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INTRODUCTION AND OVERVIEW 

The Normanski l l  H y d r o e l e c t r i c  F a c i l i t y  F e a s i b i l i t y  Assessment 

has  been a  m u l t i d i s c i p l i n a r y  e v a l u a t i o n  of t h e  h y d r o e l e c t r i c  

g e n e r a t i n g  p o t e n t i a l  a t  t h e  C i t y  of W a t e r v l i e t  Water Supply 

Rese rvo i r  and t h e  a s s o c i a t e d  r e c r e a t i o n a l ,  env i ronmenta l ,  

h i s t o r i c a l ,  a r c h e o l o g i c a l  and i n s t i t u t i o n a l  c o n s t r a i n t s .  I n  

complet ing t h i s  f e a s i b i l i t y  assessment ,  many of t h e  a n a l y s e s  have 

been performed c o n c u r r e n t l y .  A s  an  a i d  t o  u n d e r s t a n d i n g . t h e  

completed f e a s i b i l i t y  assessment ,  a  program f low c h a r t  ( F i g u r e  1) 

has  been prepared  g r a p h i c a l l y  i n t e r p r e t i n g  t h e  v a r i o u s  eng inee r ing  

a n a l y s e s  and t h e i r  r e l a t i o n s h i p s .  

S i n c e  much of t h e  a n a l y s i s  has  involved modeling of t h e  v a r i o u s  

systems,  a  b r i e f  d e s c r i p t i o n  of t h e  g e n e r a l i z e d  modeling p r o c e s s  

fo l lows .  The p lanning  of wate r  r e sou rce  systems i s  dependent upon 

in fo rma t ion  r ega rd ing  hydro log ic  phenomena. T h e  d a t a  base  a v a i l a b l e  

f o r  such phenomena is seldom l a r g e  enough t o  p rov ide  p r e c i s e  

i n fo rma t ion  and a s  p r e s u l t  a r e  s u b j e c t  t o  u n c e r t a i n t i e s .  These 

u n c e r t a i n t i e s  can  be reduced by t h e  use  of more e x t e n s i v e  d a t a  

bases .  The d e l a y s  i n  o b t a i n i n g  a more e x t e n s i v e  hydro log ic  d a t a  

base ,  however, is i n  t h e  o r d e r  of decades.  A more f e a s i b l e  c o u r s e  

of a c t i o n  is t o  deve lop  and use  mathemat ical  models of c e r t a i n  

p r o c e s s e s  i n  o r d e r  t o  e x t r a p o l a t e  i n fo rma t ion  over  t i m e  and space.  

The models, themselves ,  do n o t  p r e d i c t  w i t h  c e r t a i n t y  t h e  v a l u e s  of 

s p e c i f i c  v a r i a b l e s  a t  any one p o i n t  i n  t i m e .  However, t h e  

i n fo rma t ion  gene ra t ed  from such models can  be g e n e r a t e d  q u i c k l y  and 

o b j e c t i v e l y  and c a n  p rov ide  a  q u a n t i t a t i v e  measure of  t h e  q u a l i t y  of 

t h e  gene ra t ed  in format ion .  The models used i n  t h i s  f e a s i b i l i t y  

assessment  a r e  of two t y p e s ,  s t o c h a s t i c  (Markov c h a i n )  and 

s i m u l a t i o n  type.  The c o r e  and i n i t i a l  model used i n  t h i s  

h y d r o e l e c t r i c  f e a s i b i l i t y  assessment  is one which u s e s  a  s t o c h a s t i c  

p r o c e s s  t o  g e n e r a t e  sequences  of h y p o t h e t i c a l  s t reamf lows  such t h a t  

any s t reamf lows  can  be regarded a s  an e q u a l l y  l i k e l y  r e a l i z a t i o n  of 

any f u t u r e  f low sequence. T h i s  w i l l  be exp la ined  more f u l l y  i n  t h e  

hydro log ic  phases  of  t h e  r e p o r t .  The  second t echn ique  used 



e x t e n s i v e l y  i n  t h i s  a n a l y s i s  is s imu la t ion ,  I n  t h i s  t echn ique ,  t h e  

u n c e r t a i n t i e s ,  i n t e r a c t i o n s  and v a r i a b l e s  a r e  s t o r e d  i n  t h e  memory 

of a  d i g i t a l  computer. The s i m u l a t i o n  beg ins  a t  a  s p e c i f i e d  

s t a r t i n g  s t a t e  and fo l lowing  t h a t  s t a r t ,  t h e  combined e f f e c t s  of 

d e c i s i o n s ,  i n t e r a c t i o n s ,  e t c .  c ause  t h e  system t o  p r o g r e s s  i n  

s imula ted  t ime.  A v a s t  number of c a l c u l a t i o n s  a r e  performed i n  a  

s h o r t  p e r i o d  by t h e  computer. A major f e a t u r e  of t h i s  t echn ique  is 

t i m e  compression. 

The v a r i o u s  assessment  t a s k s  d e s c r i b e d  h e r e a f t e r  a r e  d e p i c t e d  

a s  having been d i s c r e t e  and c l e a r l y  d e f i n e d  modules which have been 

in t e r connec ted  d e f i n i n g  a  program and g i v i n g  an end r e s u l t .  Such 

c l a r i t y  and d e f i n i t i v e n e s s  can  never  be ob ta ined  bu t  i s  used a s  a  

convenience i n  d e s c r i b i n g  t h e  methodology. 

T h e  f i r s t  major a n a l y s i s  performed was development of t h e  

! s t o c h a s t i c  model which was used t o  e x t r a p o l a t e  t h e  ten-year  s t ream 

f low d a t a  base. The  model y i e l d e d  a  hydro log ic  s t r eam f low 

s i m u l a t i o n  p v e r  a  500-year t r a c e .  Following development of t h i s  

model, m u l t i p l e  s i m u l a t i o n s  i nvo lv ing  t h e  model were run a s  a  means 

of developing t h e  mass ba lance  c h a r a c t e r i s t i c s  of  t h e  C i t y  of 
. ,  

W a t e r v l i e t  water  supply- r e s e r v o i r .  

T h e s e  m u l t i p l e  runs  were .performed us ing  v a r i o u s  combinat ions  

of water  supply  usage,. d r a f t  assumptions ,  etc. a s  a  means of 

d e f i n i n g  t h e  response  'of t h e  r e s e r v o i r  system t o  wate r  supply ,  

h y d r o e l e c t r i c  g e n e r a t i o n  and r e c r e a t i o n a l  demands. 

Concur ren t ly ,  fo l lowing  a d e t a i l e d  p h y s i c a l  i n v e s t i g a t i o n  of 

t h e  s i t e  arid a s  a  r e s u l t  of s e v e r a l  b ra in s to rming  s e s s i o n s  among a l l  

assessment  p a r t i c i p a n t s ,  e i g h t  s e l e c t e d  a l t e r n a t i v e s  o r  schemes were 

adopted f o r  f u r t h e r  i n v e . s t i g a t i o n .  These e i g h t  a l t e r n a t i v e s  were 

t h e n  methodica l ly  s c r u t i n i z e d  and f u r t h e r  ' de f ined .  For  each  

a l t e r n a t i v e ,  s e v e r a l  v a l u e s  of p e r t i n e n t  v a r i a b l e s  were s e l e c t e d  

y i e l d i n g  f u r t h e r  pe rmuta t ions  of t h e  b a s i c  e i g h t  a l t e r n a t i v e s .  

Even tua l ly  78 a l t e r n a t i v e s ,  each  wi th  a s s o c i a t e d  s p e c i f i c  c a p i t a l  

and o p e r a t i n g  c o s t s  were de f ined .  Concurrent  w i t h  t h i s  e f f o r t ,  d a t a  

was c o l l e c t e d  on t h e  C i t y  of W a t e r v l i e t  power consumption and c o s t s  

f o r  t h e  p a s t  s e v e r a l  yea r s .  T h i s  d a t a  a long  wi th  p e r t i n e n t  



assumptions  on p r o j e c t e d  f u t u r e  energy consumption se rved  a s  i n p u t  

' t o  a  computer model t h a t  e v a l u a t e d ,  i n t e r p o l a t e d ,  e x t r a p o l a t e d  and 

analyzed t h e  C i t y ' s  power requi rements  and y i e l d e d  a  " t y p i c a l  yea r "  

f o r  energy consumption by t h e  C i t y  of W a t e r v l i e t  munic ipa l  

f a c i l i t i e s .  

The d a t a  from t h . i s  energy use  .program a s  w e l l  a s  v a l u e s  

r e p r e s e n t i n g  t h e  power p roduc t ion  c a p a b i l . i t i e s  of t h e  78 

a l t e r n a t i v e s  and t h e  r e s u l t  of numerous hydro log ic  r e s e r v o i r  system 

. s i m u l a t i o n s  s e rved  a s  i n p u t  t o  a  b e n e f i t  va lue  program. T h i s  

b e n e f i t  va lue  program determined t h e  economic b e n e f i t s  a t t r i b u t a b l e  

t o  t h e  78' s e l e c t e d  a l t e r n a t i v e s .  The va lue  i n  each  c a s e  was a  

s i n g l e  c o s t  ( o r  s av ings )  a l l owab le  t o  t h e  C i t y  th rough  reduced 

consumption of commercial power. 

The r e s u l t s  of t h e  b e n e f i t  va lue  a n a l y s i s  were compared t o  

c a p i t a l ,  o p e r a t i n g ,  and maintenance c o s t s  and ranked. T h i s  a n a l y s i s  

was performed i n  an optimum c o n f i g u r a t i o n  program which  y i e l d e d  n e t  

b e n e f i t s  a s  w e l l  a s  rankings  based upon l e a s t  c o s t  f o r . e a c h  of t h e  

7.8 o p t i o n s .  I m p l i c i t  i n  t h i s .  c o s t  a n a l y s i s  were c e r t a i n  assumptions  

r e l a t i n g  t o  bonding and d i s c o u n t  r a t e s ,  and c o s t  e s c a l a t i o n  

g r a d i e n t s .  I n  o r d e r  t o  p r o p e r l y  de te rmine  t h e  s e n s i t i v i t y  of t h e  

a n a l y s i s  t o  t h e s e  f a c t o r s ,  m u l t i p l e  e v a l u a t i o n s  were made us ing  a 
range f o r  each  of  t h e  f a c t o r s .  

Concurrent  w i th  t h e  c o n f i g u r a t i o n  a n a l y s i s ,  an envi ronmenta l ,  

c u l t u r a l ,  h i s t o r i c a l ,  a r c h a e o l o g i c a l  and r e c r e a t i o n a l  a n a l y s i s  was 

performed f o r  t h e  r e s e r v o i r  system i n  g e n e r a l  and f o r  s e v e r a l  of t h e  

most promising a l t e r n a t i v e s  s p e c i f i c a l l y .  

Using t h e  d a t a  ob ta ined  from t h e  envi ronmenta l  a n a l y s i s  a s  w e l l  

a s  t h e  most p romis ing  a l t e r n a t i v e s  from t h e  optimum c o n f i g u r a t i o n  

program, an economic a n a l y s i s  has  been performed d e t a i l i n g  t h e  

va r ious  c o s t s ,  b e n e f i t s  and s u b j e c t i v e  v a l u e s  f o r  two optimum 

h y d r o e l e c t r i c  a l t e r n a t i v e s  r e p r e s e n t i n g  bo th  a  r e h a b i l i t a t i o n  t y p e  

p r o j e c t  and a  new c o n s t r u c t i o n  p r o j e c t  a s  w e l l  a s  t h e  b a s e l i n e  o r  no 

p r o j e c t  a l t e r n a t i v e .  

' . . I m p l i c i t  i n  t h i s  economic a n a l y s i s  a r e  c e r t a i n  assumptions  of 

,bonding and d i s c o u n t  r a t e s ;  c o s t  e s c a l a t i o n  g r a d i e n t s ,  1if.e c y c l e  

pe r iods  and c a p i t a l  c o s t  accuracy.  A s e n s i t i v i t y  a n a l y s i s  has  been 



performed and is included which shows the response and conclusions"~ 

of the economic analyses resulting from using a range of values for 

these variables. 

Requirements for licensing and regulation have been 

determined. Data relating to scheduling, financing and planning are 

included in the implementation section. 

The Synopsis and Recommendation section includes details about 

the recommended project and the pertinent economic criteria. 
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HYDROLOGIC - SEGMENT 1 

Hydrologic  Phase - Segment 1 was funded e n t i r e l y  by t h e  C i t y  

of W a t e r v l i e t ,  New York a s  f u l f i l l m e n t  of a  p o r t i o n  of t h e i r  

c o s t - s h a r i n g  commitment. T h i s  c h a p t e r  was completed and i s sued  a s  

an autonomous r e p o r t  i n  September 1978: 

Background and Scope 

  his W a t e r v l i e t  Rese rvo i r  Yie ld  A n a l y s i s  and Report  was 

a u t h 0 r i z e d . b ~  t h e  C i t y  .of W a t e r v l i e t  Common C o u n c i l . t o  a s c e r t a i n  t h e  

a v a i l a b l e  water  supply y i e l d  from t h e  W a t e r v l i e t  Water Supply 

Rese rvo i r  l o c a t e d  a t  F r e n c h ' s  M i l l s  i n t h e  Town of  G u i l d e r l a n d ,  N.ew 

York. I n  a d d i t i o n ,  . t he  need t o  p r e d i c t  t h e  remaining l i f e  
. -. 

expectancy of t h e  r e s e r v o i r ,  a s  a f f e c t e d  by sed imen ta t ion  and 

e u t r o p h i c a t i o n ,  i s  necessary  i n  o r d e r  t o  conduct  long-range p l ann ing  

f o r  f u t u r e  water  supply requirements.  f o r  t h e  C i t y  of W a t e r v l i e t ,  New 

York. A proposa l  was submi t ted  on J u l y  26, 1977 de l i 'nea t ing  t h r e e  

a l t e r n a t i v e  schemes f o r  accomplishing t h i s  water  supply  y i e l d  

s tudy .  A l t e r n a t i v e  Three was chosen by t h e  C i t y  Counci l  a s  t h e  most 

c o s t - e f f e c t i v e  a l t e r n a t i v e .  B r i e f l y  s t a t e d ,  t h a t  a l t e r n a t i v e  "would 

a c c e p t  a s  g iven  t h e  vo lumet r ic  c a p a c i t y  of t h e  r e s e r v o i r  developed 

i n  1 9 1 2 b y  the .  o r i g i n a l  water  supply  e n g i n e e r s ,  Solomon & Keis .  

From t h i s  g iven  r e s e r v o i r  c a p a c i t y ,  t h e  e x p e c t e d - s e d i m e n t a t i o n  and 

bank e r o s i o n  deduc t ions  would be made. The sed imen ta t ion  and bank 

e r o s i o n  q u a n t i t i e s  would be .deve loped  and a  p h y s i c a l  s p o t  

v e r i f i c a t i o n  of expected sed imen ta t ion  would be . a t t empted  under t h i s  

. a l t e r n a t i v e .  ... a c t u a l ,  and s y n t h e t i c  s t r eam ' . f l ow and r a i n f a l l  d a t a  

would be used t o  -conduct  a s a f e  y i e l d  a n a l y s i s  . f o r  t h e  r e s e r v o i r  t o  

de te rmine  t h e  maximum s a f e -  wa te r '  supply  y i e l d .  " ' 

I t  w a s  f u r t h e r  no ted ,  i n  t h e  p r o p o s a l ,  t ha t , '  long-term 

hydro log ic  d a t a  w a s  thought  t o  be g e n e r a l l y  u n a v a i l a b l e  b u t  t h a t  a s  

p a r t  of t h e  y i e l d  s tudy ,  "an  exhaus t ive  record  would be made t o  

aug'ment . t h e  d a t a  -base t o  t .he f u l l e s t  p o s s i b l e  e x t e n t .  



I n t r o d u c t i o n  

The W a t e r v l i e t  r e s e r v o i r  y i e l d  a n a l y s i s  h a s  been completed i n  

a  .manner o u t l i n e d  under t h e  p r e v i o u s  s e c t i o n .  For purposes  of t h i s  

r e p o r t ,  t h e  component p a r t s  of t h e , a n a l y s i s  w i l l  be b r i e f l y  

d e s c r i b e d .  De ta i l ed .  methodologies  of t h e  v a r i o u s  t e c h n i c a l  e lements  

of t h e  a n a l y s i s  have been inc luded  a s  appendices  i n  o r d e r  t o  p rov ide  

documentation t o  f a c i l i t a t e  v e r i f i c a t i o n  of t h i s  e f f o r t  i n  t h e  

f u t u r e .  The modular a n a l y t i c a l  e lements  used i n  t h e  de te rm. ina t ion  

of t h e  water  supply y i e l d  a,re a s  fo l lows:  

A. Data Base 

B. P h y s i c a l  Survey 

C. Stream Flow S y n t h e s i s  

D.  Watershed S o i l  Loss 

E. Capac i ty  Dete rmina t ion  

F. Y ie ld  A n a l y s i s  

G. E r r o r  A n a l y s i s  

H.  Fu tu re  Impacts  

Following d i s c u s s i o n  of each of t h e s e  component p a r t s ,  a 

s e c t i o n  e n t i t l e d  Conclusions  has  been prepared, ' summariz ing t h e  

r e s u l t s  of t h i s  a n a l y s i s . '  

Data Base 

The Normans K . i l l  watershed has  been cons ide red  a s  a  p o s s i b l e  

water  source  s i n c e  t h e  e a r l y  N ine t een th  Century.  .Most. e a r l y  s t u d i e s  

d e a l t ;  w i th  t h e  p o s s i b l e  u s e  of t h e  Normans. K i l l  watershed '  as' a 

p o t a b l e  water  supply  f o r  t h e  C i t y  of Albany. A r e p o r t  p repared  i n  

1850- by Mr. . ~ i l l i a m  J. McAlpine [Ref. 721 d e a l t ,  i n  g e n e r a l ,  w i th  

s e v e r a l  p o s s i b l e  sou.rces of supply ,  c ~ v e r i ~ l g ' t h e  Normans K i l l  on ly  

. .  b r i e f l y .  The on ly  f l o w  gauging noted by McAlpine is a  s i n g l e  va lue  

of 8.218 mgd f o r  t h e  Normans K i l l  . a t  F r e n c h ' s  M i l l s .  ~ c ~ l p i n e  

f u r t h e r  s t a t e s  t h a t  t h e  gauging was no t  performed by him and " a r e  

. . .  supposed t o  be t h e  r e s u l t  of one o r  two t r i a l s  only ."  Fur thermore,  

he s t a t e s ,  " 1 t . i ~  no t  b e l i e v e d ' . t o  be p o s s i b l e , t o  a s c e r t a i n  t h e  
. . . . 

minimum 'flow of a  s t ream,  wi thout  very c a r i i f u l  examina t ions  . . 

cont inued  over  a  . c o n s i d e r a b l e  p e r i o d  of timei' [Ref.. 721. 



The second  s e r i o u s  c o n s i d e r a t i o n  f o r  u s e  o f  t h e  Normans K i l l  

a s  a  water s u p p l y  r e s u l t e d  on  March 1 6 ,  1 8 9 1  o f  t h e  s u b m i s s i o n  o f  a  

r e p o r t  t o  t h e  Albany Common C o u n c i l  by a S p e c i a l  Water Commission, 

a p p o i n t e d  and a u t h o r i z e d  by t h e  S t a t e  L e g i s l a t u r e ,  which recommended 

t h e  a d o p t i o n  o f  a p l a n  f o r  s e c u r i n g  a d d i t i o n a l  water s u p p l y  f rom t h e  

Normans K i l l .  The Common C o u n c i l  n o t e d  i n  t h e  p u b l i c  r e c o r d  t h a t  

t h e  e s t i m a t e s  o f  f l o w  a p p e a r e d  " u n e x p e c t e d l y  l a r g e "  and a f t e r  

d e l i b e r a t i n g ,  d e c i d e d  t h a t  t h e  " p r a c t i c a b i l i t y  o f  t h e  e n t i r e  p r o j e c t  

d e p e n d s  t o  no small  e x t e n t  upon t h e  a c c u r a c y  o f  t h e s e  estimates 

[Ref.  6 4 1 .  The C o u n c i l  t h e n  recommended t h a t  t h e  S p e c i a l  Commission 

u n d e r t a k e  a f u r t h e r  s t u d y  i n c l u d i n g  measurements  o f  t h e  p o s s i b l e  

s t r e a m  f low.  I t  s h o u l d  b e  n o t e d  t h a t  t h e  i n i t i a l  measurements  made 

f o r  t h e  Commission by M r .  J. H e r b e r t  Shedd,  were t h o u g h t  t o  b e  

h i g h l y  s u s p e c t  s i n c e  t h e  R. D. Wood & Company, who employed M r .  

