i o n  of a particular:  

area f o r  a s u r r o g a t e  s i t e  d id  n o t  mean t h a t  i t  w a s  A p r e f e r r e d  o r  even 

These specimen s i tes  w e r e  s e l e c t e d  t o  pe rmi t  

wel l - su i ted  s i te ,  bu t  only t h a t  i t  represented  p a r t i c u l a r  s i t e  problems 

which w e r e  deemed worthy of study. 

One of the  su r roga te  s i tes  s e l e c t e d  f o r  s tudy  was at  Kentucky Lake, 

Tennessee. 

Ridge Nat iona l  Laboratory t o  undertake a n a l y s i s  of this s i t e  and t o  pre- 

pare r e p o r t s  on t h e  va r ious  t a s k s  when completed. This i s  one of a series 

of r e p o r t s  i n  t h e  fu l f i l lment :  of t h i s  assignment. 

The Nuclear Regulatory Commission con t rac t ed  wi th  the Oak 

The complete r e p o r t  is  composed of t h e  following volumes: 

V o l .  I. Summary 

Vol. TI. Transmission of Power 

Vol. 11.1. Environmental Considerations 

Vol. I V .  A S i t e  Se lec t ion  Methodology 

V 





ABSTRACT 

A comparison is made among power t ransmission systems requi red  t o  

serve a s i n g l e  set of- load cen te r  demands from four  modes of s i t i n g  the 

genera t ing  f a c i l i t i e s :  

t i o n  capac i ty  of 48,000 Mw; four genera t ian  sites each wi th  a genera t ion  

capac i ty  of 12,000 W; 10 genera t ion  si tes each wi th  a genera t ion  capac i ty  

of 4,800 MW; and a system t h a t  r e s u l t e d  when the e x i s t i n g  u t i l i t y  gbatr f o r  

f u t u r e  genera t ion  w a s  l o g i c a l l y  expanded. 

is from t h e  yea r  1985 t o  the yea r  2020, when t h e  f u l l  48,000 MW of new 

capac i ty  f r o m  the s i n g l e  l a r g e  nuc lear  energy cen te r  is on-line. 

l oad  c e n t e r s  served are Huntsville, Alabama; Evansvi l le ,  Indiana;  Paducah, 

Kentucky; and Chattanooga, Nashvi l le ,  and Memphis, Tennessee. Generation 
sites are real l o c a t i o n s  bu t  are hypo the t i ca l  i n  terms of miles  of t r ans -  

mission l i n e s ,  the product of the amount of power t ransmi t ted  and the  

d i s t a n c e  t r ansmi t t ed  (GW-miles) and cos t .  

a s i n g l e  genera t ion  s i t e  wi th  an u l t ima te  genera- 

The time per iod  f o r  the study 

The 

v i i  
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1. IWRODUCTTON 

The l a w  t h a t  c r ea t ed  the Energy Research and Development Administra- 

t i o n  (ERDA) and t he  Nuclear Regulatory Commission (NRC) xeqvires  t h a t  

NRC submit a r e p o r t  to  Congress on Nuclear Energy Centers.  One of t he  

t e c h n i c a l  ques t ions  t o  be considered in t h e  r e p o r t  i s  t h e  ques t ion  of 

t ransmission of power from a nuclear  energy cen te r .  Among the  trans- 

mission-related i s s u e s  t o  be  d iscussed  are: 

1. Current t ransmission systems 

2 ,  The impact of new technology 

3. Projec ted  U . S .  t ransmission network by year 2000 f o r  d i spersed  

r e a c t o r s  

4 .  Projected U.S .  t ransmission network by year 2000 €or a l l  
r e a c t o r s  i n  nuc lear  energy cen te r s  

5 .  Dol lar  c o s t s  of each network 

6 .  Environmental c o s t s  of each network 

7 .  R e l i a b i l i t y  and s t a b i l i t y  of each network 

The NRC has cont rac ted  wi th  Oak Ridge Nat ional  Laboratory t o  pro- 

v ide  s t a f f  support  f o r  t h e  NEC study.  

by C.  C .  Burwell is providing support  f o r  NRC. I n  t u r n ,  ORm subcon- 

t r a c t e d  with t h e  I n s t i t u t e  f o r  Energy Analysis f o r  a s tudy of t h e  t r ans -  

mission requirements o f  run NEC. Since a t ransmission system (as w e l l  as 

many o the r  impacts of an energy cen te r )  depends on t h e  geometric p a t t e r n  

of genera tors  and load  c e n t e r s ,  i t  is b e s t  t5 choose a su r roga te  site, 

t h a t  is, an a c t u a l  set of load c e n t e r s  and energy cen te r  sites ta serve 
those  load c e n t e r s .  Af te r  a su r roga te  s i te  w a s  chosen by o the r  members 

of the ORNL team, wark began on the  des ign  of a transmission system f o r  

two cases. Case A cons iders  t h r e e  p lans ,  independent of any e x i s t i n g  

f a c i l i t i e s :  

year  2020, four  energy cen te r s  wi th  a t o t a l  of 40 reactors, and t en  energy 

c e n t e r s  wi th  a t o t a l  of 40 reactors. Case B cons iders  two p lans ,  inc luding  

e x i s t i n g  f a c i l i t i e s  such as 500-k'v t ransmission l i n e s  and power p l a n t s :  

27 d i spersed  sires only; and one energy cen te r  wi th  13  d ispersed  sites. 

An i n t e r d i s c i p l i n a r y  group headed 

a s i n g l e  energy center with  419 r e a c t o r s  producing power by 

1 
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This paper is a prel iminary r epor t  on the analyses  done by l;-le lnst-t-te. 

It is not clear how t h e  a n a l y s i s  nf the su r roga te  s i te  w i l l  f f t  i n t o  t he  
NRC r e p o r t  t o  Congress. 

i n t e r n a l  use by the  s t a f f  of QIPPJL and IEA. 

This report. i s ,  t h e r e f o r e ,  m i t t e n  pr imar i ly  for 

The theory and design of power t ransmission s y s t e m  i s  a mature  

branch of electrical  engineer ing.  

given i n  Sect. 2 of this r e p o r t .  Although technologica l  progress  w i l l  

s u r e l y  be made i n  t h i s  f i e l d  i n  t h e  rnext 45 years ,  t he  t echn ica l  feasi-  

b i l i t y  of nuc lear  energy cen te r s  does no t  depend on a breakthrough i n  

t ransmission technology. Although lTIIV (1000-I500 kV) t ransmission 

systems may be  possi-ble wi th in  ten years  and DC t ransmission s y s t e m  are 

a v a i l a b l e  now, only 500- and 765-kV t ransmission l i n e s  have been con- 

s ide red  For t h e  sur roga te  s i t e  ana lys i s .  For the su r roga te  si te wi th  

a l l  power coming from a s i n g l e  si te (Case A ) ,  the average d i s t a n c e  t o  a 

load center  is 106 miles. Under cu r ren t  p r a c t i c e ,  t he  m a x i m u m  load on a 

765-kV l i n e  t h a t  i s  no t  too long i s  equal  t o  4.8 gigawatts  (GW) (4800 M W ) ,  

which is  the. nominal generacing capac i ty  of the t y p i c a l  &unit c l u s t e r  of 

nuc lear  r eac to r s  considered i n  t h i s  s tudy;  a. second l i n e  would be needed 

f o r  a 4-unit c l u s t e r  f o r  r e l i a b i l i t y .  

twenty 765-kV t ransmission l i n e s  might be needed. 

t h e  number of l i n e s  might be reduced. 

service area wi th  f i v e  load cen te r s .  For r e l i a b i l i t y  a t  least two l i n e s  

must go t o  each load  cen te r .  Thus the  abso lu te  minimum number of l i n e s  

is  t en .  

excess ive ,  bu t  twenty l i n e s  is  probably no t  too noany. 

design,  economic s t u d i e s  could examine the t r a d e a f f s  between fewer than  

twenty l i n e s  using WIV ac o r  dc and t h e  r e l i a b i l i t y  of twenty l i n e s .  

A b r i e f  review of t h e  theory is 

For a 40-reactor energy c e n t e r ,  

Using UHV ac or dc ,  

But consider  the example of a 

If t e n  l i n e s  are requ i r ed ,  f i f t y  o r  one hundred l i n e s  would be 

For  the  f i n a l  

The prospect  of twenty l i n e s  i n  p a r a l l e l  an 110-ft  towers t h a t  are 

140 f t  wide seem t o  be a monstrous environmental i n s u l t .  Hawever, the  

l i n e s  w i l l  no t  be i n  p a r a l l e l ;  for r e l i a b i l i t y ,  each l i n e  w i l l  probably 

be on a separate c o r r i d o r p  o r  perhaps t h e r e  will be two l i n e s  on a s i n g l e  

co r r ido r .  

Consider a c l u s t e r  of 4 r e a c t o r s  served by two l i n e a ,  and assume t h a t  each 

765-kV l i n e  has a 3Q0- f t  right-of-way. 

The l i n e s  w i l l  have t h e i r  highest. dens i ty  a t  the genera tor .  

If t h e  &reac to r  c l u s t e r s  are 
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spaced such t h a t  t h e r e  are 4000 acres f o r  4 r e a c t o r s ,  then the  transmis- 

s i o n  right-of-way w i l l  c u t  less than 1% of the  per imeter  of t he  4 - w i t  

c l u s t e r .  

they may cut t h e  same s i d e  of t h e  4-unit c l u s t e r ;  t h e  two l i n e s  all c u t  

less than  4% of one s i d e  of t h e  c l u s t e r .  Two 765-kV t ransmission l i n e s ,  

each 100 miles  long,  r equ i r e  a t o t a l  right-of-way of about 7300 acres. 

Thus, t he  land requi red  f o r  t h e  t ransmission system is more than t h e  land 

requi red  f o r  t h e  nuc lear  energy cen te r .  C lea r ly ,  t h e  land use impact of 

t h e  t ransmission system w i l l  be  s u b s t a n t i a l .  However, consider  a 40- 

r e a c t o r  energy c e n t e r  wi th  twenty 100-mile 765-kV t ransmission l i n e s  

For t h i s  i d e a l i z e d  service area, which r ep resen t s  a circle of 100-mile 

r a d i u s ,  t h e  energy cen te r  and t ransmission system occupy 148 sq  miles. 

mie primary energy system occupies 1/213kh of the  t o t a l  area. 

of 0.05% of t h e  land t o  t h e  primary energy system is probably not  an 

unacceptable environmental i n s u l t ;  i t  is  comparable t o  t h e  cu r ren t  impact 

of roads.  

Because t h e  l i n e s  w i l l  be  d i r e c t e d  away from t h e  c e n t e r ,  

Commitment 

Sec t ion  3 is  a d i scuss ion  of the methodology of su r roga te  s i t e  
a n a l y s i s  and a presen ta t ion  of prel iminary results. 

developed t o  design a t ransmission system f o r  a s i te  r equ i r e s  an i n t e r -  

d i s c i p l i n a r y  t e a m  working on the  fol lowing tasks:  

The methodology 

1. 

2. 

3.  

4 .  

Generating s i te  s e l e c t i o n .  Af t e r  developing appropr i a t e  

criteria, several p o t e n t i a l  sites w e r e  chosen, and an  estimate 

is  made of the maximum amount of power t h a t  each s i te  can 
suppor t  . 
Load cen te r s .  

and p ro jec t ed  demand w a s  es t imated.  A reasonable  number of 

load cen te r s  f o r  a 48-GW energy cen te r  is f o u r  t o  six. 

Development plan.  

development of a s i n g l e  energy c e n t e r  and the  l o c a t i o n  and 

order  of development of d i spersed  energy cen te r s .  

Transmission system. 

c e n t e r s  t o  load c e n t e r s  w a s  found, and a t ransmission system 

w a s  designed t o  ca r ry  t h e  optimum dispa tch .  

The surrounding area w a s  d iv ided  i n t o  load cen te r s  

A p lan  w a s  developed for t h e  sequence of 

An optimum d i spa tch  of power from energy 



4 

5 .  TransmissLC5 c o r r i d o r s .  Given t h e  load  cen te r s  and energy 

cen te r s  t h a t  are to be in te rconnec ted ,  land use planners  

should choose t ransmission co r r ido r s  and s u b s t a t i o n  loca t ions .  

These t a s k s  are not  independent;  an  appropr i a t e  design philosophy 

is t o  have several i t e r a t i o n s  t o  converge t o  a s o l u t i o n .  This r e p o r t  

is  prel iminary;  a t  least one i t e r a t i o n  on each t a s k  has been completed, 

bu t  the process  has  no t  converged t o  an optimum s o l u t i o n .  

Sec t ion  4 gives  a comparison of t ransmission system c o s t s  f o r  a 

nuclear  energy cen te r  a t  t h e  sur roga te  s i t e  and for an  equiva len t  amount 

of power from dispersed  energy cen te r s .  

review of o t h e r  s t u d i e s  of t ransmission systems f o r  energy cen te r s .  The 

least expensive t ransmission system r e s u l t s  when each load  cen te r  

receives most of i t s  power from a s i n g l e  nearby energy cen te r .  C lea r ly ,  

a s i n g l e  l a r g e  nuc lear  energy cen te r  cannot be  near  several load c e n t e r s  

s imultaneously,  and t h e  r e s u l t i n g  Lransmission system w i l l  be  more 

ex tens ive  and expensive than t h e  minimum system. W i l l  t h e  t ransmisszan 

system f o r  t he  d ispersed  energy cen te r s  be  s u b s t a n t i a l l y  less than  f o r  

a sitig1.e energy cen te r?  There is  no simple answer. Some s t u d i e s  ind i -  

cate t h a t  t he  d ispersed  t ransmission system w i l l  c o s t  23% as much as t h e  

c l u s t e r e d  system, whereas o t h e r  s t i ~ d i e s  i n d i c a t e  t h a t  t he  d ispersed  system 

w i l l  c o s t  95% as much as the  cl .ustered system, Today, an  energy cen te r  

w i th  a capac i ty  of 48 GW (48,000 Mw) would provide 1 O X  of t h e  ~ountry's 

power and would have a s u b s t a n t i a l  t ransmiss ion  penal ty .  I n  year  2020, 

d i spersed  4.8-GW (4SOO-IW> energy cen te r s  may be too  smll f a r  the  load  

c e n t e r s ,  and the  pena l ty  f o r  a 48-GW (48,000-MN) energy cen te r  would 

be much less. 

could be suppl ied  by an  energy center over three 765-kV l i n e s  i f  t he  

load  center i s  less than  100 m i l e s  from t h e  energy cen te r .  

b i l i t y ,  a f o u r t h  I.ine would be  needed. If t he  power f o r  t h e  load  cen te r  

came from t h r e e  d ispersed  4.8-GlJ energy c e n t e r s ,  s i x  l i n e s  would be  

needed. For t h i s  example, t h e  d ispersed  system has a t ransmission 

penal ty  of 50%. Thus, t h e  t ransmission penal ty  f o r  an energy cen te r  

depends on the  s i z e  of t h e  load cetiters and t h e  l o c a t i o n  of the  d ispersed  

Sec t ion  4 a l s o  has a b r i e f  

Consider a load  cen te r  with a demand of 1 4  GW. The power 

For relia- 
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sites. For the surrogate site,  the cost o f  t h e  t ransmiss ion  system 

is about 3% of t h e  t o t a l  cost  of the energy. Thus, a 50% reduct ion  

i n  t ransmiss ion  cost  for a dispersed system may not have a s i g n i f i c a n t  

i n f luence  on t h e  choice between c l u s t e r e d  and d ispersed  energy c e n t e r s .  



2.  TRANSMISSION LINES AND SYSTEMS 

2 .1  In t roduct ion  

Transmission l i n e  theory i s  a ma tu re  branch of  electrical engineer ing 

wi th  an ex tens ive  l i t e r a t u r e .  This chapter  provides a b r i e f  overview of 

t ransmission l i n e  theory a s  w e l l  as p rope r t i e s  and planning of  power 

t ransmission s y s t e m .  

The n a m e  t ransmission l i n e  (TL) is usua l ly  reserved f o r  l i n e s  corn- 

posed af two o r  more conductors,  w h i c h  support  a propagating t ransverse  

electromagnet ic  (Tm) wave and which are cha rac l e r i zed  by d i s t r i b u t e d  

parameters:  r e s i s t a n c e ,  inductance,  conductance, and capac i tance ,  a l l  

per  u n i t  l ength .  In t he  case o f  power TL, s i n c e  a t  60 Mz t h e  wave- 

lengkh is 3100 miles, f r equen t ly  Lumped-parameter r ep resen ta t ion  is 

used. For l i n e  lengths  represent ing  a s i g n i f i c a n t  f r a c t i o n  of t h e  

wavelength (22 o r  laore) cor rec t fons  , t ak ing  into accoinnt t h e  d i s t r i b u t e d  

na tu re  of TL, are mde. 

Another c h a r a c t e r i s t i c  i n  dea l ing  wi th  power TL i s  t h a t ,  because 

the  frequency is f i x e d ,  inductance and capaci tance are usua l ly  r e f e r r e d  

t o ,  n a t  i n  hen r i e s  o r  f a r a d s ,  bu t  i n  terms of t h e i r  reac tances  i n  01x1115, 

or volt-amperes reactive. 

volt-amperes reactive) and capac i to r s  are as soc ia t ed  w i t h  a source * 

Inductors  are as soc ia t ed  wi th  a s i n k  (of 
1 

Power TL are genera l ly  e i t h e r  single- o r  three-phase,  t h e  l a t t e r  

being more preva len t .  To permit heavier  loading of t h e  l i n e ,  t he  number 

of conductors per  phase r a t h e r  than the  s i z c  (cross-sect ion)  of a s i n g l e  

conductor i s  increased .  This has the  advantage of reducing t h e  inductance 

and inc reas ing  the  capac i tance ,  thereby reducing volt-ampere requirements.  

This can be seen i n  t h e  phasor diagrams of Fig. Ib and IC, represent ing  

t h e  current-vol tage r e l a t i o n s  of the  system shown i n  Fig.  la.  

Requiring a given amount of volt-amperes de l ive red  to t h e  load 

(fixed magnitude of VR and IR), a EXWLPP~P sending vol tage  V 

when Xr, i s  reduced and X c 
3 = X c Xn t h e  i d e a l  case 

power, which i s  f u r t h e r  c l a r i f i e d  below, 

i s  requi red  S 
is  increased ,  as shown i n  F igs .  Ib and le. 

so  t h a t  t h e  source needs t o  produce only real  
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Fig.  1, Transmission system and phasor diagrams. 

