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1 / TECHNICAL FACTORS I N  SMLL HYDROPOWER PLANNING - 

a 
Darryl  W. Davis , Member, ASCE 

INTRODUCTION 

The r ecen t  focus on our n a t i o n a l  energy resources  has  generated s i g n i f -  

i c a n t  renewed a t t e n t i o n  i n  h y d r o e l e c t r i c  power development. I n  p a r t i c u l a r ,  

r ecen t  s t u d i e s  ( I ) ,  (2)  t h a t  ana lyze  t h e  undeveloped h y d r o e l e c t r i c  p o t e n t i a l  

a t  e x i s t i n g  r e s e r v o i r  s i t e s  i n d i c a t e  t h a t  d e t a i l e d  s t u d i e s  a r e  warranted.  

An a t t r a c t i v e  f e a t u r e  i s  t h a t  many of t h e  d i f f i c u l t i e s  i n  developing new 

power s i t e s  have a l r eady  been d e a l t  w i th  (e .g . ,  a n  impoundment e x i s t s ) .  An- 

o t h e r  f i n d i n g  (3) was t h a t  t h e  need e x i s t s  f o r  updating and r e f i n i n g  a n a l y s i s  

d a t a  and methods, e s p e c i a l l y  f o r  smal l  power a d d i t i o n s  of 15,000 k i l o w a t t s  

o r  l e s s .  

To meet t h i s  need, t he  Hydrologic Engineering Center ,  Corps of Engineers,  

is prepar ing  a document e n t i t l e d  "Manual f o r  t h e  Determination of t h e  Feas- 

i b i l i t y  of Adding Small Hydroe lec t r ic  Power t o  an  Ex i s t i ng  F a c i l i t y . "  The 

p r o j e c t  is being sponsored by t h e  U.S. Department of Energy through t h e  Corps 

I n s t i t u t e  f o r  Water Resources. The manual is  designed f o r  u se  by pub l i c  

agencies  ( f e d e r a l ,  s t a t e  and l o c a l ) ,  pub l i c  and p r i v a t e  u t i l i t i e s ,  and p r i v a t e  

i nves to r s .  The major t h r u s t  is  t o  assemble t e c h n i c a l  d a t a  and develop pro- 

cedura l  guidance f o r  t h e  sys temat ic  a p p r a i s a l  of t h e  v i a b i l i t y  of p o t e n t i a l  

small  hydropower a d d i t i o n s .  It focuses  upon t h e  concepts ,  technology, and 

economic and f i n a n c i a l  i s s u e s  unique t o  smal l  hydropower a d d i t i o n s .  

I Presented a t  t h e  Water Systems S p e c i a l t y  Conference, American Socie ty  of 
C i v i l  Engineers,  25-28 February, 1999, Houston, Texas, 

a  
Chief,  Planning Analysis  Branch, t h e  Hydrologic Engineering Center ,  U.S. 
Army Corps of Engineers,  Davis, C a l i f o r n i a  9561.6. 



This  paper d i scusses  i s s u e s  r e l a t e d  t o  engineering and economic consider-  

a t i o n s  i n  planning small hydropower a d d i t i o n s ,  p re sen t s  a n  overview of s i g n i f -  

i c a n t  f i n d i n g s  of t h e  i n v e s t i g a t i o n  t o  d a t e ,  and provides a s t a t u s  r e p o r t  on 

manual p r  eparat i .on . 

CMRACTER OF SMALL HYDROPOWER 

Small hydropower p r o j e c t s  i nc lude  i n s t a l l a t i o n s  t h a t  have 15,000 k i i o -  

w a t t s  (kW) o r  l e s s  capac i ty .  The concept i s  no t  l i m i t e d  t o  a d d i t i o n s  t o  

e x i s t i n g  impoundments, a l though major a c t i v i t i e s  by f e d e r a l ,  s t a t e ,  l o c a l  

agencies  and p r i v a t e  o rgan iza t ions  seem t o  b e  s o  focused. "Small hydro" and 

"low head" hydro a r e  no t  synonomous even though t h e  tendency i n  publ ished 

documents is  t o  avoid t h e  d i s t i n c t i o n  (4 ) .  Small hydro as def ined  above has 

been a n  informal  breaking p o i n t  used f o r  va r ious  f e d e r a l  agency s t a t i s t i c a l  

t a b u l a t i o n s  and informal  communications. It has  now been def ined  by law (5)  

t o  b e  15  megawatts (MW) f o r  purposes of s p e ~ i a l  handling f o r  l i c e n s i n g ,  loans ,  

i n c e n t i v e s ,  and o t h e r  promotional programs. Low head hydro is a term emana- 

t i n g  from a r e sea rch  and development program managed by t h e  Department of 

Energy t h a t  i s  designed t o  advance t h e  technology f o r  genera t ing  hydropower 

from s i t e s  wi th  heads of l e s s  than  20 meters  (66 f e e t ) .  A l a r g e  number of 

t h e  p r e s e n t l y  i d e n t i f i e d  s m a l l  hydro sites f a l l  w i t h i n  t h e  low head c r i t e r i a .  

This  d i s t i n c t i o n  between s m a l l  and low head hydro w i l l  be  preserved h e r e i n  

f o r  convenience i n  communication and cons is tency  wi th  e x i s t i n g  and emerging 

f e d e r a l  and state programs. 

The underlying b a s i s  f o r  s m a l l  hydro a s  a concept ( a p a r t  from hydropower 

i n  gene ra l )  is t h a t  t h e  impacts of implementation a r e  l i k e l y  t o  b e  modest 

and thus  p r o j e c t s  w i l l  be  e s s e n t i a l l y  non-controversial  so t h a t  s impler  l i c e n -  

s ing  and permit  g ran t ing  a r e  app ropr i a t e ,  and t h a t  phys i ca l  f a c i l i t i e s  can 

l i k e w i s e  b e  kept  s imple and f u n c t i o n a l .  

Ex i s t i ng  and --- P o t e n t i a l  Development. A s i g n i f i c a n t  number of e x i s t i n g  



hydropower i n s t a l l a t i o n s  i n  t h e  United S t a t e s  could be c l a s s i f i e d  as smal l  

hydro. Current i n s t a l l e d  hydropower capac i ty  i s  about 60 m i l l i o n  kW i n  

about  1400 p l a n t s ,  which r e s u l t s  i n  an  average i n s t a l l e d  capac i ty  of about  

40 MW per  p l a n t .  The l a t e s t  publ ished inventory (1) l i s ts  142 p l a n t s  as 

having i n s t a l l e d  c a p a c i t i e s  g r e a t e r  than  100 MW. Deducting t h e  sum of t h e  

c a p a c i t i e s  f o r  p l a n t s  i n  excess  of 100 MW from t h e  t o t a l  r e s u l t s  i n  t h e  aver- 

age p l a n t  s i z e  f o r  t h e  remaining 1260 p l a n t s  dropping t o  1 2  MFJ. There a r e ,  

t h e r e f o r e ,  a g r e a t  number of e x i s t i n g  p l a n t s  t h a t  meet t h e  smal l  hydro c r i -  

t e r i a  and, i t  would seem t h a t  t h e  U.S. should have a cons iderable  body of 

technology and t e c h n i c a l  e x p e r t i s e .  On t h e  o t h e r  hand, t h e  smal le r  p l a n t s  

tend t o  b e  t h e  o l d e r  p l a n t s .  It should be  noted a s  w e l l  t h a t  385 MW ( 3 )  of 

hydropower, most ly small  p l a n t s ,  have been r e t i r e d  from s e r v i c e  i n  t h e  l a s t  

15 yea r s ,  a t r end  t h a t  p re sen t  a c t i v i t i e s  a r e  designed t o  reverse .  