Shedd,  w a s  t h o u g h t  t o  b e  d e s i r o u s  o f  s e c u r i n g  t h e  c o n t r a c t  f o r  

c o n s t r u c t i n g  t h e  p r o p o s e d  impoundment. The r e v i s e d  e s t i m a t e s  

p r e p a r e d  by t h i s  s p e c i a l  commission showed t h a t  t h e  Shedd e s t i m a t e s  

were, i n  f a c t ,  550% h i g h e r  t h a n  t h a t  found d u r i n g  s u b s e q u e n t  

t e s t i n g .  To c o n f u s e  t h i n g s  more,  t h e  Common C o u n c i l  n o t e d  t h a t  

t h r o u g h  a " c u r i o u s  o v e r s i g h t ,  t h e  s a f e  y i e l d  c o m p u t a t i o n  n e g l e c t e d  

t o  t a k e  i n t o  a c c o u n t  t h e  5 1  m i l l i o n  g a l l o n s  p e r  d a y  t h a t  would have  

had t o  have  been  r e l e a s e d  f rom t h e  impoundment t o  f u r n i s h  t h e  

e x i s t i n g  m i l l s  l o c a t e d  a t  a p o i n t  downstream" [Ref .  681. D i s c u s s i o n  

o f  t h e  Normans K i l l  a s  a s o u r c e  o f  s u p p l y  a t  t h a t  t i m e  a l s o  i n v o l v e d  

s e r i o u s  c o n s i d e r a t i o n  r e g a r d i n g  t h e  s u i t a b i l i t y  o f  t h e  water d u e  t o  

i ts  b a c t e r i o l o g i c a l  q u a l i t y .  T h i s  c o n c e r n ,  i n  1891,  was f o r  t h e  

most  p a r t  f u e l e d  by t h e  r a p i d l y  c h a n g i n g  c o m p o s i t i o n  o f  t h e  

w a t e r s h e d  i n  t h e  l a t e  1 '800 ' s  f rom a p r i m a r i l y  f o r e s t e d  area t o  

a g r i c u l t u r a l  usage.. I t  s h o u l d  b e  n o t e d  t h a t  t h e  . e n t i r e  d a t a  b a s e  

t h a t  w a . s  u s e d .  f o r  d i s c u s s i o n  a t  t h a t  t i m e  i n v o l v e d  s o - c a l l e d  

" a v e r a g e "  d a i l y  f l o w s  which were a c t u a l . 1 ~  b a s e d  on  s i n g l e  d a i l y  

measurements  o v e r  a t i m e  p e r i o d  t h o u g h t  t o  b e  no  l o n g e r  t h a n  a 

y e a r ,  The methodology by which t h i s  s p a r s e  d a t a  w a s  t r a n s f o r m e d  

i n t o  a " s a f e  y i e l d "  was e x t r e m e l y  s i m p l i s t i c ,  b e i n g  b a s e d  on'  

i n t u i t i o ' n  .and judgment r a t h e r  t h a n  on  a n y  m a t h e m a t i c a l  a n a l y s i s .  



The Albany S p e c i a l  Water Commission f u r t h e ' r  i n v e s t i g a t e d  Lake 

George, Warner' s Lake, Thompson1 s Lake, Kinderhook Creek, and 

Schohar ie  c r eek  a s  p o t e n t i a l  s o u r c e s  of water  supply.  I n  a d d i t i o n ,  

s e v e r a l  underground sou rces  were i n v e s t i g a t e d .  The Albany Common 

Counci l  e v e n t u a l l y  s e l e c t e d  t h e  Hudson R i v e r .  a s  a .  sou rce  of supply.  

The d e s i g n e r  and e n g i n e e r s  of t h e  e x i s t i n g  Normans K i l l  , , 

impoundment and dam, Messrs. Solomon, Norcross  & Keis  ( h e r e i n a f t e r  

r e f e r r e d  t o  a s  "Keis" a t tempted  t o  de te rmine  t h e  a v a i l a b l e  y i e l d  by 

approaching t h e  problem a s  one of c a u s e  and e f f e c t .  B a s i c a l l y ,  

Keis' s a f e  y i e l d  was developed on t h e  b a s i s  of a  r a i n f a l l - r u n o f f  

r a t i o .  Keis' method assumed t h a t  c e r t a i n  p o r t i o n s  of t h e  monthly 

r a i n f a l l  would run o f f  and be d i s p l a y e d  a s  s t r eam flow. H e  used 

pe rcen tages  ranging from 4% i n  J u l y  and August t o  85% i n  March f o r  

t h e  runoff  r a t i o .  K e i s ' s  average  r a i n f a l l  r a t i o  i s  39.9% which he 

compared f a v o r a b l y  t o  t h e  48% r a t i o  determined f o r  t h e  Croton ( N e w  

York C i t y )  watershed and a  56% r a t i o  determined f o r  t h e  

P h i l a d e l p h i a ,  Pennsylvania  watershed.  From examinat ion of a l l  known 

d a t a ,  it cannot  be determined upon what b a s i s  Ke i s  assumed t h e  

r e l a t i v e  monthly p r o p o r t i o n s .  I t  should a l s o  be noted t h a t  t h i s  

method, whi le  i nnova t ive  i n  t h e  e a r l y  p a r t  of t h i s  c e n t u r y  has  been 

shown t o  be of l i t t l e  va lue  s i n c e  t h e  r e l a t i o n s h i p  between r a i n f a l l  

and runoff  is c o n s i d e r a b l y  more complex than  a  s imple  r a t i o .  The 

mechanism of r e l a t i n g  r a i n f a l l  t o  runoff  i n v o l v e s  numerous 

parameters  such a s  watershed a r e a ,  s o i l  t y p e s ,  s o i l  p o r o s i t i e s ,  

g e o l o g i c a l  composi t ion,  d i s t r i b u t i o n  of s torm e v e n t s ,  e t c .  A t  

p r e s e n t ,  t h e  s t a t e  of t h e  a r t  is such t h a t  h igh ly  a c c u r a t e  r a i n f a l l  

runoff  p r e d i c t i o n  models a r e  v a l i d  on ly  f o r  ex t remely  s m a l l  

wate rsheds  under t i g h t l y  c o n s t r a i n e d  c i rcumstances .  I n  any e v e n t ,  

Keis never  t o t a l l y  addressed  t h e  problem of de te rmin ing  a  . , probab le  

s a f e  y i e l d .  The amount of water supply  r e q u i r e d  f o r  t h e  C i t y  of 

W a t e r v l i e t  a t  t h a t  t ime was 4.0 mgd. The f a c i l i t i e s  were des igned  

wi th  t h i s  amount i n  mind, b u t  through what may have been an 

o v e r s i g h t ,  it appea r s  t h a t  t h e  d e s i g n e r  neg lec t ed  t o  account  f o r  t h e  

m l a r g e  a d d i t i o n a l  water  supply requirement  f o r  t h e  h y d r a u l a i c  pumping 

of t h e  water .  From v a r i o u s  l e t t e r s ,  c h a r t s ,  and g raphs  on f i l e  w i t h  



t h e  N e w  York S t a t e  Resources  Commission, it is e v i d e n t  t h a t  t h e  

S t a t e  Water Resources Commission was concerned wi th  t h i s  a l t hough  

t h e  f i n a l  d e c i s i o n  d i d  no t  a l l u d e  t o  it. A s  a . r e s u l t  of t ' h i s  

computa t iona l  o v e r s i g h t  and due t o  an appa ren t  l a c k  of adequa te  

t u r b i n e  o p e r a t i n g  r u l e s  f o r  r e s e r v o i r  o p e r a t i o n ,  it was r e p o r t e d  i n  

June of 1918 i n  a  r e p o r t  t o  t h e  New York S t a t e  Hea l th  Department 

t h a t  du r ing  t h e  e a r l y  months of 1918, t h e  W a t e r v l i e t  r e s e r v o i r ' s  

supply  was exhausted.  The d e f i c i t  f o r  s e v e r a l  months w a s  supp l i ed  

from t h e  Hudson River .  Based upon c h a r t s  and computat ions  made a t  

t h a t  t i m e ,  it is  surmised t h a t  t h e  supply  w a s  e ,xhausted due '  t o  " 

cont inued  o p e r a t i o n  of t h e  hydrau l .a ic  t u r b i n e s  th roughout  t h e  1917 

yea r  even though r a i n f a l l  f o r  t h a t  yea r  was s u b s t a n t i a l l y  below 

normal and t h e  r , e l a t i v e  volume of water  r e q u i r e d  f o r  o p e r a t i o n  of 

t h e  t u r b i n e s  had p r e d i c t a b l y  i n c r e a s e d  i n  m a g n i t u d e . a s  wate r  s u r f a c e  

e l e v a t i o n  i n  t h e  r e s e r v o i r  dropped.  I t  is c a l c u l a t e d  t h a t '  wa te r  u s e  

by t h e  C i t y  of W a t e r v l i e t  f o r  p o t a b l e  supply and f o r  h y d r a u l i c  

pumping du r ing  t h e  l a t t e r  months of 1917 exceeded 4 0  m i l l i o n  g a l l o n s  

p e r  day. 

I n  1925, a  r e p o r t . w a s  prepared  by Nicho la s  H i l l  f o r  t h e  C i t y  

of Albany i n  regard  t o  Albany ' s  f u t u r e  wate r  supply  requirements .  

One o p t i o n  d i s c u s s e d  i n  t h e  H i l l  r e p o r t  was c o n s t r u c t i o n  of a  dam on 

t h e  Normans K i l l  downstream from t h e  e x i s t i n g , W a t e r v l i e t  

impoundment. St ream f low d a t a  upon which H i l l  developed h i s  

c a l c u l a t i o n s  was l i m i t e d  t o  t h e  d a t a  g a t h e r e d  f o r  t h e  1891 Shedd 

Report .  H i l l  p r o j e c t e d  e s t i m a t e d  minimum~flows us ing  comparat ive  , 

hydrology f o r '  consecu t ive  ' pe r iods  of  one month t o  twenty-four months 

d u r a t i o n .  The e s t i m a t e d  f lows  were t hen  compared ' to  t h e  a c t u a l  1891 

f lows.  The e s t ima ted  f lows  were lower t h a n  a c t u a l  f l ows  a l t hough  

H i l l  i n d i c a t e d  t h e  i n c l u s i v e n e s s  of t h e  comparison due t o  t h e  meager 

1891 d a t a .  

Tn 1964, a s tudy  prepared  by Parsons ,  B r i n k e r h o f f ,  Quade & 

Douglas ( h e r e i n a f t e r  r e f e r r e d  t o  c o l l e c t i v e l y  a s  "Parsons")  [Ref. 

751 f o r  t h e  C i t y  of W a t e r v l i e t  d e a l t  b r i e f l y  w i t h  t h e  p robab le  s a f e  

-5 y i e l d  from t h e  impoundment. Parsons '  c a l c u l a t i o n s  a r e  based upon an 

o b s e r v a t i o n  i n  t h e  yea r  1963, du r ing  t h e  drought  p e r i o d  of t h e  e a r l y  



19601s ,  t h a t  a  con t inuous  wi thdrawal  of 4 . 3  rngd from t h e  r e s e r v o i r  

was mainta ined wi thout  lowering t h e  r e s e r v o i r  wate r  s u r f a c e  

e leva t . ion .  Parsons  t h e r e f o r e  t hen  c o n s e r v a t i v e l y  e s t i m a t e d  minimum 

s t ream f low t o  be 3 . 3  mgd. Parsons  c o r r e l a t e d  t h i s  assumed minimum 

s t ream f low t o  " f i r m  y i e l d "  by simply r e l a t i n g ,  t h e  amount of s t o r a g e  

i n  t h e  r e s e r v o i r  based upon an assumed number of d a y s  w i t h ,  minimum 

i n £  low. Parsons '  a n a l y s i s  was ped ica t ed  upon drought  (no  ' r a i n f a l l )  

p e r i o d s  of 90 and 120 days .  Based upon t h e s e  r a t h e r  s i m p l i s t i c  

assumptions ,  a  f i r m  y i e l d  assuming 90 days  of minimum-:inflows was 

c a l c u l a t e d  t o  be 21 mgd, whereas f o r  120 days ,  t h e  f i r m  y i e l d  would 

be 16..6 mgd. Parson's a l so  i n v e s t i g a t e d  the .  d e t e r m i n a t i o n  of  s a f e  

y i e l d  by t h e  method of comparat ive  s t r eam hydrology. Comparing t h e  

c u r v e s o f  y i e l d  p e r  squa re  mi l e  v e r s u s  . a v a i l a b l e  s t o r a g e  f o r  t h r e e  

o t h e r  wate rsheds  i n  t h e  r eg ion ,  Parsons  p r o j e c t e d  a  s a f e  y i e l d  of 

0.18 rngd p e r  squa re  m i l e  of watershed f o r  t h e  Normans   ill'. The 

r 'epor t  t h e r e a f t e r  concluded t h a t  "20 rngd is a  r ea sonab le  e s t i m a t e  of 

t h e  f i r m  y i e l d  of t h e  W a t e r v l i e t  Reservoi r . "  I t  should be noted 

t h a t  t h e  scope of t h e  1964 water  supply r e p o r t  was l i m i t e d  and 

d e t a i l e d  i n v e s t i g a t i o n  of t h e  f i r m  y i e l d  w a s  n o t  mandated. 

P r i o r  ' d i s c u s s i o n s  of h k s t o r i c a l  d a t a  base  s e r v e  t o  i l l u s t r a t e  

t h e  l a c k  of  a c c u r a t e  long-term d a t a  and t h e  i l l - d e f i n e d  

methodologies  by which p r e v i o u s  d e c i s i o n s  on t h e  Normans K i l l  

watershed were made. C u r r e n t  s t a t e  of t h e  a r t  t e chn iques  u t i l i z i n g  

s o p h i s t i c a t e d  mathemat ical  modeling s t i l l  r e q u i r e  an a c c u r a t e  d a t a  

base ,  a l though  of s h o r t e r  d u r a t i o n .  The d a t a  base  used i n  t h i s  

a n a l y s i s  is  d e r i v e d  from f i v e  sou rces  and is  thought  t o  h a v e -  

e x c e l l e n t  r e l i a b i l i t y  and accuracy.  

T h e  f i r s t  d a t a  sou rce  was t h e  record  o f  s t ream gaugings  on t h e  

Normans K i l l  and Hunger K i l l  performed by t h e  U.S. Geo log ica l  

Survey. These s t ream gauging s t a t i o n s  a r e  permanent i n s t a l l a t i o n s  

c o n s t r u c t e d  i n  1967 wh ich  con t inuous ly  record  f lows  i n  each  s t ream 

on a  year-round b a s i s .  The gauging s t a t i o n s  a r e  ex t remely  w e l l  

des igned  and a c c u r a t e .  Data ob ta ined  from t h i s  sou rce  inc luded  

d a i l y  s t ream f low averages  f o r  t h e  p e r i o d  from October 1967 th rough  

September 1977. 



The second d a t a  r e sou rce  w a s  t h e  W a t e r v l i e t  Pumping S t a t i o n  

o p e r a t i o n a l  l og  prepared  [Ref. 961 from 1964 t o  t h e  p r e s e n t  by t h e  

c u r r e n t  pumping s t a t i o n  s u p e r i n t e n d e n t ,  Mr. C h a r l e s  Luckey. P r i o r  

t o  Mr. Luckey 's  appointment,  d a i l y  o p e r a t i o n a l  l o g s  were n o t  kept .  

Mr. Luckey 's  l o g s  provided u s  w i th  ex t remely  d e t a i l e d  and a c c u r a t e  

in format ion  r e l a t i n g  t o  r e s e r v o i r  wate r  s u r f a c e  e l e v a t i o n s  and mode 

of o p e r a t i o n .  Through a n a l y s i s  of Mr. Luckey 's  d a i l y  l o g s  i n  

r e l a t i o n  t o  t h e  U.S.G.S. d a i l y  s t r eam f low d a t a ,  a  composi te  s t ream 

f low i n p u t  i n t o  t h e  W a t e r v l i e t  r e s e r v o i r  w a s  determined.  

The t h i r d  d a t a  r e sou rce  w a s  d e t a i l e d  s o i l  l o s s  a n a l y s i s  

performed by t h e  U.S. S o i l  Conserva t ion  S e r v i c e  a s  p a r t  of a  

s t a t e w i d e  c o n s e r v a t i o n  needs i nven to ry  [Ref. 301. T h i s  s o i l  l o s s  

was performed on a  watershed b a s i s  f o r  t h e  e n t i r e  s t a t e  a s  a  means 

of de te rmin ing  t h e  s e v e r i t y  and e x t e n t  of s o i l  l o s s  through e r o s i o n  

i n  t h e  S t a t e .  Both raw and f i n a l  d a t a  from t h e  S o i l  Conserva t ion  

S e r v i c e  o f f i c e s  i n  Albany and Schenectady Coun t i e s  were used i n  ou r  

a n a l y s i s  t o  de te rmine  c a l c u l a t e d  s o i l  l o s s e s  and expected s o i l  l o s s  

i n p u t  t o  t h e  r e s e r v o i r .  

The f o u r t h  d a t a  r e sou rce  was t h e  Land Use N a t u r a l  Resources  

(LUNR) inven to ry  [Ref. 181 p repa red  by t h e  S t a t e  of N e w  York. T h i s  

l and  use  d a t a  al lowed t h e  d e f i n i t i o n  of sub-watershed a r e a s  t h a t  

were excluded from t h e  SCS s o i l  l o s s  inventory .  

The f i f t h  d a t a  base  r e s o u r c e  was e x t e n s i v e  r a i n f a l l  d a t a  

a v a i l a b l e  from 1820 t o  t h e  p r e s e n t  f u r n i s h e d  by t h e  N a t i o n a l  Oceanic  

and Atmospheric Admin i s t r a t i on  from t h e  r eco rd ing  s t a t i o n s  i n  t h e  

Albany v i c i n i t y .  

P h y s i c a l  Survey 

The f i r s t  s t a g e  of t h e  p h y s i c a l  survey  involved comparison of  

t h e  boundar ies  d e p i c t e d  on t h e  o r i g i n a l  r e s e r v o i r  l and  t a k i n g  map 

prepared  i n  1912 by Solomon, Norcross  & Keis  w i t h  a e r i a l  photography . 

t aken  i n  1977 f o r  t h e  Albany County t a x  base  mapping p r o j e c t .  The 

g e n e r a l  r e s e r v o i r  o u t l i n e  was found t o  c o r r e l a t e  f a i r l y  w e l l  w i th  

t h e  Solomon, Norcross  & Keis  map excep t  where bank e r o s i o n  had taken  

p l a c e  i n  c e r t a i n  a r e a s .  Gene ra l ly ,  t h e s e  a r e a s  were d e f i n e d  by 

s t e e p  c l a y  banks of Hudson s i l t  composi t ion,  a s  v e r i f i e d  by o n - s i t e  

i n v e s t i g a t i o n .  
- 



A second f ace . t  of t h e  p h y s i c a l  survey involved t h e  e x t r a c t i o n  

and a n a l y s i s  of c o r e  samples from t h e  r e s e r v o i r  bottom i n  t e n  

l o c a t i o n s .  T h i s  sampling was performed by Empire S o i l s  

I n v e s t i g a t i o n s ,  Inc .  An a n a l y s i s  of t h e  samples t o  de te rmine  u n i t  

weigh ts  and submerged un i t  weigh ts  was under taken t o  v e r i f y  and 

c a l i b r a t e  t h e  sed imenta t ion  load  model subsequent ly  developed.  

The t h i r d  f a c e t  of t h e  p h y s i c a l  survey involved s p o t  soundings  

performed by a  survey  crew i n  f i v e  d i f f e r e n t  a r e a s  of t h e  

r e s e r v o i r .  These a r e a s  c a l l e d  "ranges"  were t r a n s v e r s e  survey  l i n e s  

from which c r o s s - s e c t i o n s  were p l o t t e d .  These a c t u a l  c r o s s - s e c t i o n s  

were compa'red t o  c ros s - sec ' t i ons  p l o t t e d  from Solomon, Norcross  & 

Keis '  o r i g i n a l  l and  t a k i n g  .map and a r e  shown a s  F i g u r e s  3 and. 4.. A 

comparison of t h e s e  c r o s s - s e c t i o n s  on a  s t a t i s t i c a l  b a s i s  p e r m i t t e d  

f u r t h e r  d e f i n i t i o n  of t h e  a c t u a l  s i l t a t i o n  t h a t  has  t aken  p l a c e  i n  

t h e  ' r e s e r v o i r  i n  t h e  62 y e a r s  s i n c e  i ts  c o n s t r u c t i o n .  