2.2 Power Consideration 

The s tandard  convention i n  power engineer ing is TI = VI*, where 

II is t h e  power, V t he  vo l t age ,  and I* is t h e  complex conjugate  of the  

cu r ren t  1. I n  the  case of t he  s h o r t  TL, the  cu r ren t  a t  the  r ece iv ing  

end is I = (Vs - V R ) / Z ,  where 2 = R i- jxt, ( for  s h o r t  l i n e s ,  Xcz and G 

are SO small that they are frequently neglec ted) .  

a t  t h e  r ece iv ing  end is 

R 
The complex power 

L e t  T be the r a t i o  of t h e  sending vol tage  and the  r ece iv lng  vol tage ,  

t h a t  is ,  T = V /V = T exp ( j 6 )  where 6 ,  t h e  phase angle  between the  

sending and r ece iv ing  vo l t ages ,  is c a l l e d  t h e  power angle .  
S R  

Given t h a t  
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8 is  the  angle  of t he  complex impedance Z, t h a t  is ,  Z = Z 

t he  complex power a t  the  rece iv ing  end m y  be m i t t e n  
exp ( j a )  , I 1  

s o  t h a t  t he  real and imaginary p a r t s  of t he  complex power are. 

Since the complex impedance is largely induct ive ,  t he  angle  0 is 

nea r ly  99". Assuming that: e = 9 O 0 ,  

s i n  6 , 

cos 6 - 1 )  . 

A cornon convention i n  power ca l cu la t ions  i s  i n  terms of power 

f a c t o r :  The cosine of the phase angle  betwee.n the  voltage. and c u r r e n t .  

I n  terns of t h e  phase voltage V and cur ren t  1 t he  complex power per 

phase is 
P P '  

where the  s u b s c r i p t  p denotes per  phase q u a n t i t i e s  and 0 is the angle  

between the  phase vol tage  and phase c u r r e n t .  I n  a three-phase system, 

t he  t o t a l  real power is 

P 
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where t h e  s u b s c r i p t  I, denotes  l ine- to- l ine q u a n t i t i e s .  

holds for  e i t h e r  de l t a -  o r  Y-connection; i n  t h e  l a t te r ,  IL = I 

VI, = $ Vp , and i n  t h e  farmer,  VL = V and IL -$-I 

one impl ies  0 = 0. 

Equation (8) 

P 
and 

. Power f a c t o r  of 
P P 

P 
Voltage r egu la t ion  is determined a t  the r ece iv ing  end as a percent- 

age d i f f e r e n c e  between no-load and fu l l - load  voltage. Thus, 

Percent  r egu la t ions  = 100 lVR,NLI - -- IVR,*Ll 

'R, FL 

I n  t h e  case o f  a long TL, it is convenient t o  desc r ibe  t h e  loading  

of t h e  l i n e  i n  t e r n  of surge-impedance loading  (SIL), which is  determined 

as fol lows.  Voltage and cu r ren t  on a long TL are r e l a t e d  t o  each o the r  by 

where t h e  s u b s c r i p t s  S and R have t h e  same meaning as before; Z is t h e  

c h a r a c t e r i s t i c  impedance of t h e  l i n e ;  and y = a + - jB i s  the  complex 

propagat ion cons tan t .  When t h e  l i n e  i s  terminated by i t s  c h a r a c t e r i s t i c  

impedance (usua l ly  denoted by Zo =fl i n  t h e  case of a l o s s l e s s  line), 

i npu t  impedance i n t o  t h e  l i n e  a t  any po in t  is equal  to- : 

appears  i n f i n i t e  and suppor ts  no r e f l e c t i o n s .  

loaded (by its c h a r a c t e r i s t i c  impedance) , 

C 

t h e  l i n e  

When t h e  l i n e  is  so  

and 

because the load is  a pure resistance. When V is in v u l t s ,  S I L  is  i n  
w a t t s ;  when V is expressed i n  k i l o w a t t s ,  SIL i s  i n  megawatts, or 

L 

L 

E 



10 

megawatt-amperes, because un i ty  power f a c t o r  is assumed. Power i s  f r e -  

quent ly  expressed in u n i t s  of S IL ,  t h a t  is ,  a number denot ing t h e  r a t i o  

between t h e  power c a r r i e d  on the  l i n e  t o  SiL. The power handl ing capa- 

n9y de ter tdned  wi th  thc  a i d  of t he  curve shown i n  Fig.  2 ,  
whose de r iva t ion  w a s  based p a r t l y  on t h e o r e t i c a l  and p a r t l y  on h e u r i s t i c  

cons idera t ions2  although some be l i eve  i t  t o  be too conserva t ive .  

In t h e  above equat ions ,  the cu r rcn t  is  t h e  t o t a l  cu r ren t  pe r  phase,  

or per  l i n e ,  which depends upon t h e  number of canductors.  

n d e s  of conductors pe r  phase  (keeping cons tan t  "IC cross-sec t iona l  

area), t h e  i n t r a -  and in t e rphase  spacing,  e t c . ,  can s u b s t a n t i a l l y  change 

t h e  cu r ren t  capac i ty  of a l ine. '*  

t h e  thermal l i m i t  a p p l i e s ,  t h e  cur ren t -car ry ing  capac i ty  p e r  l i n e  may be 

assumed p ropor t iona l  t o  t h e  number of conductors i n  a bundle. The 

s p e c i f i c  load which is usua l ly  ass igned t o  s h o r t  l i n e s  i s  mostly a matter 

of judgment based on expertence.  

Changing the  

I n  t h e  case of  a s h o r t  l i n e  i n  which 

Typical  va lues  o f  Z f o r  power l i n e s  l i e  between 200 and 400 ohms 
Q 

(see a l s o  Ref. 4 ) .  

2 . 3  Load Flow Studies  

Load f l o w  s t u d i e s  are conducted to determine t he  opera t ion  of a 

t ransmission system under var ious  circumstances.  A load f low study i s  

t he  determinat ion of the  vol tage ,  c u r r e n t ,  real power, and reactive 

power i n  t h e  system. Consider a system wi th  N independent nodes, t h a t  

i s ,  N buses t h a t  can be e i t h e r  load  o r  genera tor  buses.  The express ion  

f o r  cu r ren t  P a t  node k is k 
N 

where t h e  Ykn are the  self  and m u t u a l  admittances of the nodes, and V 

i s  t he  vo l t age  at node n. 

t he  product of t he  vo l t age ,  Vn, and t h e  complex conjugate  of t h e  cu r ren t  

I* (Sn = TJnIg = P 

node c o n s t i t u t e s  a completle s o l u t i o n  f o r  a load f l o w  s tudy .  

vo l t age ,  both t h e  magnitude and phase angle ,  w e r e  known at  each node, 

n 
Since the  coniplex power at  node n ,  Sn, is  

b- jQ ) , knowledge of  t he  cu r ren t  and vol tage  a t  each n n n 
If t h e  
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Eq. (13) would y i e l d  t h e  cu r ren t s  and thus  the  s o l u t i o n  ti:, the load 

flow problem. 

Usually a t  a load bus,  only the real and r e a c t i v e  power are given,  

wi th  both I and V to  be determined; whereas at. a genera tor  bus ,  t he  

real power and the  vol tage  magnitude are given. 

t h e  swing bus,  t h e  vo l t age  magnitude and phase m g l e  are given,  bu t  t he  

cu r ren t  is not ;  t hus ,  t he  power from the  swing bus i s  determined by t h e  

load flow s tudy .  Determination of a l l  t h e  vol tages  and c u r r e n t s  f o r  

th3.s system, wi th  i t s  c a q l e x  i n i t i a l  cond i t i ans ,  r equ i r e s  nn i t e r a t i v e  

method of s o l u t i o n ,  

n n 
A t  one genera tor  bus,  

2.4 Transmission Planning 

Transmission l i n e  theory and design r ep resen t  well-developed and 

e s t ab l i shed  a spec t s  of t h e  power i ndus t ry .  This i s  no t  tlw case with 

f u t u r e  planning pr imar i ly  because of the  l a r g e  n u d e r  of uncer ta in  

v a r i a b l e s  such as growth and changes i n  demand; v a r i a t i o n s  i n  Federa l ,  

s ta te ,  and l o c a l  r egu la t ions ;  rights-of-way; and environmental. and s o c i a l  

c o s t s  and impacts.  

advantages of s p e c i f i c  t ransmission schemes - a s  a r e s u l t  of these  

v a r i a b l e s  - makes t h e  problem unwieldy even wi th  computerized techniques.  

The d i f f i cu l - ty  i n  e s t a b l i s h i n g  definite economic 

Although load  flow s t u d i e s  reached a high level of accuracy more 

than 15 years  ago,5 t h e r e  is  a l a c k  of consensiis on t h e  r e l i a b i l i t y  of a 

s p e c i f i c  method of planning,  except f o r  the unanimous agreement regarding 

t h e  o v e r a l l  d i f f i c u l t y  o f  t h e  problem. The only e x i s t i n g  agreement wi th  

r e spec t  t o  p a r t i c u l a r s  of planning is  that dc load flow cons idera t ions  

are acceptab le  i n  t h e  case of long-range ( t e n  o r  more years )  ana lyse^.^ 
An e x c e l l e n t  review on t h e  use of computers i n  planning, wi th  a f a i r l y  

comprehmsive b ib l iography,  po in t s  ou t  the  l o c a l  (geographical)  cha rac t e r  

of much of t h e  planning cons idera t ions .y  

l i n e a r  programming power f l o w  models 3 dynamic programming, and 

s t i l l  o the r  methods.12-14 

l i t e r a tu re  and d iscuss ions  t d t h  sys  tern planners  i n  several u t i l i t y  

companies, a l i n e a r  programming model seems adequate f u r  t h e  purpose of 

t h i s  s tudy.  

Techniques involve use of 

As a r e s u l t  of t h e  review of the  e x i s t i n g  
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2.5 T U  Linear Programming System for 
Transmission Expansion Planning 

Consider ih system with  J genera t ing  s t a t i o n s  and K load  cen te r s .  

L e t  Dij be the t ransmiss ion  d i s t ance  from genera tor  i to load cen te r  j .  

L e t  G .  be t h e  capac i ty  of genera t ing  cen te r  i, l e t  L .  b e  t h e  demand at 

load cen te r  j ,  and l e t  Gij be. t h e  power from generator  i t o  Load cen te r  

j. For t h e  optimum d i spa tch  of power, s u f f k i e n t  power is dispatched 
from each genera tor  t o  the  load  cen te r s  t o  s a t i s f y  t h e  demand a t  each 

load  cen te r  wi thout  exceeding t h e  genera t ing  capac i ty  of t h e  gene ra to r s ,  

and t h e  power is dispatched t o  minimize t h e  m i l e s  of t ransmission.  

fol lowing l i n e a r  programing problem analogous t o  t h e  t r a n s p o r t a t i o n  

problem w i l l  y i e l d  t h e  optimum d i spa tch  of power: 

1 J 

The 

K J  
H = D ~ ~ G ~ ~  = minimum, 

J"1 le1 

subject t o  t he  c o n s t r a i n t s  

J 

i = l,J . 

A computer program t h a t  so lves  t h i s  d i spa tch  problem has been the  

p r i n c i p a l  design t o o l  i n  t h i s  s tudy.  



3 .  SURROGATE SITE ANALYSIS 

3 , l  In t roduct ion  

Every po in t  i n  t h e  con t inen ta l  krnited States is  i n  the  service 

area o f  an electr ical  u t i l i t y ,  pub l i c  OK p r i v a t e .  

area of each u t i l i t y  are load cen te r s .  

s t r u c t  genera t ing  s t a t i o n s .  Complex d i s t r i b u t i o n  and t ransmission 

s y s t e m  are connecting t h e  load cen te r s  and the  generacing s t a t i o n .  

The d i s t r i b u t i o n  system d e l i v e r s  power t o  t h e  f i n a l  consumer, and the  

t ransmission system moves bulk power around and between t h e  s e r v i c e  

areas. 

on vol tage  (and thus  power t ransmission c a p a c i t y ) ,  and t h e  h i e r a r c h i c a l  

levels in te rconnec t  through t ransformers  a t  subs t a t ions .  

Within t h e  service 

The u t i l i t i e s  ope ra t e  and con- 

Transmission and d i s t r i b u t i o n  systems are h i e r a r c h i c a l  depending 

The goal  of u t i l i t y  planners  i s  t o  design a system t h a t  w i l l  meet 

the  needs of a service area r e l i a b l y  and wi th  minimum c o s t  to t h e  

customer and the  environment. The goal. of t h i s  s tudy i s  somewhat 

d i f f e r e n t :  i t  is t o  c o n t r a s t  t h e  elect:-cical  power d i s t r i b u t i o n  system 

t h a t  has no NECs wi th  the  system that might develop i .2 nuclear  energy 

cen te r s  (NECs) are e s t ab l i shed .  In other words, the  t a s k  r ep resen t s  a 

d i f f e r e n t i a l  a n a l y s i s  To avoid being too hypo the t i ca l  s e v e r a l  "real" 

su r roga te  sites w e r e  chasen f o r  ana lys i s .  In  the case of  u t i l i t i e s ,  t h e  

service area is given and f ixed .  The u t i l i r i e s  then estimate the  growth 

of demand t o  p lan  add i t ions  to the  power genera t ing  capac i ty  for t h a t  

area. In  t h i s  s tudy t h e  sequence i s  reversed:  A s i te  w a s  chosen f i r s t ;  

then  t h e  rate o f  development of t h e  energy cen te r  was chosen t o  guarantee 

a s t a b l e  work f o r c e ;  f i n a l l y ,  a service area (w1i:Lch m y  conta in  p i eces  

s f  several e x i s t i n g  u t i l i t y  service a reas )  was def ined ,  an area which 

a~ould  be l a r g e  enough t o  demand the  base load pawe.%- f r o m  t h e  NIEC as well 

2% from other  Sources.  

This s tudy is  being conducted by a l a r g e  t e a m  w i t h  many o f  t h e  t a s k s  

p e r f o r m d  i n  p a r a l l e l .  The p rob lem are complex and a s u i t a b l e  u ~ t h o d  

f o r  t h e i r  s o l u t i o n  is  i t e r a t i o n .  A t  each i t e r a t i o n ,  t h e  b e s t  information 

from the team members is  used as inpu t .  Some of t h e  input  d a t a  used i n  

t h i s  r e p o r t  have been subsequently rev ised  by other members o f  t h e  t e a m ,  

and where appropr i a t e ,  the. t e n t a t i v e  na tu re  of  the inpu t  d a t a  w : i U  be 
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noted.  

do no t  y e t  r ep resen t  a f i n a l  s o l u t i o n .  

The r e s u l t s  repor ted  here  fo l low several i t e r a t i o n s ,  bu t  they 

Three cases ,  without  c u r r e n t l y  e x i s t i n g  t ransmission f a c i l i t i e s ,  

w e r e  considered f o r  f i v e  load cen te r s  (Case A ) :  

3.. A m a x i m u m  of f o r t y  r e a c t o r s  on a s i n g l e  s i te ,  

2 .  A maximum of f o r t y  r e a c t o r s  on four  sites - t e n  r e a c t o r s  

per s i te ,  
A maximum of f o r t y  r e a c t o r s  on ten  sites - four  r e a c t o r s  

per site,  
3 .  

and two cases ,  i nc lud ing  e x i s t i n g  t ransmiss ion  f a c i l i t i e s ,  w e r e  con- 

s ide red  f o r  s i x  load c e n t e r s  (Case B ) :  

1. Dispersed sites, 

2. Center s i te ,  wi th  few d ispersed  sites. 

3 . 2  case A 

In each case, t h e  consr ruc t ion  sequence f o r  the  f o r t y  r e a c t o r s  i s  

t h e  same (see  Table 1 ) .  The f i r s t  r e a c t o r  achieves f u l l  power opera t ion  

i n  June 1987, and the  f o r t i e t h  r e a c t o r  achieves f u l l  power ope ra t ion  i n  

June 2020. 

and one r e a c t o r  every n ine  months a f t e r  2000. To minimize d i s r u p t i o n  of 

t h e  l abor  f o r c e ,  each s i te  is Eul ly developed before  the  next  s i te  is 

begun. 

The cons t ruc t ion  rate is one r e a c t o r  pe r  year from 1987 to 2000 

Each r e a c t o r  has a capac i ty  of 1200 MW (1.2 GW) of e l e c t r i c  power. 

3.2.1 Load c e n t e r s  and demand - 

The d e f i n i t i o n  of t h e  load  c e n t e r s  presented  a minor d i f f i c u l t y .  

I n i t i a l l y ,  t h e  l a r g e s t  s tandard  met ropol i tan  s ta t is t ical  areas (SMSAs) 

wi th in  300 m i l e s  of the  su r roga te  s i te  were chosen. Because t h e r e  are 

gaps between t h e  SMSAs, however, t h e  surrounding demand must be allo- 

ca ted  t o  SMSAs. It seemed more appropr i a t e ,  t h e r e f o r e ,  t o  choose t h e  

REA C X Q I L O ~ ~ ~ ~  areas* as def ined  by t h e  Office of Business Economics of 

-- 
at 

Choice suggested by R.  J. Qlsen, who made the. demand p r o j e c t i o n s .  
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a Table 1. Reactor f u l l  power sequence 

Number of Number of 
r e a c t o r s  Date reactors Date 

2 
4 
6 
8 

30 
1 2  
14 
16 
18  
28 

June ,1988 
June 1990 
June 1.992 
June 1994 
June 1996 
June 1998 
June 2000 
December 2001 
J u l y  2003 
January 2005 

22 
24 
26 
28 
30 
32 
34 
36 
38 
40 

-..I--. 

J u l y  2006 
February 2008 
August 2009 
Ifarch 2011 
September 2012 
A p r i l  2014 
October 2015 
May 2017 
November 2018 
June 2020 

“Based on the fo l lawing  assumptions: (1) f i r s t  r e a c t o r  t o  begin opera- 
t i o n  i n  June 1987; (2) a l l  40 r e a c t o r s  to  be opera t ing  by June 2020; 
( 3 )  one r e a c t o r  per  year  t o  begin opera t ion  from 1987 t o  2000; and ( 4 )  
Easter cons t ruc t ion  rate to gs i n t o  effect  a f t e r  2000. 

t he  Repartment o f  Commerce. These areas cover a l l  p a r t s  of the cont in-  

e n t a l  United S t a t e s ,  and populat ion p ro jec t ions  by BEA area are r e a d i l y  

a v a i l a b l e .  The areas are named f o r  t h e  l a r g e s t  SMSA wi th in  t h e  reg ion  o r ,  

where t h e r e  is no SMSA, for t h e  l a r g e s t  c i t y .  I n  this study t h e  c i t y  so  

named represented  the  load center  f o r  each reg ion .  The developed capa- 

c i t y  p ro jec t ions  ind ica t ed  t h a t  t h e  f i v e  B U  reg ions  n e a r e s t  t he  

Kentucky Lake su r roga te  s i te  had l a r g e  enough denmnd t o  use a l l  of the  

pawer from the  NEC 

and a d i f f e r e n t  number of BEA reg ions  w a s  needed f o r  the next  iteration.) 