Reported power p o t e n t i a l  a t  e x i s t i n g  non-hydropower dams is  about  30,000 MW 

(3 ) ,  and t h i s  sum may e x i s t  a t  g r e a t e r  than  2000 sites. Other p o t e n t i a l  

s i t e s  no t  i d e n t i f i e d  i n  previous s t u d i e s  inc lude  i r r i g a t i o n  cana l  drops 

( s i g n i f i c a n t  i n  t h e  wes t ) ,  municipal water supply d e l i v e r y  systems such a s  

i n  southern  C a l i f o r n i a  and t h e  no r th  A t l a n t i c ,  and waste  management systems, 

such as t h e  Chicago tunne l  p l an .  Data from t h e  n a t i o n a l  dam inventory 

(50,000 dams) i n d i c a t e  t h a t  about  113 have heads i n  t h e  6-20 f o o t  range (con-. 

s ide red  q u i t e  low i n  t h e  "low head" l i t e r a t u r e ) ,  about 2/3 have i n t e r m i t t e n t  

flow ( inf low ceases  some time during t h e  y e a r ) ,  and t h a t  s e v e r a l  s i g n i f i c a n t  

o b s t a c l e s  e x i s t  t h a t  i n h i b i t  b r inging  a l a r g e  number i n t o  se rv i ce .  The econ- 

omical ly a t t r a c t i v e  s i t e s  under cu r r en t  cond i t i ons  would to t a l .  s i g n i f i c a n t l y  

l e s s  than  t h e  30,000 MW r epor t ed  p o t e n t i a l  bu t  i t  i s  g e n e r a l l y  agreed t h a t  several 

hnndr.ed economically a t t r a c t i v e  sites are probably a v a i l a b l e  f o r  development. 

The growing c o s t  of f o s s i l  f u e l s  i s  expected t o  cont inue  t o  i nc rease  t h e  

economic v i a b i l i t y  of hydropower i n  gene ra l ,  and e s p e c i a l l y  smal l  hydropower 

such t h a t  w i t h i n  t h e  next  t e n  yea r s ,  upwards of 1000 s i t e s  could be  considered 

as a reasonable  count f o r  t h e  number of smal l  hydro s i t e s  warrant ing s e r i o u s  

s tudy  fo r  implementation. 



Implementation I ssues .  A s i g n i f i c a n t  major p o s i t i v e  f e a t u r e  of s m a l l  

hydro i s  t h a t  many of t h e  important environmental i s s u e s  have been reso lved  

(e.g. ,  an  impoundment e x i s t s  and i s  l i k e l y  t o  remain i n  s e r v i c e ) .  This  sug- 

g e s t s  t h a t  it w i l l  be  e a s i e r  t o  propose, a c q u i r e  permi ts ,  i n i t i a t e ,  and con- 

s t r u c t  smal l  hydro a d d i t i o n s  t o  e x i s t i n g  impoundments than  t o  begin  from 

s c r a t c h  f o r  o t h e r  hydro p r o j e c t s  o r  a l t e r n a t i v e  thermal power gene ra t ion  

p l an t s .  The l a g  time from conception t o  implementation could be  a s  l i t t l e  

a s  3 years  (Fig.  1 )  compared t o  che o f t e n  15-20 yea r s  f o r  major p r o j e c t s .  

The c u r r e n t  t rend  i n  smal l  hydro is t o  t ake  advantage of t h e  head and ex is -  

t i n g  f low r e l e a s e  p a t t e r n s  t o  avoid t h e  complexi t ies  t h a t  would ensue-wi th  

a l t e r i n g  water  use,  r e l e a s e  p a t t e r n s ,  and adding s t o r a g e  ( thus  inc reas ing  

pools  l e v e l s ) .  The i n f e r r e d  judgement i s  t h a t  t h e  problems t h a t  would b e  

generated by a l t e r i n g  t h e  e x i s t i n g  r e l e a s e  pat t .erns  and u s e  t o  enable  more 

power genera t ion ,  and perhaps pe rmi t t i ng  development of some dependable 

capac i ty ,  are not  worth t h e  t i m e  de l ays  and added. implementation complexity 

t h a t  would ensue. A very  pre l iminary  e s t ima te  ( 3 )  is t h a t  perhaps 15  percent  

of u sab le  power output  is  a l l  t h a t  is  foregone by us ing  e x i s t i n g  r e l e a s e  pa t -  

t e r n s .  I n  e f f e c t  t h e  t h r u s t  i s  "let 's develop what ' s  p r e s e n t l y  l o s t  through 

energy d i s s i p a t i o n  s t r u c t u r e s  and g e t  i t  on l i n e  quick ly ,  s i n c e  w e  a r e  a t  

least a i d i n g  i n  meeting near  term energy requirements." 

The b e l i e f  t h a t  t h e r e  w i l l  no t  be  i n s t a n c e s  of important  environmental 

i s s u e s  i s  no t  c o r r e c t ,  however. Any a l t e r a t i o n  of t h e  f low p a t t e r n  and r e -  

l e a s e  q u a l i t y  w i l l  r e q u i r e  c a r e f u l  documentation and a n a l y s i s .  Also, and 

perhaps most important ,  p a s t  m i t i g a t i o n  ommissions w i l l  gene ra l ly  need t o  

be  co r r ec t ed .  A s p e c i f i c  ca se  i n  p o i n t  i s  t h a t  f i s h  passage f a c i l i t i e s  

( e s p e c i a l l y  f o r  anadromous f i s h e r i e s )  a r e  l i k e l y  t o  be  i n s i s t e d  upon f o r  

s i t e s  i n  which they  were ommitted i n  a  p r i o r  e r a  and pre l iminary  s t u d i e s  (5)  

i n d i c a t e  t h e  s t a t u t e s  e x i s t  t o  s u b s t a n t i a t e  t h e  i n s i s t e n c e .  Small hydro 

o f f e r s  a n  oppor tuni ty  f o r  engineers  t o  provide t h e  l eade r sh ip  e a r l y  i n  p r o j e c t  

development t o  i d e n t i f y  and formulate  s o l u t i o n s  t o  p o t e n t i a l  environmental 

problems. The key po in t  i s  t o  d e f i n e  i s s u e s  e a r l y  i n  i n v e s t i g a t i o n s  so t h a t  

they  may be included a s  a  normal component of p r o j e c t  f e a t u r e  planning.  
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Fac to r s  Important f o r  F e a s i b i l i t y .  Severa l  important i s s u e s  t h a t  can 

be i n f e r r e d  from t h e  previous d i scuss ion  a r e  p e r t i n e n t  t o  e s t a b l i s h i n g  t h e  

conceptual  base  f o r  t h e  f e a s i b i l i t y  guide manual t o  b e  d iscussed  subsequent ly.  

Most prominently i s  underscanding t h e  reason f o r  t h e  major n a t i o n a l  a t t e n t i o n  

t h a t  is  focused on smal l  hydro, a n  admi t ted ly  s m a l l  element of t h e  n a t i o n a l  

energy a r r a y .  Simply s t a t e d  they  seem t o  be: t h e  n a t i o n a l  d e s i r e  t o  move t o  

energy independence, t h e  c u r r e n t  na t iona l  concern f o r  resource  conserva t ion ,  

t h e  p o t e n t i a l  f o r  quick r e s u l t s  from pub l i c  and p r i v a t e  e f f o r t s  (an increas ing-  

l y  r a r e  commodity i n  today ' s  world) ,  and most assuredly ,  non-firm energy 

(used t o  be  r e f e r r e d  t o  with t h e  t a i n t e d  l a b e l  "dump energy") i s  now worth 

20 t o  30 m i l l s  per  k i lowa t t  hour a s  compared t o  1 t o  2 m i l l s  per  k i lowa t t  hour 

s e v e r a l  yea r s  ago. 

The g r e a t e s t  p o t e n t i a l  seems t o  be a t  e x i s t i n g  s i t e s  wi th  t h e  major c i v i l  

works a l r e a d y  i n  p l ace .  The sites t y p i c a l l y  a r e  i n  non-federal ownership 

(about one-half of e x i s t i n g  hydropower p l a n t s  a r e  i n  non-federal ownership). 