Stream Flow S y n t h e s i s  

A c a l c u l a t i o n  of a  r e se rvo i ' r  s a f e  y i e l d  r e q u i r e s  a  r ea sonab le  

d a t a  base  of s t ream f low over  an extended p e r i o d  of t i m e . .  A s  noted 

p r e v i o u s l y ,  no long-term s t ream f low d a t a  e x i s t s  f o r  t h i s  

watershed.  The methodology used i n  ou r  a n a l y s i s  was developed i n  

t h e  1960 ' s  a t  Harvard U n i v e r s i t y  and invo lves  what i s  today  known a s  

" o p e r a t i o n a l  hydrology." T h i s  approach d i f f e r s  from c o n v e n t i o n a l  

comparat ive  hydrology i n  t h a t  t h e  d a t a  used i n  t h e  a n a l y s i s  is  

d e r i v e d  from t h e  s p e c i f i c  waterhsed i n  q u e s t i o n .  T h i s  d a t a  is 

f u r t h e r  manipulated and augmented by s t a t i s t i c a l  methods t o - c r e a t e  a  

r e l i a b l e  and a c c u r a t e  long-term model of s t r eam flow. Comparative 

hydrology,  on t h e  o t h e r  hand, r e l a t e s  s a f e  y i e l d  o r  pa rame te r s  i n  

one watershed w i t h  t h o s e  e m p i r i c a l l y  determined th rough  long-term 

moni tor ing for ano the r  watershed,  i gno r ing  t h e  m u l t i t u d e  of 

d i f f e r e n c e s  between them. The term " s y n t h e t i c  hydrology'' a l t hough  

used f r e q u e n t l y  i n  t h i s  r e p o r t  and o t h e r  p u b l i c a t i o n s ,  i s  no t  a 

t o t a l l y  s a t i s f a c t o r y  d e s i g n a t i o n  because it conno te s  t h a t  f i c t i t i o u s  

s t ream f low v a l u e s  a r e  c r e a t e d  i n  such a  way t h a t  t hey  could  n o t  I occur  a t  t h e  s i t e .  T h i s  is n o t  an a c c u r a t e  p o r t r a y a l .  The d a t a  



g e n e r a t e d  is no t  a c t u a l l y  e x p e c t e d  t o  be observed ,  b u t  s e r v e s  a s '  a  
s u b s t i t u t e  d a t a  base  t o  f u r t h e r  d e r i v e  o t h e r  mathemat ical  models 

which a r e  t h e n  used t o  de te rmine  t h e  s t o r a g e - y i e l d  r e l a t i o n s h i p s .  

I n  t h i s  a n a l y s i s ,  t h e  s t r eam f low s y n t h e s i s  d e r i v e d  i t s  d a t a  base  

from t e n  y e a r s  of monthly r e s e r v o i r  s t ream inf low v a l u e s  determined 

from a v a i l a b l e  records..  Based upon examinat ion and a n a l y s i s  of 

t h e s e  v a l u e s ,  a  s t a t i s t i c a l  r e l a t i o n s h i p  was developed t h a t  

adequa te ly  r ep re sen ted  t h i s . h i s t o r i c a 1  record .  Using t h e s e  

h i s t o r i c a l  r eco rds  as a  model, a d d i t i o n a l  s y n t h e t i c  r e c o r d s  were 

g e n e r a t e d ,  r e p r e s e n t i n g  s t r eam f lows  f o r  a  500-year pe r iod .  These 

f lows  were p a r t i a l l y  comprised of a  d e t e r m i n i s t i c  component 

r e p r e s e n t i n g  t h e  h i s t o r i c a l  sample and p a r t i a l l y  of a random 

component r e p r e s e n t i n g  t h e  s t a t i s t i c a l  model assumed. The  500-year 

s y n t h e t i c  record  is s t a t i s t i c a l l y  i d e n t i c a l  i n  most r e s p e c t s  t o  t h e  

10-year record  from which it was modeled. I t  should  be noted t h a t  

whi le  t h e  10-year h i s t o r i c a l  record  i s  no t  an ex t remely  long p e r i o d  

from which t o  model s t ream f low,  based upon e x t e n s i v e  r e s e a r c h  t o  

d a t e ,  it is  be l i eved  t o  be adequate .  

. . 
Watershed S o i l  Loss  

A s  a  means of ,  de te rmin ing  t h e  a c t u a l  p h y s i c a l  c a p a c i t y  

r e d u c t i o n  of the.  r e s e r v o i r  by sed imen ta t ion ,  a  watershed s o i l  l o s s  

model w a s  c o n s t r u c t e d .  T h i s  model r e l i e s  upon t h e  U n i v e r s a l  S o i l  

Loss  Equat ion developed by t h e  U.S. Department of A g r i c u l t u r e  and 

now i n  g e n e r a l  use. From t h i s  model, an  expec ted  annua l  s o i l  l o s s  

i n  t h e  watershed was developed and was f u r t h e r  r e l a t e d  t o  t h e  a c t u a l  

amount of s o i l  t r a n s p o r t e d  by s t r eams  and d e p o s i t e d  i n  t h e  

r e s e r v o i r .  T h i s  model, whi le  r e p r e s e n t i n g  t h e  expec ted  s o i l  l o s s  i n  

a  s p e c i f i c  y e a r  ( i n  t h i s  c a s e  1974) can  be e x t r a p o l a t e d  backwards 

and forwards  t o  a r r i v e d  a t  a  p robable  s ed imen ta t ion  load  p r e s e n t l y  

i n  t h e  r e s e r v o i r  and an expected sed imen ta t ion  l o a d  i n  f u t u r e  

y e a r s .  These e x t r a p o l a t i o n s  a r e  based upon assumptions  concerning 

cont inued  land  use ,  c o n s e r v a t i o n  p r a c t i c e s ,  e t c .  Data  used i n  t h e  

c o n s t r u c t i o n  of t h i s  model was f u r n i s h e d  by t h e  Uni ted  S t a t e s  S o i l  

Conserva t ion  S e r v i c e  (SCS) o f f i c e s  i n  Albany and Schenectady 



Count ies .  The bulk of t h i s  d a t a  was p repa red  by t h e  SCS o f f i c e s  f o r  

a s t a t e -wide  s o i l  l o s s  i nven to ry  prepared  r e c e n t l y .  For purposes  of 

our  model, t h e  SCS raw d a t a  was s p o t - v e r i f i e d  and d i sagg rega t ed  t o  

exc lude  p o r t i o n s  of t h e  watershed n o t  t r i b u t a r y  t o  t h e  W a t e r v l i e t  

Rese rvo i r .  D i saggrega t ion  of excluded a r e a s  was performed us ing  t h e  

New York S t a t e  Land U s e  N a t u r a l  Resources  Inventory .  

A t o t a l  annua l  s o i l  l o s s  was f u r t h e r  d i s a g g r e g a t e d  i n t o  

monthly s o i l  l o s s .  Sediment t r a n s p o r t  mechanisms d e l i v e r i n g  s o i l  

l o s s  t o  t h e  r e s e r v o i r  were re -eva lua ted  on a monthly b a s i s ,  and 

r e s e r v o i r  t r a p  e f f i c i e n c i e s  were l i k e w i s e  re -eva lua ted .  Comparison, 

on a monthly b a s i s ,  was neces sa ry  due t o  t h e  extreme range of v a l u e s  

of monthly s t ream f lows  v e r s u s  r e s e r v o i r  c a p a c i t y .  The extreme 

range i n  t h i s  c a s e  r e s u l t s  from t h e  r e l a t i v e l y  s m a l l  p h y s i c a l  

c a p a c i t y  of t h e  W a t e r v l i e t  Rese rvo i r  i n  r e l a t i o n  t o  t h e  o v e r a l l  

watershed a rea .  Computation of annua l  s ed imen ta t ion  of t h e  

W a t e r v l i e t  Rese rvo i r  was made on t h e  b a s i s  of t h e  c a l c u l a t e d  monthly 

load ings .  

Using e m p i r i c a l  submerged s o i l  d e n s i t i e s  and sediment  

d e n s i t i e s  d e r v i e d  du r ing  t h e  p h y s i c a l  survey  p o r t i o n  of t h e  s tudy ,  

sediment volume was then  computed. D i s t r i b u t i o n  of t h e  sediment w a s  

f u r t h e r  p r e d i c t e d  us ing  t h e  Area-Increment p rocedure  t o  a p p o r t i o n  

expected sed imen ta t ion  bu i ldup  over  d i s c r e t e  e l e v a t i o n s  of t h e  

r e s e r v o i r  bottom. 

Capac i ty  Dete rmina t ion  
-. . . 

The problem of de te rmin ing  t h e  p r e s e n t  p h y s i c a l  c a p a c i t y  of 

t h e  r e s e r v o i r  was approached i n  s e v e r a l  d i f f e r e n t  ways. 

The p h y s i c a l  c a p a c i t y  of t h e  r e s e r v o i r  which was determined by 

Solomon, Norcross .  h K e i s  from t h e  topographic  survey  which they  

prepared  f o r  t h e  r e s e r v o i r  c o n s t r u c t i o n ,  was examined. i n  an  a t t e m p t  

t o  a r r i v e  a t  a  s t a t i s t i c a l  measure of e r r o r  t o  be a p p l i e d  t o  t h e  

o r i g i n a l  c a p a c i t y .  A s  d e s c r i b e d  i n  t h e  P h y s i c a l  Survey S e c t i o n ,  

a e r i a l  photography confirmed t h a t  t h e  water  s u r f a c e  a r e a  of t h e  

r e s e r v o i r  a s  o u t l i n e d  .on t h e  o r i g i n a l  ' topographic  survey.  map was of 

a c c e p t a b l e  accuracy.  I t  w a s  assumed, t h e r e f o r e ,  t h a t  t h e  accuracy 
. . 



of a l l  o t h e r  topographic  c o n t o u r s  w i t h i n  t h e  impoundment could  be 

assumed t o  have a c c e p t a b l e  accuracy  a s  w e l l .  S i n c e  t h e  o r i g i n a l  

topographic '  survey  was based upon a  5 f o o t  con tou r  i n t e r v a l ,  t h e  

e l e v a t i o n s  d e p i c t e d  on t h e  topographic  map s t a ' t i s t i c a l l y  could  be a  

h a l f  i n t e r v a l  o r  2-1/2 f e e t  h ighe r  o r  lower t h a n  t h a t  shown. 

Independent computat ions  of c a p a c i t y  v e r s u s  contour  e l e v a t i o n  were 

made under t h i s  s tudy  us ing  t h e  o r i g i n a l  t opograph ic  mapping. 

S i m i l a r l y ,  computat ions  were made us ing  t h e  assumptions  of a  

c o n s i s t e n t  h a l f - i n t e r v a l  con tour  e r r o r .  T h i s  computat ion y i e l d e d  a  

c a p a c i t y  based upon t h e  o r i g i n a l  topographic  mapping, which w e  have 

c a l l e d  " K e i s  Mean", " K e i s  High", and "Keis  Low" i n  t h e  g r a p h i c a l  

r e p r e s e n t a t i o n  found i n  F i g u r e  5. The Ke i s  High c a p a c i t y  is t h e  

most l i b e r a l  e s t i m a t e  of o r i g i n a l  c a p a c i t y  assuming t h a t  a l l  

topographic  e l e v a t i o n s  were a c t u a l l y  lower t h a n  dep ic t ed .  The Ke i s  

Low c a p a c i t y  is a  c o n s e r v a t i v e  e s t i m t e  of r e s e r v o i r  c a p a c i t y  based 

upon t h e  o p p o s i t e  assumption. 

The r e d u c t i o n  i n  r e s e r v o i r  c a p a c i t y  which was p r e d i c t e d  by t h e  

watershed s o i l  l o s s  computat ion f o r  t h e  r e s e r v o i r ' s  s ix ty- two y e a r  

h i s t o r y ,  and a l s o  f o r  a  one-hundred y e a r  p e r i o d ,  was t h e n  a p p l i e d  t o  

t h e  o r i g i n a l  r e s e r v o i r  c a p a c i t y  curve .  The r e s u l t i n g  f ami ly  of 

c a p a c i t y  c u r v e s  r e p r e s e n t i n g  t h e  r e s e r v o i r ' s  o r i g i n a l  1916 assumed 

c a p a c i t y ,  a s  w e l l  a s  t h e  p r o j e c t e d  1978 and 2016 c u r v e s ,  a r e  

r ep re sen ted  i n  F igu re  6. The t o t a l  volume r e d u c t i o n s  based upon 

s o i l  l o s s  computat ions  cor respond  f a v o r a b l y  wi th  l o s s e s  determined 

e m p i r i c a l l y  f o r  t h i s  t y p e  of r e s e r v o i r  and watershed.  The t o t a l  

r e d u c t i o n s  a r e  7.5% and 12% for a 62-year and 100-year l i f e ,  

r e s p e c t i v e l y .  

A second method of c a p a c i t y  d e t e r m i n a t i o n  w a s  based upon t h e  

p h y s i c a l  survey  t aken  over  f i v e  s e l e c t e d  ranges  of t h e  r e s e r v o i r .  

Sediment bu i ldup  found over  these ranges  i n  r e l a t i o n  t o  bottom 

contour  a s  shown on Keis '  topographic  map were p r o p o r t i o n a l l y  

d i s t r i b u t e d  over  a l l  s e c t i o n s  and e l e v a t i o n s  of t h e  r e s e r v o i r  i n  

o r d e r  t o  d e r i v e  a  r e v i s e d  c a p a c i t y  cu rve  based upon t h e s e  a c t u a l  

p h y s i c a l  soundings.  The p h y s i c a l  c a p a c i t y  determined by t h i s  method 

cor responds-  r a t h e r  c l o s e l y  w i th  t h a t  determined by t h e  t h e o r e t i c a l  

s o i l  l o s s  method. These c a p a c i t i e s  a r e  d e p i c t e d  g r a p h i c a l l y  i n  

F i g u r e s  6 and 7. 



Yie ld  A n a l y s i s  

For a  d e t e r m i n a t i o n  of " s a f e "  y i e l d ,  we have adopted t h e  

p r o b a b i l i s t i c  approach now favored .  T h i s  approach r e l a t e s  t h e  s a f e  

y i e l d  of t h e  r e s e r v o i r  t o  t h e  r e l a t i v e  f requency of d e f i c i t  t o  be 

expected.  By us ing  t h e  record  of s y n t h e t i c  s t r eam f lows ,  a  

r e s e r v o i r  s t o r a g e  s i m u l a t i o n  model w a s  developed.  T h i s  model used 

t h e  500 y e a r  s y n t h e t i c  s t r eam f low record  and assumed d r a f t  r a t e s  t o  

compute t h e  amount of cumula t ive  s t o r a g e  d e f i c i t  o r  over f low f o r  

each month of t h e  500 yea r  t r a c e .  The f requency  of s t o r a g e  

d e f i c i t s ,  o r  t h e  number of t imes  i n  t h e  500 y e a r  record  t h a t  a  g iven  

s t o r a g e  volume would be inadequa te  a t  a g iven  d r a f t  r a t e  w a s  

determined.  The r e s u l t s  of t h e  p r o b a b i l i s t i c  y i e l d  a n a l y s i s  a r e  

p r e s e n t e d  g r a p h i c a l l y  i n  F i g u r e  8. The graph shows t h e  r e l a t i o n s h i p  

between r e q u i r e d  r e s e r v o i r  c a p a c i t y ,  water  supply  y i e l d ,  and t h e  

r e l i a b i l i t y  t h a t  t h e  y i e l d  is " s a f e . "  For example, a  r e l i a b i l i t y  of 

99% f o r  a  s e l e c t e d  uniform d r a f t  r a t e  i m p l i e s  t h a t  t h e  cor responding  

r e s e r v o i r  c a p a c i t y  o r  s t o r a g e  d e f i c i t  would be exceeded once i n  100 

y e a r s  a t  t h a t  d r a f t  r a t e  whereas a  99.8% r e l i a b i l i t y  i m p l i e s  t h a t  

t h e  c a p a c i t y  w i l l  be exceeded once i n  500 y e a r s ,  For  most water  

supply  d i s c u s s i o n s ,  a  98% o r  99% r e l i a b i l i t y  is normally assumed as  

a  c o n s e r v a t i v e  f a c t o r .  T h i s  is owing t o  t h e  f a c t  t h a t  du r ing  

p e r i o d s  of d rought ,  water  u se  cou ld  g e n e r a l l y  be c u r t a i l e d  a s  a  

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

Recent r e s e a r c h  [Ref. 281 i n d i c a t e s  t h a t  t h e  economic 

d i s l o c a t i o n  a s s o c i a t e d  wi th  drought  ,is ex t remely  minor even a t  t h e  

95% r e l i a b i l i t y  f a c t o r .  I n  a  s tudy  of  s e v e r a l  Massachuse t t s  

communities fo l lowing  t h e  e a r l y  1960 ' s  d rough t ,  economic d i s l o c a t i o n  

r e s u l t i n g  from t h e  drought  was approximately  $5.00 annua l ly  p e r  

c a p i t a .  I t  seems p ruden t ,  however, f o r  p lanning  purposes  t o  assume 

a  h igher  r e l i a b i l i t y  f a c t o r  of s ay  99%. 

Di scuss ion  of E r r o r  

I n  any s c i e n t i f i c  a n a l y s i s  t h e  a n a l y t i c a l  r e s u l t s  must be 

tempered w i t h  an  unders tanding  of t h e  p o t e n t i a l  e r r o r s  i n h e r e n t  i n  

t h e  d a t a  and methodology employed. 



P o t e n t i a l  e r r o r s  i n  t h i s  hyd ro log ic  a n a l y s i s  can  be c l a s s i f i e d  

a s  judgmental ,  o b s e r v a t i o n a l  o r  a n a l y t i c a l .  

Judgmental  e r r o r  i s  .based i n  t h e  judgment of t h e  a n a l y s t  where 

s u b j e c t i v e  c o n s i d e r a t i o n s  must be g iven  t o  s e l e c t i o n  of c e r t a i n  

c o e f f i c i e n t s  and v a r i a b l e s .  A good example of judgmental e r ' r o r  

source  i s  i n  t h e  s e l e c t i o n  of t h e  s o - c a l l e d  c o n s e r v a t i o n  p r a c t i c e  

f a c t o r  used i n  t h e  Un ive r sa l  S o i l  Loss  Equation.  

O b s e r v a t i o n a l  e r r o r  r e s u l t s  when d a t a  being g a t h e r e d  by an 

obse rve r  is  recorded i n a c c u r a t e l y ,  u s u a l l y  v i s u a l l y ,  and goes  

unde tec ted .  

A n a l y t i c a l  e r r o r  is a s s o c i a t e d  wi th  i n a c c u r a c i e s  i n h e r e n t  i n  

t h e  a n a l y s i s  i t s e l f .  These e r r o r s  r e s u l t  from t h e  s i m p l i f i c a t i o n  of 

a lgo r i t hms  necessary  f o r  computat ions  and from imprec ise  assumptions  

o r  e q u a t i o n s  r equ i r ed  t o  be a b l e  t o  mathemat ica l ly  r e p r e s e n t  a 

process .  

Mathematical  d e t e r m i n a t i o n  of t h e  magnitude of t h e  range of 

p o t e n t i a l e r r o r  of t h e  second and t h i r d  t ype  is' p o s s i b l e b u t  i s  

beyond t h e  scope of t h i s  s tudy .  Dete rmina t ion  of ~ u d g m e n t a l  e r r o r s  

is a l s o  p o s s i b l e  u s ing  v a r i o u s  methods of,  p s y c h o l o g i c a l  t e s t i n g .  

F0.r' purposes  of t h i s  s tudy ,  w e  have at . tempted t o  i d e n t i f y  a l l  

r ecogn izab le  sou rces  of e r r o r  and s u b j e c t i v e l y  d i s c u s s  them a s  t o - .  

p r o b a b i l i t y  of occurrence.  

A t a b u l a t i o n  of e r r o r s  and p r o b a b i l i t y  of occu r rence  is 

inc luded  a s  Appendix F fo l lowing  t h i s  c h a p t e r .  