Five load  cen te r s  w e r e  ch~sexi as a convenient ,  y e t  r e p r e s e n t a t i v e ,  s tudy 

objec t ive .*  The load  cen te r s  and t h e i r  a l l o c a t e d  capac i ty ,  as given 

i n  R e f .  15, are shown i n  Table 2. Figure 3 shows t h e  sewice area for  

t h e  Kentucky Lake Surrogate  S i t e .  (Figure 3 ineludes t h e  Chattanooga 

BEA Region, which w a s  i n  the service area i n  t h e  preceding i t e r a t i o n  

and conta ins  one of the dispersed  s i t e s . )  

(Subsequently, Q ~ S E K I  ad jus t ed  h f s  p r o j e c t i o n s ,  l 5  

A 
Ira a recen t  s tudy by Nat ional  Electric R e l i a b i l i t y  Council ,  
were s tud ied  w i k h  t h r e e  t o  s i x  load  cen te r s  served by each. 

four  sites 



Table 2 .  Load c e n t e r s  and t:heir s h a r e  of t h e  a l l o c a t e d  capac i ty  
--_I _.._ __-.-I I_ 

~a tituae Longitude 
_. BEA 

reg ion  Name Degrees Minutes Degrees Minutes 
--_.__.c 

Load c e n t e r s  -- 
46 Memphis, TN 35 7 ,5  90 3.4 

47 Huntsv i l le ,  AL 34 43.9 86 35.2 

49 Nashvi l le ,  'IN 36 9.8 86 4 6 " 7  

55 Evansvi l le ,  I N  37 58.2 87  34.5 

115 Paducah, KY 37 4 . 6  88 36.9 

_I -- 
BW 

region 1980 1985 1990 1995 2000 2020 

Allocated share  of capacitp 

46 7.082 
6.989 

8.650 
8.483 

11.180 
11.300 

13.610 
13.603 

16.632 
16.737 

30 m 645 
30.884 

47 2.860 
2.822 

3 731 
3.659 

4.919 
4.972 

6.389 
6.385 

7 "970 
8.020 

16" 344 
lo". 472 

12.777 
12.770 

49 6.129 
6.048 

7 e 802 
7 ,652 

10.286 
10.396 

15 "939 
16.040 

31 a 326 
31.570 

3.919 
(3.655) 

3.035 
( 2 , 8 3 2 )  

4.793 
(4.446) 

5.822 
(5.394) 

10.281 
(9.601) 

55 2 3 1 5  
(2.232) 

115 1.782 
(1,581) 

2.162 
(2.006) 

2.613 
(2 -437) 

3.195 
( 2 . 9 6 4 )  

3 a 882 
(3.597) 

6.7615 
( 6  .Zr;l) 

- - 

The numbers i n  i t a l i c s  represent  rev ised  pro jec t ions16  i n  t h e  South- 
e a s t e r n  Electric R e l i a b i l i t y  Council (SERC) region;  those i n  parenthe- 
ses represent  p r o j e c t i o n s  In t h e  E a s t  Cent ra l  A r e a  R e l i a b i l i t y  
Coordination Agreement (ECAR) region.  

U 
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3 . 2 . 2  Dispersed si tes - .  

.- 

Sixty possible sites, each capable  of suppor t ing  4 r e a c t o r s ,  w e r e  

chosen wi th in  a 300-naile r ad ius  of t h e  Kentucky Lake Surrogate  S i te .18  

'The sites were chosen a f t e r  t he  reg ion  had been analyzed by means of  

coarse screening  techniques.  The primary cons idera t ions  w e r e  t he  avail- 

a b i l i t y  of an  adequate supply of water and avoidance of t h e  New Madrid 

Fault area. 
area f o r  the  su r roga te  s i te  w a s  chosen, ten  p o t e n t i a l  genera t ing  sites 

w e r e  s e l e c t e d  within t h a t  service area. The ten  sites are i d e n t i f i e d  i r e  

Table 3 and shorn i n  Fig.  4 .  The Kentucky Lake Surrogate  S i t e ,  McKinnou, 

Tennessee, is s i t e  number 1. The t en  s i t e s  include t h ree  which are under 

development by TVA. For each s i te ,  i t  w i l l  be  assumed t h a t  t h e r e  is no 

development before  1986 

(Details may be found i n  the  appendix.) Af te r  t h e  service 

Table 3 .  Dispersed sites f o r  genera tors  
~ - -  

Lat i tude  Longitude 
il 

S i t e  N a m e  Degrees Minutes Degrees Minutes 
--1-.1_- I 

NcKiinnon, TN 

Cumberland C i ty ,  TN 

Eas tpo r t ,  MS 

Bellefonte-Hollywood, AL 

Penton, MS 

Cadiz, KY 

Hartsvil le,  TN (TVA) 

PerryviPle, TN 
Browns Ferry-Kogersvil le,  AL 

Sherard,  PIS 
(WM 

36 

36 

34 

34 

34 

36 

36 

35 

34 

34 

12.5 87 

23.3 8 7  

53.2 88 

40.3  86 

52  -0  9 

51.8 87 

23.7 6 

37.2 88 

49 .6  $7  

12 .6  90 

55.0 

38.1 

6 . 1  

2.1 

17.8 

S0,l 

9.8 

2 . 4  

17 .5  

42,6 

3.2.3 D i f f e r e n t i a l  a n a l y s g  

The concern of t h i s  s tudy Lies i n  the  d i f f e rences  between siting base- 

load  nuc lear  power p l a n t s  i n  energy cen te r s  and i n  d ispersed  generating 
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F i g .  4 .  Load center and d ispersed  genera t ing  sites for Kentucky Lake Surrogate lte S i t e .  
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sites e 

est imated d i r e c t l y  by mans of  d i f f e r e n t i a l  ana lys i s .  
and a d ispersed  s i t i n g  plan w i L l  have an e x i s t i n g  system. of  t ransmission 

l i n e s  and power p l a n t s  i n  1987, bu t  f o r  t h e  d i f f e r e n t i a l  a n a l y s i s  of Case 

A the  assumption w i l l  be  made t h a t  Chere is no e x i s t i n g  system of Lrans- 

d s s i o n  l i n e s  asld power p l a n t s  before  1987. 

m d  peaking mits i n  a d d i t i o n  to t he  base load nuclear  u n i t s  for  both a 
centered and a d ispersed  s i t i n g  p lan ,  f o r  purposes of the  d i f f e r e n t i a l  

a n a l y s i s  i t  w i l l  be assumed t h a t  no o the r  sources  of power e x i s t  i n  t h e  

service area. Alsv, even though t h e r e  are in te rconnec t ions  wi th  ad jacent  

load  centers that. can be used t o  export  o r  import power, no such i n t e r -  
connections wi th  ad jacent  areas w i l l  be used i n  the  d i f f e r e n t i a l  a n a l y s i s .  

Although t h e r e  are approximations involved,  t he  di f  fe rences  were 

Both a centered 

Although. t h e r e  w i l l  be fossil. 

The f i n a l  assumption i n  t h e  d i f f e r e n t i a l  analysis 

is t r ansmi t t ed  over 765-ECV l i n e s ;  t he re fo re ,  only 

t ransmission l ines  f o r  t he  centered and d ispersed  

Since the  energy cen te r  has  base  load u n i t s ,  
system must be  capable  of moving a l l  t h e  power t o  

is titnac. a l l  bulk power 

t h e  miles of 765-kV 

system w i l l  be  estimat:ed. 

the  t ransmission 

t h e  load cen te r s .  

Thus, the t o t a l  demand from the  load cen te r s  should be equal  t o  the  

t o t a l  capac i ty  of t h e  energy cen te r .  The number of r e a c t o r s  i n  Table 1 

mul t ip l i ed  by 1 - 2  GW per  r e a c t o r  g ives  t h e  t o t a l  demand by all load 

c e n t e r s -  This t o ta l  has been a l l o c a t e d  t o  load c e n t e r s  on t h e  b a s i s  of 

t he  capac i ty  p r o j e c t i o n  of Qlsenl'  ( see  Table 2) cor rec ted  f o r  retire- 

ments. ( T h e  d e t a i l s  are i n  the  appendix.) The r e s u l t i n g  demand 

p r o j e c t i o n  is  shown i n  Table 4 f o r  the  d a t e  (shown i n  Table 1 )  a t  which 

each second r e a c t o r  is completed. (The t o t a l  demand is 40 MW less than 

che t o t a l  capac i ty  t o  guarantee t h a t  the l i n e a r  programming problem i s  

f e a s i b l e  1 

3 e 2.4 S e n s i t i v i t y a l y s i s  

S e n s i t i v i t y  a n a l y s i s  impl ies  t h e  s tudy of each assumption i n  t h e  

d i f f e r e n t i a l  a n a l y s i s .  

t h e  neighboring BEA r eg ions ,  inc luding  the  e x i s t i n g  system i n  1986, 

e s t ima t ing  r e t i r emen t s  i n  t h e  per%od 1986-2000 based on the  e x i s t i n g  

plants in 1986, arid inc luding  a l l  new capac i ty  add i t ions  (nuclear, f o s s i l ,  

and pealring) i n  t h e  per iod  1986-2000. For t h i s  l a r g e r  system, the s a m e  

A comprehensive check would c o n s i s t  of adding all. 
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Table 4. Remand from energy c e n t e r s  by load c e n t e r s  
.-_I__- 

Year Nashvi l le  Paducah Evansvi l le  Huntsv i l le  Memphis Tota l  

1988 
1990 
1992 
1994 
1996 
1998 
2000 
2001 
2003 
2005 
2006 
2008 
2009 
2011 
2012 
2014 
2015 
2019 
2018 
2020 

0.76 
1.54 
2.28 
3.02 
3.78 
4.57 
5.35 
6.13 
6.92 
7.72 
8.50 
9.31 

10.10 
10.91. 
11.70 
12.52 
13.32 
14.14 
14.95 
15.78 

0.16 
0.31 
0.50 
0.70 
0.89 
1.08 
1.27 
1.45 
1.62 
1.79 
1.96 
2.12 
2.29 
2.45 
2.62 
2.77 
2.94 
3.09 
3.25 
3.40 

0.28 
0.56 
0.84 
1.11 
1.38 
1.65 
1.91 
2 “18 
2.43 
2.68 
2 “93 
3.18 
3.43 
3.67 
3,92 
4.15 
4.39 
4.62 
4.86 
5 .Q9 

0 .36  
0.73 
1.15 
1.59 
2 .OQ 
2.38 
2.77 
3.17 
3 -59  
4 .Q1. 
4.42 
4.85 
5 .27  
5 . 7 1  
6.13 
5 . 5 8  
7 .on 
7.46 
7.90 
8.36 

0 , 8 l  
1.63 
2.39 
3.14 
3.91 
4.68 
5.46 
6.23 
7 .QO 
7.77 
8.54 
9.30 

10.07 
10.83 
11.59 
1.2.34 
13.10 
13.84 
14.6Q 
15 e 34 

2.36 
4.76 
7.16 
9.56 

11.96 
14 I35 
16.76 
1 9  * 16 
2 1  -56 
23.96 
26 e 36 
28 e 76 
31.16 
33.56 
35.96 
38.36 
40 e 76 
43,16 
45 “56 
47.96 

t h r e e  cases which w e r e  analyzed previously by means of d i f f e r e n t i a l  

a n a l y s i s  (one, fou r ,  and t e n  s i t e s )  and the  two sets of answers could be 

compared. I n  Case B ,  l i m i t e d  s e n s i t i v i t y  a n a l y s i s  has  been performed 

f o r  the  s u r r o g a t e  s i te ,  

3.2.5 Transmission corridors- 

The s e l e c t i o n  of d e t a i l e d  t ransmission c o r r i d o r s  and s u b s t a t i o n s  is 

not  s o l e l y  an engineer ing problem; i t  is  a compLtx land use planning 

problem t h a t  should involve envi ronmenta l i s t s ,  land use planners ,  and 

the publ ic .  The planning process should be i terative; t h e  engineer  

determines the  need for a t ransmission l i n e  from point A t o  p o i n t  B;  the 

land use planning process must then l o c a t e  the s u b s t a t i o n  l o c a t i o n s  A 

and B and choose a c o r r i d o r  between them. 

h i s  design i f  t h e  c o r r i d o r  loca ted  by the  planning process is  too 

expensive. 

The engineer may then r e v i s e  

This ,  i n  t u rn ,  may require t h a t  t h e  land use ptanning process 
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should consider  t he  a l t e r n a t i v e  design,  etc. 

mission c o r r i d o r s ,  based on engineer ing data on the number o f  t r ans -  

mission l i n e s  beeween genera tors  and load c e n t e r s ,  w e r e  planned by 

3 .  S .  Suffera .  

ZJI. t h i s  s tudy ,  t h e  trans- 

1 

3 . 2 . 6  A n a l y t i c a l  t o o l s  

A computer program w a s  devised t o  so lve  t h e  IEA Linear  Programming 

problem descr ibed in  Sec t ion  2.  Given the  loca t ions  of t h e  load c e n t e r s  

and gene ra to r s ,  t he  genera t ing  capac i ty  of each genera tor ,  and the  

demand from each load c e n t e r ,  the  computer program dispa tches  power from 

genera tors  t o  load  cen te r s  t o  miniraize t h e  t ransmission of power. 'Table 

5 shows a sample of the  computer p r i n t o u t  for t h e  10-site case, each 

site wi th  4 r e a c t o r s .  The t o t a l  genera t ing  capac i ty  is 48 GW and t h e  

t o t a l  d e m d  is  47.97 GW, l eav ing  an excess capac i ty  of 30 MM. Table 

5 and Fig. 4 illustrate t h e  t r a d e o f f s  between minimizing d i s t ance  and 

s a t i s f y i n g  demand. From Table 4 ,  the  demand from Paducah i s  3400 MW., 
S i t e  6 ,  Cadiz, is c l o s e s t  t o  both Evansvi l le  and Paducah, b u t  i t  does 

not  have enough power t o  s a t i s f y  both demands. Although Paducah is  

c l o s e r  t o  Cadiz, a l l  t h e  power from Cadiz flows t o  Evansville. S i t e  E ,  

McKinnon, is c l o s e r  t o  Paducah than S i t e  2 ,  Cumberland C i ty ,  and the  

demand of Paducah is s a t i s f i e d  by McKinnon while  t he  remaining demand 

of Evansvi l le ,  290 MW, is s a t i s f i e d  by Cumberland City.  

Table 5 i n d i c a t e s  t h a t  t h e  t o t a l  gigawatt-miles f o r  t h e  d ispersed  

system is  2974 and t h e  t o t a l  gigawatt-miles for t h e  c e n t e r  i s  5103. 
Thus, t h e  d ispersed  system seem t o  e f f e c t  cons iderable  savings. This ,  

however, r ep resen t s  t he  d ispa tch  of power not  a r e l i a b l e  t ransmission 

system. 

of t ransmiss ion  l i n e s  t h a t  inc lude  redundancy a t  least f o r  a single 

contingency. I n  such a case, t h e  f i n a l  savings may no t  b e  as g r e a t  as 

the  d i f f e r e n c e  i n  d i spa tch  gigawatt-miles  f o r  the  two systems implies .  

The real savings  can be determined only by comparing the m i l e s  
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Table 5. Optimum d i spa tch  of powex f o r  
d ispersed  systern - t e n  4-reactor sites - in 2020 

McKinnon, Tennessee 48 GW A p r i l  2J.9 1975 
Mult i p l e - s i t e  output  
Tota l  gigawatt-miles = 2974 
Central  gigawatt-miles = 5103 

Generator capac i ty  = 4.8 
N a m e  of generator  -MeLCinnon, Tennessee 

Dispatch 

1.40 
3.40 
0.0 
0.0 
0.0 

Name of load center  

Nashvi l le ,  Tennessee 
Puducah, Kentucky 
Evansvi l le ,  Indiana 
Huntsv i l le  Alabama 
Memphis Tennessee 

Fzcess capac i ty  = 0.0 

Generator capac i ty  = 4.8 
Name of generator - Cumberland C i t y ,  Tennessee 

Dispatch 

4.51 
0.0 
0.29 
0.0 
0.0 

N a m e  of load center 

Nashvi l le ,  Tennessee 
Paducah, Kentucky 
Evansvi l le  Indiana 
Hun t sv i l l e ,  Alabama 
Memphis, Tennessee 

Excess capac i ty  = 0.0 

Generator capac i ty  = 4.8  
N a m e  of generator  - Eastpor t  , Miss i s s ipp i  

Dispatch N a r n e  of load cen te r  

0.0 
0.0 
0.0 
0.0 
4.80 

Nashvi l le ,  Tennessee 
Paducah, Kentucky 
Evansvi l le ,  Indiana 
Huntsv i l le ,  Alabama 
Memphis Tennessee 

Excess capac i ty  = 0.0  
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Table 5 (continued) --- 
Generator capac i ty  = 4.8 

N a m e  of generator  - Bellefonte-Hollywood, Alabama - TVA 

Dispatch N a m e  of load c e n t e r  

0.0 
0.0 
0.0 
4.80 
0.0 

Nashvi l le ,  Tennessee 
Paducah, Kentucky 
Evansvi l le ,  1nd:iana 
Huntsv i l le ,  Alabama 
Memphis, Tennessee 

Excess capac i ty  = 0.0 

Generator capac i ty  = 4.8 
Name of genera tor  -Penton,  M i s s i s s i p p i  

Dispatch Name of load center 

0.0 
0.0 
0.0 
0.0 
4.80 

Nashvi l le ,  Tennessee 
Paducah, Kentucky 
Evansvi l le ,  Indiana 
H u n t s v i l l e ,  Alabama ' 

Memphis, Tennessee 

Excess capac i ty  = 0.0 

Generator capac i ty  = 4.8 
Name of generator  - Cadiz, Kentucky 

Dispatch Name of load center 

0.0 
0.0 
4.80 
0.0 
0.0 

Nashvi l le ,  Tennessee 
Paducah, Kentucky 
Evansvi l le ,  Indiana 
Huntsv i l le ,  Alabama 
Memphis, Tennessee 

Excess capac i ty  = 0.0 
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Table 5 (continued) 
----.-. I_p 

Generator capacity 4.8 
Name of generator - Harts~ville, Tennessee - TYA 

Dispatch Name o f  load center 

4.80 
0.0 
0.0 
0 .0 
0.0 

Nashville, Tennessee 
Paducah, Kentiicky 
Evansville, Indiana 
Huntsville, Alabama 
Memphis Tennessee 

Excess capacity = 0.0 

Generator capacity = 4 . 8  
Name o f  generator - Perryville, Tennessee 

Name of load center Dispatch -* 

3.86  
0.0 
0.0 
0.0 
0.94 

Nashville, Tennessee 
Paducah, Kentucky 
Evansville, Indiana 
Huntsville, Alabama 
Memphis, Tennessee 

Excess capacity = 0.0 

Generator capacity = 4.8 
Name of generator -Browns Perry-Rogersville, Alabama - WA 

Dispatch 

1.21 
0.0 
0 *0 
3.56 
0.0 

Name o f  load center 

Nashville, Tennessee 
Paducab, Kentucky 
Evansville, Indiana 
Huntsville Alabama 
Memphis, Tennessee 

Excess capacity = 0.03 



27 

Table 5 (continued) 

Generator capac i ty  = 4 . 8  

-11 

Name of generator  Sherard,  MXssissippi 

Dispatch Name of load  cen te r  

0.0 
0.0 
0 .O 
0.8 
4.80 

Nashvi l le ,  Tennessee 
Paducah, Kentucky 
Evansvi l le ,  Indiana 
Hun t sv i l l e ,  Alabama 
Memphis, Tennessee 

Excess capac i ty  = 0.0 
-- 

3.2.7 Transmission system f o r  one energy c e n t e r  a t  t h e  Kentucky Lake 
Surrogate  S i t e  

In  t h e  case of a s i n g l e  energy c e n t e r ,  t h e  optimum d i spa tch  of 

power is simply t o  s a t i s f y  t h e  demand of each load cen te r .  Table 6 and 

Fig .  5 show t h e  t ransmiss ion  system f o r  a f u l l y  developed energy cen te r  

wi th  40 r e a c t o r s  d e l i v e r i n g  48 GW of power i n  2020. The des igna ted  

demand f o r  each load  center  comes from ' table 4 .  The d i s t ances  from the  

su r roga te  si te t o  t h e  load  cen te r s  are represented  by s t r a i g h t  l i n e  

( a c t u a l l y ,  g r e a t  circle) d i s t ances .  (For t h e  next  i t e r a t i o n ,  the  t rans-  

mission c o r r i d o r s  designed by t h e  land use planners  would be used.)  

the b a s i s  of t h e  methods descr ibed i n  Sec t ion  2,  t h e  capac i ty  of  a 76S-kV 

l i n e  of t h e  appropri .ate l eng th  has been est imated.  

of lines, L*, r ep resen t s  the  demand divided by t h e  capac i ty  pe r  Ifne. 