The s i t e s  a r e  o f t e n  i n  t h e  low head range (under 60 f e e t ) ,  w i th  a  s i g n i f i c a n t  

number f a l l i n g  i n  head ranges l e s s  than  20 f e e t .  The marketable  output  w i l l  

l i k e l y  be energy only  wi th  l i t t l e ,  i f  any, dependable capac i ty .  This means 

t h e  v a l u e  of s m a l l  hydro output  w i l l  b e  p r imar i ly  due t o  f u e l  c o s t  sav ings  

and n o t  due t o  o f f s e t t i n g  t h e  need f o r  new power p l a n t s  t o  supply capac i ty .  

The f e a s i b i l i t y  of p r o j e c t s  is  expected t o  be q u i t e  s e n s i t i v e  t o  s i t e  

s p e c i f i c  cond i t i ons ,  e .g . ,  t h e  quan t i t y  of power produced w i l l  no t  l i k e l y  

support  t h e  usual  a r r a y  of " inc identa l"  i tems such a s  long t ransmiss ion  l i n e s ,  

acces s  roads ,  s i g n i f i c a n t  s i t e  p repa ra t ion ,  e t c .  The n a t u r e  of t h e  market 

a r e a  load c h a r a c t e r i s t i c s  and p re sen t  genera t ing  f a c i l i t i e s  s e r v i c i n g  t h e  load  

a r e  c r i t i c a l  t o  t h e  va lue  of power output .  Areas served wi th  major g o s s i l  f u e l  

based p l a n t s  w i l l  l i k e l y  be more a t t r a c t i v e  f o r  small  hydro because of t h e  f u e l  

t h a t  can b e  d i sp l aced .  An important i s s u e  t o  p r o j e c t  f e a s i b i l i t y ,  and t h e  

engineer ing  p ro fe s s ion  f o r  t h a t  ma t t e r ,  i s  t h a t  i n v e s t i g a t i o n ,  design,  cons t ruc-  

t i o n  management, admin i s t r a t i on  and cont ingencies  ( t h e  non-5ardware elements 



of a  p r o j e c t )  a r e  a  major p r o j e c t  c o s t  burden. Fig.  2 schemat ica l ly  i l l u s -  

t r a t e s  t h e  c o s t  elements i n  s m a l l  hydro p r o j e c t s .  I n  f a c t ,  t h e  f e a s i b i l i t y  

s tudy  i t s e l f  is l i k e l y  t o  b e  viewed a s  a s i g n i f i c a n t  f inanc ia l .  burden 

warrant ing an investment type  dec i s ion  by t h e  p r o j e c t  sponsor p r i o r  t o  i n i t i -  

a t i o n  of t h e  s tudy.  This  i s  e s p e c i a l l y  t h e  case  w i t h  p r i v a t e  i n v e s t o r s  and 

is  a n  important reason f o r  t h e  r e c e n t l y  passed l e g i s l a t i o n  t h a t  i nc ludes  a  

l oan  program fo r  performance of f e a s i b i l i t y  s t u d i e s  (6) . 

FEASIBILITY MANTJAL CONCEPT 

The previous  paragraphs have cha rac t e r i zed  t h e  smal l  hydro p o t e n t i a l  

a s  e x i s t i n g  a t  a  r e l a t i v e l y  l a r g e  number of e x i s t i n g  s i t e s ,  probably i n  non- 

f e d e r a l  ownership, p r imar i ly  of low head, l i k e l y  t o  gene ra t e  "non-essential" 

power, b e  s e n s i t i v e  t o  s i te  s p e c i f i c  condi t ions ,  r equ i r ing  i n v e s t i g a t i o n s  

whose c o s t  is a  s i g n i f i c a n t  p r o j e c t  burden, and i s  a  concept p r e s e n t l y  i n  

t h e  n a t i o n a l  l i m e l i g h t ,  The guide manual (5) ha s  been formulated t o  be  

respons ive  t o  t hese  c h a r a c t e r i s t i c s  and t o  provide a foundat ion t o  encourage 

r e l a t i v e l y  quick,  e f f i c i e n t  formula t ion  and assessment of a t t r a c t i v e  p r o j e c t s .  

The guide manual desc r ibes  procedures and inc ludes  c o s t  curves,  pe r fo r -  

mance curves and o t h e r  t e c h n i c a l  d a t a  t o  permit  quick reconnaissance inves-  

t i g a t i o n s  ( t o  determine whether a n  investment i n  a  f e a s i b i l i t y  s tudy  i s  

warranted) and procedural  guidance and more d e t a i l e d  informat ion  f o r  pe r fo r -  

mance of f e a s i b i l i t y  s t u d i e s  ( t o  formulate  a  p r o j e c t  and t o  permit  a  de f in -  

i t i v e  recommendation on p r o j e c t  implementation).  The manual is comprised of 

s i x  volumes: Volume I - "Technical Guide" t h a t  overviews t h e  i n v e s t i g a t i o n  

process  and documents ca se  s tudy a p p l i c a t i o n s ;  Volume 11 - "Economic and 

F inanc ia l  Analysis" t h a t  i nc ludes  c r i t e r i a  and procedures  f o r  marketing and 

va lu ing  power output  and f o r  analyzing f i n a n c i a l  requirements and i s s u e s  

c r i t i c a l  t o  implementation; Volume I T 1  - "Hydrologic S tudies"  t h a t  d e s c r i b e s  

i n v e s t i g a t i o n s  necessary t o  eva lua t e  t h e  hydrologic  i n t e g r i t y  of t h e  dam 

and t o  e s t ima te  t h e  power output  of p l a n t  a d d i t i o n s ;  Volume I V  - "Exis t ing  
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F a c i l i t y  I n t e g r i t y "  t h a t  provides guidance f o r  a s se s s ing  the  a b i l i t y  of a 

s i t e  t o  s a f e l y  accommodate a power a d d i t i o n  ( t h e  t h e s i s  i s  t h a t  e x i s t i n g  

dams w i l l  b e  requi red  t o  meet dam s a f e t y  s tandards  be fo re  power a d d i t i o n s  

would be  p r a c t i c a l ) ;  Volume V - "Electromechanical Equipment" t h a t  desc r ibes  

s e l e c t i o n  c r i t e r i a  and performance c h a r a c t e r i s t i c s  of smal l  hydro genera t ion  

and a n c i l l i a r y  equipment; and Volume V I  - "Civil  Features"  t h a t  provides 

des ign  and c o s t  gu ide l ines  f o r  t h e  civi.1 f e a t u r e s  of power a d d i t i o n s ,  The 

fol lowing s e c t i o n s  provide a  b r i e f  overview of each volume and provide samples 

of t h e  d a t a  and guidance included i n  each. 

VOLUME L - TECHNICAL GUIDE 

This volume de f ines  s m a l l  hydropower and d i scusses  t h e  i s s u e s  and tech- 

nology a s s o c i a t e d  wi th  power a d d i t i o n s  t o  e x i s t i n g  impoundments. The i n t r o -  

ductory m a t e r i a l  contained i n  t h i s  paper is included i n  an  expanded form i n  

e a r l y  s e c t i o n s  of t h e  volume. The Guide provides an  overview of t h e  manual, 

p r e s e n t s  t h e  purpose, concept,  and conf igu ra t ion  of t h e  manual, and desc r ibes  

t h e  components of a  f e a s i b i l i t y  s tudy  and t h e i r  r e l a t i o n s h i p s .  F e a s i b i l i t y  

i n v e s t i g a t i o n s  a r e  cha rac t e r i zed  a s  a  continuim t h a t  begins  w i t h  gene ra l i zed  

r e sou rce  assessments ,  such a s  t h e  many r e source  assessments  underway a c r o s s  

t h e  U . S . ,  and concludes when cons t ruc t ion  i s  i n i t i a t e d .  Decis ion p o i n t s  e x i s t  

a t  s e v e r a l  c r i t i c a l  s t a g e s .  The guide  manual provides guidance f o r  t h e  

reconnaissance s t a g e  (should a  f e a s i b i l i t y  s tudy  b e  i n i t i a t e d )  and t h e  f e a s -  

i b i l i t y  s t a g e  (should a n  implementation commitment b e  made) dec i s ion  p o i n t s .  