' F u t u r e  Impacts 

The major f a c t o r  r e l a t i n g  t o  f u t u r e  changes  i n  t h e  c a p a c i t y  of 

t h e  W a t e r v l i e t  Rese rvo i r  is t h e  l and  use  p a t t e r n s  i n  t h e  Normans 

K i l l  watershed.  A s  d e p i c t e d  on F i g u r e  10,  t h e  Normans K i l l  

watershed upstream from t h e  W a t e r v l i e t  Rese rvo i r  l i e s  l a r g e l y  i n  t h e  

Town of Gu i lde r l and  and t h e  Town of Rotterdam. A s m a l l  p o r t i o n  of  

t h e  watershed l i e s  i n  t h e  Town of Wright,  Schoha r i e  County. The 

p r e s e n t  l and  use  p a t t e r n s  . i n  t h e  watershed a r e  s i m i l a r  t o  t h o s e  o f  

t h e  l a s t  6 2  yea r s .  Change has  t aken  p l a c e  p r i m a r i l y  r e l a t i n g  t o  t h e  

development of c rop land  and an  ebb and f low of  woodland i n  t h e  



watershed over the past three-quarters of the century. From what 

can be gleaned from historical sources and from recollections of the 

Soil Conservation Service personnel, the total makeup in 

agricultural land today is not unlike that of 30-40 years ago. It 

is surmised that erosion conditions today may be somewhat 

intensified due to the mechanization of agriculture in the 

watershed. However, the majority of cropland in the watershed is 

used for dairy farming and thus is not highly cultivated. The loss 

of woodland to agriculture is thought to be minimal. Approximately 

40% of the watershed area is classified as forest lands. The 

primary impact of land use changes in the watershed have been the 

intensification of land uses associated with the urban use 

category. At present, approximately 28,600 acres of the total 

watershed area of 139,100 acres are classified as urban land use. 

while the bulk of this urban.land use lies in the eastern portion of 

the watershed downstream 'from the Watervliet Reservoir impoundment, 

the historical trend has been for a slow westward movement of the 

urbanization (suburbanization) into portions of the watershed 

tributary to the reservoir. Up to now, most of this urbanization of 

the watershed has been through road construction and single family 

and multiple family residences. It is expected, however, that 

development of large tracts for apartment complexes will occur in 

the near future. This trend toward urban use affects the rainfall 

runoff ratio and the sedimentation rate. It is interesting to note 

that in this particular watershed due to its large size in relation 

to the reservoir capacity, the effect of changes in the rainfall 

runoff patterns due to urbanization will be largely undetectable due 

to the immense size of the watershed. Sedimentation, however, as a 

by-product of the increased runoff rates will be noticeable due to 

the generally silty nature of the soils and unstable bank condition 

o f  the major streams. 

The second major impact upon the reservoir capacity is the 

accelerating eutrophication of the reservoir. This natural process 

in the life cycle of a body of water has as its causative 

components; sedimentation, increased vegetative growth, and 



i nc reased  f low of n u t r i e n t s  i n t o  t h e  impoundment. The e f f e c t s  of 

t h i s  e u t r o p h i c a t i o n  a r e  two-fold. The f i r s t ,  t h e  g r a d u a l  

d e t e r i o r a t i o n  of water  supply  due t o  p r o l i f e r a t i o n  of a l g a e  growth 

and l e s s e n i n g  of oxygen a v a i l a b l e  f o r  n a t u r a l  c l e a n s i n g  and growth 

of d e s i r o u s  l i f e  forms,  w i l l  no t  be d e t a i l e d  i n  t h i s  r e p o r t .  I t  i s  

obvious ,  however, t h a t  t h i s  r e d u c t i o n  of water  q u a l i t y  w i l l  c ause  a  

s i g n i f i c a n t  c o s t  e s c a l a t i o n  a s  more advanced t r e a t m e n t  methods 

become necessary  t o  s a t i s f y  t h e  s t r i n g e n t  requi rements  of t h e  U.S. 

S a f e  Drinking Water A c t .  

The major e f f e c t  of e u t r o p h i c a t i o n ,  r e l a t i n g  t o  t h i s  s tudy ,  i s  

t h e  tendency of t h e  eu t roph ied  r e s e r v o i r ,  w i t h  a  preponderance of 

v e g e t a t i o n ,  t o  s i g n i f i c a n t l y  i n c r e a s e  i t s  r a t e  of sed imenta t ion .  

Heavy v e g e t a t i o n  c a u s e s  v e l o c i t y  r e d u c t i o n  th rough  a r e a s  of t h e  

r e s e r v o i r  a l lowing  d e p o s i t i o n  of sediment.  A g r e a t e r  p o r t i o n  of t h e  

sediment d e l i v e r e d  t o  t h e  r e s e r v o i r  p a s s e s  th rough  t h e  r e s e r v o i r  

du r ing  p e r i o d s  of  h igh f lows ,  being kep t  i n  suspens ion  by h igh  

v e l o c i t i e s  and c a r r i e d  over  t h e  dam. I t  has  been c a l c u l a t e d  t h a t  

du r ing  t h e  s p r i n g  months of March and A p r i l ,  t h e  t r a p  e f f i c i e n c y ,  o r  

t h e  p r o p o r t i o n  of suspended m a t e r i a l  t h e  r e s e r v o i r  r e t a i n s  r a t h e r  

t han  p a s s e s  is  a s  low a s  60%. T h i s  i s  due t o  t h e  h igh  f lows  

r e s u l t i n g  from t h e  l a r g e  watershed.  Inc reased  v e g e t a t i o n  i n  t h e  

upper r eaches  of t h e  r e s e r v o i r ,  however, w i l l  s u b s t a n t i a l l y  reduce 

t h e  v e l o c i t y  i n  t h a t  r eg ion  and i n c r e a s e  t h e  t r a p  e f f i c i e n c y  

throughout  t h e  y e a r ,  i n c r e a s i n g  sed imenta t ion .  The t r a p  e f f i c i e n c y  

of t h e  W a t e r v l i e t  Rese rvo i r  p r e s e n t l y  ranges  from a  c a l c u l a t e d  60% 

i n  March and A p r i l  t o  a  h igh  of  92% i n  August. T h i s  c o e f f i c i e n t  c a n  

be expected t o  i n c r e a s e  and hence s i g n i f i c a n t l y  i n c r e a s e  t h e  

s ed imen ta t ion  r a t e  of t h e  r e s e r v o i r  i f  s t e p s  are n o t  t a k e n  t o  

ma in t a in  t h e  r e s e r v o i r  f r e e  from vege ta t ion .  

The t h i r d  p o s s i b l e  f u t u r e  impact i nvo lves  t h e  changing of t h e  

method o f  o p e r a t i o n  of t h e  r e s e r v o i r .  T h i s  w i l l  be f u r t h e r  

d i s c u s s e d  i n  t h e  a n a l y s i s  and r e p o r t  f o r  t h e  Normanski l l  

H y d r o e l e c t r i c  F a c i l i t y .  A s  p r e s e n t l y  ope ra t ed ,  t h e  r e s e r v o i r  l e v e l s  

5 throughout  t h e  y e a r  do  no t  vary g r e a t l y .  I n  a  t y p i c a l  y e a r ,  t h e  

water  s l l r face  of t h e  r e s e r v o i r  may drop  no more t h a n  5 f e e t  below ' 



-- 
t h e  normal h i g h ' w a t e r  e l e v a t i o n  a t  t h e  t o p  o f , t h e  f l a s h b o a r d s .  

Should t h e  o p e r a t i n g  r u l e s  of t h e  r e s e r v o i r  be modif ied t o  a l l ow 

inc reased  withdrawals  f o r  water  s u p p l y . o r  i n c r e a s e d  wi thd rawa l s . f rom 

r e s e r v o i r  poo l  s t o r a g e  f o r  h y d r a u l i c  pumping o r  f o r  g e n e r a t i n g  

h y d r o e l e c t r i c  power, t h e  poo l  e l e v a t i o n s  might be s i g n i f  , i c a n t l y  

lowered. T h i s  would occur ,  i n  t h e  l a t t e r  c a s e ,  i f  d . i s c r e t i o n a r y  use  

were made of t h e  s t o r a g e  poo l  c a p a c i t y  a v a i l a b l e  i n  t h e  r e s e r v o i r  

f o r  h y d r o e l e c t r i c  gene ra t ion .  Inc reased  water  supply  demands would 

a f f e c t  water  l e v e l s  s i n c e  water  supply would be t aken  o.n a n  annua.1 

b a s i s  and would draw from t h i s  pooled s t o r a g e  c a p a c i t y  r e g a r d l e s s  of  

wate r  l e v e l .  Wide f  1uctuat . i .ons  i n  t h e  r e s e r v o i r  wate:r s u r f  a c e  

e l e v a t i o n  w i l l  a f f e c t  bo th  t h e  amount of sediment i n  t h e  r e s e r v o i r  

and t h e  d i s t r i b u t i o n . o f  t h e  s ed imen ta t ion  i n  t h e  r e s e r v o i r .  A s  

p r e s e n t l y  ope ra t ed ,  t h e  . r e s e r v o i r  is assumed t o  have a  Type II - 

r e s e r v o i r  dep th  v e r s u s  c a p a c i t y  c o n f i g u r a t i o n  a s  d e f i n e d  by t h e  U.S. 

Bureau of Reclamation. T h i s  t y p e  of r e s e r v o i r  h a s  been e m p i r i c a l l y  

determined t o  b u i l d  up sediment and d i s t r i b u t e  sediment i n  c e r t a i n  

p a t t e r n s .  With t h e  water  s u r f a c e  l e v e l s  f l u c t u a t i n g  g r e a t l y ,  t h e s e  

p a t t e r n s  a s s o c i a t e d  wi th  Type I1 r e s e r v o i r s  w i l l  change. F u r t h e r  

a n a l y s i s  of t h e s e  changes  w i l l  be accomplished i n  t h e  H y d r o e l e c t r i c  

F a c i l i t y  Report .  

,. 
Conclus ions  

T h e  fo l lowing  c o n c l u s i o n s  a r e  o f f e r e d  f o r  each  module of t h e  
. . hydro log ic  a n a l y s i s :  

Data  Base - No s i g n i f i c a n t l y  u s e f u l  s t ream f low d a t a  is . 

a v a i l a b l e  from t h e  h i s t o r i c a l  r eco rd  p r i o r  t o  1967. The meager . -data  

ava i lab le  was used a s  a  gu ide  and h i s t o r i c a l  r e f e r e n c e  b u t  cou ld  n o t  

be used a n a l y t i c a l l y ' .  An e x c e l l e n t  s t ream f low d a t a  base  was 

a v a i l a b l e  from u.s.G.:~. f o r  t h e  p e r i o d  19.6.7 t o  1977 f o r  t h e  'Normans 

K i l l  a n d  t h e  Hunger K i l l .  ~ x c e l l e n t d a t a  , r e l a t i n g  t o  l and  use  and 

s o i l '  c o n s e r v a t i o n ,  i n  .' t h e  waters.hed i s  a v a i l a b l e  and was used 

e x t e n s i v e l y  i n  t h i s  a n a l y s i s .  



p h y s i c a l  Survey - The photogrammetric examinat ion of t h e  

e x i s t i n g  r e s e r v o i r  s h o r e l i n e  c o i n c i d e s  c l o s e l y  w i th  t h a t  d e p i c t e d  by 

Solomon, Norcross  and Keis. D e v i a t i o n s  from t h e  o . r ig  hna l  s h o r e l i n e  

occur  a t  p o i n t s  of bank e ros ion .  The l i m i t e d  d e p t h  soundings  t aken  

c o r r e l a t e  c l o s e l y  wi th  p r e d i c t e d  vo lumet r ic  l o s s e s  due t o  

sed imenta t ion .  The composi t ion of c o r e  samples r e t r i e v e d  from t h e  

r e s e v o i r  sed iments  is t y p i c ' a l  f o r  r e s e r v o i r s  of t h i s  t ype  and s i z e .  

St ream Flow S y n t h e s i s  . . - A long-term (500 y e a r  t r a c e )  record  of 

s t r eam f low has. been s t o c h a s t i c a l l y  developed.  I t  is b e l i e v e d ' t o  be 

a n  a c c u r a t e  r e p r e s e n t e r  of s t ream f low c o n d i t i o n s  f o r  low f low 
.. 

c o n s i d e r a t i o n s .  The response  of. t h e  model f o r  h igh  f low ( f l o o d )  

c o n d i t i o n s  ha.s no t  been determined.  Fur thermore,  t h e  model can  b e '  

r e c a l i b r a t e d  and i t s  accuracy improved w i t h  t h e  f u r t h e r  s t r eam f low 

d a t a  expec ted  from t h e  e x i s t i n g  U.S.G.S. gauging s t a t i o n s .  T h i s  

s t ream f low model w i l l  be used wi th  m o d i f i c a t i o n  and re f inement  a s  

t h e  c o r n e r s t o n e  of t h e  h y d r o e l e c t r i c  g e n e r a t i n g  scheme model and 

o p e r a t i n g  system.. 

S o i l  Loss  - The watershed s o i l  l o s s  is termed "exces s ive"  by 

t h e  Uni ted S t a t e s  S o i l  Conse 'rvation S e r v i c e  a s  i t ' r e l a t e s  t o  

a g r i c u l t u r a l  p r a c t i c e s .  However,, t h e  s o i l  l o s s  and r e s u l t i n g  

r e s e r v o i r  s ed imen ta t ion  a r e  t y p i c a l  f o r  a  watershed of t h i s  t ype  and 

land  use. . . A f u r t h e r  d e f i n i t i o n , o f . t h e  s o i l  l o s s  prob1,em w i l l  be 

forthcoming i n  1979 when t h e  S o i l  Conserva t ion  S e r v i c e  has  completed 

a  S p e c i a l  Study under t h e  Coopeeat ive  River  Bas in  P l an  f o r  t h e  

~ o r ~ a n s  K i l l  watershed.  T h i s  d a t a  w i l l  be of u se  f o r  c o n s e r v a t i o n  

p lanning  but it i s  not expected t o  m a t e r i a l l y  a f f e c t  t h e  c a p a c i t y  o r  

y i e l d  d e t e r m i n a t i o n s  of t h i s  r e p o r t .  

Capac i ty  Dete rmina t ion  - The s e v e r a l  methods used i n  

d e t e r m i n a t i o n  of t h e  e x i s t i n g  p h y s i c a l  c a p a c i t y  (volume) of  t h e  

r e s e r v o i r  y i e l d  r e s u l t s  of s i m i l a r  magnitude. With t h e  r e s e r v o i r  

e l e v a t i o n  a t  259 ( f u l l  r e s e r v o i r )  t aken  a s  a  r e f e r e n c e ,  t h e  

a v a i l a b l e  a c t i v e  s t o r a g e  c a l c u l a t e d  by Solomon, N o r c r o s s  h Keis  ' i n  

1916 was between 1320 and 1690 m i l l i o n '  g a l l o n s  w i t h  .1530 m i l l i o n  

-5 g a l l o n s  . a s  . t h e  mean capac , i ty  ( F i g u r e  .'5). Decrementing t h i s  mean 

c a p a c ' i t y  f o r  c a l c u l a t e d  sed imenta t ion , '  t h e  u s a b l e  s t o r a g e  is 1450 



million gallons at the present time (Figure 6). Based on spot 

soundings, the capacity is determined to be 1360 million gallons. 

It is this figure (1360 mg), thought to be conservative, that is 

used for determination of the probable water supply yield of the 

impoundment. 

Yield Analysis - The "maximum yield" of the reservoir for 
water supply purposes is defined as that amount which can be 

continuously withdrawn with a specified likelihood of failure. The 

definition of failure is an empty reservoir. The maximum amount of 

drawdown (lowering) of the water surface is limited by the physical 
I 

position of the water intake at the reservoir. 

Specifically, for the Watervliet Reservoir, as depicted on 

Figure 8, the safe yield with a 99.8% reliability (0.2% probability 

of failure) is 12 million gallons per day. A 0.2% probability of 

failure is one year in 500 years. Similarly, the safe yield at 98% 

reliability (one year in 50) is 14.3 mgd. 

It should be understood that the utilization of maximum yield 

does not imply available supply of a consistent quality of water, 

since extreme drawdown conditions will certainly affect water 

quality adversely. 

Discussion of Error - Sources of error pertinent to this 
analysis have been identified and minimized to the greatest extent 

possible. Further adjustment and refinement of the reservoir model 

deveoped should be directed in part toward refinements in accuracy 

of the model at high flows. 

Future Impacts - There-are considerable future impacts upon 
the Watervliet Reservoir. An impact of prime importance is the 

further intensification of land development. Establishment of 

watershed rules and regulations should be undertaken with the 

cooperation of the Town of Guilderland. The quality and quantity of 

water from this impoundment are related to land use in the watershed. 

The reservoir is a capital asset with an economic life 

dependent upon t.he proper' operation and maintenance of the 

C 
facility. As a man-made facility interfacing with the natural 

forces of .eutrophication and sedimentation, .the reservoir can serve 

its intended uses. only' through man's 'intelligent and corisider.ed 

intervention. 



APPENDIX A 

STREAM FLOW SYNTHESIS 
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PROBABLE YIELD ANALYSIS METHODOLOGY 

The r e l a t i v e l y  s h o r t ' p e r i o d  of a v a i l a b l e  h i s t o r i c a l  r eco rds  

made d i r e c t  i n t e . r p r - e t a t i o n  of s t r eam f low r e c o r d s  i n e f f e c t i v e .  i n  

a s s e s s i n g  a p r o b a b i l i t y  d i s t r i b u t i o n  of a v a i l a b l e  r e s e r v o i t  y i e l d .  

The s t a t i s t i c a l  c o r r e l a t i o n  between r a i n f a l l  r e c o r d s  and watershed 

runoff  r e c o r d s  was found t o  be poor and a g e n e r a t i o n  .scheme. based 

upon t h e  ample r a i n f a l l  r e c o r d s  was a l s o  r u l e d  ou t .  Likewise ,  

c o r r e l a t i o n  be teen  t h e  r e s e r v o i r  wat.ershed runof f  and o t h e r  s t r eam 

f lows  f o r  which longe r  h i s t o r i c a l  r e c o r d s  were a v a i l a b l e  w a s  

i nconc lus ive  and a s t reamflow a n a l y s i s  by comparat ive  hydrology was 

no t  used. 

I t  was t h e r e f o r e  dec ided  t h a t  a f low s i m u l a t i o n  scheme would 

be used i n  t h e  s tudy  s o  t h a t  a l eng thy  s y n t h e t i c  record  of  r e s e r v o i r  

watershed y i e l d  could  be a v a i l a b l e  f o r  a n a l y s i s .  Although n o t  an 

a c t u a l  h i s t o r i c a l  r eco rd ,  t h e  model would s t a t i s t i c a l l y  resemble t h e  

compara t ive ly  s h o r t  h i s t o r i c a l  record  and have t h e  d i s t i n c t  

advantage of adequate  l e n g t h  and v a r i e t y .  