The t ransmiss ion  system w a s  designed by rounding L* t o  the  next  h ighes t  

i n t e g e r  and adding an extra l i n e  t o  provide spa re  capac i ty  i f  one of the  

l i n e s  should f a i l  (stngle contingency).  As an  example, the deinand f o r  
Nashvi l le  from the energy cen te r  in.  2020 w i l l  be  15.78 GW. With the 
capac i ty  of a 64-mile t ransmission l i n e  of about 6.129 GW, Id* is 2.57. 

Thus, t h r e e  Bines can c a r r y  t h e  load ,  b u t  four l i n e s  are needed for 

redundancy. 

On 

The minimum number 
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Table 6 .  One energy cen te r  a t  Kentucky Lake Surrogate  S i t e  - 
McKinnon, Tennessee, 40 r e a c t o r s ,  48 GW ---. i n  2020 

Load cen te r  Load Miles (JW/kine I;* Ltnes 

Nashvi l le  15.78 64 6.129 2.57 4 
Paducah 3.40 71 5.389 0.59 2 
Evansvi l le  5.09 123 4 .338  1-17  3 
Hun t sv i l l e  8.36 127 4 . 2 4 3  1.97 3 
Memphis 15.34 142 3.926 3.91 5 

-_.-____-.----. ~ .-l.l_l~ .._1-_1 

I ._.__ 

__I .̂ --.- .I.-..- 

L* = Load + (GW/line) . 

3.2.8 ---11_ T r a n s d s s i o n  system and development p l an  f o r  t e n  d ispersed  
energy c e n t e r s  

Table 5 shows t h e  optimum dispa tch  of power from 10 d ispersed  energy 

c e n t e r s  t o  the  load  cen te r s  i n  2020. Table 9 l i s ts  t h e  capac i ty  (GW/line) 

f a r  a 765-kV l i n e  from each generator  t o  t h e  load  c e n t e r s  t h e  genera tor  

w i l l  se rve .  based on the  capacities i n  Table 7 ,  a t ransmission system 

shown i n  Fig.  6 has been designed t o  ca r ry  t h e  d i spa tch  of power shown 

i n  Table 5 ,  inc luding  a s i n g l e  contingency provis ion .  For example, t h e  

demand of Evaizsville i s  s a t i s f i e d  by power f rom Cadiz (6) and Cumberland 

C.i.t:y (2) while  t h e  power for  Paducah comes from McKinnon (1) .  A s i n g l e  

765-kV l i n e  from Cadiz ( 6 )  t o  Evansvi l le  can c a r r y  5.5 GW, which exceeds 

the demand of Evansvi l le  (5.09 GW) . Thus, the  power from Cumberland 

C i t y  (2) t o  Evansvi l le  can be t ransmi t ted  t o  Cadiz ( 6 ) ,  and t h e  t o t a l  

load can be  t ransmi t ted  to Evansvi l le  r a t h e r  than sending the  power 

d i r e c t l y  from Cumberland City (2) t o  Evansvi l le .  Two l i n e s  are needed 

from Cadiz ( 6 )  t o  Evansvi l le .  A s i n g l e  l i n e  connects Cumberland Ci ty  (2) 

and Cadiz ( 6 ) ;  the second pa th  is from Cumberland Ci ty  (2) t o  McKinnon 

(1) t o  Cadiz ( 6 )  I The l i n e  Erom McKinnon (1) t o  Cadiz a l s o  provides a 
second pa th  f o r  t h e  power f r o m  McWnnon (1) t o  Paducah. 

The t ransmiss ion  system i n  Fig.  6 carries 290 MW from Cumberland 

Ci ty  (2) to Cadiz ( 6 )  t o  Evansvi l le .  Since t h e  765-kV l i n e  from 

Cumberland Ci ty  (2) t o  Cadiz ( 6 )  could c a r r y  6625 MW, i t  i s  substan-  

t i a l l y  underloaded a t  290 PIN- More ex tens ive  s y s t e m  s t u d i e s ,  inc luding  

load-flow ana lyses ,  would be needed t o  choose t h e  b e s t  a l t e r n a t i v e  t o  



29 



30 

Table 7 .  Dispersed genera tors  1-generator sites each wi th  
4 r e a c t o r s  and producing 4.8 CW - in 2020 

Dispatch 

Prom To Load Miles l i n e  L* Lines 

1. 
1 
2 
2 
3 
4 
5 
4 
7 
8 
8 
9 
9 
10 

N 
P 
N 
E 
M 
H 
M 
E 
N 
N 
M 
N 
R 
M 

1.40 
3.40 
4.51 
0.29 
4.80 
4.80 
4,80 
4.80 
4.80 
3.86 
0.94 
1.21 
3.56 
4.80 

64 
7 1  
5 0 

109 
1 1 2  

32 
22 
78  
38 
80 

119 
97 
4 1  
73 

6.129 
3.789 
G .625 
4.575 
4.508 
6.625 
6.625 
5.498 
6.625 
5.422 
4.360 
4.878 
6.425 
5 -701 

0.23 
0.59 
0.68 
0.06 
1.06 
0.72 
0.72 
0.87 
0.72 
0.71 
0.22 
0.24 
0.54 
0.84 

1 
2 
1 
1 
2 
2 
3 
2 
2 
2 
1 
2 
2 
2 

I,* = Load -: (m/line) . 
serve Evansvi l le .  Among t h e  a l t e r n a t i v e s  are: a d i f f e r e n t  d i spa tch  of 

pow@r, a lower vol tage  connectton between Cumberland Ci ty  and Cadfz 

(e.g. ,  345- o r  230-kV), o r  an increased  genera t ing  capac i ty  a t  Cadiz. 

I n  add i t ion  t o  designing a t ransmission system f o r  a f u l l y  developed 

system i n  2020 wi th  40 reactors a t  t e n  sites, an optimum sequence of 
development f o r  t he  t e n  d ispersed  energy cen te r s  was obtained.  Table 8 

shows t he  sequence. chosen, obtained by examining t h e  energy cen te r  a t  

t h r e e  s t a g e s  i n  i t s  development - 1 0  r e a c t o r s  i n  1996,  20 r e a c t o r s  i n  

2005, and 30 r e a c t o r s  i n  2012 -and by cons ider ing  p ro jec t ed  changes i n  

demand. 
The lcEA Programwas used t o  work out  the d e t a i l s  shown in Table 8 

( i . e .  , choosing between Browns Ferry (9) and Cumberland C i ty  (2) i n  1990, 

chooRing between Cadiz (6) and Hartsvil le ( 7 )  i n  2001, e t c ) .  

3 . 2 . 9  Transmission -I-.. system and de-y%l.opment p lan  f o r  four  q ie rgy  cente-c~ 

‘The first t a s k  i.s to choose trhe four  energy centers from among the  

t en  d ispersed  energy cen te r s .  

v i l l e  is  g r e a t e r  then the. 12-(;SJ capacity of one of t h e  four  energy cen te r s .  

I n  2020 t h e  demand from Memphis and Nash- 
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Table 8. Optimum ~ e i p ~ n c e  f o r  ten d ispersed  si tes 

Qrder  S i t e  Completion d a t e  

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

2 
9 
5 
6 
7 

10 
4 
1 3 

8 

June 1990 
June 1994 
June 1998 
December 2001 
January 2005 
February 2008 
March 2011 
A p r i l  201.4 

June 2020 
my 2017 

Penton (5) is t h e  b e s t  choice f o r  the Memphis energy c e n t e r ;  t h e  Nashville 

energy cen te r  could be e i t h e r  B a r t s v i l l e  (7)  o r  Cmberl.and Ci ty  (2 ) .  The 

IIsrz computer program w a s  used t o  mzk.e an optimum choice f o r  t h e  four  

energy cen te r s .  

four  energy cen te r s  are Penton ( 5 ) ,  Cadiz ( 6 3 ,  Hartsville (71, and Browns 

Ferry (9) .  
energy c e n t e r s  is  less than one-half t h e  gigawatt-miles f o r  the  s i n g l e  

energy cen te r  and s i g n i f i c a n t l y  less than t h e  gigawatt-miles f o r  t h e  t e n  

d ispersed  energy cen te r s .  (The fol lowing note of caut ion  must be imserted. 

Although the  four energy cen te r s  are chosen t o  minimize the t o t a l  gigawatt-  

miles, t h e  t e n  energy c e n t e r s  were chosen at random. Four energy cen te r s  

chosen a t  random wauld probably no t  g ive  fewer g igawat t -dPes  than the 

t e n  energy cen te r s .  

sense a t  Hartsville i n  1985, a 10- o r  12-reactor  energy cen te r  makes 

sense a t  Har t . sv i l l e  i n  2020, Perhaps t h e  optimum system is t o  have Lhhe 

energy cen te r s  grow t o  met the  load;  i n  2020 Penton (5) and Hartsvi1l.e 

(7)  would have more than 1.0 r e a c t o r s ,  and Cadiz ( 6 )  and Browns Perry (9)  
wmild have less than 10 r e a c t o r s  .) 

The r e s u l t s  are shown i n  Table 9 .  The sites f a r  the 

The t o t a l  number of d i spa tch  gigawatt-Idles  f o r  t h e  four  

However, just as a 4 - ~ e a c t s r  energy cen te r  makes 

The capac i ty  of 765-kV t ransmission l i n e s  f r o m  t h e  energy c e n t e r s  

On the  b a s i s  o f  Table 10 ,  a to the load  cen te r s  i s  given i n  Table 10. 

t ransmission system f o r  t h e  fou r  energy cen te r s  has been designed and 

is  shown i n  Fig.  7. Because of l i g h t  loading ,  only one l i n e  i s  shown from 

Browns Ferry (9) t o  Nashvi l le .  As i n  the case of the  l i n e  f r o m  Cumberland 
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Table. 9. Optimum dispa tch  of power from four  energy cen te r s ,  
each having 10 r e a c t o r s  and producing 1 2  GW, i n  20206: 

Name of N a m e  of 
generat  orb load center  Dispatch 

Penton, MS (5) Memphis, TN 12 .oo 

Cadiz, KY (6) Nashvi l le ,  TN 3.51 
Paducah, KY 3.40 
Evansvi l le ,  I N  5.09 

H a r t s v i l l e ,  TN (7)  (TVA) Nashvi l le ,  TN 12 .QO 

Browns Ferry-Rogersvil le,  Az, Nashvi l le ,  TN 0,27 
( 9 )  ( T W  Huntsv i l le ,  AL 8.36 

Memphis, TN 3.34 
47.97c 

aTota l  gigawatt-miles = 2429 ; central gigawatt-miles = 5103. 
b 

e 
Generator capac i ty  = 48 CW. 

Excess capac i ty  = 0.03 GW. 

Table 10. Four energy c e n t e r s  (Penton, Cadiz, H a r t s v i l l e ,  
and Browns F e r r y ) ,  each having 10 r e a c t o r s  and 

producing 1 2  GW, i n  2020 

Dispatch 
generat  o r  Load c e n t e r  Load Miles GW/line L* Lines 

Penton (5) 
Cadiz ( 6 )  
Cadiz (6) 
Cadiz ( 6 )  
H a r r s v i l l e  ( 7 )  
Browns Fer ry  (9) 
Browns Ferry (9) 
Browns Ferry (9) 

Memphis 
Nashvi l le  
Paducah 
Evansvi l le  
Nashvi l le  
Nashvi 1 l e  
Huntsv i l le  
Memphis 

12 .QO 
3.51 
3.40 
5.09 

12 .oo 
9.27 
8.36 
3.34 

22 
76 
46 
78 
38 
97 
41  
15 8 

6.625 
5.577 
6.625 
5 B 498 
6.625 
4.878 
6.625 
3.645 

1.81  3 
0 . 6 3  2 
0.51 2 
0.93 2 
1.81 3 
0.04 1 
1.26  3 
0.92 2 
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City  (2) t o  Evansvi l le  f o r  the dispersed  system, systems s t u d i e s  would 

be needed t o  choose t h e  best way t o  supply 270 MW of power t o  Nashvi l le .  

The p resen t  d i spa tch  of power from Browns Ferry is probably not  t h e  b e s t  

s o l u t i o n .  

The IEA Linear  Programming Computer Program was used t o  f i n d  an  

optimum t i m e  sequence f o r  the  development of t h e  f o u r  energy c e n t e r s  

shown i n  Table 11. 
i n  1996, 2005, and 2012; that. is, a f t e r  t h e  completion of one, two, and 

t h r e e  c e n t e r s .  In 1966 t h e  optimum site is Cadiz (6) .  I n  2005 t h e  

optimum sites are Pentan (5) and Hartsville ( 7 ) .  Thus, t h e  second 

optimum is not  compatible wi th  t h e  f i r s t .  I n  2012, the  optimum sites 
are Penton ( 5 ) ,  Cadiz ( 6 )  and Browns Ferry ( 9 ) .  Considering t h e  t o t a l  

gigawatt-miles  i n  1996, 2005, and 28112 f o r  all p o s s i b l e  development 

sequences, the  b e s t  sequence is shown i n  Table 11. 

A l l  poss ib l e  development sequences were considered 

Table 91. O p t i m u m  sequence f o r  fou r  energy c e n t e r s  

Order S i t e  Completion dare 

1 6 June 1996 
2 5 January 2005 

3 9 September 2012 
4 7 June 2020 

3.2.10 Comparison of t h e  t ransmiss ion  system i n  2020 f o r  one energy 
c e n t e r ,  fou r  e n e r m  c e n t e r s ,  and ten,  d i spersed  energy c e n t e r s  

To swmarize, t h e  IEA Linear  Programming Computer Program dispa tches  

t h e  puwer to t h e  load  c e n t e r s  t o  minimize t h e  d i s t a n c e  t h e  power must 

travel measured i n  gigawatt-miles. 

f o r  t h e  t h r e e  types of energy c e n t e r s  are shown i n  Table 1 2 ,  For one 

c e n t e r  t he  power travels 5103 GW-miles, f o r  four  c e n t e r s  t h e  power 

t r a v e l s  2429 GW-miles (48% of the  one-center t o t a l ) ,  and for t e n  c e n t e r s  

t h e  power t r a v e l s  2974 GW-miles (58% of t h e  one-center t o t a l ) .  With 

the  cavea t  noted previous ly ,  t h e  four-center  system has t h e  smallest 

power dispa tch .  

The t o t a l  number of gigawatt-miles 
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Table 12. 
c e n t e r ,  fou r  energy c e n t e r s ,  atid t e n  d ispersed  cen te r s  

Comparison of t ransmission system f o r  one energy 

Percent of Percent  of 
Number o f  Linear  Programming the one-center 765-kV t he  one-center 

cen te r s  gigawatt-miles t o t a l  m i l e s  t o t a l  

1 

4 

10 

5103 

2429 

2974 

100 1858 100 

48 1116 60 
58 1727 93 

Another comparison can be made of t h e  estimate of t h e  t o t a l  m i l e s  

of 765-kV t ransmission requi red  f o r  each type of energy c e n t e r  (see Table 

12) .  

s t r a i g h t - l i n e  d i s t ances .  An estimate. us ing  co r r ido r s  chosen by means of 

land use p l a n i n g  w i l l  be  given i n  the  next  chapter . )  

redundancy requi red  f o r  r e l i a b i l i t y ,  t h e  [our-energy-center system l o s e s  

SOUE o f  i ts  transmission distance advantage over t he  s i n g l e  energy c e n t e r  

(60 vs 4 8 % ) ;  b u t  t h e  dispersed system l o s e s  almost all i ts  advantage 

over t he  s i n g l e  energy cen te r  (93  vs 58%). Cost cornparison of the- three 

t ransmission s y s t e m  w i l l  be  made i n  t h e  next  chapter .  

(The l eng th  of t h e  t ransmission system i n  Table 1 2  is  based 01% 

Because of 

3.3 Case H 

3.3.1 In t roduc t ion  

This p a r t  of t h e  s tudy takes  i n t o  cons idera t ion  power p l a n t s  and 

500-kV t ransmission l i n e s  e x i s t i n g  and/or planned through t h e  e a r l y  1 9 8 0 ~ ~  

as i nd ica t ed  i n  the  1974 reparts t o  the  Federal  Power Commission. P l a n t s  

wi th  c a p a c i t i e s  smaller than 200 PN were omit ted.  

included w e r e  phased ou t  in accordance with the expected l i f e t i m e  f o r  

t h e  type - 20 years  f o r  gas tu rb ine ,  40 years  f o r  stearn, and 60 years  

f o r  hydroe lec t r i c .  

The p l a n t s  which w e r e  

Dates of p lan t  completion and r e spec t ive  c a p a c i t i e s  
9 w e r e  obtained from t h e  d i r ec to ry .  

Load cen te r s  and generat ion sites are shorn i n  Fig.  8 ,  which, 

except  f o r  t h e  a d d i t i o n  of Chattanooga, covers t h e  s a m e  area as the 

regions i n  p a r t  A o f  t h e  s tudy.  

bered to correspond t o  bus numbers used by General Electric i n  a p a r a l l e l  

The c e n t e r s  and s i tes  have been r e n u m -  
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s tudy.  The load c e n t e r s  and t h e i r  demands are l i s t e d  i n  Table 13; t h e  

generat ing sites and t h e i r  c a p a c i t i e s  are l i s t e d  i n  Table 1 4  for t h e  

d ispersed  case and i n  Table 15  f o r  t h e  c e n t e r  case. 