It  i s  recognized t h a t  subsequent f i n d i n g s  could a l t e r  t h e  implementation 

dec is ions ;  such a s  undiscovered s i t e  problems of i n t e g r i t y ,  o r  foundat ion com- 

pe tance  o r  f i nanc ing  d i f f i c u l t i e s  (problems i n  bond marketing f o r  i n s t a n c e ) ,  

o r  unfavorable  b i d  openings ( t h e  p r i c e  of equipment p r e s e n t l y  f l u c t u a t e s  con-. 

s i d e r a b l y  because of t h e  small  market f o r  equi.pment and l i m i t e d  product ion 

c a p a b i l i t y ) .  The manual i.s su f f i c i en t1 .y  complete t h a t  unpleasant  s u r p r i s e s  

should be minimized. 

The volume inc ludes  an  o u t l i n e  and f low c h a r t  of major t a s k  elements 



needed t o  perform t h e  reconnaissance and f e a s i b i l i t y  s t u d i e s .  Emphasis i s  

placed on t h e  f a c t  t h a t  t h e  planning s t u d i e s  need t o  be cons iderably  d e t a i l e d  

and s p e c i f i c  no t ing  t h a t  s i t e  s p e c i f i c  condi t ions  a r e  important  and i n v e s t i -  

ga t ion  c o s t s  must be kept  t o  a  minimum. The contents  and use  of t h e  o t h e r  

volumes a r e  descr ibed  (much a s  i n  t h i s  paper) and t h e i r  u se  conceptua l ly  i n t e -  

g ra t ed  i n t o  t h e  a n a l y s i s  process .  The seve ra l  key elements of l i c e n s e s  and 

permits ,  environmental i s s u e s ,  and implementation cons ide ra t ions  a r e  catalogued 

and d iscussed .  

Included a s  e x h i b i t s  t o  t h e  "Technical Guide" a r e  two c a s e  s t u d i e s  of 

e x i s t i n g  p r o j e c t s ,  one from t h e  West nearing completion of cons t ruc t ion  and 

start up and one from the  Northeast c u r r e n t l y  i n  t h e  f i n a l  des ign  s t age .  

The case  s t u d i e s  re formula te  t h e  two p r o j e c t s  fol lowing t h e  d a t a  and guidance 

i,n t h e  manual and se rve  both a s  a t e s t  of t h e  manual and i l l u s t r a t e d  examples 

of manual use.  

VOLUME I1 - ECONOMIC AND FINANCIAL ANALYSIS 

This  volume provides documented procedures f o r  performing t h e  economic 

and f i n a n c i a l  s t u d i e s  necessary  f o r  f e a s i b i l i t y  determinat ion.  The t h r e e  

major s u b j e c t s  covered i n  t h e  volume a r e  market a n a l y s i s ,  economic f e a s i b i l i t y  

de te rmina t ion ,  and f i n a n c i a l  f e a s i b i l i t y  determinat ion.  The pe r spec t ives  

a p p r o p r i a t e  f o r  pub l i c  agencies ,  pub l i c  and p r i v a t e  u t i l i t i e s ,  and p r i v a t e  

i n v e s t o r s  are presented .  

Market Analysis .  The p o t e n t i a l  markets f o r  ou tput  from s m a l l  hydro a r e  

pub l i c  and inves to r  owned u t i l i t i e s  (IOU's), p r i v a t e  i n d u s t r i a l  u s e r s  and 

o t h e r  l e s s e r  important  e n t i t i e s .  The market a n a l y s i s  t akes  t h e  pe r spec t ive  

of a n  owner/project  sponsor eva lua t ing  t h e  b e n e f i t s  and c o s t s  of t h e  s a l e  of 

power from t h e  smal l  hydro p r o j e c t .  I n d u s t r i a l  u s e r s  and p u b l i c l y  owned 

u t i l i t i e s  and coopera t ives  a r e  cha rac t e r i zed  a s  p o t e n t i a l l y  more f avo rab le  

markets than  I O U ' s  simply because of t h e  p r e v a i l i n g  p r o f i t  r e g u l a t o r y  methods 



(e .g. ,  u n l e s s  more c a p i t a l  is  inves ted  by an  I O U ,  p r o f i t s  may n o t  s i g n i f i c a n t -  

l y  i nc rease ) .  The c h a r a c t e r  of t h e  a v a i l a b l e  power i s  important ,  e s p e c i a l l y  

i n  t h e  event  t h a t  some dependable capac i ty  might b e  a v a i l a b l e .  A proposed 

concept f o r  c r e d i t i n g  hydropower wi th  equiva len t  thermal  capac i ty  i s  presented  

i n  which an  adjustment f o r  thermal equ iva l en t  forced  outage  i s  proposed. The 

seasonal  and annual a v a i l a b i l i t y  of energy are important  parameters  i n  market 

nego t i a t i ons .  The va lue  of a smal l  hydro p r o j e c t  i s  determined by t h e  power 

purchasers  oppor tuni ty  t o  reduce e x i s t i n g  c o s t  whi le  maintaining equiva len t  

s e r v i c e .  Examples of power va lue  c a l c u l a t i o n s  f o r  an  i n d u s t r i a l  purchaser  

and a u t i l i t y  purchaser  a r e  included.  

The types  of marketing arrangements a r e  descr ibed  and comments on t h e  

s i g n i f i c a n t  f e a t u r e s  of each a r e  i d e n t i f i e d .  The f o u r  t ypes  of arrangements 

d iscussed  a re :  ( a )  Cost P lus  Percentage of Debt Se rv i ce  - i n  which t h e  

p r o j e c t  sponsor  (owner) agrees  t o  d e l i v e r  a l l  o r  p a r t  of t h e  ou tpu t ,  and, i n  

r e t u r n ,  t h e  purchaser  agrees  t o  pay "in a l l  events"  a p r o r a t a  s h a r e  of " a l l  

cos ts ' '  of t h e  p l a n t ,  p l u s  a n  a d d i t i o n a l  f i x e d  percentage of t h e  p r o r a t a  s h a r e  

of debt  s e r v i c e ;  (b) Cost P lus  a Royalty Subjec t  t o  Esca l a t ion  - i n  which t h e  

d i f f e r e n c e  from t h e  previous arrangement i s  t h a t  i n  l i e u  of having t h e  p r o j e c t  

sponsor r e c e i v e  a f i x e d  percentage of deb t  s e r v i c e  a s  compensation, t h e  spon- 

s o r  r ece ives  a minimum pe r  kWh payment, which i s  s u b j e c t  t o  e s c a l a t i o n ;  (c) 

Sa l e s  per  Kilowatt-Hour - i n  which output  i s  so ld  a s  power i s  generated,  w i t h  

t h e  p r i c e  s u b j e c t  t o  adjustment based on a n  index. The d i f f i c u l t i e s  i n  

a s su r ing  deb t  s e r v i c e  payments because of widely f l u c t u a t i n g  annual  revenues 

w i l l  u sua l ly  prec lude  ob ta in ing  p r o j e c t  f i nanc ing  f o r  a s m a l l  hydro p r o j e c t ;  

(d) Sa l e s  pe r  Kilowatt-Hour wi th  Cost Guarantee and Balancing Account - i n  

which t h e  weakness i n  t h e  previous  s a l e s  per  kilowatt-hour arrangement i s  

managed t o  i n c r e a s e  revenue s e c u r i t y  t o  enhance f inanc ing  p o s s i b i l i t i e s .  I n  

e f f e c t ,  t h e  power purchaser  i s  providing pe r iod ic  s h o r t  term f inanc ing .  