The r e s e r v o i r  watershed runoff  model t h a t  was s e l e c t e d  f o r  

s i m u l a t i o n  is a Markov model having t h e  s t a t i s t i c a l  p r o p e r t i e s  t h a t  

r e s u l t i n g  f lows  have a d e t e r m i n i s t i c  component and a random 

component. I t  is t h e  p r o p e r t y  of a normal Markov p r o c e s s  t h a t  

e lements  i n  a gene ra t ed  s e r i e s  have c o r r e l a t i o n  t o  e lements  

p reced ing  them. I n  t h i s  i n s t a n c e ,  f l ows  r e p r e s e n t i n g  monthly mean 

r e s e r v o i r  watershed r u n o f f s  were gene ra t ed  and t h e  p e r s i s t e n c e  

c o r r e l a t i o n  was l i m i t e d  t o  one month, t h e  s i m p l e s t  form of Markovian 

f low model. Tha t  i s  t o  say ,  t h e  model assumes t h a t  t h e  e n t i r e  

in£  luence  of t h e  p a s t  on - t h e  c u r r e n t  f l o w .  va lue  is.  r e f l e c t e d  i n  t h e  

p r e v i o u s  f Low value.  The d e t e r m i n i s t i c  . . .  component of monthly f lows ,  
. . 

t h e r e f o r e ,  i s  a l i n e a r  a u t o - r e g r e s s i v e  form of t h e  h i s t o r i c a l  

sample ' s  monthly mean p l u s .  t h e  p e r s i s t e n c e  e lement  wh'ich c o r r e l a t e s  



, t h e  model ' s  p r e v i o u s  month's  d e p a r t u r e  from i t s  sample monthly mean 

t o  t h e  c u r r e n t  month's  d e p a r t u r e  i n  pr .opor t ion t o  t h e  s t a n d a r d  

d e v i a t i o n  of t h e  h i s t o r i c a l  monthly f lows.  The random component of 

monthly f lows  is computed us ing  a random s t a n d a r d  normal d e v i a t e  

s e r i e s .  T h i s  s e r i ' e s  o,f random numbers has  t h e  s t a t i s t i c a l  

p r o p e r t i e s  of a normal f requency d i s t r i b u t i o n  w i t h  a  ze ro  mean and 

u n i t  s t anda rd  d e v i a t i o n .  The magnitude of t h e  random component i s  a 

f u n c t i o n  of s e q u e n t i a l  random numbers from t h e  s e r i e s ,  t h e  

c o r r e l a t i o n  t o  t h e  p rev ious  month's  f low and t h e  s t a n d a r d  d e v i a t i o n  

I of  t h e  h i s t o r i c a l  f lows  f o r  t h a t  month. The normal d i s t r i b u t i o n  of 

t h e  random s t anda rd  d e v i a t e  s e r i e s  impar t s  t o  t h e  s y n t h e t i c  f low 

sequence a l s o  a normal d i s t r i b u t i o n .  Likewise ,  t h e  s t a n d a r d  

d e v i a t i o n  of t h e  h i s t o r i c a l  monthly f lows  i s  p re se rved  i n  t h e  model 

by f a c t o r i n g  it i n t o  t h e  computation.  A d i s c u s s i o n  of how t h e  type  

of f requency d i s t r i b u t i o n  was determined and t h e  means of a r r i v i n g  

a t  t h e  h i s t o r i c a l  record  f lows  is d e s c r i b e d  i n  subsequent  paragraphs .  

The g e n e r a t i o n  of t h e  random normal s t a n d a r d  d e v i a t e  s e r i e s  

employed t h e  computer ' s  c a p a b i l i t y  of g e n e r a t i n g  random numbers 

having a uniform d i s t r i b u t i o n .  A series of 600 numbers was 

gene ra t ed  i n  each  sequence by t h e  computer program f o r  u s e  i n  

computat ion of 50 y e a r s  o r  600 months of  f low, s i n c e  f l ow sequences  

were gene ra t ed  and s t o r e d  by t h e  computer program i n  50-year 

blocks .  S i x  hundred t o t a l s  each  of  s i x  uniformly d i s t r i b u t e d  random 

numbers ranging from 1 t o  1,000 a r e  f i r s t  determined.  These random 

t o t a l s  have an approximately  normal d i s t r i b u t i o n .  S u b t r a c t i n g  t h e  

mean value-  of t h e s e  600 normally d i s t r i b u t e d  random t o t a l s  from each  

t o t a l  and t h e n  d i v i d i n g  each  e lement  of t h e  r e s u l t i n g  s e r i e s  by t h e  

s t anda rd  d e v i a t i o n  of t h e  s e r i e s ,  w e  a r e  l e f t  w i t h  a s e r i e s  of 600 

random numbers having a f requency d i s t r i b u t i o n  which is 
approximately  normal and having a ze ro  mean and u n i t  s t a n d a r d  

d e v i a t i o n .  

A d i g i t a l  computer was used e x t e n s i v e l y  i n  t h e  computation.  

The computer was equipped wi th  approximately  42,000 b y t e s  of 

5 a v a i l a b l e  a c t i v e  memory and was programmed i n  APL programming 

language.  W 500-year f low sequence was gene ra t ed  i n  50-year 



increments  c o n t a i n i n g  600 monthly v a l u e s  each  and was s t o r e d  on 

magnetic t a p e  f i l e s  r e q u i r i n g  5,000 b y t e  b locks  each of f l o a t i n g  

p o i n t  s t o r a g e .  The g e n e r a t i o n  of 500 y e a r s  of s y n t h e t i c  f low 

r e c o r d s  r e q u i r e d  approximately  f o u r  hours  of running t ime e x c l u s i v e  

of d e t e r m i n a t i o n  of model s t a t i s t i c a l  parameters  based upon a n a l y s i s  

of h i s t o r i c a l  records .  

The fo l lowing  i s  an o u t l i n e  of a l l  s e q u e n t i a l  s t e p s  t aken  and 

of t h e  most impor tan t  assumptions  made du r ing  t h e  p r o g r e s s  of t h e  

s tudy  i n  o r d e r  t o  accomplish t h e  p r o b a b i l i s t i c  d e t e r m i n a t i o n  of 

wate r  supply  y i e l d  a t  t h e  e x i s t i n g  W a t e r v l i e t  Reservoi r :  
I 

1. United S t a t e s  Geo log ica l  Survey Water Resources  Data was 

researched  i n  o r d e r  t o  o b t a i n  runof f  r e c o r d s  f o r  t h e  e n t i r e  p e r i o d  

of record  by months from October  1967 t o  September 1977 f o r  t h e  131  

squa re  mi l e  d r a i n a g e  a r e a  of t h e  Normans K i l l  measured downstream 

from t h e  dam i n  Gu i lde r l and  near  S t a t e  Highway 155. 

2, S i m i l a r l y ,  recorded f lows  were g a t h e r e d  f o r  t h e  same 

pe r iod  f o r  t h e  e i g h t  square  mi l e  d r a i n a g e  a r e a  f o r  t h e  Hunger K i l l ,  

t r i b u t a r y  t o  t h e  Normans K i l l  upstream from t h e  Normans K i l l  gauging 

s t a t i o n  and downstream from t h e  W a t e r v l i e t  Dam. 

3. The o p e r a t o r ' s  l o g  a t  t h e  W a t e r v l i e t  pumping s t a t i o n  was 

r e sea rched  f o r  t h e  e n t i r e  p e r i o d  of a l l  n o t a t i o n s  r ega rd ing  wate r  

l e v e l  e l e v a t i o n s  i n  t h e  r e s e r v o i r  and o t h e r  mi sce l l aneous  

in fo rma t ion  r ega rd ing  water  supply  ;sage and t u r b i n e  ope ra t ion .  

T h i s  i n fo rma t ion  was c o r r e l a t e d  w i t h  monthly s t ream f lows  f o r  t h e  

record  pe r iod .  

4. The n e t  monthly mean r e s e r v o i r  i n f lows  f o r  t h e  t en -yea r  

p e r i o d  were computed based upon t h e  recorded f lows  i n  t h e  Normans 

K i l l  downstream from t h e  dam. Add i t i ons  t o  t h e  b a s i c  f low i n  t h e  

Normans K i l l  were made f o r  wate r  d i v e r t e d  from t h e  r e s e r v o i r  f o r  t h e  

C i t y  of W a t e r v l i e t  i n  t h e  Town of Gu i lde r l and  f o r  wate r  supply  

purposes  and a l s o  f o r  i n c r e a s e s  i n  r e s e r v o i r  s t o r a g e  due t o  

i nc reased  water  l e v e l  i n  t h e  r e s e r v o i r  from month t o  month. 

S u b t r a c t i o n s  were made from t h e  b a s i c  f l ow f o r  recorded s t r eam f lows  

i n  t h e  Hunger K i l l  a s  w e l l  a s  f o r  t h a t  p o r t i o n  of t h e  Normans K i l l  

d r a i n a g e  a r e a  downstream from t h e  dam and upstream from t h e  gauging 

s t a t i o n .  The assumption t h a t  t h i s  downstream a r e a  c o n t r i b u t e d  9,82% 

(11/112) a s  much runoff  a s  t h e  r e s e r v o i r  watershed was used. 



5. Sample f requency d i s t r i b u t i o n s  f o r  mean monthly r u n o f f s  

and t h e  n a t u r a l  l oga r i t hms  of t h e s e  r u n o f f s  were p l o t t e d  i n  o r d e r  t o  

de te rmine  a  r e p r e s e n t a t i v e  f requency  d i s t r i b u t i o n  of s t r eam f lows  

f o r  each  month f o r  use  i n  s t o c h a s t i c a l l y  g e n e r a t i n g  s imu la t ed  

monthly mean runoff  sequences.  Although t h e r e  were on ly  t e n  

h i s t o r i c a l  v a l u e s  f o r  each month on which t o  base  t h e  c h o i c e ,  t h e  

assumption of a  log-normal f requency d i s t r i b u t i o n  appeared t o  

adequa te ly  r e p r e s e n t  t h e  h i s t o r i c a l  record  of r e s e r v o i r  inf lows.  

6. Lag-1 s t a t i s t i c a l  s e r i a l  c o r r e l a t i o n  c o e f f i c i e n t s  were 

determined f o r  t h e  h i s t o r i c a l  t en-year  record  c o r r e l a t i n g  t h e  l o g s  

of t h e  mean monthly i n f lows  f o r  a  g iven  month and t h o s e  f o r  i t s  

preced ing  month. T h i s  c o r r e l a t i o n  is a  measure of t h e  tendency i n  

t h e  h i s t o r i c a l  sample, and t h e r e a f t e r  i n  t h e  s t o c h a s t i c a l l y  

s imu la t ed  model, f o r  a  d e p a r t u r e  i n  a  g iven  month from i t s  sample 

monthly mean t o  be r epea t ed  i n  t h e  fo l lowing  month by a s i m i l a r  

d e p a r t u r e  from i ts  monthly mean. The samples r e f e r e n c e d  i n  t h i s  

c a s e  a r e  t h e  n a t u r a l  l o g s  of t h e  h i s t o r i c a l  in f lows .  

7. The computer program was t h e n  developed t o  s i m u l a t e  

( g e n e r a t e  s y n t h e t i c  v a l u e s  o f )  monthly mean r e s e r v o i r  r u n o f f s  f o r  an 

extended t i m e  p e r i o d  us ing  a  s t o c h a s t i c  Markovian Lag-One s e a s o n a l  

model assuming l o g  no rma l i t y  of d i s t r i b u t i o n .  A s t r eam f low 

s y n t h e s i s  f o r  a  500-year p e r i o d  was the reby  produced r e s u l t i n g  i n  a  

6000-month s y n t h e t i c  record  of monthly r e s e r v o i r  i n f lows  which had 

t h e  s t a t i s t i c a l  p r o p e r t i e s  t h a t  t h e  f requency  d i s t r i b u t i o n  of i ts  

loga r i t hms  was normal, and t h e  means, s t a n d a r d  d e v i a t i o n s ,  and 

Lag-One s e r i a l  c o r r e l a t i o n  c o e f f i c i e n t s  of t h e  l o g a r i t h m s  of t h e  

monthly mean f lows  matched t h a t  of t h e  h i s t o r i c a l  record .  The 

syn thes i zed  sample was o the rwi se  comple te ly  random. The Lag-One 

s e r i a l  c o r r e l a t i o n  c o e f f i c i e n t s  c o r r e l a t i n g  l o g a r i t h m s  of t h e  mean 

monthly f low f a r  January through December w i t h  i t s  preced ing  month 

t h a t  were determined and used i n  t h e  s i m u l a t i o n  were -73, -50, -.29, 

.09 ,  .18, .62, -67 ,  .20, .52,  .82, -26 ,  and .15, r e s p e c t i v e l y .  

8 .  Using t h e  6000-month record  of i n f low s i m u l a t i o n ,  a 

r e s e r v o i r  o p e r a t i n g  model us ing  computer was run assuming a  uniform 

monthly d r a f t  r a t e  t aken  from t h e  r e s e r v o i r  f o r  s e v e r a l  sample d r a f t  



r a t e s .  The amount of r e s e r v o i r  s t o r a g e  d e f i c i t  below f u l l  f o r  each  

of t h e  6000.months a t  each d r a f t  r a t e  was t a b u l a t e d .  I n  each c a s e ,  

t h e  r e s e r v o i r  was found t o  have r e f i l l e d  by March s o  t h a t '  no 

o p e r a t i n g  d e f i c i t s  below f u l l  r e s e r v o i r  were c a r r i e d  th rough  t h e  

fo l lowing  year .  

9. From t h e  d e f i c i t  t a b u l a t i o n  a t  v a r i o u s  d r a f t  r a t e s ,  t h e  

f requency  d i s t r i b u t i o n  of r e s e r v o i r  s t o r a g e  d e f i c i t s  was determined 

v e r s u s  uniform d r a f t  r a t e  from t h e  r e s e r v o i r .  Tha t  is, t h e  number 

of t i m e s  i n  500 y e a r s  of s t r eam f low s y n t h e s i s  t h a t  a  s t o r a g e  volume 

requirement  would be exceeded a t  d r a f t  r a t e s  of 6, 10 ,  1 4  and 18-mgd 

was t a b u l a t e d  and p l o t t e d .  

10. F i n a l l y ,  t h e  r e s e r v o i r  d e f i c i t  a n a l y s i s  was p l o t t e d  i n  a 

form which demonstra ted t h e  r e l i a b i l i t y  of s a f e ,  uniform y i e l d  of 

t h e  s imu la t ed  water  supply  v e r s u s  t h e  r e s e r v o i r  c a p a c i t y  r equ i r ed  t o  

r e a l i z e  t h i s  y i e l d .  A r e l i a b i l i t y  of 99% i m p l i e s  t h a t  t h e  r e q u i r e d  

r e s e r v o i r  c a p a c i t y  would be .exceeded  once i n  100 y e a r s  a t  t h e  

i n d i c a t e d  ' d r a f t  r a t e ;  and t h e  99.8% r e l i a b i l i t y  i m p l i e s  once i n  500 

y e a r s .  

11. T h i s  p r o b a b l i s t i c  approach must be recognized a s  

r e p r e s e n t i n g  t h e  r e l i a b i l i t y  of a  g iven  y i e l d  i n  t h e  500-year 

r e s e r v o i r  s t reamflow s imu la t ion .  The v a l i d i t y  and accuracy of t h e  

r i s k  a n a l y s i s  a r e  n a t u r a l l y  dependent upon t h e  v a l i d i t y  of t h e  

v a r i o u s  assumptions  h e r e i n b e f o r e  expla ined .  We a r e  obvious ly  

l i m i t e d  by t h e  b r e v i t y  of t h e  h i s t o r i c a l  record  t o  v e r i f y  

assumptions  of t h e  l o g  normalcy and t o  a c c u r a t e l y  de te rmine  t h e  

long-term mean, s t a n d a r d  d e v i a t i o n ,  and Lag-One monthly c o r r e l a t i o n s  

and t h e  v a l i d i t y  t h a t  t h e  h i s t o r i c  record  p e r i o d  is r e p r e s e n t a t i v e  

s t a t i s t i c a l l y  of  much longe r  pe r iod .  W6' f e e l  t h a t  f o r  low f low 

c o n s i d e r a t i o n s  of t h i s  r e p o r t ,  t h a t  t h e  p e r i o d  i s  s u f f i c i e n t . 1 ~  

r e p r e s e n t a t i v e  f o r  v a l u e s  f o r  mean and s t a n d a r d  d e v i a t i o n s  t o . y i e l d  

p rope r  r e s u l t s .  .The most s i g n i f i c a n t  f a c t o r  i n  de te rmin ing  s a f e  

y i e l d  of t h e  r e s e r v o i r  is t h e  p r o b a b i l i t y  t h a t  extreme low f lows  i n  

a  g iven  mo.nth w i l l  be r epea t ed  f o r  3 ,  4 ,  5  o r  even 6  months i n  

s ,uccess ion,  and t h e  most - s i g n i f i c a n t  f a c t o r  i n  t h i . s  d e t e r m i n a t i o n  is  



t h e  Lag-One monthly s e r i a l  c o r r e l a t i o n  of f lows.  The s y n t h e s i z e d  

f lows  a r e  ex t remely  random wi th  on ly  c o r r e l a t i o n  c o e f f i c i e n t s  

i n f l u e n c i n g  t h e  p e r s i s t e n c e  'or  tendency f o r  low f lows  t o  f o l l o w  low 

flows.  

T h e  a l t e r n a t i v e  t o  t h i s  method of a n a l y s i s  i s  comparat ive  

s t ream f low hyd.rology from a  s i m i l a r  s t ream w i t h  a  long record  of 

h i s t o r i c a l  f lows ,  and w e  f e e l  t h a t  t h e  necessary  assumptions  . . 

u t i l i z i n g  such an a l t e r n a t i v e  method a r e  l i k e l y  t o  be s i g n i f i c a n t l y  

i n a c c u r a t e .  o r  i n a p p r o p r i a t e .  

APPENDIX B 

SOIL LOSS DETERMINATION METHODOLOGY 

The s o i l  l o s s  a n a l y s i s  was based .upon computat ions  f o r  s h e e t  

e r o s i o n  and s t ream bank e r o s i o n  f o r  t h e  e n t i r e  ' ~0 rman . s  K i l l  

watershed.  A s  d e f i n e d  by t h e  s o i l  Conserva t ion  S e r v i c e ,  s h e e t  

: . e ro s ion  i n c l u d e s  g e o l o g i c a l ,  n a t u r a l ,  normal, r i l l ,  s h e e t  and s p l a s h  

e ros ion .  G u l l y  and wind e r o s i o n  a r e  cons ide red  . i n s i g n i f i c a n t  and 

a r e  n o t  inc luded  i n  t h i s  a n a l y s i s .  

  he a n a l y s i s  u s e s  t h e  U n i v e r s a l  S o i l  Loss Formula developed by 

t h e  U.S. Department of  A g r i c u l t u r e .  Raw ' d a t a  compiled by t h e  Albany 

and Schenectady County S o i l  Conserva t ion  S e r v i c e  o f f i c e s  was 

o b t a i n e d  f o r  purposes  of ou r  a n a l y s i s .  T h e  raw d a t a  i n c l u d e s  

es t i .mat ions  and q u a n t i f i c a t i o n  of  parameters  on an a r e a  b a s i s  f o r  

numerous c a p a b i l i t y  s u b c l a s s e s  and dominant s o i l  t ypes .  T h i s  raw 

d a t a  i n c l u d e s  "K" f a c t o r  e s t i m a t i o n  ( s o i l  e r o d i b i l i t y ) ,  s l o p e  

l e n g t h ,  s l o p e ,  and "Cn f a c t o r  ( c o n s e r v a t i o n  p r a c t i c e ) .  S i n c e  t h e  

Albany County raw d a t a  i n c l u d e s  p o r t i o n s  .of t h e  Normans K i l l  

(watershed No. 17'7) b a s i n  downstream from t h e  W a t e r v l i e t  

impoundment, a d i s a g g r e g a t i o n  of t h o s e  a r e a s  downstream was made. 

The disaggxegat ' ion was done on a  s m a l l  s c a l e  ( s e v e r a l .  a c r e s )  b a s i s  

us ing  N e w  York S t a t e  'Land Use N a t u r a l  Resources  (LUNR) inventory  

mapping. Upon a  base  map of t h e .  s u b - b a s h  a r e a  on which "K" f a c t o r s  

were noted,  o v e r l a y  maps w e r e  super imposed.  These o v e r l a y  maps 

c o n s i s t e d  of  (1) c a p a b i l i t y  s u b c l a s s  and dominant s o i l  



c h a r a c t e r i s t i c s  mapping, and ( 2 )  predominant l and  use  (LUNR d a t a ) .  

From t h i s  d i s a g g r e g a t i o n ,  a  t a b u l a t a i o n  cor responding  t o  t h e  t o t a l  

Albany County Normans K i l l  sub-basin  t a b u l a t i o n  was prepared .  S o i l  

l o s s  f o r  t h e  watershed t r i b u t a r y  t o  t h e  W a t e r v l i e t  Rese rvo i r  was 

de f ined  a s  Albany County t o t a l  p l u s  Schenectady County t o t a l  minus 

Albany County d i s a g g r e g a t i o n  p o r t i o n .  Spot  v e r i f i c a t i o n  was made of 

bo th  Albany and Schenectady County raw d a t a  t o  v e r i f y  t h e  v a l i d i t y  

of t h e  d a t a .  C e r t a i n  c o r r e c t i o n  f a c t o r s  f o r  non-cont r ibu t ing  a r e a s  

such a s  ponds, l a k e s  and r i v e r s  were made t o  t h e  raw d a t a .  