Table 13. Load c e n t e r s  and demanda 

1985 2005 2020 
Bus load  load load 

number N a m e  (MW) (ma (W> 

P o s i t i o n  

L a t i t u d e  Longitude 

100 Memphis 35.125 90.057 -5,476 -15,377 -25,737 
1 0 1  Huntsv i l le  34.332 86.587 -3,049 -8,001 -13,727 

103 Evansvi l le  37.970 87.575 -1,737 -5,192 -8,001 
104 P adu c ah 37.077 88.615 -3 ,372  -5,143 -6,918 
105 Chattanooga 35.043 85.310 0 -1,848 -5,483- 

102  Nashvi l le  36.163 86.778 -6,377 -15,833 -26,308 

-20,011 -51,394 -87,174 

aSee Appendix C f o r  d e r i v a t i o n .  

The e x i s t e n c e  of 500-kV l i n e s ,  shown i n  Fig.  9 ,  modifies t h e  approach 

t o  t h e  s o l u t i o n  of optimum path.  I n  absence of l i n e s ,  as w a s  assumed i n  

Case A ,  i t  w a s  simply a matter of acxept ing t h e  Linear Programming s o l u -  

t i o n .  1.n t h i s  case, t h e  recommendations of t h e  Linear Programming run 

have t o  be  weighed a g a i n s t  a l t e r n a t i v e s  i n  t h e  use of t h e  e x i s t i n g  l i n e s  

because t h e s e  were no t  en tered  i n t o  t h e  program. Using t h e  r e s u l t s  of 

t h e  dua l  s o l u t i o n  f o r  s e l e c t i o n  c r i t e r i o n ,  d i f f e r e n t  runs w e r e  made f o r  

cases i n  which d i f f e r e n t  p l a n t s  were down. The r e s u l t i n g  changes i n  

power-flow p a t t e r n  suggested an  optimum coupling between t h e  ex i -s t ing  

and new l i n e s .  

Power c a r r y i n g  capac i ty  of lines s h o r t e r  than about 50 m i l e s  is  

l i m i t e d  thermally and, according t o  Fig.  2 ,  should c a r r y  about 3 STL 

al though some consider  t h i s  much too conservat ive.  

l i n e  varies from about 0 ,7  t o  1 .0  GW f o r  c h a r a c t e r i s t i c  (surge)  impedances 

of 350 t o  250 ohms, respec t ive ly .  Short  l i n e s  can,  t h e r e f o r e ,  safely 

c a r r y  3 GW. 

f a11  i n t o  t h i s  category.  Wherever longer  l i n e s  are needed, t h e i r  capa- 

c i t y  w i l l  be determined on t h e  b a s i s  of an S I L  of 1. Gb? and the curve 

of F i g .  2 .  I n  v i e w  of t h e  conserva t ive  charac te r  of t h i s  curve,  t he  

r e s u l t s  would s t i l l  apply i f  the  surge  impedance of t h e  TI, w e r e  g r e a t e r  

than 2.50 ohms. 

The S I L  of a 500-1V 

With very few except ions,  t h e  l i n e s  i n  t h e  d ispersed  case 
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Table 14.  Generating s ta t ions  and capacity - 
dispersed case 

--__---- 

1985 2005 2020 

number Name (W) iW) 

P o s i t i o n  

Lat i tude  Longitude BUS capacity capac i ty  capacity 

201 

202 

203 

204 

2 05 

206 

207 

208 

209 
210 ' 

212 

213 

2 14 

215 

216 

217 
218 
219 

220 

221 

222 
223 

224 

225 

230 

231 

232 

Johnsonvi l le  

Cumberland 

G a l l a t i n  

Widows Creek 

Browns Ferry 

Wilson Dam 

Colbert  . 

Shawnee 

JQPPa 
Paradise  

Bel le fonte  

H a r t s v i l l e  

Sebree 
Coleman 

Owens b o r o 

Norgan City 

Eas tpor  t 

P e r r y v i l l e  

McKinnon 

Smithvi l le  

Cumberland City 

Cadiz 

Penton 

Marks 

Wilson 

Luxora 

Uniontown 

36.033 

36.383 

36.317 

34.883 

34.633 

34.783 

34.733 

37.150 

37.217 
37 250 

34.725 

36.395 

37.605 

37.903 

37.768 
34 472 
34.887 

35.620 

36 e 317 

35.960 

36.388 

36.863 

34.867 

34 258 

35.572 

35.757 

37.775 

87.983 

87.650 

86.400 

85.767 

86.950 

87.583 

87 .867 

38 .( 783 
88 e 833 

86.983 

85.975 

36 e 163 

87 "527 

86 753 

87.113 

86 e 568 

88.102 

88 .) 040 

87 907 

85.813 

87.635 

87.835 

90.283 

90.273 
90.043 

89,928 

87.932 

1,338 

2,550 

1,088 

1,832 

3 195 

6 30 

1 ,841  
1,540 

1,100 

2 ,771  
2,426 

4,820 

300 

455 

465 

0 

0 

0 

0 

0 

0 

0 

4,800 

0 

0 

0 
0 

31 9 151 

2,400 

2 550 

2,400 

2,638 

4,395 

630 

507 

3 600 

0 

4 700 
4,800 

4,800 

300 

4,055 

0 

0 
4,800 

0 

4,800 

0 

4,800 

0 

4,800 

4,  800 

4,800 

0 

0 

66 62.5 

-_I 

4 * 800 

4,800 

4,800 

6,000 

4,800 

0 

4,000 

3 $600 

0 

3,600 

6,000 

4,800 

0 

4,800 

0 

4,800 

4,800 

4,800 

4,800 

4,800 

4,800 

4,800 

4,800 

4 800 

4,800 

4,800 

-2-.--. 2 400 

102,400 
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Table 15. Generating s ta t ions and capac i ty  - 
cen te r  case 

1..- 

1985 2005 2020 P o s i t i o n  
-- 

BU§ 
number Name 

capacity capac i ty  capac i ty  
(b-fw) (W> (TclcJ) 

Lat i tude  Longitude 

201 

202 

203 

204 

205 

206 

20 7 

208 

209 

210 

2 12 

213 

214 

215 

216 

217 

218 

219 

220 

221, 

222 

223 

224 

225 

2 30 

231. 

232 

Johnsanv i l l e  

Cumber land 

Galla t i n  

Widows Creek 

Browns Ferry 

Wilson Dam 

Colbert  

Shawnee 

J o P P  
Paradise  

Bellefante 

Hartsville 

Sebree 

Colenlan 

Owensboro 

Morgan City 

Eastpor t  

P e r r y b i l l e  

McKinnon 

Smi t h v i l l e  

Cumberland C i t y  

Cadiz 

Penton 

Marks 

Wilson 

Lwcora 

Uniontown 

36.033 

36.383 

36.317 

34.883 

34.633 

34.783 

34.733 

37.150 

37.217 

37.250 

34.725 

36.395 

37.605 

37.903 

37.768 

34.472 

34.887 

35.620 

36.317 

35.960 

36 .388 

36.863 

34.867 

34.258 

35 S 7 2  

35.757 

37.775 

87.983 

87.650 

86.400 

85.767 

86.9SO 

87 .S83 

87.867 

88 I) 783 

88 A 3 3  

86,983 

85 (. 975 

86.163 

87.527 

86.753 

87 .  I 1 3  

86.568 

88.102 

88 (I 040 

87.907 

85 .81.3 

87.635 

87.835 

90.283 

90.273 

90.043 

89.928 

87.932 

1 , 338 

2,550 

1,088 

1,832 

3,195 

6 30 

1 841 

1,540 
1 9  100 

2 , 7 7 1  

2,426 

4 , 820 

300 

455 

465 

0 

0 
0 

0 

0 

0 
0 

4,800 

0 

0 

0 

0 

31 151 
-.- 

0 

2,550 

0 
2,480 

3,195 

630 

507 

3,600 

0 

1,110 

4,800 

4,800 

300 

4,055 

0 

0 

0 
0 

24,000 

0 

0 

0 

4,800 

4,800 

4 800 

0 

0 

66,627 

0 

4,800 

0 

6,000 

4,800 

0 

4,000 

3,600 

0 

0 

6,000 

4,800 

0 

4,800 

0 

0 

0 

0 

48,000 

0 

0 

0 

4,800 

4,800 

4 800 

4,800 

2 a  

103,600 
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3 . 3 . 2  Dispersed cases  

Figure 10 shows the  power d i spa tch  f o r  1985, and Fig.  Il shows the  

requi red  add i t ions  t o  t h e  t ransmission network f o r  1985. 

One of the  Linear  Programing recommended d tspa tches  i s  from Sebsee 

(214)  t o  Evansvi l le  (lO3),  Since t h e  capac i ty  o f  Sebree is only 0.3 GW 

and Paradlse  (210) has  excess capac i ty ,  i t  is  b e t t e r  t o  s h i p  t h e  power 

from Paradise  s i n c e  a TL from the re  i s  needed anyway. 

pass Owensbora (216) and w i l l  c a r ry  an  a d d i t i o n a l  0.455 CW from t he re .  

I n  v i e w  of the  very l i g h t  loading of a l l  these  l i n e s ,  p rovis ion  f o r  

contingency is made by running a TL from Paradise  (210) t o  Coleman (215) .  

This is  p a r t i c u l a r l y  d e s i r a b l e  because t h i s  l i n e  w i l l  provide f o r  con- 

t ingency i n  subsequent years .  

This l i n e  w i l l  

To s a t i s f y  Hemphis (100) requirements,  t h r e e  l i n e s  are es t ab l i shed  

from Penton (224 )  inc luding  contingency - i n  view of the  short d i s t ance  

(22 mi l e s ) ,  t h i s  is  deemed adequate.  In  add i t ion ,  a s h o r t  TL connecting 

t o  the e x i s t i n g  network is  es t ab l i shed  from Colber t  ( 2 0 7 ) .  

No a d d i t i o n a l  l i n e s  are needed t o  satisfy Huntsv i l l e  ( IOl ) ,  

Chattanooga (105), o r  Paducah (104) requirements because of t h e  e x i s t i n g  

network, which amply provides f o r  s ing le  cont ingencies .  This is no t  

q u i t e  obvious i n  t h e  case of Paducah, bu t  can  be seen as fal lows:  

t h e  l i n e  from Shawnee (208) o r  Joppa (209) i s  down, supplemental  power 

( e i t h e r  t h e  1.5 o r  1.1 GW, r e spec t ive ly )  can be shipped via  the  l i n e  

from McKinnon (220) and suppl ied  from Johnsonvi l le  (201) and Cumberland 

(202). Should t h i s  be inadequate ,  excess power a v a i l a b l e  a t  G a l l a t i n  

(203) can be de l ivered  t o  McKinuon through Nashvi l le  (102) via the 

a d d i t i o n a l  line es t ab l i shed  the re .  One l i n e  is  added f rom IIartsville 

(213) t o  Nashvi l le  a 

If 

A t o t a l  of 280 miles of TL arc_ added, wi th  a power carryi.tig capa- 

c i t y  of 3 GW per  l i n e  because of shorr: d i s t ances .  
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2005 - 
Figure  12  shows the  power d i spa tch  for 2005; Fig.  1 3  shows t h e  

add i t ions  t o  the  t ransmission network f o r  2005. The 1985 add i t ions  arc 

drawn as p a r t  of e x i s t i n g  network. 

Coleman (215) and Evansvi l le  (103) t o  cover s i n g l e  cont ingencies .  Should 

the  l i n e  from Paradise  (210) t o  Evansvi l le  through Otaensboro break down, 

power can be c a r r i e d  v i a  Coleman because the  d i s t ance  from Coleman t o  

Evansvi l le  is  only '45 miles. 

(208) and Paducah ( 1 0 4 ) ,  as w e l l  as one from McKinnon (220) t o  Paducah. 

This l i n e  i s  routed through Cadiz (22.3) because of t h e  a n t i c i p a t e d  needs 

Addit ional  TL is  e s t a b l i s h e d  between 

A contingency l i n e  i s  added between Shawnee 

i n  2020. This rou t ing  adds 18 miles of TL i n  2005, but  saves an  e n t i r e  

l i n e  of 46 miles. A 20-mile l i n k  is  added between McKinnon and Johnson- 

v i l l e  (201) t o  f a c i l i t a r e  contingency rout ings .  At  Memphis (lO0),  one 

l i n e  is provided between Marks (225) and Penton (224) and two between 

Narks and Memphis. 
t h e  s h o r t  d i s t ance  between Penton and Memphis (22 mi l e s ) .  

added between Wilson (230) and Memphis d i r e c t l y ,  and t h e  o t h e r  through 

ty ing  i n  t o  the  e x i s t i n g  l i n e ,  thus  sav ing  about 10 miles. The power 

from Eastpor t  (218) t o  Memphis is routed through Colbert  (207) and 

e x i s t i n g  network t o  r e s u l t  i n  a savings of about 95 m i l e s  of TL. 
case of contingency, t h e  1 GW of power to Memphis can be obtained e i t h e r  

from Johnsonvi l le  o r  McKinnon v f a  Johnsonvi l le .  A l i n e  i s  added between 

Bel le fonte  (212) and Huntsv i l le  (101); no o the r  contingency l i n e s  are 

requi red  because of t h e  p o s s i b i l i t y  of rou t ing  from Bel l e fon te  through 

Widows Creek (204). No add i t ions  are requi red  f o r  Nashvi l le  and 

Chattanooga. 

This saves about 18 miles  and can be used because of 

Two links are 

I n  

A t o t a l  of 459 mi les  of TL are added. 

2020 

Figure 14 shows t h e  power dispatched i n  2020 wi th  Fig.  15 showing 

the  TL add i t ions .  Note t h a t  with the  sequen t i a l  planning not  many 

a d d i t i o n a l  miles of TL are needed even though t h e  p ro jec t ed  demand 

increased  by about 70%. 
of 2.4 GW from Uniontown (232) t o  Evansvi l le ,  t h a t  s t a t i o n  is not  

In  s p i t e  of t h e  Linear Programming d i spa tch  
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Fig. 13. Addit ions to the transmission network f o r  d i spersed  case - 2005. 
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requi red  because Coleman (215) and Paradise  (210) can handle Evansvi l le ’s  

demand of 8 GW, inc luding  contingency provis ions  w i t h  l i n e s  a l r eady  

e s t ab l i shed .  Three l i n e s  are e s t ab l i shed  frorn Luxora (231) t o  supply 

Memphis: one t o  Wilson ( 2 3 0 ) ,  one ty ing  i n  t o  one of t h e  e x i s t i n g  but  

not f u l l y  u t i l i z e d  lines, and one d i r e c t l y  t o  Memphis. Another l i n e  i s  

added between Wilson and Memphis. To provide ~ O K  cont ingencies ,  Eaatport  

(218) i s  connected d i r e c t l y  wi th  Memphis and a l s o  wi th  Pet-xyville (219) ,  
and P e r r y v i l l e  is  connected with Johnsonvi l le  (201). A l i n k  is a l s o  

provided between Cumberland (202)  and Cumberland Ci ty  (222),  and between 

Cumberland and Nashvi l le .  

(217) and Hun t sv i l l e  (1011, and one is  added between Be l l e fon te  (212) 

and Huntsv i l le  (10.1). 

Three l h e s  are provided between Morgan Ci ty  

A t o t a l  of 408 m i l e s  of TL are adde.d, Under s o m e  condi t ions ,  a 

line may have t o  c a r r y  3 . 2  GW. 

It i s  a l s o  worth not ing  t h a t ,  instead of developing Uni-ontown (232), i t  

would be more economical t o  i n s c a l l  one of the reactors at Coleman and the 

o the r  e i t h e r  a t  Paradise  o r  a t  hensboro .  To t i e  Uniontom t o  t h e  network, 

one 24-mile-long TL is  requi red .  This i nc reases  t h e  added length  of TL t o  

432  m i l e s .  

This ,  apparent ly ,  is q u i t e  accep tab le .3 ,20  

3.3.3 Center case 

2005 -I.._ 

Figure  1 6  shows the power dispatche.d in 2005, and Fig. 1 7  which 

inc ludes  t h e  1985 network (see Fig.  111, shows t h e  TL added. Quite  

ev iden t ly ,  t h e  cen te r  case TL planning is s impl i f i ed  by the. absence of a 

l a r g e  number of genera t ing  sites. The connections here  are much more 

d i r e c t  than i n  the. d i spersed  case and do not  r e q u i r e  s o  much explana t ian .  

No additional contingency is provided between E’aradise (210) and Evans- 

v i l l e  (103) because Paradise  w i l l  be phased out  and because the l ine is 

l i g h t l y  loaded e Connections hetween Mcfinnon (220) and Paducah (104) 

and between Shawnee (208) and Paducah are s t r a igh t fo rward .  The l i n k s  

between Johnsonvi l le  (201), McKinnon (220), and Cumberland Ci ty  (222),  

and between McKirinon and Nashvi l le  (102) are added t o  t h e  e x i s t i n g  

network f o r  contingency. One line is  established from Marks (225) t o  
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Penton (224),  two from Marks t o  Memphis (EOO), and two from Wilson (230) 

t o  Memphis because t h e r e  is  enough excess  capac i ty  a t  McKinnon t o  take  

care of a double contingency. 

TL connecting Wilson Darn (206)  t o  Colber t  (207). The l i n k s  between 

Bel le fonte  (212) and Huntsv i l le  (101) are added t o  take care of contingency. 

For similar reasons,  t he re  i s  only one 

A t o t a l  of 562 m i l e s  of TL are added. 

2020 - 
Figure  18 shows t h e  power dispatched in 2020, and Fig.  19 t h e  TI, 

added.* A s  i n  t h e  above case, add i t ions  are s t r a igh t fo rward .  Five l i n e s  

are added between NcKinnon (220) and Nashvi l le ;  one is added between 

McKinnon and Johnsonvlflle (201); and one, between Cumberland (202) and 

Nashvi l le .  Power from McKinnon t o  Nashvi l le  can be s e n t  on n ine  l i n e s .  

Contingencies i n  supplying Chattanooga (105) can be handled by d i v e r t i n g  

power f r o m  McKinnon (220) through t h e  e x i s t i n g  network. This w i l l  i nc rease  

t ransmission l o s s e s ,  bu t  only during contingency. Two l i n e s  are added 

between Luxore (231) and Memphis (100) ; one, between Luxore and Wilson 

(230); and one, between Wilson Dam (206) and Hun t sv i l l e  (101). 

A t o t a l  of 534 TL m i l e s  are added. Table 16 compares m i l e s  of added 

TL f o r  t h e  d ispersed  and cen te r  cases. 

Distances between genera t ing  p l a n t s  and load cen te r s  are shown i n  

Distances between s e l e c t e d  p l a n t s  are shown i n  Fig.  20. Table 1 7 .  

I n t e r n a l  connections a t  a nuclear  energy cen te r  

The Nat ional  Electric R e l i a b i l i t y  Council (NERC) study'  recommends 

t h a t  t h e  4-reactor c l u s t e r s  i n  an NEC "must be separa ted  from each o the r  

w i t h i n  t h e  energy center . "  I n  t h i s  s tudy  t h e  wits w i l l  be  phys ica l ly  

* 
Through ove r s igh t ,  t he  t o t a l  capac i ty  of t h e  system added up t o  

1 .2  GW more than  t h e  corresponding d ispersed  case. 
1.2 GW sub t r ac t ed  showed t h a t  the l eng th  of added t ransmiss ion  l i n e s  
may inc rease  by 15 to 115 miles ,  depending upon t h e  l o c a t i o n  of t h e  
genera t ing  s i te  whose capac i ty  was reduced by 1 . 2  GW. 