Economic Analysis .  Economic f e a s i b i l i t y  is c l e a r l y  d i s t i ngu i shed  from - 
f i n a n c i a l  a n a l y s i s .  Economic f e a s i b i l i t y  i s  de f ined  a s  p o s i t i v e  when p r o j e c t  

b e n e f i t s  exceed p r o j e c t  c o s t s .  P r o j e c t  b e n e f i t s  a r e  def ined  a s  t h e  i n c r e a s e  



i n  economic va lue  ( t h e  sponsor 's  pe r spec t ive  taken) generated by t h e  pro- 

j e c t  t h a t  i s  o f t e n  l imi t ed  i n  small. hydro a n a l y s i s  t o  t h e  s t ream of c o s t s  

t h a t  would be  r e p r e s e n t a t i v e  of t h e  l e a s t  c o s t l y  source of equiva len t  power. 

P r o j e c t  c o s t s  a r e  def ined  a s  t h e  t ime stream of economic va lue  requi red  t o  

produce h y d r o e l e c t r i c  power from t h e  p r o j e c t  and i s  o f t e n  l i m i t e d  t o  manage- 

ment and cons t ruc t ion  c o s t s  r equ i r ed  t o  develop t h e  power p l a n t ,  and t h e  

admin i s t r a t i on ,  ope ra t ions ,  maintenance and replacement c o s t s  requi red  t o  

cont inue  t h e  power p l a n t  i n  s e r v i c e .  Conventional cons tan t  p r i c e  l e v e l  

economic concepts  a r e  presented  and d iscussed  a s  r e p r e s e n t a t i v e  of most cur- 

r e n t  f e d e r a l  and o t h e r  pub l i c  agency eva lua t ion  procedures.  I n  a d d i t i o n , a  

s t r a t e g y  f o r  i nco rpora t ing  gene ra l  p r i c e  e s c a l a t i o n  and resource  c o s t  i n f l a -  

t i o n  ( i n  which important  commodities (e.g. ,  f u e l )  e s c a l a t e s  a t  r a t e s  d i f f e r e n t  

from o t h e r  f a c t o r s )  i n  b e n e f i t  c o s t  a n a l y s i s  i s  presented and i l l u s t r a t e d  

w i t h  an example. Concepts of r i s k  and u n c e r t a i n t y  a r e  presented and an  ana l -  

y t i c a l  s t r u c t u r e  f o r  dea l ing  wi th  each i s  proposed. The s e v e r a l  methods of 

determining f e a s i b i l i t y  and p r o j e c t  ranking of Net Present  Value (discounted 

b e n e f i t s  minus c o s t s ) ,  I n t e r n a l  Rate of Return (d iscount  r a t e  a t  which t h e  

p re sen t  va lue  of c o s t  and b e n e f i t  s t reams a r e  equal)  and Benef i t  t o  Cost 

Rat io  (discounted b e n e f i t s  d iv ided  by discounted c o s t s )  a r e  presented,  

d i scussed  and examples included.  The i n t e r n a l  r a t e  of r e t u r n  i s  emphasized 

a s  a common p r i v a t e  s e c t o r  a n a l y s i s  method. 

F i n a n c i a l  F e a s i b i l i t y .  F i n a n c i a l  f e a s i b i l i t y  i s  def ined  a s  p o s i t i v e  when - - 
i t  can be demonstrated t h a t  t h e  p r o j e c t  can secu re  t h e  needed f inanc ing  f o r  

implementation and t h a t  t h e  revenue r e c e i p t  p a t t e r n  w i l l  provide debt  s e r v i c e  

f o r  loans  t h a t  may be  incur red .  I n  e f f e c t ,  t h e  t a s k  i s  t o  show t h a t  t h e  pro- 

j e c t  i s  s e l f - l i q u i d a t i n g  w i t h  accep tab le  r i s k  a t  r e a l i s t i c  i n t e r e s t  r a t e s .  

F i n a n c i a l  a n a l y s i s  is  p a r t i c u l a r l y  important i n  s m a l l  hydro because of t h e  

l i k e l i h o o d  of p r i v a t e  investment and t h e  v a r i e t y  of p o t e n t i a l  sponsors.  In- 

f l a t i o n  i s  d iscussed  t o  i d e n t i f y  i t s  r o l e  i n  determining f i n a n c i a l  f e a s i b i l i t y  

and t o  provide  gu ide l ines  i n  its accommodation i n  p r o j e c t  f inanc ing .  The 

range of funding of sources  a r e  presented:  ( a )  f e d e r a l  programs - U.S. 



Department of Energy ( f e a s i b i l i t y  and cons t ruc t ion  loans ) ;  (b) f inanc ing  

by pub l i c  e n t i t i e s  t h a t  i nc lude  i ssuance  of genera l  o b l i g a t i o n  bonds and 

revenue bonds ( t h e s e  a r e  discussed i n  d e t a i l ) ,  (c)  i n v e s t o r  owned p r o j e c t  

f inanc ing  t h a t  inc ludes  a  range of bond types ,  warran ts ,  and s tock .  

Implementation f a c t o r s  a r e  discussed a s  r e l a t e d  t o  economic and f inan-  

c i a l  i s s u e s .  F ig .  1 i s  a n  example implementation schedule d i sp l ay ing  

important t a s k s  and a  range of p o s s i b l e  expendi ture  p a t t e r n s .  

A d e t a i l e d  d i scuss ion  of t h e  need f o r  and n a t u r e  of t h e  f i n a n c i a l  

adv i so r s  r o l e  i n  a  f e a s i b i l i t y  study and p r o j e c t  implementation i s  presented .  

The f i n a n c i a l  s p e c i a l t y  a r e a  of bond consu l t an t s  is  presented t o  encourage 

t h a t  f e a s i b i l i t y  s tudy managers a l l o c a t e  adequate  resources  f o r  t h e  per for -  

mance of t h i s  important phase of f i n a n c i a l  ana lys i s .  

VOLUME I T 1  - HYDROLOGIC STUDIES 

This  volume desc r ibes  t h e  s t u d i e s  needed t o  determine t h e  i n t e g r i t y  of 

t h e  e x i s t i n g  s t r u c t u r e  during t h e  passage of major f l ood  events  and t o  deter- ,  

mine t h e  c a p a c i t y  and energy p o t e n t i a l  a t  t h e  s i t e .  The t o p i c s  of sp i l lway 

adequacy, b a s i c  streamflow development methods, and capac i ty  and energy ca l -  

c u l a t i o n s  a r e  d iscussed  i n  major s e c t i o n s .  

Spi l lway Adequacy. - The sp i l lway i s  t h e  s a f e t y  va lve  of a  dam and i s  

t h e  primary f a c i l i t y  p r o t e c t i n g  i t s  i n t e g r i t y  from f a i l i n g  from overtopping 

from occurrences of l a r g e  hydrologic  events .  The c u r r e n t  c r i t e r i a  f o r  needed 

sp i l lway performance a s  a func t ion  of r e s e r v o i r  capac i ty ,  dam he igh t ,  and 

v u l n e r a b i l i t y  of downstream a r e a s  t h a t  has  emerged from dam s a f e t y  s t u d i e s  

by t h e  Corps of Engineers is descr ibed (Table 1 ) .  The hydrau l i c  cha rac t e r i s -  

t i c s  of sp i l lways  and o u t l e t  works a r e  descr ibed  and t e c h n i c a l  r e f e rences  

f o r  a n a l y s i s  procedures  included.  Flow-exceedance frequency and hydrograph 

techniques t o  enable  c a l c u l a t i o n  of t he  range of events  t abu la t ed  i n  Table 1, 

p a r t  C are presented .  



Category - 
Small 

In te rmedia te  

Large 

TABLE I. 