Ar i thme t i c  manipula t ion  of t h e  r e s u l t i n g ' d a t a  ma t r ix  y i e l d e d  a  

q u a n t i f i c a t i o n  of t h e  t o t a l  t o n s  p e r  y e a r  f o r  t h e  watershed 

t r i b u t a r y  t o  t h e  W a t e r v l i e t  Rese rvo i r .  A s e p a r a t e  c a l c u l a t i o n  f o r  

s t ream bank e r o s i o n  was performed us ing  s t r eam bank e r o s i o n  

q u a n t i t i e s  determined by S o i l  Conserva' t ion S e r v i c e .  T o t a l  annua l  

s o i l  l o s s  was t h e n  p ropor t ioned  f o r  each  month of t h e  y e a r  based 

upon a  pe rcen tage  of p r e c i p i t a t i o n  f a l l i n g  du r ing  t h a t  month. Minor 

c o r r e c t i o n  f a c t o r s  f o r  w i n t e r  months were made. A sediment d e l i v e r y  

r a t i o  was t h e n  a p p l i e d  t o  t h e s e  monthly f i g u r e s .  The sediment  

d e l i v e r y  r a t i o  is an e m p i r i c a l  r a t i o  based upon watershed s i z e  t h a t  

y i e l d s  t h e  pe rcen tage  of s o i l  l o s s  a c t u a l l y  e n t e r i n g  and t r a n s p o r t e d  

by t h e  major s t ream c o u r s e s  i n  a  watershed.  The r e s u l t  of t h e  s o i l  

l o s s  a n a l y s i s  is a  d e t e r m i n a t i o n  of t h e  t o t a l  t o n s  d e l i v e r e d  t o  t h e  

e n t r a n c e  of t h e  r e s e r v o i r  f o r  each  month of t h e  yea r .  

APPENDIX C 

SEDIMENTATION ANALYSIS METHODOLOGY 

Using t h e  d a t a  developed under t h e  s o i l  l o s s  p o r t i o n  of t h e  

a n a l y s i s ,  a  s ed imen ta t ion  r a t e ,  o r  number of t o n s  d e l i v e r e d  t o  t h e  

r e s e r v o i r  on a monthly basis, was determined.  T rap  e f f i c i ' e n c i e s  f o r -  

t h e  r e s e r v o i r  were. ca l cu l a ' t ed  s i m i l a r l y  on a  monthly b a s i s .  T h i s  

t r a p  e f f i c i e n c y  was c a l c u l a t e d  on a  monthly b a s i s  because of t h e  
.I wide va . r i a t i on  i n  s t ream f low from month t o  month. The t r a p  

e f f i c i e n c y -  d e t e r m i n a t i o n  was developed by Brune [Ref ., 311. I t  is an 



e m p i r i c a l  c o e f f i c i e n t  whose va lue  i s  a  f u n c t i o n  of t h e  r a t i o  of 

r e s e r v o i r  volume t o  mean flow. Using t h e  twelve  monthly t r a p  

e f f i c i e n c i e s  t h u s  c a l c u l a t e d ,  a  va lue  f o r  t h e  number of t o n s  

r e t a i n e d  i n  t h e  r e s e r v o i r  f o r  each month of t h e  y e a r  was ob ta ined .  

These twelve v a l u e s  were summed, g i v i n g  an annua l  s ed imen ta t ion  load  

i n  t o n s  p e r  yea r .  

Conversion of t h i s  annua l  s ed imen ta t ion  r a t e  i n t o  expected 

volumetr ic-changes  was then  performed. The d e n s i t y  of s o i l  

d e p o s i t e d  i n  t h e  r e s e r v o i r  is dependent upon t h e  c o n s t i t u e n c y  of t h e  

s o i l .  Gene ra l  g u i d e l i n e s  f o r  p a r t i c u l a r  wate rsheds  and r e s e r v o i r  

t y p e s  r e l a t i n g  t o  pe rcen tages  of  s i l t ,  c l a y ,  e t c .  were- ob t a ined ,  A s  

a  check on t h e s e  e m p i r i c a l l y  developed va lues ,  f i e l d  sampling of  

i n -p l ace  sediments  was performed, us ing  a  P f l e d e r  sediment  sampler. 

The recovered c o r e  samples were v i s u a l l y  c l a s s i f i e d  and t e s t e d  f o r  - 

mois ture  c o n t e n t ,  s p e c i f i c  g r a v i t y  and g r a i n  s i z e  d i s t r i b u t i o n .  The 

determined v a l u e s  were t hen  used i n  s t a n d a r d  s o i l  s t a t e  c a l c u l a t i o n s  

t o  d e r i v e  u n i t  weights.  T h e  u n i t  weigh ts  and s p e c i f i c  d e n s i t i e s  of 

t h e  samples t aken  were t hen  manipulated t o  y i e l d  a  sediment d e n s i t y  

c a l c u l a t e d  t o  be 62.7 pounds p e r  c u b i c  f o o t .  S i n c e  f u r t h e r  

c o n s o l i d a t i o n  of s ed imen ta t ion  o c c u r s  over  a t i m e ,  an  average  weight  

a t  t h e  p r e s e n t  t i m e .  ( T  = 62' y e a r s )  was determined usi.ng t h e  

r e l a t i o n s h i p :  

where 'wT ' e q u a l s ,  weight a t  T y e a r s  

W1 e q u a l s  i n i t i a l  weight - .  

K e q u a l s  cons t an t .  based on a  g . ra in  s i z e  .analysi ' s  of  t h e  

sediment.  

F u r t h e r  c a l c u l a t i o n  t o  de te rmine  t h e  weight a t  100 y e a r s  was 

s i m i l a r l y  made.' By d i v i d i n g  t h e  annua l  sediment r e t a i n e d  i n  t h e  

r e s e r v o i r  by t h e s e  average weight's;the volume d i s p l a c e d  by sediment 

was t h u s  'determined.  



D i s t r i b u t i o n  of t h i s  c a l c u l a t e d  sediment volume over  a l l  

e l e v a t i o n s  of t h e  r e s e r v o i r  w a s  made us ing  t h e  Area-Increment 

8 Procedure.  T h i s  procedure  is b a s i c a l l y  an i t e r a t i v e  procedure  f o r  

d i s t r i b u t i n g  t h e  volume l o s s  p r o p o r t i o n a t e l y  over  a l l  e l e v a t i o n s .  

APPENDIX D 

PHYSICAL SURVEY METHODOLOGY 

A p h y s i c a l  survey  w a s  performed on t h e  r e s e r v o i r  t o  y i e l d  

i n - p l a c e  d a t a  r e l a t i n g  t o  s ed imen ta t ion  and a l s o  f o r  v e r i f i c a t i o n  of 

a c t u a l  dep ths .  The  methodology f o r  t h e  s ed imen t -de t e rmina t ion  is  

d i s c u s s e d  i n  Appendix C "Sedimenta t ion  A n a l y s i s  Methodology". Spot  

d e p t h  soundings were performed f o r  v e r i f i c a t i o n  of  a c t u a l  volume 

l o s s  by t h e  fo l lowing  method: 

The r e s e r v o i r  was d i v i d e d  i n t o  s i x  component a r e a s .  These 

component a r e a s  were g e n e r a l l y  wide a r e a s  s e p a r a t e d  by narrow 

channe ls .  Across  each of t h e s e  a r e a s  and a c r o s s  s e v e r a l  of t h e  

channe l s  range l i n e s  were e s t a b l i s h e d .  These- range l i n e s  c o n s i s t e d  

of a base  l i n e  ex tending  from one s i d e  of t h e  r e s e r v o i r  t o  t h e  

o t h e r .  The base  l i n e s  were documented s o  t h a t  t h e y  can  be r e l o c a t e d  

and checked i n  t h e  f u t u r e  f o r  a d d i t i o n a l  s ed imen ta t ion  

c a l c u l a t i o n s .  Using an e l e c t r o n i c  d i s t a n c e  meter ( E D M ) ,  l o c a t e d  on 

one sho re ,  t h e  sounding boa t  completed a  t r a v e r s e  t o  t h e  o t h e r  

shore .  A t  predetermined i n t e r v a l s  soundings  were made us ing  a  l i n e  

and s i n k e r  method and t h e  d i s t a n c e  t o  t h e  sounding p o i n t  was 

measured by t h e  EDM. T h i s  f i e l d  survey  took p l a c e  du r ing  a p e r i o d  

when t h e  e l e v a t i o n  of t h e  r e s e r v o i r  was below f u l l  c a p a c i t y  ( f l a s h  

board h e i g h t )  s o  no head wate r  c a l c u l a t i o n s  were necessary .  I n  

8 a d d i t i o n ,  t h e  e n t i r e  f i e l d  survey  f o r  soundings  was performed on a  

calm day s o  t h a t  no wave-induced e l e v a t i o n  e r r o r s  occur red .  Pool  

e l e v a t i o n  was then  t r a n s f e r r e d  t o  a  p h y s i c a l  benchmark l o c a t e d  a t  

t h e  dam. Using t h e  s p o t  hydrographic  d a t a  t h u s  o b t a i n e d ,  

c r o s s - s e c t i o n s  f o r  each range were p l o t t e d  and were compared wi th  - 



c r o s s - s e c t i o n s  d e r i v e d  from t h e  o r i g i n a l  t opograph ic  survey  

t performed by Solomon, Norcross  & Keis, Engineers .  These 

c r o s s - s e c t i o n s  a r e  p re sen ted  a s  F i g u r e s  3 and 4. 

APPENDIX E 

CAPACITY DETERMINATION METHODOLOGY 

The p h y s i c a l  c a p a c i t y  of t h e  r e s e r v o i r  ' was de t e rmined ,  by 

s e v e r a l  methods. Due t o  t h e  l i m i t e d  f i n a n c i a l  r e s o u r c e s  and due t o  

o t h e r  l o g i c a l  c o n s i d e r a t i o n s ,  a complete  f i e l d  topographic  o r  

hydrographic  survey  could  no t  be made. Capac i ty  v e r s u s  e l e v a t i o n  

c u r v e s  were developed f o r  t h r e e  d i f f e r e n t  c o n d i t i o n s .  

The f i r s t  c o n d i t i o n  was s imply a  c a p a c i t y  v e r s u s  e l e v a t i o n  

cu rve  us ing  Keis '  o r i g i n a l  t opograph ic  a n a l y s i s .  A cu rve  was 

developed u t i l i z i n g  Keis '  topographic  v a l u e s  e x a c t l y  a s  shown on t h e  

o r i g i n a l  mapping. Two a d d i t i o n a l  c u r v e s  were a l s o  developed us ing  

t h e s e  c o n t o u r s  bu t  assuming a  p o s s i b l e  e r r o r  of p l u s  o r  minus 

one-half  con tour  i n t e r v a l  o r  2-1/2 f e e t .  'The t h r e e  c u r v e s  t h u s  

developed were r e f e r r e d  t o  a s  "Keis '  mean", "Keis '  h igh" ,  and "Keis '  

low" c a p a c i t y  c u r v e s  ( F i g u r e  5 ) .  

The second c o n d i t i o n  i s  a  g r a p h i c a l  r e p r e s e n t a t i o n  of c a p a c i t y  

v e r s u s  e l e v a t i o n  us ing  t h e  o r i g i n a l  '"Keis'  mean" con tou r  ' d a t a  

decremented by sed imen ta t ion  c a l c u l a t i o n s  t o  y i e l d  a  reduced 

c a p a c i t y  cu rve  f o r  62 y e a r s  ( a t  p r e s e n t  t i m e )  , and f o r  100 

y e a r s ' ( e x p e c t e d  c a p a c i t y  i n  t h e  y e a r  2016). 

. . The t h i r d  c o n d i t i o n  f o r  c a p a c i t y  . .de te rmina t ion  u t i l i z e d  - t h e  

p h y s i c a l  hydrographic  d a t a  ob ta ined  ovgr t h e ' f i v e  sample ranges .  

Each range w a s  compared t o  a  c a l c u l a t e d  c r o s s  s e c t i o n  d e r i v e d .  i rom 
- 

Keis '  o r i . g ina1  topographic  survey.  A. pe rcen tage  change was ' 

c a l c u l a t e d  f o r  each e l e v a t i o n  and the r e s u l t i n g  g r o s s  r e d u c t i o n s  by 

c ros s -Sec t ion  were t h e n  t a l l i e d  p r o p o r t i o n a l l y  t o  r e s e r v o i r  a r e a s  i n  

r e l a t i o n  t o  t h e  ranges.  A composi te  c a p a c i t y  cu rve  was t h u s  

developed y i e l d i n g  cumula t ive  volumes vs. . ,elevat . ion's .  The r e s u l t s  
. . 

of t h i s  condi tkon  f o r  volumetr ic '  de te ' rmina t ion  a r e  p r e s e n t e d  i n  r Figure  7. 



, I t  was found t h a t  t h e  c a p a c i t y  curve determined by s o i l  l o s s ,  

Figure 6 ,  and t h e  capac i ty /e l eva t ion  cu ive  developed a s  a  r e s u l t  of 

. c ross - sec t ion ing  , Figure  7 ,  correspond c l o s e l y .  Also noted on each 

of t h e  graphs i s  t h e  minimum water s u r f a c e  e l e v a t i o n  necessary t o  

supply water t o  the C i ty  of Wate rv l i e t  v i a  t h e  i n t a k e  rack loca ted  

on t h e  Wate rv l i e t  dam a s  wel l  a s  t o  t h e  -Town of Gui-lderland v i a  t h e  

lowest i n t a k e  opening on t h e  Guilder land Water Pumping S t a t i o n .  and 

, i n t a k e  s t r u c t u r e .  Usable capac i ty  is t h u s  def ined  a s  t h e  volume of ,  

water stor'ed a,bove e l e v a t i o n  2 4 0  i n  t h e  r e s e r v o i r .  ' Storage  below 

e l e v a t i o n  240 is termed dead s t o r a g e  and is unavai lab le  f o r .  d i a f t . .  
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RECOGNIZED ERROR - OCCURRENCE 
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:Computational method 

Comments 

Judgaental Observational Analytical 
L .N .A'. M ' .  Hig.h'error probable on high flows only. 

N.A. Numerous data points minimize 
sensitivity. Data verifiable by other 
sources. 

N.A. L Mult.iple observers minimize errors. 
N.A. N.A. 

L N.A. L 
M N.A. N .A. 
L N.A. N.A. 

, Multiple observations and small scale 
minimize errors. Elost errors relate 
to resolution of non-structural (non- 
urban uses. For this study differen- 
titation of the type not significant. 

' N.A. L 
L Multiple records, verifiable with . 

other data. 

M L L Selection of ranges sensitive to 
judgmental error. 

See data base above. 

M L . L  Multiple season nlo d e 1 nlinimizes error. 
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HYDROLOGIC - SEGMENT TWO 

Data  Base 

Segment One of t h e  h y d r o l o g i c  phase  i n v e s t i g a t e d  t h e  v a r i o u s  

e l e m e n t s  of t h e  e x i s t i n g  Normans K i l l  impoundment a s  it r e l a t e s  t o  

t h e  community a s  a  c o n t i n u i n g  s o u r c e  of m u n i c i p a l  w a t e r  s u p p l y .  

T h e r e i n ,  an  a t t e m p t  was made t o  q u a n t i f y  c e r t a i n  o f  t h e  p h y s i c a l  

a s p e c t s  of  t h e  r e s e r v o i r  such  a s  magni tude  and r a t e  of  s i l t a t i o n  o f  

t h e  o r i g i n a l  impoundment, i ts  remaining u s a b l e  c a p a c i t y  and t h e  

effects  of  l a n d  u s e  and age  on t h e  w a t e r  q u a l i t y  f o r  p r e s e n t  and 

f u t u r e  u s e r s  of  t h e  r e s o u r c e .  

The w a t e r  s u p p l y  y i e l d  of  s u c h  a  w a t e r  r e s o u r c e  c a n n o t  be 

q u a n t i f i e d  a s  a  s i n g l e  f i x e d  number. The w a t e r  o r i g i n a t e s  i n  t h e  
. . 

h y d r o l o g i c  c y c l e  i n  n a t u r e -  and e n t e r s  t h e  impoundment a s  w a t e r s h e d  

runof f  f-rom r a i n f a l l .  I t  is a f f e c t e d  by e v a p o r a t i o n ,  t r a n s p i r a t i o n ,  

s o i l  a b s o r p t i o n  and p e r c o l a t i o n ,  f r e e z i n g  and m e l t i n g  and a  myriad 

of o t h e r  f a c t o r s .  The  q u a n t i t y  of  runof f  -is l a r g e l y  a  n a t u r a l  

phenomenon and is p a r t i a l l y  random and p a r t i a l l y  p r e d i c t a b l e .  

Because of t h e  random component o f  wa te r shed  r u n o f f ,  it is 

m i s l e a d i n g  t o  t r y  t o  d e s c r i b e  t h e  y i e l d  of a  w a t e r  r e s o u r c e  w i t h o u t  

some c o r r e s p o n d i n g  e x p l a n a t i o n  of t h e  p r o b a b i l i t y  t h a t  a  y i e l d  c a n  

be r e l i e d  upon. 

Our approach  t o  d e t e r m i n i n g  t h e  water s u p p l y  y i e l d  o f  t h e  

Normans K i l l  impoundment r e c o g n i z e d  t h e  t remendous  v a r i a t i o n  i n  

s t r e a m  f l o w  and t h e  ex t reme  impor tance  of  t h e  s t o r a g e  c a p a c i t y  i n  

t h e  y i e l d  d e t e r m i n a t i o n .  F i g u r e  8 (Chap te r  2 )  d i s p l a y s  t h e  

r e l a t i o n s h i p  which w e  conc luded  e x i s t s  between t h e  s a f e  y i e l d  of t h e  

impoundment and t h e  p r o b a b i l i t y  o r  c o n f i d e n c e  l e v e l  t h a t  t h e  

impoundment w i l l  n o t  be d e p l e t e d  by more t h a n  t h e  c a p a c i t y  shown i n  

m i l l i o n s  of  g a l l o n s .  

L imi ted  by t h e  f a c t  t h a t  tlie 10 y e a r  d a i l y  r e c o r d  of s t r e a m  

f l o w  f o r  t h e  Normans K i l l  by t h e  U n i t e d  S t a t e s  G e o l o g i c a l  Survey was 

g a t h e r e d  downstream from t h e  dam, t h i s  r e c o r d  was of  l i t t l e  

a s s i s t a n c e  i n  d e t e r m i n i n g  t h e  f l o w  i n t o  t h e  impoundment on a  d a i l y  

b a s i s  s i n c e  r e s e r v o i r  l e v e l s  on a  d a i l y  b a s i s  were unknown. With 



t h e  h e l p  of  t h e  l o g  m a i n t a i n e d . b y  t h e  o p e r a t o r  of  t h e  e x i s t i n g  w a t e r  

pumping s t a t i o n  a t  t h e  s i t e ,  w e  were a b l e  t o  d e t e r m i n e  w i t h  

r e a s o n a b l e  a c c u r a c y  t h e  r e s e r v o i r  l e v e l s  a t  t h e  .beg inn ing  of  e a c h  

month d u r i n g  t h e  p e r i o d  of r e c o r d  and t h e r e b y  t o  d e t e r m i n e  t h e  

monthly mean r u n o f f  a v a i l a b l e  a t  t h e  impoundment d u r i n g  t h a t  

p e r i o d .  I t  i s  i m p o r t a n t  h e r e a f t e r  t o  keep i n  mind t h a t  t h e  a c t u a l  

s t r e a m  f l o w  d a t a  b a s e  f o r  t h i s  w a t e r  r e s o u r c e  f a c i l i t y  i s  t h e r e f o r e  

l i m i t e d  t o  1 0  y e a r s  of  monthly mean f l o w s  from t h e  p e r i o d  commencing 

Oc tober  1967 t h r o u g h  September 1977. 

Knowing t h a t  t h e  runof f  r e c o r d  f o r  a  1 0  y e a r  p e r i o d  would n o t  

c o n t a i n  t h e  w o r s t  combina t ion  o f  low f l o w s  which c o u l d  be e x p e c t e d  

o v e r  a  much l o n g e r  p e r i o d ,  w e  adop ted  a n  approach  d e s c r i b e d  i n  

Chap te r  2 t o  expand t h e  d a t a  b a s e . s t a t i s t i c a l l y  t o  enhance  i ts  

u s e f u l n e s s .  The s t a t i s t i c a l  methods a r e  d e s c r i b e d  i n  c o n s i d e r a b l e  

d e t a i l  i n  Appendix A of C h a p t e r  2. I n  t h e  c o u r s e  of d e v e l o p i n g  

Chap te r  2 of t h i s  r e p o r t ,  a  d a t a  b a s e  o f  500 y e a r s  of  monthly mean 

wa te r shed  r u n o f f  v a l u e s  was d e r i v e d  by s i m u l a t i o n .  The s i m u l a t e d  

d a t a  r e t a i n e d  a l l  t h e  i m p o r t a n t  deterministic s t a t i s t i c a l  

p a r a m e t e r s  of t h e -  s h o r t e r  h i s t o r i c a l  r e c o r d  w h i l e  a l s o  be ing  c a p a b l e  

of d i s p l a y i n g  a  randomness found i n  n a t u r a l  phenomena. 