Some runs  wi th  t h e  
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separa ted .  
tenance o r  a forced  outage,  i t  is assumed t h a t  t he re  will be a system of 
i n t e r n a l  connect ions allowing switching t o  va r ious  combinations of 
r e a c t o r s .  

The NERC s tudy  a l so  recommends t h a t  t ransmission l i n e s  be on 
separate c o r r i d o r s  and that underground cable be considered i n  t h e  prox- 
imity of t h e  energy center. A s epa ra t e  s tudy is needed t o  eva lua te  t h e  
optimum sepa ra t ion  of c o r r i d o r s  and the  l eng th  of underground cable 
requi red .  I n  t h i s  s tudy ,  only overhead t ransmission l i n e s  were assumed 
on separate c o r r i d o r s  a f t e r  leav ing  the  energy center .  

For t h e  f l e x i b l e  d i spa tch  of power when u n i t s  undergo main- 



Table 1 7 .  Great-circle distances i n  miles 

Load cen te r  

Johnsonvi l le  (201) 
Cuber1and (202) 
Gallatin (2G3) 
Widows Creek (204)  
Browns Ferry  (205) 
Wilson B a n  (206) 
Colber t { 20 7) 
Shamee (208) 
Joppa (209) 
Paradise  (210) 
BePSefonte (212) 
Waxtsville (213) 
Sebree (2143 

Qwensboro (216 j 
Morgan City (217) 
Eastporc (218) 
Pesryville (219) 
I"lcKinnon (220) 
S a i e h v i l l e  (2213 
Cumberiami City (222) 
GadLz (223) 
f en ton  (224) 
Marks (225) 
WilsC3n (230) 
L u c a s a  (231) 
Uni3iltoml C232) 

C O k l E 3 R  (215) 

132 
1 6 1  
221 
243 
179 
142 
127 
15 7 
160 
226 
233 
2 35 
222 
266 
245 
203 
112 
115 
146 
245 
1 6 1  
173 

22 
61 
31 
44 

218 

119 
129 
110 

45 
22 
57  
73 

207 
213 
1 7 5  

35 
1 1 7  
205 
219 
212 
18 
87 
10 2 
132 

95 
123 
163  
210 
2x2 
204 
20s 
223 

68 
51 
24 
10%: 
104 
106 
115 
130 
135 

76 
109 

38 
108 
120 
512 
117 
115 

80 
6 4  
55 
50 
76 

217 
237 
187 
178 
128 

136 
110 
131 
2 34 
233 
220 
224 

57 
86 
59 

241 
134 

25 
45 
23 

248 
215 
164 
116 
170 
109 

7 8  
252 
297 
215 
201 

24 

80 
72 

133 
220 
193  
169 
167 
l a  
16  
9 1  

220 
144 

70 
117 

95 
213 
154 
106 

66 
174 

72 
46 

179 
216 
131 
117  

6 1  

165 
1 6 1  
107 

28 
97 

130 
1 4  7 
242 
24 7 
a79 

4 4  
105 
216 
213 
213 

82 
1158 
15 9 
117 

69 
160 
189 
232 
287 
269 
265 
239 
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4 .  COSTS ANT) DISCUSSION OF RESULTS 

4 . 1  In t roduct ion  

This s e c t i o n  g ives  an estimate of the  cmt:s of the  t ransmission 

systems (Case A) developed in Sect ion  3 f o r  the  Kentucky Lake Surrogate 

S i t e  and compares t he  s t a f f ' s  r e s u l t s  wi th  the energy center  s t u d i e s  by 

tlhe National. E l e c t r i c  ReSi2hi l i t j i  Council17 arid General E l e c t r i c  

Si i I@e the  NERC r epor t  i s  a sunrmary without  d e t a i l s  2nd the GE r e p o r t  has 

not been r e l eased ,  our  comparative s t u d i e s  will be b r i e f  and approximate, 

4.2  Transmission S y s t e m  Costs for One Energy Centm,  
Pour Energy C e n ~ c r s ,  and Ten Energy Centers  

The transmission l i n e  d i s t ances  given i n  Sec t ion  3 (Case A) w e r e  

s t r a i g h t  l i n e  d i s t ances .  The design of t ransmission l i n e  co r r ido r s  i s  a 

land use planning problem, OpPrating under severe  c o n s t r a i n t s  land  use 

planners  at Oak Ridge  Mat: Lonal Laboratory have made preli.minary choi ces 

for t ransmission corridors The co r r ido r s  have been seLecLed t o  avoid 

areas t h a t  would obviously noi h e  good loca t ions  from an environmental 

s tandpoin t  bu t  have not  been screened i n  d e t a i l .  The r e s u l t s  are shown 
i n  Tab le  18. I n  a l l  cases, the m i l e s  of t ransmission l i n e  have in-  

creased over the  s t r a i g h t  l i n e  d i s t ance ,  bu t  the incveascs  have been 

approximately p ropor t iona l  t o  length ;  thus relative length  of t rans-  

mission f o r  each type o f  energy center i s  unchanged. 

The cost of each systeiii has been estj~riated on the b a s i s  o f  the  

length of the 765-kV transmission l i n e s  .) Subs ta t ion  c o s t s  which should 

be approximately the same f o r  each system? were not  included. Every 

u l l l i t y  f i l es  an annual. report- wi th  the Ft-deral Power ConmLssion which 

inc ludes  the  cost  O C  a l l  t ransmission l i n e s  b u i l t  dur ing the  year .  In 

1973 Appalachian Power Company b u i l t  169.34 miles of 765-kV l i n e  a t  a 

c o s t  of $40,298,353,  giv ing  an average cost  or $237,97.3/mile .  

Appalaehian Power Company h u i l c  235.67 m i l e s  of 765-kV l f n e  at a cos t  

of $59,172,453, g iv ing  an average cos t  of $250,017/mile. Assuming 

t h a t  the increase i n  cos t  from 1973 t o  1974 w a s  due to  i n f l a t i o n  and 

t h a t  the same ra te  ~f i n f l a t i o n  w i l l  prevail .  i n  1975, the  average. cos t  

I n  1974 
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of a 765-kV t ransmiss ion  l i n e  in 1975 w i l l  be $263,00O/mile. 

t h i s  va lue  of c o s t  pe r  m i l e ,  the  c o s t  f o r  the t ransmission systems f o r  

one, fourC,  and t e n  energy cen te r s  has  been est imated (see Table  18). 

Using 

Table 18. Transmission system c o s t s  f o r  one, four ,  
and t e n  energy centersa  

Percent  of 
Number of Miles of one-center c o s t  Savings 

cen te r s  765-kV l i n e s  t o t a l  (mi l l ion  $1 (mi l l ion  $1 

1 2000 100 526 0 

4 1216 61  320 206 

10 1903 95 500 26 

Transmission c o r r i d o r s  s e l e c t e d  by land use p lanners ;  c o s t  based 
$263,00O/mile. 

Q 

The cos t  of t h e  765-kV transmission system f o r  one 40-reactor energy 

system I s  est imated a t  $526 mi l l i on .  For comparison, i f  a nuc lear  r e a c t o r  

c o s t s  $450/kW, then a 1200-MW r e a c t o r  w i l l  cos t  $540 mil l ion .  Thus, the  

t ransmission system w i l l  be about 3% of the  cos t  of the energy center .  

(Subs ta t ion  costs have no t  been Included. Excluding t ransformers ,  t he  

s u b s t a t i o n  c o s t s  f a r  c i r c u i t  b reakers  land, r e a c t i v e  power con t ro l ,  

etc., are approximately $8 t o  $10 m i l l i o n  pe r  l i ne .21  For an energy 

cen te r  wi th  17  t ransmission l i n e s ,  the subs t a t ions  might c o s t  $200 t o  

$300 mi l l i on . )  A s  shown i n  Table 18, the  t ransmission c o s t s  of d i spersed  

energy c e n t e r s  are less than  t h e  c o s t s  of a s i n g l e  energy center .  With 

four energy c e n t e r s ,  t he  t ransmission c o s t s  are 61% of the  c e n t r a l  center; 
wi th  t e n  energy c e n t e r s ,  t h e  t ransmission c o s t s  are 95% of the  c e n t r a 1  

cen te r .  

too l o w ,  and t h e  c o s t s  f a r  t en  energy cen te r s  may be t oo  high.  

In  t h e  staff's opinion,  t he  c o s t s  f o r  four  energy cen te r s  may be 

As mentioned i n  Sec t ion  3, the  s i tes  of the  fou r  energy cen te r s  

w e r e  chosen t o  minimize t ransmiss ion  costs ,  whereas t h e  Surrogate  S i t e  

and the  t e n  d ispersed  energy cen te r s  w e r e  no t  chosen t o  minimize trans- 

mission cos t s .  Furthermore, the  t ransmission systems w e r e  designed t o  

m e e t  t h e  demand i n  2020 and w e r e  not designed t o  meet the demand over 



62 

t h e  developmmt per iod  of the system from 1986 t o  2020. A s  designed i n  

Sec t ion  3,  the  t ransmission system f o r  fou r  energy cen te r s  has a s i n g l e  

n o r  th-south l i n k  from Browizs Per ry  t o  Nashville. However, for the  f i r s t  

tcn yea r s ,  a l l  the pover romcs from Cadiz i n  the nor th  and will r equ i r e  

a s t r ~ m g e r  t ransmission l i n k .  For these two reasons,  t h e  t ransmissl  on 

cossts f o r  t h e  case o f  fou r  erzergy cen te r s  may be goo l o w .  

For the  optimum power d ispa tch ,  the  teri-energy-renter case has 58% 

as many gigawatt - m i l e s  as the  one-center case. However, the t e n - c e n t e r  

case has  95% of the  765-kV c i r c u i t  m i l e s  f o r  the one-center case. Thus, 

the 765-1cV l i n e s  a r e  no t  as heavi ly  loaded f o r  the ten-center case, and 

perhaps a lower vo l tage  of t ransmission would be appropr ia te .  I f  n I-ower 

vol tage  were used atid t he  miles  of t ransmission d i d  not increase ,  then 

the c o s t  would be  reduced, 

4.3 The National  E l  s c t r i c  R e 1  i a h i  1-1 t y  Counci 1 Study 

I n  the r ecen t  s t u d y  o f  nuc lear  energy cen te r s  by C h e  Nat ional  

El..ectr:ic R e l i a b i l i t y  Council ,  fou r  general.ized types  o f  energy cenlrers 

were s tud ied  - Coas ta l ,  Remote, Inland,  and Western. The Coastal  s i t e  

might be  on the  N e w  Jersey coast near major load  cen te r s .  ‘Ithe Remote 

s i te  might be  in ups ta t e  Mew ‘Pork, s e v e r a l  hundred m i l e s  from a major 

load c e n t e r .  The Inland s i t e  might be i n  the ‘I?IA region with s e v e r a l  

load cen te r s  w i th in  a 200-mile r ad ius .  The Western s i t e  might be i n  the 

Cal i fo rn ia  d e s e r t  wi th  s e v e r a l  load cen te r s  w i th in  a 200--miPe rad ius  ~ 

‘fie demand p a t t e r n  i s  f o r  the year  2000, arid the cen te r s  develop from 

1.985 t o  2000. The NERC s tudy does not  p l a n  the  development of t he  

center - i t  only designs a t ransmission sysf:ern f o r  the f u l l y  developed 

center,  The N E W  r e p o r t  -is s h o r t  and does no t  present a l l  the d e t a i l s  

of the s t u d i e s .  The studi.es do not  use the same t ransmission voltage; 

the Coas ta l  s tudy uses 500-kV I.ines the Remote study uses 765-kV l i n e s ,  

the Inland s tudy  uses 590-kV l i n e s  and 7THV (11.00 t o  1300 kV), and the 

We.s;tern study uses 765-kV l i n e s .  To compare Che NERC study wi th  the 

staff’s s tudy ,  a comon measure of  t ransmission is  needed, Cost i s  orie 

poss ib l e  common denominator; however, the NERC s tudy does nr>t have cos t  

data, and our  s tudy has not  devehped  cost. estinrates f o r  50U-kV and 1008- 

t o  1300-kV transmission lines, Another p o s s i b l e  common measure i s  t o  
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estimate t h e  load capac i ty  of l i n e s  a t  o the r  vo l tages  and convert  t o  

equjva len t  m i l e s  of 765-kV l i n e .  This approach w a s  chosen. 

??or t h e  Coas ta l  s tudy ,  the d i s t ances  are s h o r t ,  and the l i n e s  are 

assumed t o  be a t  the thermal l i m i t .  Thus, the  capac i ty  of t he  l i n e s  i s  

p ropor t iona l  t o  vol tage ,  t h a t  is, 1000 m i l e s  of 500-kV l i n e  i s  equiva len t  

to 654 m i l e s  of 765-kV l i n e ,  For the  Inland s tudy ,  t he  Bines are assumed 

t o  be long enough t o  have the  ca r ry ing  capac i ty  p ropor t iona l  t o  the 

surge  impedance loading (SIL), which depends on vol tage  squared. Thus, 

1000 m i l e s  of 500-kV l i n e  is equiva len t  t o  388 m i l e s  of 765-kV l i n e ,  and 

1000 m i l e s  of 1200-kV l i n e  i s  equiva len t  t o  2464 miles of 765-kV l i n e .  

For t h e  Western s tudy ,  no t o t a l  w a s  given f o r  miles  of 765-kV l i n e ,  and 

the l eng th  of t h e  l i n e s  on the  f i g u r e  i n  the  r e p o r t  w e r e  measured t o  

estimate t h e  mileage. S t a f f  estimates of m i l e s  of 765-kV equiva len t  

t ransmission l i n e  are shown i n  Table 19. The r a t i o  of miles of 765-kV 

l i n e  and capac i ty ,  as w e l l  as the  cost  i n  d o l l a r s  pe r  k i lowa t t ,  is given. 

(The c o s t  estimate is  based on $263,000/mile.) 

The r a t i o  i n  m i l e s  pe r  gigawatt  w i l l  i nc rease  as sites become more 

remote from load c e n t e r s ,  and they w i l l  decrease as the  demand of the 

load  cen te r s  i nc reases .  For the  Kentucky Lake s tudy ,  t he  r a t i o  is 42 

m i l e s / G W  f o r  a s i n g l e  energy cen te r  i n  2020. For the  NERC s tudy ,  the 

r a t i o  i s  55 m i l e s / G W  f o r  t he  Coas ta l  s tudy and ranges from 100 t o  142 

miJ-es/GW f o r  the  o t h e r  s t u d i e s  wi th  a s i n g l e  energy cen te r .  (The 
remote s i t e  has t h e  lowest r a t i o .  A remote s i te  in the  East is a 
typical.  central s i t e  i n  the  rest of the  country.)  

is  near  l a r g e  met ropol i tan  cen te r s ,  which i s  no t  t r u e  f o r  the Kentucky 

Lake Surrogate  S i t e .  Thus, all the  NERC s t u d i e s  seem t o  r e q u i r e  about 

twice as many miles of t ransmission p e r  gigawatt  as the  Kentucky Lake 

si te.  The primary reason f o r  t h i s  d i f f e rence  i s  probably t h a t  the  NERC 

s t u d i e s  are f o r  2000, whereas t h i s  s tudy i s  f o r  2020,  by which t i m e  t he  

demands of the  load  centers w i l l  have increased  s u b s t a n t i a l l y .  I f  t h i s  
hypothesis  is t r u e  and accounts f o r  the  f a c t o r  of two, the agreement 

between the s t a f f  s tudy  and t h e  NERC s t u d i e s  would be q u i t e  good. 
the next  i t e r a t i o n ,  the s t a f f  w i l l  design the t i m e  evolu t ion  of the  

t ransmission system.) For the Inland s i t e ,  two energy cen te r s  r e q u i r e  

about h a l f  as m n y  m i l e s  of t ransmission l i n e s  as a s i n g l e  cen te r .  

The Coas ta l  s i te 

( I n  



Simi lar ly  f o r  o u r  s tudy ,  f o u r  energy c e n t e r s  rcquire about h a l f  as mmy 

m i l e s  o r  t ransmission Lines as a s i n g l e  c e n t e r .  Iiowever, f o r  t h e  Inland 

s t u d y ,  t h e  d ispersed  case has 23% as many miles of t ransmission l i n e  as 

tire c e n t r a l  s i t e  i n  s t r o n g  c o n t r a s t  t o  our d i s p e r s e d  case, Because t h e r e  

is no f i g u r e  i n  t h e  NEKC r e p o r t  f o r  the disperstid Ztiland s t u d y ,  f u r t h e r  

a n a l y s i s  of t h e  d i f f e r e n c e s  cannot be provided. 

Table 19. Comparison of t h e  Kentucky Lake Surrogate  
S i t e  transnilssion system and t h e  fou r  s t u d i e s  
by t h e  Nat ional  E l e c t r i c  R e l i a b i l i t y  Council 

Study R a t  i o  Year Capacity Equivalent length  _ _ _ _ _ _ _ _  
(GW) of 765-kv miles Miles/GW $/kW 

One c e n t e r  

Four c e n t e r  

Ten c e n t e r  

Coas ta l  

K e m o  t e 

Lnland (1) 

Inland (2)  

Inland (7) 

We8 t e r n  

48 

48 

48 

Kentucky Lake Surrogate  SCuuy- 

2000 

123.6 

1983 

42 

25 

4Q 

National  Electr ic  F&dLability Couricil 

12 65 4 55 

13 1300 I00 

25 3071 123 

25 1241. 50 

25 6 98 28 

20 2839 142 

11 

7 
10 

1 4  

26 

32 

13  

7 

37 

2020 

2020 

2020 

2000 

2000 

2000 

2000 

2000 

2000 

4.4 The General Electr ic  Study 

There are two p a r t s  t o  t h e  General. E l e c t r i c  stiidy on energy c e n t e r s  

t h a t  w a s  sponsored by t h e  Nat ional  Science 

s tudy o f  energy c e n t e r s  i n  New York S ta te ,  and t h e  second w a s  a s tudy of 

a network of 59 energy c e n t e r s  se rv ing  t h e  whole country.  For New Yosk 

S t a t e ,  t h e  c o s t  of t h e  t ransmission system f o r  d i spersed  s i t i n . g  i.s $J.9/kW; 

f o r  two energy c e n t e r s ,  the c o s t  i s  $29/kW. F o r  the United States w i t h  59 

energy c e n t e r s ,  t h e  incremental  c o s t  ranges Erom $ 9 . 6  t o  $21.2/kW ( see  

T a b l e  20 ) .  

t h e  f i r s t  was a 
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Table 20. Transmission system c o s t s  f o r  t h e  General 
Electric energy park studya 

Region Average d i s t a n c e  Incremental  
( m i l e s )  ($/kW) 

Northeast  59 7.6 
East C e n t r a l  

Southeast  (500-kV) 

95 

110 

13.3 

12.5 

Southeast  (745-kV) 110 15.2 

West C e n t r a l  1 1 7  14.9 

South C e n t r a l  128 21.2 

West 142  1 8 . 4  

“Assumptions: 20 r e a c t o r s  per  energy center;  26-GW 
capac i ty ;  1974 d o l l a r s .  