SPILLWAY PERFORMANCE CRITERIA 

a. S ize  C l a s s i f i c a t i o n  

Impoundment 

S torage  (Ac. F t . )  -.--- Height (F t  . ) --- 

50 t o  1.,000 25 t o  40 

1,000 t o  50,000 40 t o  100 

over  50,000 over  100 

b. Hazard C l a s s i f i c a t i o n  

Category Development Downstream -- - Economic Loss 

Low No Permanent S t r u c t u r e s  Minimal 

S i g n i f i c a n t  Few rnhab i t ab l e  S t r u c t u r e s  Appreciable  (Ag. & Indus t ry)  

High More than  a  few Extensive (Urban, Ag, Indus t ry)  

c. Spi l lway Design Floods 

Hazard --- 

Low 

S i g n i f i c a n t  

High 

* Probable Maximum Flood 

S i z e  Spi l lway Flood 

Small 50 y r .  t o  100 y r .  frequency 

In te rmedia te  100 y r .  t o  1 / 2  PMF* 

Large 1 / 2  PMF t o  PMF 

Small 100 t o  1 / 2  PMF 

In termedia te  1 / 2  PMF t o  PMF 

Large PMF 

Smal.1 1 / 2  PMF t o  PMF 

In termedia te  PMF 

Large PMF 



Basic Streamflow Data. Streamflow d a t a  a r e  needed t o  permit  capac i ty  

and energy computations.  Small hydro proposals  i n  which t h e  r e l e a s e  p a t t e r n  

i s  no t  t o  be changed and f o r  which adequate  observed h i s t o r i c  r e l e a s e  p a t t e r n s  

e x i s t  are t h e  most s imple f o r  which t o  assemble needed streamflow da ta .  It 

might a l s o  be noted t h a t  t hese  in s t ances  a r e  n o t  t h e  most common. The degree 

t o  which r eco rds  a r e  s h o r t ,  con ta in  gaps, poorly recorded o r  t o  which changes 

i n  ope ra t ing  po l i cy  have occurred o r  a r e  p o s s i b l e  i n  t h e  f u t u r e ,  determines 

t h e  added complexity and e f f o r t  needed t o  assemble a r e p r e s e n t a t i v e  record.  

On one extreme, r econs t ruc t ion  of a  long per iod  of record by s imula t ion  of 

t h e  hydro logic  process  and ope ra t ion  of t h e  p r o j e c t  i s  p o s s i b l e  b u t  could be  

beyond t h e  e f f o r t  a p p r o p r i a t e  f o r  a s p e c i f i c  s m a l l  hydro s tudy.  On t h e  o t h e r  

extreme, adap ta t ion  of processed s y n t h e t i c  d a t a  from genera l ized  s t u d i e s  such 

a s  f low d u r a t i o n  curves r equ i r ing  minimal e f f o r t  a r e  p o s s i b l e  and u s e f u l  b u t  

could p o t e n t i a l l y  b e  of poor q u a l i t y .  The appropr i a t e  s t r a t e g y  f o r  a  smal l  

hydro s tudy  w i l l  c e r t a i n l y  vary  between s i t e s  bu t  is  l i k e l y  t o  inc lude  a mid- 

po in t  between t h e  two extremes r e q u i r i n g  using one o r  more simple approaches 

and even tua l ly  adopting a  l i k e l y  r e p r e s e n t a t i v e  record .  Some elementary 

l e v e l  of c o r r e l a t i o n  and r eg iona l  a n a l y s i s  can o f t e n  be a p p r o p r i a t e  and a r e  

descr ibed  i n  t h e  volume. Techniques f o r  cons t ruc t ing  records  given va r ious  

d i f f i c i e n c i e s  a r e  presented  and methods f o r  processing t h e  adopted record  

t o  c h a r a c t e r i z e  t h e  v a r i a b i l i t y  of flow a r e  descr ibed .  Several  examples a r e  

included us ing  c o r r e l a t i o n ,  s imula t ion  and t r a n s f e r  methods. 

Capaci ty and Energy Ca lcu la t ions .  Power a n a l y s i s  procedures  of du ra t ion  

curve a n a l y s i s ,  mass inf low curves ,  low flow frequency and sequen t i a l  per iod  

of record rou t ing  a r e  descr ibed  and examples included.  Durat ion curve analy- 

sis is  cha rac t e r i zed  as t h e  most approximate b u t  e a s i e s t  t o  perform (and 

many t imes is e n t i r e l y  adequate)  and s e q u e n t i a l  per iod  of record rou t ing  as 

t h e  most a c c u r a t e  (depending on t h e  q u a l i t y  of t h e  a v a i l a b l e  record)  bu t  r e -  

qu i r ing  t h e  most e f f o r t .  Fig.  3 i s  a n  example power computation us ing  flow 

d u r a t i o n  a n a l y s i s  techniques.  Computational a i d s  i n  t h e  form of r e f e rences  

and computer programs a r e  descr ibed .  



FIGURE 3  

EXAMPLE POWER COMPUTATION-DURATION CURVE METHOD 
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Turbine Design 

a .  Head = 30 f t ,  Q = 15% Exceedance Flow 

c .  Turbine Flow Range 30 t o  110% design 
Flow 6 0  cfs - 58% 

d. High T a i l  Water above 3000 c f s  - 2% 

e .  Energy generated 58f2 o r  60% of t ime 
Weighted du ra t ion  f low = 54.5 c f s  
@ 100% t ime 

Energy = 
(54.5) (30) (8760) (. 86) 6 

11.8 = 1.04 x 10 ki4h 

f o r  2 t u rb ines  @ 100 c f s ,  Energy i s  added 200,000 kwh 

VOLUME I V  - EXISTING FACILITIES INTEGRITY 

It is c l e a r  t h a t  a  p r e r e q u i s i t e  t o  s e r i o u s  cons ide ra t ion  of a  s i t e  f o r  

a s m a l l  hydro a d d i t i o n  i s  t h a t  it b e  capable of meeting c u r r e n t  dam s a f e t y  

s tandards .  I f  t h e  dam meets requirements a s  is, then o ther  i n v e s t i g a t i o n s  

can  b e  pursued i n  ea rnes t .  I f  d e f i c i e n c i e s  e x i s t ,  i t  i s  l i k e l y  t h a t  un le s s  

t h e  problems can be remedied wi th  a  modest investment,  t h e  s i t e  w i l l  n o t  be 

a t t r a c t i v e  f o r  adding power f a c i l i t i e s ,  a t  l e a s t  i n  t h e  near  term. The smal l  

hydro a d d i t i o n  could be expected t o  make modest improvements t o  meet i n t e g r i t y  

d e f i c i e n c i e s  bu t  would not  o f t e n  genera te  adequate b e n e f i t s  t o  "carry" s i g n i -  

f i c a n t  remedial  work. This  observa t ion  changes i f  a l t e r n a t i v e  f inanc ing  f o r  

s a f e t y  r e l a t e d  remedial work i s  s e p a r a t e l y  provided. 

The i n t e g r i t y  volume i s  designed t o  i d e n t i f y  e a r l y  i n  t h e  f e a s i b i l i t y  

s tudy,  any d e f i c i e n c i e s  that might e x i s t  and thus  provide a  d e c i s i o n  po in t  



f o r  s tudy  terminat ion.  Guidance f o r  formulat ing a  range of s u i t a b l e  remedial  

measures i s  included.  

The volume can by no means provide inexperienced engineers  t h e  c a p a b i l i t y  

t o  perform d e f i n i t i v e  s a f e t y  s t u d i e s .  The i n t e n t  is  t o  provide a  s t r a t e g y  

t h a t  w i l l  alert i n v e s t i g a t o r s  t o  p o t e n t i a l  problems. Should t h e  problems 

appear c r i t i c a l ,  t h e  volume recommends te rmina t ing  t h e  power a d d i t i o n  f e a s i -  

b i l i t y  s tudy and n o t i f y i n g  appropr i a t e  s t a t e  and f e d e r a l  a u t h o r i t i e s  of t h e  

ex i s t ence  of t h e  i d e n t i f i e d  i n t e g r i t y  d e f i c i e n c i e s .  