The r e l a t i o n s h i p  d i s p l a y e d  i n  F i g u r e  8 i s  based on t h e  e n t i r e  

d a t a  b a s e  of 6,000 monthly v a l u e s  f o r  t h e  500 y e a r  s i m u l a t i o n .  A 

500 y e a r  d a t a  b a s e  was r e q u i r e d  t o  d e v e l o p  t h e  a c c u r a c y  d i s p l a y e d  i n  

t h e  p r o b a b i l i t y  c u r v e s . .  The w a t e r  s u p p l y  a s p e c t s  of  t h e  Normans 

K i l l  impoundment c o n c e n t r a t e d  on t h e  lower  r a n g e  of w a t e r  s u p p l y  

y i e l d  r a t e  and a v e r y  h igh  r a n g e  o f  c o n f i d e n c e .  A s  one  c a n  see from 

F i g u r e  7,  t h e  c o n f i d e n c e  l e v e l  t h a t  a g i v e n  drawndown w i l l  n o t  be 

exceeded d r o p s  d r a m a t i c a l l y  a s  one i n c r e a s e s  t h e  y i e l d  of t h e  

r e s e r v o i r .  

I n  t h i s  segment of . t h e  r e p o r t , .  w e  must d e t e r m i n e  t h e  s e l e c t i o n  

of t h e '  . op t ima l  d e s i g n  c o n f i g u r a t i o n  o f  a  h y d r o e l e c t r i c  g e n e r a t i n g  

f  a c i 1 i . t ~  and must answe.r t h e  q u e s t l p n  whether  s u c h  o p t i m a l  

c o n f i g u r a t i o n  is economica l ly  f e a s i b l e  : t o  c o n s t r u c t . ,  . I n  c o n t r a s t  t o  

' t h e  maximum r e l i a b i l i t y  demanded. ' for  t 'he w a t e r  s u p p l y  y i e l d ,  it is 

n o t  a  p r e r e q u i s i t e  t h a t  a  h y d r o e l e c t r i c  g e n e r a t i n g  f a c i l i t y  o p e r a t e  



con t inuous ly .  The c r i t e r i a  f o r  o p t i m a l  s e l e c t i o n  of t h e  

h y d r o e l e c t r i c  f a c i l i t y  c o n f i g u r a t i o n  i s  dependent on economic' 

. c h o i c e s  based on maximizing b e n e f i t s  o r  r e t u r n  on investment  i n  t h e  

form of s a l e  of power o r  r e d u c t i o n  of c u r r e n t  p o w e r . c o s t s ,  and 

s imul taneous ly  minimizing t h e  c o s t s  neces sa ry  t o  ach ieve  t h o s e  

b e n e f i t s .  

Dete rmina t ion  of power producing c a p a b i l i t y  is a  f u n c t i o n  of a  

l a r g e  number of v a r i a b l e s  r e l a t i n g  t o  machine c o n f i g u r a t i o n s ,  

l o c a t i o n ,  e t c . ,  bu t  it is i n i t i a l l y  dependent  on t h e  q u a n t i t y  of 

water  a v a i l a b l e  t o  be committed t o  t h i s  purpose.  I t  is our  d e s i r e d  

purpose t o  be a b l e  t o  e x p r e s s  t h e  b e n e f i t  pa rame te r s  f o r  v a r i o u s  

c o n f i g u r a t i o n s  which w i l l  be i n v e s t i g a t e d  i n  terms of  annua l  o r  

monthly averages .  

I n  de te rmin ing  such ave rages ,  it is a  tempting b u t  an 

e r roneous  o v e r s i m p l i f i c a t i o n  t o  u t i l i z e  s imple  monthly o r  annua l  

average runoff  r a t e s ,  Power p roduc t ion  i s  l i m i t e d  by t h e  machine 

c o n f i g u r a t i o n  t o  a  f i x e d  maximum r a t e  wh i l e  t h e  q u a n t i t y  of water  

w h i c h  i s  a l l o c a b l e  t o  h y d r o e l e c t r i c  g e n e r a t i o n  may be a v a i l a b l e  a t  

an  ex t remely  wide range of r a t e s  depending upon r e s e r v o i r  s t o r a g e  

and s t ream flow. A s t ream f low sequence may be comprised of many 

d i f f e r e n t L c o m b i n a t i o n s  which produce t h e  same average  f low b u t  which 

r e s u l t  i n  c o n s i d e r a b l y  d i v e r g e n t  t o t a l  energy o u t p u t  because of t h e  

random occur rence  of f lows  which may be t o o  g r e a t  t o  be a b l e  t o  be 

u t i l i z e d  by a  p a r t i c u l a r  c o n f i g u r a t i o n .  For  t h i s  reason ,  t h e  

averages  which-we u l t i m a t e l y  deve lop  a r e  i n  f a c t  t h e  r e s u l t  of 

mathemat ica l ly  modeling a g i v e n  c o n f i g u r a t i o n  th rough  a long term 

sequence of s imu la t ed  d a t a  and t h e n  de te rmin ing  t h e  average  o r  

r e p r e s e n t a t i v e  r e s u l t i n g  parameter  va lue  f o r  each  month i n  t h e  

p e r i o d ,  i n s t e a d  of u t i l i z i n g  a s imple  s t reamflow average.  Economic 

b e n e f i t s  from power g e n e r a t i o n  a r e  l i k e w i s e  n o t  de t e rminab le  by 

p r i o r  averag ing  of s t ream f lows  o r  of t u r b i n e  running t i m e s  because 

of a  d i s c o n t i n u o u s  energy b e n e f i t  r a t e  s t r u c t u r e .  I n h e r e n t  i n  t h i s  

r a t e  s t r u c t u r e  is t h e  anomalie t h a t  t h e  extreme h igh  and low v a l u e s  

t o f  power p roduc t ion  which c o n t r i b u t e  t o  an ave rage  va lue  a r e '  i n  f a c t  

accrui .ng b e n e f i t s .  a t  ex t remely  d i f f e r e n t  r a t e s .  



b A s u f f i c i e n t l y  l a r g e  d a t a  base  t o  g i v e  adequa te  v a r i e t y  t o  t h e  

d a t a  and t o  be c o n s i s t e n t  w i t h  t h e  h i s t o r i c a l  runoff  record  is 

r equ i r ed  f o r  use  i n  t h e  hydro log ic  computat ions  f o r  t h e  

h y d r o e l e c t r i c  g e n e r a t i o n  s tudy  phase  of t h i s  r e p o r t .  A 500-year 

f low s i m u l a t i o n  became a v a i l a b l e  a s  a  by-product  of t h e  Segment One 

s tudy .  We have chosen t o  u se  on ly  t h e  f i r s t  50 y e a r  block of t h i s  

500-year record  a s  being adequa te  f o r  purposes  of t h e  h y d r o e l e c t r i c  

f e a s i b i l i t y  assessment  s i n c e  t h e  t i m e  r e q u i r e d  t o  perform t h e  

ex t remely  h igh  number of t r i a l  computat ions  us ing  a  g r e a t e r  l e n g t h  

of d a t a  t h a n  a  600 month sequence would be p r o h i b i t i v e  and would n o t  

s i g n i f i c a n t l y  a l t e r  t h e  r e s u l t s .  

S i n c e  our  computat ions  i n  t h i s  s t udy  a r e  monthly i n  n a t u r e ,  w e  

have prepared  a  s e r i e s  of g raphs  ( F i g u r e s  11-22) t o  d i s p l a y  c e r t a i n  

a s p e c t s  about  t h e  d a t a  base  f o r  each  month a s  used i n  each  segment 

of t h e  s tudy .  Each graph r e p r e s e n t s  t h e  d a t a  f o r  a  p a r t i c u l a r  

c a l e n d a r  month. The d a t a  i s  d i s p l a y e d  us ing  a  l o g a r i t h m i c  vs. 

p r o b a b i l i t y  s c a l e  s i n c e  it was determined a s  d e s c r i b e d  i n  Segment 

One, t h a t  t h e  most r e p r e s e n t a t i v e  d i s t r i b u t i o n  f o r  t h e  d a t a  p o i n t s  

was l o g  normal, o r  t h a t  t h e  l o g a r i t h m s  k of t h e  d a t a  p o i n t s  tended t o  

have a normal d i s t r i b u t i o n .  The t e n  d i s c r e t e  d a t a  p o i n t s  r e p r e s e n t  

a  p l o t t i n g  of t h e  h i s t o r i c a l  record  of f lows  de t e rmined -by  methods 

d i s c u s s e d  i n  d e t a i l  i n  Appendix A of t h e  p reced ing  c h a p t e r  and 

a r ranged  i n  such a  way t h a t  each  of t h e  t e n  p o i n t s  t aken  i n  o r d e r  of 

magnitude is p l o t t e d  i n  t h e  middle of i t s  r e s p e c t i v e  decade of 

cumula t ive  p r o b a b i l i t y  of v a l u e s  being l e s s  t h a n  t h a t  value .  

A d i s t r i b u t i o n  of  v a l u e s  when p l o t t e d  on l o g a t f t h m i c  

p r o b a b i l i t y  paper  can b e ' c o n s i d e r e d  t o  be l o g  normal i f  it can  be 

reasonably  assumed t h a t  t hey  tend  t o  d e f i n e  a  s t r a i g h t  l i n e .  T h i s  

assumption was i n  f a c t  made and inco rpo ra t ed  i n t o  t h e  p r o c e s s  of 

modeling t h e  d a t a .  Line  A on each  of F i g u r e s  11-22 d e p i c t s  an 

i d e a l i z e d  normal d i s t r i b u t i o n  s t a t i s t i c a l l y  r e p r e s e n t a t i v e  of t h e  

t e n  h i s t o r i c a l  d a t a  p o i n t s .    he l i n e  c r o s s e s  t h e  median o r  50 

pe rcen tage  p o i n t  a t  a  va lue  whose loga r i t hm is t h e  mean of t h e  



' l oga r i t hms  of t h e  t e n  d a t a  p o i n t s .  Two addi t i ' ona l  p o i n t s  on t h i s  

l i n e  a r e  t hen  produced by computing t h e  s t a n d a r d  d e v i a t i o n  of  t h e  

l oga r i t hms  of t h e  t e n  v a l u e s ,  a d d i n g . a n d  s u b t r a c t i n g  it from t h e i r  

mean and p l o t t i n g  t h e  .va lue  whose l o g s  a r e  t h o s e  ,numbers a t  p o i n t s  

which a r e  one s t anda rd  d e v i a t i o n  o r  34.13%. above o r  'below t h e  median 

r e s p e c t i v e l y .  The l i n e  t h u s  determined ' i s .  a  r e p r e s e n t a t i o n  of t h e  

d i s t r i b u t i o n  of d a t a  p o i n t s  u s ing  t h e  mean and c a l c u l a t e d  s t a n d a r d  

d e v i a t i o n  of t h e  l o g s  of t h e  o r i g i n a l  d a t a .  The d e t a i l e d  

computat ion a s  d e s c r i b e d  i n  Appendix A of t h e  preced ing  c h a p t e r  

d e s c r i b e s  how t h e  s i m u l a t i o n  p r o c e s s  us ing  t h e  computer w a s  

completed. L ine  A t h e r e f o r e  r e p r e s e n t s  t h e  t r u e  d i s t r i b u t i o n  of 

d a t a  p o i n t s  t h a t  would be produced f o r  a  s i m u l a t i o n  of i n f i n i t e  

l e n g t h  f o r  each  month. Our 500 y e a r  s i m u l a t i o n  is of s u f f i c i e n t  

l e n g t h  t o  approximate t h i s  l i n e  ex t remely  c l o s e l y .  A s  d e s c r i b e d  i n  

Appendix A ,  d i s t r i b u t i o n s  f o r  each  month a r e  n o t  independent ,  bu t  

c o n t a i n  a  f a c t o r  wh ich  reproduces  t h e  c o r r e l a t i o n  between subsequent  

months of t h e  h i s t o r i c a l  record  i n t o  t h e  s imu la t ed  record .  

A s  exp la ined  p r e v i o u s l y ,  it was determined t h a t  a  50 y e a r -  

segment of t h e  500 y e a r  s i m u l a t i o n  was s u f f i c i e n t  f o r  t h e  purposes  

of t h i s  segment of t h e  s tudy.  The smaller s u b s e t  of t h e  500 y e a r  

sampling w i l l  n a t u r a l l y  show some v a r i a t i o n s  from t h e  sample t aken  

a s  a  whole. L ine  B on F i g u r e s  11-22 i s  an  i d e a l i z e d ,  r e p r e s e n t a t i o n  

of t h e  d i s t r i b u t i o n  of t h e  d a t a  p o i n t s  i n  t h e  50 y e a r  s i m u l a t i o n  

block.  T h i s  l i n e  was produced i n  a  manner s i m i l a r  t o  t h a t  d e s c r i b e d  

above us ing  t h e  mean and s t a n d a r d  d e v i a t i o n  of t h e  l o g a r i t h m s  of 

each  e lement  i n  the d i s t r i b u t i o n .  There  a r e  minor v a r i a t i o n s  

between t h e  d i s t r i b u t i o n  of t h e  50 y e a r  Subse t  and t h a t  of t h e  500 

y e a r  sample, however, un i fo rmi ty  has  been adhered t o  i n  us ing  t h e  50 

y e a r  s y n t h e t i c  record  i n  t h i s  segment of t h e  a n a l y s i s .  We f e e l  t h a t  

t h e  r e l i a b i l i t y  of our  computat ion has  been g r e a t l y  enhanced th rough  

t h e  u se  of t h i s  s i m u l a t i o n  technique  and t h a t  t h e  50 y e a r  s y n t h e t i c  

record  reasonably  r e p r e s e n t s  and augments t h e  l i m i t e d  10 y e a r  

h i s t o r i c a l  record.  



We have d i s c u s s e d  and p r e s e n t e d  i n d i v i d u a l l y  t h e  p r o b a b i l i t y  

d i s t r i b u t i o n  f o r  each c a l e n d a r  month, bu t  have no t  conveyed a s e n s e  

of c o n t i n u i t y  from one month t o  t h e  next .  F i g u r e  23 d i s p l a y s  t h e  
(O amount of monthly mean runoff  a v a i l a b l e  based on t h e  10 y e a r  

h i s t o r i c a l  record  f o r  each c a l e n d a r  month expressed  i n  terms of t h e  

p r o b a b i l i t y  t h a t  such runoff  r a t e  w i l l  no t  be exceeded. We have 

p re sen ted  t h i s  in format ion  wi th  r e s p e c t  t o  p r o b a b i l i t y  l e v e l s  of 10 ,  

30, 50, 70 and 90 p e r c e n t  where t h e  50 p e r c e n t  o r  median l e v e l  i s  

t h e  most l i k e l y  va lue  t o  occur  and t h e r e  is an 80 p e r c e n t  

p r o b a b i l i t y  t h a t  t h e  monthly average  va lue  f o r  any randomly s e l e c t e d  

month w i l l  f a l l  between t h e  10 and 90 p e r c e n t  va lues .  We have 

a t tempted  t o ' i m p a r t  a  c o n t i n u i t y  t o  t h e s e  con f idence  l e v e l s  by 

ske t ch ing  con t inuous  c u r v e s  f o r  each  i n  such a way t h a t  i n t e g r a t i o n  

of t h e  a r e a  und.er t h e  cu rve  .approximates t h e  numerical  i . n t e g r a t i o n  

o f . t h e  d i s c r e t e  v a l u e s  taken  a s  c o n s t a n t s  du r ing  each month. We do 

not  imply t h a t  an a c t u a l ,  occur rence  a t  any l e v e l  w i l l  be fol lowed by 

one a t  t h e  same l e v e l  t h e  fo l lowing  month. There  a r e  f a c t o r s  

c o r r e l a t i n g  t h e  tendency of such p e r s i s t e n c e  t o  e x i s t  which vary 

from m0nt.h t o  month and which . . i s  d e t a i l e d  i n  Appendix A p reced ing .  

I t  is sometimes h e l p f u l  t o  be ' aware  of t h e  f a c t  t h a t  t h e  mean o r  

average va lue  of. a  sample of f low v a l u e s  having a l og  normal 

d i s t r i b u t i o n  i s  n o t  e q u a l  t o  t h e  median o r  most l i k e l y  occur rence .  

PI I n  any of t h e  monthly d i s t r i b u t i o n s  t h e  mean is always h ighe r  due t o  
1 t h e  e x i s t e n c e  of less f r e q u e n t  bu t  d i s p r o p o r t i o n a t e l y  h ighe r  f low 

r a t e s .  . 

We have i n d i c a t e d  on each  monthly graph  of  d a t a  base  f requkncy 

d i s t r i b u t i o n .  ( ~ i g u r e s  11-22) . t h e  mean va lue  of t h e  50 monthly mean 

in f lows  t o  demons t ra te  d i s t i n c t i o n  between t h e  median and t h e  mean 

f o r  t h e  50-year s imu la t ion .  

I t  is o f t e n  of i n t e r e s t  t o  r e l a t e  t h e  e f f e c t i v e n e s s  of a wate r  

supply i n  terms of  t h e  mean annua l  runoff  which e n t e r s  it. The 

p r o p o r t i o n  of a s t r e a m ' s  mean annua l  f low which can  be u t i l i z e d  f o r  

water  supply is p r i m a r i l y  a f u n c t i o n  of t h e  volume of s t o r a g e  

m c a p a c i t y  of t h e  impoundment and t h e  d i s t r i b u t i o n  of i n f low 

occur rences ,  I t  is o f t e n  d e s i r a b l e  t o  deve lop  a r e l i a b l e  use  of a t  



l e a s t  50% of a  s t r e a m ' s  mean annua l  f low f o r  wate r  supply.  To do 
I so ,  however, might r e q u i r e  a  u s a b l e  impoundment s t o r a g e  volume of 

approximately  30% of t h e  t o t a l  annua l  runof f .  The f i r s t  50 y e a r s  of 

t h e  500 yea r  monthly mean in f low s i m u l a t i o n  has been u t i l i z e d  i n  

Segment Two of t h e  hydro log ic  phase  of t h i s  r e p o r t  a s  i t s  d a t a  

base. The mean annua l  f low of t h i s  50 y e a r  sample i s  4,852 b i l l i o n  
\ 

c u b i c  f e e t  o r  36,290 b i l l i o n  q a l l o n s .  T h i s  va lue  i s  2.37% higher  

t h a n  t h e  mean of t h e  10-year h i s t o r i c a l  record .  T h i s  f a c t  can  be 

a t t r i b u t e d  t o  t h e  e x i s t e n c e  of i n f r e q u e n t l y  o c c u r r i n g  ' b u t  

d i s p r o p o r t i o n a t e l y  h ighe r  v a l u e s  i n  t h e  l a r g e r  sample  which i s  t o  be 

expected.  T h i s  t o t a l  mean annua l  f low is e q u i v a l e n t  t o  1 5 4 . 8 . c u b i c  

f e e t  p e r  second w h e n ' i t  i s  expressed  i n  t e rms  of a  uniform f low 

'@ t h r o u g h o u t  t h e  c a l e n d a r  year .  The Normans K i l l  Impoundment has  a  

maximum u s a b l e  c a p a c i t y  of l e s s  t h a n  1,400 m i l l i o n  q a l l o n s  o r  l e s s  

t h a n  3.8% of t h e  t o t a l  annua l  runof f .  

Sp i l lway  Capac i ty  and Overflow P o t e n t i a l  of E x i s t i n g  F a c i l i t i e s  

Under t h e  National-Dam S a f e t y  Program, t h e  Department of  t h e  

Army, New York D i s t r i c t ,  Corps of Eng inee r s ,  r e q u i r e d  by l e t t e r  

d a t e d  March 31, 1978, a  Phase I I n s p e c t i o n  Report  t o  be submi t ted  

e v a l u a t i n g  t h e  s a f e t y  of t h e  W a t e r v l i e t  Rese rvo i r  Dam. The r e p o r t  
I 

[Ref. 1021 da t ed  J u l y  05, 1978 was prepared  by Tippets-Abbet t -  

McCarthy-Strat ton and eva lua t ed  t h e  f l o o d  p o t e n t i a l  of t h e  s i t e  and 

@ t h e  c a p a c i t y  of t h e  f a c i l i t y  t o  w i th s t and  such f lood ing .  W e  w i l l  

no t  d u p l i c a t e  t h e  computat ions  of t h i s  r e f e renced  r e p o r t ,  bu t  we 

w i l l  c i t e  i ts s t a t e d  conc lus ions  as  they  p e r t a i n  t o  e v a l u a t i n g  t h e  

s a f e t y  of t h e  dam. 