A t e n t a t i v e  conclusion from t h i s  comparative s tudy is t h a t  our 

t ransmission system has f e w e r  m i l e s  of 765-kV l i n e  p e r  gigawatt  of capac i ty  

than the systems s t u d i e d  by NERC and GE and t h a t  t h e  d i f f e r e n c e  is  probably 

due t o  t h e  later d a t e  of our s tudy ,  which r e s u l t s  i n  a g r e a t e r  demand from 

the load  c e n t e r s .  The t h r e e  s t u d i e s  have more s i m i l a r i t i e s  than d i f -  

fe rences .  A second conclusion i s  t h a t  t h e  r a t i o  of miles of t ransmission 

f o r  a d ispersed  system to  m i l e s  of t ransmission f o r  a s i n g l e  energy c e n t e r  

w i l l  u s u a l l y  be less than one, b u t  t h e  r a t i o  may range from 23 t o  95%. I f  

t h e  d ispersed  sites are near  t h e  load c e n t e r s ,  t h e  r a t i o  will be low. If 

t h e  d ispersed  si tes are no t  n e a r  t h e  load c e n t e r s ,  t h e  r a t i o  w i l l  be higher .  

The fundamental d i f f e r e n c e  between cases A and B is  t h e  incorpora t ion  

of t h e  e x i s t i n g  t ransmission network and power p l a n t s  i n  The latrter, which 

s u b s t a n t i a l l y  reduces t h e  d ispa tch  gigawatt-miles (compare Tables 1 2  and 

16)  c 

Table 16 summarizes t h e  r e s u l t  of t h e  a n a l y s i s  i n d i c a t i n g  t h a t  

d i spersed  sites r e q u i r e  about 20% fewer m i l e s  of TL than does the c e n t e r  

case. The General Electr ic  a n a l y s i s  a l s o  i n d i c a t e s  t h a t  a t ransmission 
penal ty  is  a s s o c i a t e d  wi th  t h e  Large energy c e n t e r  mode, but  percentage 

comparisons have less meaning because t h e  GE des ign  inc ludes  both 500- 

and 765-kV components. 
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The m i l e s  of c i r c u i t s  added by General E l e c t r i c ' s  program, l i s t e d  i n  

Table 1 5  f o r  comparison, are s u b s t a n t i a l l y  l a r g e r  than thr miles pro jec ted  

by IEA. There are two primary reasons  f o r  I t ,  The C h  program o p e r a t r s  

l a r g e s t  u n i t s  f i r s t  (nuclear  p l a n t s  are opera t ing  continuously) for reasons 

of economy; and t h e  network design - i n  a d d i t i o n  t o  s ing le- l ine  cont in-  

gencies  - inc ludes  a l so  a generator-out contingency. 

These d i f f e r e n c e s  can be appreciated by s e n s i i i v i t y  a n a l y s i s  [or 

some outages (see Tables 2 1  and 22): outages of one generator  i n  d i s -  

persed cases i n c r e a s e  t h e  d ispa tch  gigawatt-miles by a l a r g e r  percentage 

t h a n  outages of two genera tors  i n  t h e  c e n t ~ r  cases. For iiistance, f o r  

d i s p e r s e d  sites t h e  outage of Penton i n c r e a s e s  gigawatt-miles by about  

90% i n  1985, by 22% i n  2005, and by about 13% i n  2020; whereas f o r  a 

c e n t e r ,  removal of two genera tors  i n c r e a s e s  gigamtt-mi I r.5 by about  7% 

i n  2005 and by about 18% i n  2020, 

Table 21.  Dispatch gigawatt-miles with outages f o r  
dispersed sites 

_____ 1__1----~ - - 
~ - 

1985 2005 2020 
Generator o u t  (gigawat t - m i l e s  1 (gigawat t - m i l . t s )  (gigawatt-miles 1 

G a l l a t i n  (203) 

Widows Creek ( 2 0 4 )  

Bra-ms Ferry (205) 

Shawnee (208) 

Bartsvi l le  (213) 

Morgan C i t y  (217) 

Penton (224) 

IJniontown (232) 

Without outages 

6 96 

7 4 4  

7 81 

1231 

6 4 9  

2100 

2166 

2210 

24.50 

2002 

3937 

3933 

3903 

3943 

42 14 

382; 

3 7 1 5  
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Table 22.  Dispatch gigawatt-miles wi th  outages f o r  
c e n t e r  case  

2005 2020 
Generator ou t  (gigawat t - m i l e s  ) (gigawat t - m i l e s )  

Shawnee (208) and Penton (224) 2993 5346 

Widows Creek (204)  and Bel le fonte  (212) 2793 

Without ou t  ages 2753 4551 

Comparison of F igs .  2 1  through 25 wi th  Figs .  11, 13, 15 ,  17 and 19 

is  a l s o  h e l p f u l  i n  understanding t h e  d i f f e r e n c e s  i n  m i l e s  of c i r c u i t s  

added because of t h e  d i f f e r e n t  way t h a t  t he  e x i s t i n g  c i r c u i t s  were u t i -  

l i z e d  i n  each a n a l y s i s  (note a l so  excess capacit ies ind ica t ed  i n  the  

l a t te r  set of f i g u r e s ) .  These r e s u l t s  i n d i c a t e  t h a t  changes i n  con- 

s t r a i n t s  and/or  primary cons idera t ions  inf luence  s u b s t a n t i a l l y  the  

design and t h e  economics of t ransmission network and are not  independ- 

e n t  of t h e  economics of s p e c i f i c  p l an t  opera t ions .  To quote  from the 

GE Manual: "There are emotional,  p o l i t i c a l ,  s o c i a l  and t e c h n i c a l  b i a ses  

t h a t  seem t o  prevent  t o t a l  agreement on any plan submitted t o  2 o r  more 

p lanners .  " 2 2  
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Appendix A 

RET ILIEME;NTS AND D E W D  PROJECTIONS 

The g o a l  of t h i s  appendix i s  t o  show how the demaxd p r o j e c t i n n s  i n  

T a b l e  4 ( S e c t i o n  3) were der ived .  111 h i s  memorandum o f  A p r i l  2 ,  1975,15 

Olsen a l l o c a t e d  c a p a c i t y  t o  B.EA reg ions .  

base-load n u c l e a r  and f o s s i l  p l a n t s  and peaki-ng u n i t s ;  c a p a c i t y  w i l l  b e  

g r e a t e r  than  peak demand. Due t o  retlirernents rrhe cuniulative a d d i t i o n s  

i.n g e n e r a t i n g  s t a t i o n s  are n o t  e q u a l  t o  t h e  change i n  c a p a c i t y .  I n  1980 

t h e  c a p a c i t y  p r o j e c t i o n  f o r  t h e  f i v e  l o a d  centers is  20 W, and i n  2020 

the c a p a c i t y  p r o j e c t i o n  is 95 GW; the i n c r e a s e  i n  c a p a c i t y  i s  75 ado The 

new c a p a c i t y  t h a t  must b e  b u i l t  between 1980 and 2020 is  t h e  sum o f  t h e  

i n c r e a s e  i n  c a p a c i t y ,  75 GW, and t h e  r e t i r e m e n t s .  I f  t h e  p l a n t s  have a 

l i f e t i m e  of 40 y e a r s ,  a l l  t h e  c a p a c i t y  i n  1980 w i l l  be  rc t l . red  by 2020; 

t h u s ,  t h e  cumulat ive new c a p a c i t y  between 1980 and 2020 w i l l  be  95 
I f  the s t a f f  knew the d a t e  a t  which each g e n e r a t o r  s e r v i n g  t h e  l o a d  

c e n t e r s  w a s  b u i l t  and could estimate t h e  l i f e t h e  of cnch p l a n t ,  i t .  

could estimate t h e  r e t i r e m e n t  s c h e d u l e  d i r e c t l y .  Because the d a t a  f o r  

a d l r e c t  estimate are not  a v a i l a b l e ,  t h e  staff has  developed an approxi-  

m a t e  r e t i r e m e n t  schedule .  All p l a n t s  are assumed t o  have R lifetime o f  

40 y e a r s ,  and t h e  r e t i r e m e n t  rate is approximated b y  us ing  ail e x p o n e n t i a l  

f u n c t i o n .  

Capaci ty  w i l l  be composed of 

L e t  A ( t )  b e  t h e  a d d i t i o n a l  power p l a n t s  tihat begin  producing power 

i n  y e a r  t ,  l e t  R(C)  be t h e  r e t i r e m e n t s  i n  y e a r  t and l e t  C ( t >  be  t h e  

t o t a l  c a p a c i t y  in-place a t  t h e  end of  y e a r  t. Then, t h e  change i n  

c a p a c i t y  i s  e q u a l  t o  t h e  a d d i t t o n s  minus the r e t i r e m e n t s ,  t h a t  i s ,  

A C ( t )  C(t)  - C ( t - 1 )  A ( t )  - R ( t )  . (1.1 

Define the curnulati-ve addct  ions and reti.rements by 



7 7  

where t* is t h e  i n i t i a l  yea r ,  and CA(t) and CR(t) are zero i f  t is less 

than t*. Because 

the d e f i n i t i o n s  of C A ( t )  and C R ( t )  imply that 

C(t) = C(t*-1) + CA(t) - CR(t) . 
A s s u m e  that all p l a n t s  retire a f t e r  T years, t h a t  is, 

R(t) A( t -T)  . 
I f  a l l  p l an t s  retire a f te r  -r yea r s ,  then  a l l  p l a n t s  i n  opera t ion  today 

were b u i l t  w i t h i n  the las t  T years, and the  cumulative r e t i r emen t s  over 
the next  T yea r s  are equal  t o  today 's  capac i ty .  

be s t a t e d  more f o d l y  as a theorem. 

These r e s u l t s  can now 

Theorem: 

A(t ' )  = C ( t >  , 
t '=t+l--r 

f R(t ' )  I= c(t-.r> . 
t '= t i - l -T  

Proof : 

Choose t* f a r  i n  t h e  p a s t ,  then C(t*-1) = 0, and equat ion ( 4 )  be- 

comes : 

C(t) = C A ( t )  - C R ( t )  , 

= A ( t ' )  - R ( t ' )  . 
t: '=E" t '=t* 
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Because R ( t )  1 A ( ~ - T ) ~  

= b ( t ' )  . 
t '=t+l-T 

Using equat ion ( 5 ) ,  

Assume t h a t  T is  40 years. To approximate P;he retirement rate 1 ~ -  

tween 1980 and 2000, ass- t h a t  R has ~i uniform growth rate, t h a t  is, 

( 9 )  
t-1980 R ( t )  = Rg 

Equation (7) has ~ W O  unknowns, R and g, and two condi t ions  are needed t o  

deternine them. Equation (1) gives one condition and Eq. (6) gives a 

second, that i s ,  

2020 

1981 
c R ( t )  = R 

R(2020) A(1980) -- AzC(1980) + R(1980) 

R(g4'-1) = AC(I.980) . 

Equations (8) and ( 9 )  can be solved t o  y i e l d  

g = C(1980)/C(1979) y 
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Equations (18) and (11) w i l l  be used t o  es t i rnate  t h e  re t i rement  co r rec t ion  

on t h e  next  i t e r a t i o n ,  bu t  w e r e  no t  used t o  de r ive  t h e  demand p r o j e c t i o n s  

i n  Table 4 .  

To derive the cor rec t ion  €or  re t i rements  used i n  this  i t e r a t i o n ,  

assume that the add i t ions ,  re t i rements ,  and t o t a l  capac i ty  inc rease  a t  

t h e  same exponent ia l  rate, t h a t  is ,  

t C ( t >  = cg , 

R ( t )  = Rgt . 

Using E q .  (l), t w o  expressions f o r  the change i n  capac i ty  can b e  
found, t h a t  is  

A C C t )  = C ( t )  - C ( t - 1 )  = Cgt-'(g-l) , 

A C ( t )  = A ( t )  - B ( t )  A ( t )  - A(t-T)  = A C ( t )  = Agt(l-a) , 

--? where c1 = g . Because these  two expressions are equal ,  

The cumulative new capac i ty  i s  given by E q .  ( 2 ) ,  t h a t  i s ,  

If t* is f a r  i n  the p a s t ,  then CA(t) i s  given by 

4 
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Using e q u a t i o n  (12), CA(t)  m y  be w r i t t m  

Equat ion (13) w a s  used to estimate t h e  val.ues sf CA(t) t h a t  were 

used t o  d e r i v e  t h e  demand p r o j e c t i o n s  i n  T a b l e  4 .  Values of g arid a 

f o r  each of t h e  f i v e  l o a d  c e n t e r s  are shown i n  Table  23. The value of 

g is  t h e  average  growth rate from 1980 t o  1990, and c1 is g iven  by a = g-T,  

w h e r e  T is  40 y e a r s .  

Table  2 3 .  Values for g and c1 f o r  the l o a d  centers 

N a s h v i l l e  Paducah E v a n s v t l l e  Hunt 8 v i  9.le Memph i.s 
~ ..... I..______ - ._-- 

l? 1 a 0531 1.0390 1 .(I454 1.0557 1.0467 

a 0.12606 0.21631. 0.1.6961 0 . l l 4 2 8  0 . l f r l O L  
__-- -. .II 

Using t h e  c a p a c i t y  p r o j e c t i o n s  i n  Tab1.e 2 ,  Eq.  (13) h a s  been used t o  

e s t i m a t e  t h e  cumulat ive a d d i t i o n s  of n e w  c a p a c i t y  for each load c e n t e r  

t h a t  are shown i n  Table  2 4 .  

Table 2 4 .  Cumulative additions of new c a p a c i t y  by load c e n t e r  
........ .. .- I- 

Year N a s h v i l l e  Paducah E v a n s v i l l e  Hun t s v i  1 le Meniphis 
...-I_- 

1985 8.927 2.75’3 3.677 4.212 10.310 

1990 11.770 3.334 4 0 719 5.554 13.326 

7 2 1 3  16.222 1995 14.620 4,077 5.772 

2000 18.556 4.953 7.011 8.998 19.824 
2020 35.84s 8 e 556  12.381 18.453 36 -526 

..... ~ ..... I_ 
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By means of exponent ia l  i n t e r p o l a t i o n s ,  Table 24 has been expanded 

t o  p r e d i c t  t h e  cumulative add i t ions  f o r  each year  from 1985 t o  2020 (see 
Table 25).  

From Table 1, t h e  developrnent schedule f o r  t h e  nuc lear  energy c e n t e r  

has  t h e  f i r s t  r e a c t o r  producing power on June 1, 1987. Using Table 25,  
Table 26 gives  t h e  cumulative add i t ions  of new capac i ty  a f t e r  1986. 

The demand by each load  c e n t e r  from t h e  base load  nuc lear  power 

p l a n t s  i n  t h e  nuc lear  energy cen te r s  (see Table 27) is ca l cu la t ed  from 

t h e  development schedule  i n  Tables 1 and 4 .  On June 1, 1990, t h e  f o u r t h  

r e a c t o r  begins  full-power opera t ion  and t h e  energy c e n t e r  is  supplying 

4.8 GW. I n  1990, t h e  cumulative add i t ions  from base-load nuc lea r ,  f o s s i l ,  

and o t h e r  sources  is 7.233 GW. Thus, 66% of t h e  new capac i ty  i n  t h e  
service area from 1986 t o  1990 w i l l  be base-load nuc lear  power from t h e  

energy cen te r ,  which is close t o  our goal  a t  60%. 

by each load  center, t h e  t o t a l  demand is assumed t o  be 40 FlW less than the  

t o t a l  capac i ty ,  and t h e  demand is apport ioned on t h e  b a s i s  of t h e  capac i ty  

add i t ions  i n  Table 26. (Due t o  round-off, t h e  demands by load cen te r s  i n  

Table 27 i n  1990 t o t a l  t o  4.77 r a t h e r  than 4 . 7 6  GW.) S i u d l a r l y ,  for each 

year  shown i n  Table 1, t h e  output  of t h e  energy c e n t e r  i s  a l l o c a t e d  t o  

load  c e n t e r s  i n  propor t ion  t o  t h e  cumulative add i t ions  in Table 26. 

cumulative add i t ions  i n  Table 26 from 1986 to 2820 are 80.291 GW, and 

48 GW i s  60% of t h e  cumulative add i t ions .  

To estimate t h e  demand 

The 

A s  prev ious ly  noted t h e r e  are two sources  of e r r o r  i n  t h e  demand 

p r o j e c t i o n  i n  Table 27,  arnd these  e r r o r s  will be co r rec t ed  i n  t h e  next  

i t e r a t i o n .  The f i r s t  source of e r r o r  is t h a t  Olsen has  r ev i sed  t h e  

demand p r o j e c t i o n s  used by t h e  s t a f f . 1 6  

t h a t  Eq.  (13) was used r a t h e r  than E q s .  (10) and (11). The magnitude 

of t h e  second source  of e r r o r  can now be es t imated .  Equations (5) and 

( 6 )  state t h a t  

The second source of e r r o r  is 

2020 

t=1981 
A ( t )  = C(2020) 

2020 

c=1981 
1 R( t )  = C(1988) 
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Table 25 ~ Annual cupnulative addirtloris of n e w  
capacity by  l o a d  center 

Year Nashville Paducah Evansville H ~ m t s v i l l e  Memphis T o t a l  
-II I._-__.... I..II .. . . 