The volume c l a s s i f i e s  and desc r ibes  t h e  p r i n c i p a l  dam types (concre te ,  

masonry, e a r t h  and r o c k f i l l )  l i k e l y  t o  be encountered i n  a  small  hydro addi- 

t i o n  f e a s i b i l i t y  s tudy.  The appurtenant  works a s s o c i a t e d  wi th  dams (sp i l lway,  

o u t l e t  works, power p l a n t s ,  l ocks  and f i s h  l adde r s )  a r e  descr ibed  by type  

and func t ion .  

The t y p i c a l  def i .c ienc ies  and f a i l u r e  modes of dam overtopping,  uncont ro l led  

o r  excess ive  seepage, foundat ion i n s t a b i l i t y ,  embankment s l o p e  i n s t a b i l i t y ,  

s lope  p r o t e c t i o n  d e t e r i o r a t i o n  on embankment dams, conc re t e  d e t e r i o r a t i o n ,  ex- 

c e s s i v e  u p l i f t  p r e s su re s ,  sp i l lway /ou t l e t  works f a i l u r e ,  and e ros ion  a r e  des- 

c r ibed  and t h e  p r i n c i p a l  mechanism causing t h e  d e f i c i e n c i e s  a r e  d iscussed .  

P o t e n t i a l  adverse  e f f e c t s  of power a d d i t i o n s  a r e  h igh l igh ted  t o  a l e r t  i n v e s t i -  

g a t o r s  t o  problems t h a t  may be  c rea t ed  by t h e  modi f ica t ion  of e x i s t i n g  f a c i l -  

i t i e s  t o  accommodate a  power p l a n t .  

The i n t e g r i t y  i n v e s t i g a t i o n  i s  ou t l i ned  a s  a  t h r e e  s taged  process ;  t h e  

f i r s t  cons i s t i ng  of records  c o l l e c t i o n  and examination, t h e  second inc ludes  

supplemental d a t a  c o l l e c t i o n  and a n a l y s i s  t o  suppor t  conclusions r e l a t i v e  t o  

i n t e g r i t y ,  and t h e  last t h e  formula t ion  of r e p a i r  schemes, i f  they  prove 

necessary,  f o r  r e h a b i l i t a t i o n  work. The elements of each s t a g e  and s t r a t e g y  

for  t h e i r  performance a r e  ou t l i ned .  

R e h a b i l i t a t i o n  measures s u i t a b l e  f o r  t h e  s e v e r a l  dam types  and t y p i c a l  



d e f i c i e n c i e s  a r e  descr ibed  and gu ide l ines  a r e  included f o r  es t imat ing  t h e i r  

c o s t .  The dam and appurtenances,  and foundat ion a r e  di.scussed i n  s e p a r a t e  

s e c t i o n s  b u t  t h e  emphasis i s  placed on t h e  need t o  cons ider  t h e  i n t e g r i t y  of 

t h e  dam a s  a f u n c t i o n  of a l l  of i t s  i n t e r r e l a t e d  components. 

Appended as e x h i b i t s  a r e  (a )  "Universal Checkl i s t  f o r  Inspect ions",  

adapted from t h e  U.S. Bureau of Reclamation (7) and (b) "Considerations and 

Procedures f o r  Impoundment I n t e g r i t y  Evaluations",  a l s o  adapted from t h e  

USBR 

VOLUME V - ELECTROMECHANICAL EQUIPMENT 

Electromechanical  equipment a r e  t h e  f e a t u r e s  and systems needed t o  har- 

ness  t h e  energy, bo th  p o t e n t i a l  and k i n e t i c ,  a v a i l a b l e  i n  impounded o r  flow- 

ing  wa te r ,  t o  convert  i t  t o  e l e c t r i c a l  energy, t o  c o n t r o l  i t ,  and t o  t r ansmi t  

i t  t o  a r e g i o n a l  power g r i d .  The major equipment i tems a r e  t h e  hydrau l i c  

t u rb ine ,  t h e  e l e c t r i c  genera tor ,  and a switchyard c o n s i s t i n g  of a t r a n s f o r -  

mer, c i r c u i t  b reaker ,  and swi t ch  gea r .  Included a r e  suppor t ing  systems 

which c o n t r o l  and p r o t e c t  t h e s e  major equipment i t e m s .  Maintenance f a c i l -  

i t i e s  such a s  a crane  f o r  l i f t i n g ,  a r e  a l s o  included i n  a broad d e f i n i t i o n  

of e lec t romechanica l  equipment. 

Several  domestic and f o r e i g n  equipment manufacturers  have h i s t o r i c a l l y  

provided sma l l  t u r b i n e s  and a r e  a c t i v e  i n  s t anda rd iz ing  u n i t  s i z e s  and 

packaging r e l a t i v e l y  complete gene ra t ing  s e t s  f o r  marketing. These c u r r e n t  

t r e n d s  a r e  def ined .  Relaxing t h e  need f o r  some c o n t r o l  and p r o t e c t i o n  equip- 

ment is becoming accepted as t h e  s c a l i n g  down t o  smal l  f a c i l i t i e s  t akes  r o o t  

w i t h i n  t h e  indus t ry .  Simpler low c o s t  governors and s i m i l a r  i tems a r e  appear- 

ing  on t h e  market.  Smaller h y d r o e l e c t r i c  p l a n t s  can  a l s o  be  designed w i t h  

less f low c o n t r o l  than  l a r g e r  p l a n t s .  The flow of water t o  most t u r b i n e s  is 

c o n t r o l l e d  by a s e t  of wicket  g a t e s .  These g a t e s  a r e  r egu la t ed  by s i g n a l s  

from t h e  governor t o  c o n t r o l  t h e  amount of power produced. Where power con- 

t r o l  is  n o t  needed (many s m a l l  p l a n t s )  t h e  g a t e s  can  b e  e l imina ted  and t h e  

c o s t  of t h e  t u r b i n e  reduced by a s  much a s  10%. 



The volume o u t l i n e s  a  procedural  s t r a t e g y  f o r  s i z i n g  and s e l e c t i n g  t h e  

genera t ing  equipment (Fig.  4 ) ,  and inc ludes  d e s c r i p t i o n ,  c o s t ,  and per for -  

mance d a t a  f o r  Franc is ,  Crossflow, P r o p e l l e r ,  Tube, Bulb, S l a n t  and R i m  

tu rb ines  s u i t a b l e  fox t h e  range of heads and power output  f o r  a  small  p l a n t .  

A common parameter used among d a t a  and r e l a t i o n s h i p s  w i th in  t h e  electromechan- 

i c a l  volume i s  t h e  t u r b i n e  t h r o a t  diameter .  This  parameter i s  c a r r i e d  forward 

t o  t h e  C i v i l  Fea tures  volume (d iscussed  next )  as t h e  indexing parameter t o  

determine powerhouse l ayou t  dimensions and c o s t s .  The s e r i e s  of example 

curves (Figs.  5, 6, 7 ,  8) i l l u s t r a t e  t h e  type of d a t a  included and manner 

of performance and c o s t  d a t a  p re sen ta t ion .  Each t u r b i n e  type  i s  cha rac t e r i zed  

by a  set of s i m i l a r  func t ions .  

A s e c t i o n  desc r ib ing  gene ra to r s  s u i t a b l e  f o r  small  hydro i s  included and 

d a t a  on dimensions and weight t abu la t ed .  Desc r ip t ive  d a t a ,  performance curves,  

and c o s t  a r e  l i kewise  included f o r  gene ra t ion  c o n t r o l  and p r o t e c t i o n  equip- 

ment, and switchi.ng, t ransmiss ion  and miscel laneous equipment. 

A c o s t  summary form t h a t  is  ca tagor ized  by t h e  Federa l  Energy Regulatory 

Commission (FERC) Account Number is included t o  encourage sys temat ic  u se  of 

t h e  m a t e r i a l  presented i n  t h e  volume. 

VOLUME V I  - CIVIL FEATURES 

The c i v i l  f e a t u r e s  of small hydropower a d d i t i o n s  inc lude  s i te  prepara- 

t i o n  works, hydrau l i c  conveyance f a c i l i t i e s ,  and powerhouse and appurtenant  

f a c i l i t i e s .  S i t e  p repa ra t ion  inc ludes  grading,  foundat ion excavat ion,  drain-  

age  and e ros ion  c o n t r o l ,  access  roads  and parking f a c i l i t i e s ,  and cons t ruc t ion  

n o i s e  abatement and d u s t  c o n t r o l .  Hydraulic conveyance f a c i l i t i e s  inc lude  

penstocks,  tunnels ,  cana l s ,  va lves  and g a t e s ,  i n l e t  and o u t l e t  works and 

t a i l r a c e s .  Powerhouse and appurtenant  f a c i l i t i e s  inc lude  a l l  s t r u c t u r e s  f o r  

t h e  powerhouse and equipment handling f a c i l i t i e s ,  foundat ions f o r  bo th  t h e  

powerhouse and switchyard,  and fencing around t h e  p r o j e c t  a rea .  



REQUIRED: N E T  HEAD 

OPTIONAL: LENGTH O F  TRANSMISSION LINES MILES 
OPTIONAL: VOLTAGE NETWORK KV A 

' COMPUTE KW CAPACITY COSTS O F  TURBINEIGENERATOR 
AVAILABLE FROM SITE FROM FIG. 3-9 to 3-13 
KW = Q x h x .85;111.81 

USING KW AND h, SELECT COSTS OF STATION 
USABLE TU6BINE T Y P E  ELECTRICAL EQUIPT. 
FROM FIG. 2-2 FROM FIG. 5-3 & 6-1 

REVIEW TURBINE LIMITATIONS COSTS O F  MISC. POWER 
IN SECTION 3 AND  ELIMINATE P L A N T  EQUIPT. FROM 
UNACCEPTABLE TYPES FIG. 6-4 

SELECT TURBINE THROAT DIA. COSTS O F  TRANSMISSION 
FROM FIG. 3-6 to 3-8 LINE FIG. 6-3 

DETERMINE.7URBINE ESCALATE COSTS T O  
EFFICIENCY A T  DESIGN HEAD CONSTRUCTION DATE FIG. 6-5 
FROM FIG. 3.2 

CALCULATE OVERALL PLANT COSTS O F  DESIGN? CONSTRUCTION 
EFFICIENCY AND CAPACITY MGMT. CONTINGENCIES? ETC. 

SECTION 6 

COMPLETE COST ESTIMATE TOTALIZE & COMPUTE COST 
S H E E T  FIG. 6-6 PER KW 

Figure 4 .  Turbine s e l e c t i o n  methodology 

2 0 



3 6 9 12 
GENERATOR CAPACITY ( MW ) 

Figure 5 Turbine operating range 



VARIABLE PITCH PROPELLER WITHOUT WICKET GATES 
VERTICAL,TUBE ,BULB OR RIM 

RATED GENERATOR CAPACITY, K W R  (%) 

FIXED BLADE PROPELLER WITH WICKET GATES 
VERTICAL,TUBE, BULB OR RIM 

RATED GENERATOR CAPACITY, KWR (*A) 

KWR * H R  QR ER EG /11.82, kw 

H R  = Selected Design Head, ( f t )  

QD = Turbine Discharge at HD & KWR, (cfs) 

ER = Turbine efficien'cy'at HD 6 KyR,  (%) 

Figure 6 Propeller turbine performance curves 



TURBINE EFECTIVE HEAD (FT) 

1. The approximate throat diameters are based upon typical values 
for'the turbine set with the centerline of the distribution or 
centerline of runner at minimum tail water.: Actual diameters 
vary Hith manufacturers. 

2 .  The estimated diameters may be used for both fixed and variable 
pitch propeller turbines, vertical, tube, slant, bulb and rim 
types. Dimensions for standardized tube turbines are shown on 
a separate sheet. 

Figure 9 .  Propeller turbine throat d f  meters  



ilnd installation. 
3 .  Installation costs estimated at $250,000 for the large units, to 

$75,000 for the small'uciits. 
4.  .For fixed blade units, deduct 10%. 
5 .  Cost of rim turbines are approximately the same as bulb turbines and 

the above chart may be used for preliminary costs of same. 

15 20 25 30 40 50 60 
TURBINE EFFECTIVE HEAD (FT ) 

Figure 8. Bulbs and R i m  turbine costs 



C i v i l  f e a t u r e s  can a t  t imes comprise a  s i g n i f i c a n t  component of construc-  

t i o n  c o s t  of small  hydro a d d i t i o n s .  Since major elements of t h e  s i t e  a r e  f i x e d  

(embankment, o u t l e t  works, sp i l lway,  e t c . )  i t  i s  important t o  approach t h e  

l ayou t  t a s k  w i t h  a n  open and innovat ive  a t t i t u d e .  The d i f f e r e n c e  between a 

f e a s i b l e  and i n f e a s i b l e  p r o j e c t  may be determined by t h e  c leverness  wi th  

which u s e  i s  made of t h e  e x i s t i n g  s i t e  arrangement and f e a t u r e s .  The c i v i l  

f e a t u r e s  d i f f e r  from those  of major hydropower p l a n t s  both i n  s c a l e  and i n  

substance.  It i s  appropr i a t e  t o  des ign  adequate  outdoor type  p l a n t s  f o r  small  

u n i t s  and o f t e n  p o r t a b l e  l i f t i n g  equipment w i l l  s u f f i c e  f o r  maintenance ob- 

v i a t i n g  t h e  need f o r  enc los ing  s t r u c t u r e s  and f i x e d  gant ry  c ranes .  P r o t e c t i o n  

equipment can l i kewise  o f t e n  be  minimized. Fig.  9  is  a flow c h a r t  d e f i n i n g  

t h e  c i v i l  f e a t u r e s  descr ibed and f o r  which c r i t e r i a ,  performance, and c o s t  d a t a  

a r e  included.  F igs .  10, 11, 12 ,  and 1 3  a r e  examples of t h e  types  of informa- 

t i o n  included and t h e  s t y l e  of d a t a  p re sen ta t ion .  Desc r ip t ive  t e x t  i s  inc lu-  

ded t o  a l e r t  t h e  p r o j e c t  i n v e s t i g a t o r  t o  circumstances i n  which t h e  gene ra l i zed  

r e l a t i o n s h i p s  a r e  u n r e l i a b l e  and guidance i s  given f o r  developing a l t e r n a t i v e  

d a t a  when necessary.  

Cost e s c a l a t i o n  indexes a r e  i.ncluded so  t h a t  t h e  c o s t  d a t a  ( a l l  volumes 

are J u l y  1978 d o l l a r s )  may b e  s c a l e d  t o  t h e  b a s e  per iod  used f o r  t h e  f e a s i -  

b i l i t y  a n a l y s i s .  A c o s t  summary shee t  is  included t h a t  i s  keyed t o  t h e  FERC 

Account Numbers. 

STATUS OF MANUAL 

The manual is p r e s e n t l y  (February 1979) i n  t h e  advanced p repa ra t ion  s t age .  

Severa l  of t h e  volumes have been completed and a r e  p re sen t ly  undergoing f i n a l  

manuscript c r e a t i o n .  Two volumes, t h e  "Technical Guide" and "Hydrologic 

Studies ' '  and t h e  i l l u s t r a t e d  case  s t u d i e s  f o r  t h e  "Technical Guide" a r e  i n  

t h e  a c t i v e  p repa ra t ion  s t age .  The t a r g e t  f o r  completion of a l l  volumes inclu-  

d ing  i n t e r n a l  agency reviews and subsequent a v a i l a b i l i t y  f o r  l i m i t e d  wi th in  

f e d e r a l  agency d i s t r i b u t i o n  i s  J u l y  15 ,  1979. The present  expec ta t ion  i s  t h a t  
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general,  pub1i.c d i s t r i b u t i o n  w i l l ,  b e  p o s s i b l e  withi.n t h e  60 days fo l lowing  

J u l y  15 .  
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