1 9  a 5  

1 9 8 8  

1986 
1987 

1989 
1990 
1 9 9 1  
1992 
199 3 
1994 
199 5 
1996  
1997 
1998 
1999 
2000 
2001  
2002 
2003 
2004 
200 5 
2006 
2007 

2009 
2010 
2011 
2012 
20 13 
2014 
2015 
20 1.6 
2017 
20 98 
2019 
2020 

2008 

a. 927 
9.435 
9 .971  

10 .538  
1 1 . 1 3 7  
11.770 
12 .292  
12 .836  
13 .405  
13.999 
14 .620  

15.972 
1.6 .694 
17.449 

1s . 2 a 1  

18.238 
1 8 , 8 6 5  

20. a77  

1.9.513 
20 .183 

21.594 
22.336 
23.104 

24.719 
25.568 
26.447 
27.356 
28.296 

30.273 
31.314 
32.390 
33.503 
34.654 
3.5 .845 

23.898 

29.268 

2 751) 
2.865 
2.976 
3 .091  
3.210 
3.334 
3 e 471 
3.613 
3.762 
3.916 
4.077 
4.239 
4.407 

4.764 
4 2 953 
5.090 
5 .231  
5.376 
5 .525  

4.582 

5.678 
5.836 
5.997 
6 3 4  
6.334 
6 .510  
6.690 
6 .876  
7.066 
7.262 
7.463 
7.670 

8 , 1 0 1  
8.325 

7.882 

a .  555 

3.677 
3.865 
4 .063  
4 .271  

4.719 
4.913 
5.115 
5 .325  
5 .544 
5.772 
6 . 0 0 1  
6.239 

6 . '744 
7 .011  
7.213 
7.421 
7.635 
7.856 
8 .082  
8.315 
8.555 

9.056 
9.317 

4.489 

6 .ha6 

a .  802 

9.586 
9 .  a62 

10 .146  
10 .439  
10.740 
11.050 
11.369 
11.696 
12 .034  
12 .381  

4 .212  
4.452 
4.705 
4.972 
5.25.5 
5 . 554 
5.857. 
6 .166 
6.497 
6.846 
7 .213  
7.539 
7.880 
8.236 
8.609 
8.998 
9.327 
9.668 

1 0 , 0 2 2  
1 G  a 388 
10 .768  
11.161. 
11 -570  
1 1 , 9 9 3  
12 .431  

13.357 
13.845 
14.351. 
14 .876  
15 -420 
15.984 
16 .568  
1 7  - 1 7 4  
17.802 
18 9 453 

1 2 .  aa6  

10 .310  
10 .853  
11 "424 
12.026 
12 .659  
13 .326  
13 .851  
14 .417  
1 4  I995 
15 .596  
16.222 
16.886 
1 7  577 

19.045 
19.824 
20.439 
21.073 
21.727 
22 - 4 0 1  
23.096 
23 .813  
2b a 552 
25 314 
26 -099 
26.909 
27 _I 744 
28.604 
29.492 
30.407 
31.351 
32.323 
33.326 
34.360 
35.426 
36.526 

18.296 

29 a 885 
31.470 
33.139 
34.898 
36 751 
38.703 
LO. 388 
42 . I47 
43.984 
45 .j 9\72 
47.904 
49.946 
52 -075 
54 e 295 
56.  b 1 0  
59.024 
60.934 
62 -907 
64.944 
67. 04 7 
69.219 
71 .461  
7 3 . 7 7 7  
76 . I 6 9  
78.639 
81.188 
83.823 
85 -543  
89.351 
92 -252  
95.247 
98 .341  

101.535 
104.834 
108.241 
11 1 7 6 1  
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Table  26, Annual cumulative add i t ions  of new capacity 
after 1986 by load center 

Year Nashville Paducah Evansville Huntsville Memphis Total 
-_ 

1987 
1988 
1989 
1990 
1991 
1992 
199 3 
1994 
1995 
1996 
199 7 
1998 
1999 
2000 
2001 
2002 
2003 
2004 
2005 
2006 
200 7 
2008 
2009 
20 10 
20 11 
2012 
2013 
2014 
20 15 
2016 
2017 
2018 
2019 
2020 

0.536 
1.103 
1.702 
2.335 
2.857 
3.402 
3.971 
4.565 
5.185 
5.847 
6.537 
7.260 
8.014 
8.803 
9.430 

10.078 
10.749 
11 e 442 
12.160 
12.902 
13.669 
1 4  463 
15.284 
16.134 
17.012 
17.921 
18.861 
19 833 
20.839 
21.879 
22.955 
24.068 
25.219 
26.410 

Q .  111 
0.225 
0.345 
0.469 
0.605 
0.748 
0.896 
1 .051  
1.212 
1 e 373 
1.542 
1.717 
1.898 
2.088 
2.225 

2.511 
2.660 
2.813 
2.970 
3.132 
3.298 
3.469 
3.644 
3.825 
4.010 
4.201 
4.396 
4.598 
4.804 
5 A 1 7  
5.235 
5.460 
5.691 

2.3166 

0.198 
0 a 406 
0.624 
0.854 
1.048 
1.250 
1.460 
1.679 
1.907 
2.136 
2.374 
2.621 
2.878 
3.146 
3 * 348 
3.556 
3.770 
3.990 
4.217 
4.450 
4.690 
4.937 
5.190 
5.452 
5.720 
5.997 
6.281 
6.574 
6.875 
7.185 
7.503 
7.831 
8.169 
8.516 

0.253 
0.521 
0.804 
1.102 
1.400 
1.715 
2.045 
2.394 
2.761 
3.088 
3.428 
3.785 
4.157 
4.546 
4.875 
5.216 
5 3 7 0  
5.936 
6.316 
6.710 
7.118 
7.541 
7.980 
8.434 
8.905 
9.394 
9.900 

10.425 
10.969 
11.532 
12.117 
12.723 
13.351 
14.001 

0.572 
1.173 
1.806 
2.473 
3.008 
3.564 
4.142 
4.743 
5.369 
6.033 
6.724 
7.443 
8.192 
8.971 
9.586 

10.220 
10.874 
11.548 
12.243 
12.960 
13.699 
14.461 
15.246. 
16.056 
16.891 
17.752 
18.639 
19.554 
20.498 
21.470 
22.473 
23.507 
24.573 
25.673 

1.669 
3.428 
5.281 
7.233 
8.919 

10.6’78 
12.515 
14.432 
16.434 
18.476 
20.605 
22.825 
25.140 
27.554 
29.465 
31.437 
33.474 
35.577 
37.749 
39.992 
42.308 
44.699 
47.169 
49.720 
52.353 
55.073 
57.882 
60.782 
63.778 
66.871 
70.066 
73.365 
76 ~ 7 2  
80.291 
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Table 27. Delnand from energy c e n t e r s  by l o a d  c e n t e r  

Year N a s h v i l l e  Paducah E v a n s v i l l e  Huntsville Memphis To tal 

1988 
1990 
1992 
1994 
1996 
1998 
2000 
2001 
2003 
2005 
2006 
2008 
2009 
2011 
2012 
2014 
2015 
2017 
2018 
2020 

0.76 
1.54 
2.28 
3.02 
3.78 
4.57 
5.35 
6.13 
6.92 
7.72 
8.50 
9.31 

10 * 1 0  
10.91 
11.70 
1 2  -52 
13.32 
14.14 
14.95 
15.78 

0.16 
0.31 
0.50 
0.70 
0.89 
1.08 
1.27 
1.45 
1.62 
1.79 
1.96 
2.12 
2.29 
2.45 
2 -62 
2.77 
2.94 
3.09 
3.25 
3.40 

0.28 
0.56 
0.84 
1.11 
1.38 
1 .65  
1 .91  
2.18 
2.43 
2.68 
2.93 
3.18 
3.43 
3.67 
3.92 
4.15 
4.39 
4.62 
4.86 
5.09 

0.36 
0.73 
1.15 
1.59 
2 .oo 
2.38 
2.77 
3.17 
3.59 
4.01 
4.42 
4.85 
5.27 
5.71 
6.13 
6.58 
7 .Ol 
7.46 
7.90 
8.36 

0.81 
1.63 
2 ,39  
3.14 
3 - 9 1  
4.68 
5 " 4 6  
6.23 
7 .OO 
7 . 7 7  
8.54 
9.30 

10.07 
10.83 
11.59 
12 34 
13.10 
13.84 
14 1. 60 
1 5  -34. 

2.36 
4.16 
7.16 
9.56 

1.1 "96 
14.36 
1 6 - 7 6  
19.16 
21,56 
23.96 
26 36 
28.76 
31 . I6  
33.5b 
35 -96 
38 J 36 
40,76 
43.16 
45 a 56 
47.96 

Using t h e  data i n  t h e  Olsen memorandum of A p r i l  2 ,  1975,15 t o  extenel 

t o  1980 t h e  c a p a c i t y  p r o j e c t i o n s  and the cumulat ive a d d i t i o n s  in Table 

24 ,  one f i n d s  t h a t  

C(2020) = 95.381 C(1980) = 20.368, 

2020 2020 

t=1981 t=1981 
A ( t )  = 57.775 1 R ( t )  = 12,842 

Thus the methodology used t o  C O K K e C t  f o r  r e t i r e m e n t s  underes t imates  the 

cumulat ive retirements and a d d i t i o n s .  Because underes t imat ion  is  better 

t h a n  o v e r e s t i m a t i o n  and because t h e  magnitude of the  error in the emu- 

lative a d d i t i o n s  is not l a r g e g  t h e  demand p r o j e c t i o n s  i n  Table  27 are 

not  s e r i o u s l y  i n f l u e n c e d  by t h t s  error. 
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Appendix B 

DISPERSED SITES W I T H I N  300 MILES OF THE 
KENTUCKY LAKE SURROGATE SITE 

To o b t a i n  some i n s i g h t  as t o  s i t i n g  d i f f i c u l t i e s  t h a t  may arise 

i n  provid ing  €or f u t u r e  power growth, a prel iminary and r a t h e r  cursory 

exercise w a s  done t o  l o c a t e  poss ib l e  d ispersed  sites wi th in  a 300-mile 

r ad ius  of t he  Kentucky Lake Surrogate  S i t e .  The cri teria and assumptions 

used i n  s e l e c t i n g  these  sites are as follows: 

1. 

2 .  

3. 

4 .  

5 .  

6 .  

The t o t a l  i n s t a l l e d  capac i ty  a t  each s i t e  w a s  4800 MWe 

(four  1200-MWe r e a c t o r s ) .  

The spacing between p l a n t s  w a s  about 30 t o  40 miles and no 

c l o s e r  than  about 15 m i l e s  t o  populat ion centers of 25,000 

people.  

N o  sites were loca ted  i n  the  NRC designated zone 111 seismic 

area. 
Each s i t e  used w e t  cool ing  towers,  and the  thermal e f f i c i e n c y  

of t h e  units w a s  assumed t o  be 33.3%.  

The consumptive water use w a s  based on t y p i c a l  ho t  weather 

condi t ions  - a value of 30 cfs pe r  1200 MWe, o r  120 cfs p e r  

s i te.  

The requirement f o r  local. river flow rates w a s  such t h a t  the 

consumptive use of w a t e r  would be no g r e a t e r  than 10% of the  

annual 20-year low f low a t  the  s i t e  wi th  the  a d d i t i o n a l  

r e s t r i c t i o n  t h a t  the cumulative w a t e r  use on a r i v e r  system 

would n o t  exceed, a t  any p o i n t ,  10% o f  the  annual 20-year 

l o w  flow a t  t h a t  po in t .  

A total of 60 p o r e n t i a l  sites w e r e  l oca t ed  wi th in  a 300-mile rad ius  

of t h e  Kentucky Lake Surrogate  S i t e  and are shown i n  Fig.  26. Table 28 
gives  the  l o c a t i o n  of the s i tes  and the  mean annual f l o w  f o r  the  rivers 

on which the  p l a n t s  are loca ted .  

The cr i ter ia  used f o r  t h i s  exercise are g r e a t l y  s i m p l i f i e d ,  and a 

more d e t a i l e d  a n a l y s i s  would probably e l imina te  some of t hese  sites and 

a l s o  f i n d  o t h e r s  t h a t  may be  acceptab le .  However, t he  i n t e r e s t i n g  aspec t  
.. 



F i g ,  26, Locat ion o f  60 p o t e n t i a l  s i c e s  within a 300-mile r ad ius  
of the Kentucky Lake Surrogate  S i t e .  
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Table 28. Dispersed (4800-me) sites wi th in  300 miles 
of the  Kentucky Lake Surrogate  S i t e  

~ - 

S i t e  Mean annual flow 
number River Location ( c f s )  - 

Tennessee River Basin 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
1 2  

Hols ton 
Hols ton 
French Broad 
L i t t l e  Tennessee 
Clinch 
Tennessee 
Tennessee 
Tennessee 
Tennessee 
Tennessee 
Tennessee 
Tennessee 

13 Tennessee 

Surgeonvi l le ,  TN 
Cherokee Lake 
Douglass Lake 
Calderwood Lake 
Watts B a r  Lake 
Watts ]Bar Lake* 
Chickamauga Lake* 
Guntersv i l le  Lake* 
Below Guntersv i l le  Dam 
Wheeler Lake* 
Pickwick Lake 
Kentucky Lake, near 

Parsons, TN 
Kentucky Lake Surrogate 

S i t e  

1 4  Cumberland 

15 C uml~ er land 
16 Caney Fork 
1 7  Cumberland 
18 Cumber land 

19 Cumber land 

20 Green 
21 Kentucky 

22 Kentucky 

23 Ohio 
24 Ohio 
25 Ohio 
26 Wabash 
27 Wab ash 
2 8  White 

Cumberland River Basin 

Downstream of Cumberland 

Lake Cumberland 
Center H i l l  Reservoir 
Near Hartsville, TN* 
12  m i l e s  SE of 

Cla rksv i l l e ,  TN 
Lake Barkley, 7 m i l e s  

W of Cadiz, KY 

F a l l s ,  KY 

Ohio River Basin 

Drakesboro, KY 
Between Richmond and 

Winchester, KY 
20 m i l e s  SW 

Lexington, KY 
Near Maysville,  Ky 
Near Madison, I N  
Meade County, KY 
Near Attica,  I N  
Near Mecca, I N  
Near Worthington, I N  

3,500 
6,000 
6,000 
4,270 
5,000 

35,000 
37,000 
38,000 
38,000 
42,000 
51,000 
52,000 

60,000 

3,200 

3,200 

24,000 
20,000 

25,000 

7,700 
5,200 

6,500 

92,000 
100,000 
120,000 

6 300 
10,000 

3 % 800 
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Table 28. (continued) 

Site 
n rmb e r River 

29 
30 
31 
32 

33 

34 

35 

36 
37 
38 

39 

40 
41 
42 
43 
44 

45 

46 

47 
48 

4 9 

Missouri  and Uppgr Miss i s s ipp i  _I-. River Basin 

I l l i n o i s  Near Meredosia, I T ,  
M i s s  i s  s i p  p i Near Louis iana,  140 
M i s  S O U P i  
Missouri  

White 

White 

m i t e  

White 
Arkansas 
Arkansas 

Arkansas 

Near Ful ton ,  MOJk 
Near Washington., MO 

White ~ n d  Arkansas Rivers  

Upper end of Bu l l  Shoals 

Between Bull. Shoals Lake 

Between B a t e s v f l l e  and 

Near D e V a l l s  B lu f f ,  AR 
Dardanel le  Reservoir* 
Between L l . t t 1 e  Rock and 

35 miles SE of 

Lake 

and Norfolk Lake 

Newport, AR 

Pine B lu f f ,  All 

Pine Bluf f ,  AR 

M i s s  is s ipp 3. Near Banks, MS 
M i s s i s s i p p i  West of Clarksdale ,  MS 
Miss i s s ipp i  Near Greenvi l le ,  MS 
M i s s  is  s i p p l  Near Chatham, MS 
Tallahat c h i  18 m i l e s  E of 

CParksdale, MS 
Yazoo 15 m i l e s  s of 

Greenwood, MS 
Yazoo 30 miles NE o f  

Vicksburg, MS 

Mobile: River  Basin 11-- 

Tombigb ee Near Aberdeen, MS 
Tomb i gb ee 15 miles s of 

Black Warrior 30 m i l e s  W of 
Columbus, MS 

Birmingham, AT., 

20 , 000 

7.5,ooo 
80 , 000 

62,000 

5,000 

6,000 

12 , 000 

28,000 

41 , 000 
37,000 

42,000 

450,000 
450,000 
450,000 
450,000 

6 , 800 

9,900 

10,000 

3 , 000 
6,000 

6,000 
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Table 28. (continued) 

S i t e  Mean annual f l o w  
number River Locat i on  ( c f s )  

-- 
50 

5 1  

52 
53 
54 

55 
56 
57 

Black Warrior 

Tombigbee 

Coosa 
Coosa 
Coma 

Coos a 
Tallapoosa 
Alabama 

20 m i l e s  SW of 
Tuscaloosa, AL 

20 mi l e s  S of 
Demopolis , AL 

Near Rome, GA 
Weiss Reservoir  
30 rniles SE of 

I,&e Jordan* 
Lake Martin 
30 m i l e s  W of 

Birmingham, AL 

Montgomery, AL 

Apalachicola River Basin 

58 Chattahoochee 20 miles SW of 

59 Chat tahoochee Lake Harding 
At l an ta ,  GA 

Savannah River Basin 

8,000 

21,500 

6,000 
8 9 000 

4,000 
23,000 

3,000 

5,500 

60 Savannah H a r t w e l l  Reservoir  4,000 

of t h i s  s tudy  is  t h a t  t he  t o t a l  i n s t a l l e d  capac i ty  of these  60 sites 

(288 m e )  is  only about 60% of the  pro jec ted  capac i ty  requirements of 

485 t o  490 MWe f o r  t h i s  area i n  the year  2020. Another manner i n  which 

one can cor robora te  the  o v e r a l l  a spec t  of rhe problem i s  t o  d iv ide  Che 

t o t a l  p ro j ec t ed  capac i ty  requirements f o r  the year  2020 by the  s e r v i c e  

area. The area i n  t h i s  case is  283,000 sq  m i l e s  and the  capac i ty  

requirements are 1 .72  Mh?e/sq m i l e .  

s e rve  an  area of 2790 s q  miles o r  the  equiva len t  of a square 53 m i l e s  

on t h e  s i d e .  

then l e a d  t o  a four-unit: power plant  every 53 m i l e s .  Adding r e s t r i c t i o n s  

€or  popula t ion  cen te r s  and water  requirements implies  t h a t ,  even i n  an 

Thus, a s i te  wi th  4800 me w i l l  

A r b i t r a r i l y  spac ing  sites on a r ec t angu la r  p a t t e r n  wsuld 



area as rich in water resources as the one wed here, the m3jor b-ivers 

will b e  lined w i t h  power statlons. 

spacing of very large energy centers. 

The alternative would be a larger 

Regardless of t h e  simplicity of the approach used here, such an 

exercise emphasizes t h e  need for rather long-range planning for both  

land and water resources as well as for future power transmtssion systems. 
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Appendix C 

DERIVATION OF DEMAND 

The d e r i v a t i o n  of t h e  demand f o r  t h e  load c e n t e r s  is based on 

a l l o c a t e d  s h a r e  of capac i ty  f o r  t h e  corresponding BEA reg ion  (as  shown 

i n  Table 2)  ad jus t ed  f o r  excess capac i ty  over t he  demand (20%) and 

l o c a l  genera t ing  p l an t s .  Thus, f o r  a m p l e ,  

Memphis i n  1985: 8483:1.2 = 7069 MW 
Allen steam p l a n t  87  9 
Peak (gas tu rb ine )  714 -15 93 

" N e t "  Demand 5476 MW . 

In 2005, t h e  GT peaking unit: was r e t i r e d ;  and i n  2020, the  base 

steam p l a n t .  

Chattanooga i n  2005, b a s i c  demand: 7828 MW 
S equo yah 4680 
Raccoon 13 00 -5980 

" N e t  I '  Demand 1848 MW 

I n  2020, t h e  I t N e t ' '  Demand i s  12,583 - 6100 = 6483 MW because 

Sequoyah's capac i ty  increased  t o  4800 Mw. 

I n  Paducah, 1700 MW were added t o  the  demand t o  al low f o r  t h e  

opera t ion  of MC's d i f f u s i o n  p l a n t .  

The 1985 Evansv i l l e ' s  demand w a s  reduced by 623 MW, t h e  capac i ty  

of t h e  Warrick p l a n t ;  t h e r e a f t e r ,  the  p l a n t  was r e t i r e d .  
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