Based on a  maximum p o s s i b l e  head of wate r  on t h e  dam w i t h  t h e  

r e s e r v o i r  water  s u r f a c e  a t  an  e l e v a t i o n  e q u a l  t o  t h e  t o p  of t h e  end 

w a l l s  of t h e  dam 8.5 f e e t  above t h e  s p i l l w a y ,  and assuming a  wei r  

c o e f f i c i e n t  of 3.8, t h e  r e f e renced  r e p o r t  c i t e s  t h a t  t h e  324 f o o t  

long s p i l l w a y  has  an  oveff  low c a p a c i t y ,  assuming no f l a shboa rds ,  of 

30,500 c u b i c  f e e t  p e r  second o r  280 c u b i c  f e e t  p e r  second p e r  squa re  

mi l e  of d r a i n a g e  a r ea .  



. '  The referenced. report further points out that no continuous 
-. 

flow records were. maintained for the Normans Kill prior to 1967, but 

that indirect discharge measurements taken after August-October 1955 

floods indicated a maximum discharge of 13,300 cubic feet per second 

downstream at Slingerlands from a 169 square mile drainage area 

which the authors transposed to an equivalent value of 10,900 cubic 

feet per second or about 96 cubic feet per second per square mile at 

the dam. At the U.S.G.S. gauging station established at Westmere in 

October 1967, the reported extreme maximum discharge for the.131 

square mile watershed during a period of record through September 

1977 is 5,580 cubic feet per second or about 50 cubic feet per 

'second per square mile. 

The Dam Safety Inspection Report concludes its 

Hydraulic/Hydrologic discussion in section 5 with the following 

evaluation: "The .spillway capacity without flashboards is 79 

percent of the estimated Standard Project Flood and with about 1.5 

feet flow over the abutments it would pass the entire flood, As the 

dam is located in a confined valley with rock abutments, overflow of 

the abutments will not cause significant erosion or undermine. the 

foundation of the dam. Therefore, from a hydraulic and hydologic 
'- 

I standpoint the spillway capacity is considered adequate." 

, Flow Duration 

Traditionally, hydroelectric generating facility machine 

configurations and sizes are determined with a very heavy reliance 
\ 

on a graphical display of stream flow versus percent of time or 

probability that the stream flow will be less than that value. We 

feel that this approach is inapplicable here and is insensitive to 

the cost rate structure of the various alternative machine 

configurations, the discontinuous nature of the benefit rate 

structure, the individual usage requirements, marketing constraints 

and a large number of individual factors unique to this location, 

situation and owner, 



I n i t i a l  O p e r a t i o n a l  Model 

Having c r e a t e d  a  d a t a  base  of SO y e a r s  of monthly a v e r a g e .  

runoff  r eco rds ,  it was nex t  neces sa ry  t o  de te rmine  how t h . i s  d a t a  

might be advantageously  u t i l i z e d .  The s tudy  c e r t a i n l y  would 

g e n e r a t e  many d i f f e r e n t  p o s s i b l e  h y d r o e l e c t r i c  g e n e r a t i n g  

c o n f i g u r a t i o n s ,  each ' w i t h  a  v a r i e t y  of combinat ions  of element s i z e s  

a t  d i f f e r e n t  c o s t s .  The i n i t i a l  tas.k would be t o  s e l e c t  t h e  optimum 

combination of component e lements  t o  make a  complete  o p e r a t i n g  

f a c i l i t y .  The o p t i m i z a t i o n  p r o c e s s  must be based p r i m a r i l y  upon 

economic c o n s i d e r a t i o n s ,  weighing t h e  c o s t s  of  v a r i o u s  a l t e r n a t i v e s  

a g a i n s t  t h e i r  cor responding  b e n e f i t s .  C o s t s  c o n s i s t i n g  of i n i t i a l  

c a p i t a l  c o s t s  and f u t u r e  c o s t s  i n  t h e  form of l a b o r ,  and-annual  

maintenance can  be e s t ima ted  wi th  r ea sonab le  accuracy.  The b e n e f i t  

s i d e ,  o r  t h e  r e t u r n  on investment ,  is t h e  more d i f f i c u l t  t o  a s s e s s  

s i n c e  it r e q u i r e s  a  d e t e r m i n a t i o n  of t h e  market  va lue  o r  c r e d i t  

a cc ruab le  t o  t h e  owner f o r  t h e  e l e c t r i c a l  energy which t h e  f a c i l i t y  

a s  con f igu red  might be capab le  of producing.  The economic b e n e f i t s  

which r e s u l t  from t h e  p roduc t ion  of e l e c t r i c a l  energy cannot  be 

determined knowing o n . 1 ~  t h e  p e r t i n e n t  p h y s i c a l  a s p e c t s  of t h e  

v a r i o u s  a l t e r n a t i v e s  which w i l l  be. i n v e s t i g a t e d .  It. is; f  ir.st 

neces sa ry  t o  r e l a t e . t h e  q u a n t i f i c a t i o n  of t h e  e l e c t r i c a l  energy 

p roduc t ion  t o  t h e  hydro log ic  f a c t o r s ,  t h a t  is t h e  a v a i l a b i l i t y  of 

t h e  n a t u r a l  r e sou rce ,  water .  

The b e s t  method of i n v e s t i g a t i n g  t h e  performance of t h i s '  t y p e  

of an o p e r a t i n g  system i s  t o  'mathemat ica l ly  model t h e  in tended  

o p e r a t i o n  and ' s e q u e n t i a l l y  s imul 'a te  t h e  o p e r a t i o n  th rough  each  of 

t h e '  6Q0 months of s y n t h e t i c  d a t a ,  making such s i m p l i f i c a t i o n s  as  are 

necessary  t o  enab le  computat ion t o  be made. W e  t h e r e f o r e  .developed 

a  computer program t o  s i m u l a t e  t h e  o p e r a t i o n  of  a ' . h y d r o e l e c t r i c  . 

g e n e r a t i n g  f a c i l i t y .  The purpose of . t h e  program was t o  'make a 

record  of t h e . l e n g t h  of t i m e  t h a t ' t h e  f a c i l i t y  cou ld  o p e r a t e  and 

produce power f o r  each m o n t h  of  t h e  d a t a  period.. 1.t would be 

necessary  t o  a s s e s s  t h e  e f f e c t  t h a t  vary ing  t h e  volume of 

(1 impoundment a l l o c a t e d '  t o  h y d r o e l e c t r i c  power g ' enera t  i o n  would have 

.on t h e  c a l c u l a t e d '  schedule  of op'er'at ion ' .and power produc t  ion.  The  



initial model, therefore, was set up as a mass balance between 

inflows to the impoundment, drafts from it for water supply and 

hydroelectric power, and changes in volumetric storage of the 

impoundment, operating consistently under specified constraints. 

The program permitted specification of the following 

variables: 

1. -The daily water supply requirement was assumed to be 

constant for each month of the computer run. A value of six million 

gallons daily was generally used, and is a value which is unlikely to 

be exceeded i,n the near future. 
I 

2, The hydraulic flow rate to be used by. the generating 

equipment was assumed to be held constant whenever the equipment is 

in operation. 

3. The maximum permissible drawdown of reservoir level below 
! the top of the flashboards is the level below which the turbine 

operation is required to cease. Water supply requirements, 
I however, continue to be withdrawn from the reservoir regardless of 

reservoir level. It is therefore possible to have storage deficits 

in excess of that specified during periods where inflows into the 

reservoir are less than the amount being withdrawn for water supply. 

The following additional assumptions were incorporated into 

the initial operating model in order to facilitate computation: 

1. Inflows into the impoundment for each month are assumed to 

be uniform through the monthly period. This assumption is idealized 

and results in the calculation of maximum running times and power 

production because short duration peak flows which might pass over 

the dam uncaptured when the reservoir is full may not be reflected. 

@ 
A modification to this assumption is dealt with in a subsequent 

section. 

2. Turbine operation is assumed idealistically to be 

unlimited in its on-off cycling during periods where inflows are 

insufficient to run the turbines continuously without lowering 

reservoir storage below shutoff level. In actual operation, 

controls would be set up to establish a minimum differential 

starting and, stopping level, and some types of turbine equipment 



would be capab le  of o p e r a t i n g  a t  v a r i a b l e  f low r a t e s  down t o  perhaps  

10% of t h e i r  maximum r a t e s  s o  t h a t  i n f lows  i n  t h i s  low range could  

be c a p t u r e d  f o r  power p roduc t ion  w i t h  minimum c y c l i n g .  T h i s  

computa t iona l  assumption w i l l  t h e r e f o r e  c o n t r i b u t e  l i t t l e  e r r o r  i n  

de te rmin ing  t h e  e q u i v a l e n t  running t ime of t h e  t u r b i n e  a t  i ts  

assumed f low r a t e .  

3 .  Reservoi r  s t o r a g e  volume is  assumed never  t o  exceed t h e  

f u l l  r e s e r v o i r  l e v e l ,  nominally t aken  a s  e l e v a t i o n  259 a t  t h e  t o p  of 

t h e  f l a shboa rds .  Excess  i n f lows  i n t o  a f u l l  r e s e r v o i r  i n  any p e r i o d  

a r e  l o s t  over  t h e  dam and a r e  assumed t o  be no t  r ecove rab le ,  

The program computes t h e  number of days  t h a t  t h e  t u r b i n e  is 

capab le  of o p e r a t i n g  a t  i t s  s e l e c t e d  f low r a t e  w i thou t  drawing 

r e s e r v o i r  s t o r a g e  below t h e  s p e c i f i e d  l e v e l  du r ing  each month us ing  

t h e  s imu la t ed  in f lows .  The r e s i d u a l  r e s e r v o i r  s t o r a g e  volume is 

c a l c u l a t e d  a t  t h e  end of each month and is t h e n  used a s  t h e  s t a r t i n g  

p o i n t ' f o r  t h e  fo l lowing  month's  o p e r a t i o n .  The number of o p e r a t i n g  

days  f o r  t h e  fo l lowing  month is  t h e n  c a l c u l a t e d  us ing  t h e  new 

s t a r t i n g  r e s e r v o i r  volume' and t h e  nex t  s e q u e n t i a l  mont.hly mean 

in f low r a t e  from t h e  f low s imu la t ion .  The  computer o u t p u t  p r o v i d e s  

a  50 yea r  summary s t a t i n g  t h e  t h r e e  v a r i a b l e s  s p e c i f i e d  and l i s t i n g  

t h e  number of o p e r a t i n g  days  a t  f u l l  c a p a c i t y  f o r  each  month of  t h e  

50 y e a r  sequence,  t h e  t o t a l  number of o p e r a t i n g  days  f o r  each of t h e  

50 annua l  sequences,  t h e  minimum and maximum month end r e s e r v o i r  

s t o r a g e  d e f i c i t  below t h e  f u l l  r e s e r v o i r  l e v e l  expressed  i n  m i l l i o n s  

of q a l l o n s  f o r  each 1 2  month sequence,  and t h e  average  number of 

o p e r a t i n g  days  f o r  each  month and each  y e a r  of t h e  50 y e a r  

sequence. 

A l a r g e  number of  program r u n s  ( s i m u l a t i o n s )  were made t o  g a i n  

in format ion  over  a  range of t u r b i n e  c a p a c i t i e s  from ze ro  t o  800 

c u b i c  f e e t  per second and f o r  v a r i o u s  s p e c i f i e d  maximum drawdown 

l e v e l s .  Based on t h e s e  r e s u l t s ,  w e  have p l o t t e d  a s  F i g u r e  24 t h e  

r e l a t i o n s h i p  between t h e  average annua l  number of  days  a  t u r b i n e  
I 

comfigura t ion  can  o p e r a t e  a t  f u l l  c a p a c i t y ,  t h e  t u r b i n e  f low r a t e ,  

and t h e  maximum amount of r e s e r v o i r  l e v e l  drawdown pe rmi t t ed  f o r  

t u r b i n e  o p e r a t i o n . ,  I t  must be. remembered t h a t  t h i s  g raph  p r e s e n t s  



ah arithmetic average condition over a fifty year simulation period 

and that extreme.variations in operating time exist drom one year to 

the next. . This graph does not tell'us anything about the 

distribution of operating days during the year. As anticipated, the . 

graph' shows us that a greater number of operating days can be 

achieved annually by reduci-ng the turbine size and by increasing the 

amount of storage which can be allocated to turbine operati'on. 

Refinements To The Operational Model 

Reliable stream flow data is available only on a monthly . 

average basis, Our initial operational model made an assumption 

that daily inflows in any month were'uniform throughout that month. 

This was admittedly an inaccurate assumption and we acknowledge that 

the turbine operating times and power produced are maximized under 

such an assumption as demonstrated by the following hypothetical 

example. 

Suppose for example, that the mean monthly flow for a sample 

30 day month was approximately equal to the turbine capacity of say 
200 cfs, but that the inflows actually occurred in such a way that 

60% of the runoff for that month occurred uniformly during the first 

six days of the month while the remaining 40% of the monthly inflows 

occurred uniformly during the remaining 24 days of the month. 

Assuming that the inflows were uniform during the month, we would 

conclude that the turbine would run 30 days during the month. Based 

on the actual inflow distribution, however, we would conclude that 

the reservoir level would begin to fall after the sixth day, 

dropping the. level in the reservoir approximately three feet in . , 

approximately a five day period causing the turbines to cycle near 

the maximum drawdown level while running approximately 50% of the 

remaining time in the month. ,In the actual case,, the turbines would 

have operated approximately 20 days for that 'month or only two 

thirds as much- time as that determined assuming uniform inflows. If 

.high flows occur,. however, while the reservoir level is low, they 

will to some degree, be captured to reple'nish previously depleted 

storage. 



The uniform inf low assumption used i n  ou r  i n i t i a l  o p e r a t i o n a l  

model needed t o  be modif ied t o  make t h e  r e s u l t s  more c l o s e l y  r e f l e c t  

non-uniform r a t e s  of i n f low dur ing  any month. W e  chose  t o  modify 

t h e  s i m u l a t i o n  model i n  such a  way t h a t  t h e  monthly computat ion of 

t u r b i n e  running t ime would be based upon t h e  same t o t a l  in f low f o r  

t h e  month bu t  t h e  i n f low would be assumed t o  occur  du r ing  two 

p e r i o d s ,  one a s  a  uniform high f low p e r i o d  and t h e  second a s  a  

uniform low f low pe r iod .  A n a l y s i s  of t h e  f requency  d i s t r i b u t i o n  

c u r v e s  of mean in f lows  f o r  each  month p o i n t e d  o u t  f o r  i n s t a n c e  t h a t  

f o r  October approximately  two- th i rds  of t h e  t o t a l  r e s e r v o i r  i n f low 

could  be accounted f o r  by on ly  20% of t h e  months. I n  c o n t r a s t ,  

approximately  one - th i rd  of t h e  t o t a l  i n f lows  f o r  t h e  month of March 

were accounted f o r  by t h e  h i g h e s t  20% of t h e  va lues .  I t  seemed * 

somewhat r ea sonab le ,  t h e r e f o r e ,  t h a t  a  r e a l i s t i c  d i s t r i b u t i o n  of 

f lows  w i t h i n  a  g iven  month might i n  some way a t t e m p t  t o  ma in t a in  t h e  

A same r e l a t i o n s h i p  i n  t h e  d a i l y  d i s t r i b u t i o n  f o r  o u r  o p e r a t i o n a l  
L 

model. We were a b l e  t o  approximate t h i s  r e l a t i o n s h i p  by us ing  t h e  

fo l lowing  method. 

Each month was assumed t o  have a  base i n f low e q u a l  i n  

magnitude t o  t h e  20 p e r c e n t i x e  f low which can  be determined us ing  

F i g u r e  23. The  h igh  f low f o r  t h e  month is assumed t o  occur  du r ing  , 

t h e  f i r s t  20% of t ime i n  t h e  month. The magnitude of t h e  f low 

du r ing  t h e  h igh  f low pe r iod  was t aken  t o  be e q u a l  t o  t h e  base  f low 

p l u s  t h r e e  times t h e  amount t h a t  t h e  monthly average  f low exceeds  

t h e  base  flow. Flow dur ing  t h e  remaining 80% of t h e  month was t a k e n  

t o  be e q u a l  t o  t h e  base  f low p l u s  one-half  t h e  amount by which t h e  

monthly mean f low exceeds  t h e  base  flow. Flow d u r i n g  each  of t h e s e  

two p o r t i o n s  of t h e  month is  assumed t o  be uniform a t  t h o s e  r a t e s ,  

w i th  60% of t h e  month's e x c e s s  over  t h e  base  f low s i t u a t i o n  assumed 
I t o  be uniformly d i s t r i b u t e d  du r ing  t h e  f i r s t  20% of t h e  month. W e  

f e e l  t h a t  t h i s  m o d i f i c a t i o n  t o  t h e  o p e r a t i o n a l  model is r easonab le ,  

is an improvement over t h e  uniform in f low assumption,  and is 

n e c e s s a r i l y  s imple  t o  be a b l e  t o  c a r r y  o u t  t h e  computation.  



Many program r u n s  were made ,using t h e  modif ied o p e r a t i o n a l  

model over  t h e  same r a n g e ' o f  i n p u t  v a r i a b l e s  a s  were used wi th  t h e  

i n i t i a l  o p e r a t i o n a l  model. We have t aken  t h e  r e s u l t s  determined by 

s imula ted  o p e r a t i o n  w i t h  t h e  modif ied o p e r a t i o n a l  model a s  being 

r e p r e s e n t a t i v e  of t h e  running t imes  w h i c h  might be reasonably  

expected over  a  50 yea r  pe r iod  f o r  v a r i o u s  power g e n e r a t i n g  

c o n f i g u r a t i o n s .  We have p l o t t e d  i n  F i g u r e  25 t h e  r e l a t i o n s h i p  

between t h e  average number of days  a  t u r b i n e  c o n f i g u r a t i o n  can be 

ope ra t ed  a t  f u l l  kapac i ty ,  t h e  t u r b i n e  f low r a t e ,  and t h e  maximum 

amount of r e s e r v o i r  l e v e l  drawdown p e r m i t t e d  f o r  t u i b i n e  ope ra t ion .  

AS p r e d i c t e d ,  t h i s  g raph  shows a  r e d u c t i o n  i n  o p e r a t i n g  days  from 

F i g u r e  24 because of t h e  modif ied i n f l o w  assumption.  The r e d u c t i o n ,  

however, is no t  as d rama t i c  a s  one might have expected.  

F i g u r e  26 i n c l u d e s  t y p i c a l  s i m u l a t i o n  o u t p u t  which d i s p l a y  t h e  

50 yea r  monthly summaries of  s imu la t ed  t u r b i n e  o p e r a t i o n s  a t  50, 

100,  200, 300, 400, 500, 600 and 800 c f s  t u r b i n e  c a p a c i t y  p r e d i c a t e d  

on a  maximum r e s e r v o i r  drawdown l e v e l  of t h r e e  f e e t ,  and maintenance 

of a  domes t ic  water  supply of 6 m i l l i o n  g a l l o n s  d a i l y .  T h e  r e s u l t s  

d i s p l a y e d  o n  t h e s e  s h e e t s  form a  b a s i s  f o r  t h e  l a t e r  d e t e r m i n a t i o n  

of economic b e n e f i t s  f o r  t h e  many a l t e r n a t i v e  c o n f i g u r a t i o n s .  

Conc lus ions  

W e  have determined t h a t  o p e r a t i o n  w i t h  an  i n c r e a s e d  

p e r m i s s i b l e  r e s e r v o i r  drawdown w i l l  r e s u l t  i n  l e n g t h i e r  o p e r a t i n g  

times. W e  must now de te rmine  whether t h e  i n c r e a s e d  o p e r a t i n g  times 

w i l l  be b e n e f i c i a l  t o  t h e  o p e r a t i o n ,  o r  whether it  is safe from a  

water  supply p o i n t  of v iew'  o r  d e s i r a b l e  from an  envi ronmenta l  o r  

r e c r e a t i o n a l  p o i n t  of  v i e w  t o  o p e r a t e  t h e  r e s e r v o i r  a t  l e v e l s  

s i q n i f i c a n t l y  below' t h e  f u l l  l e v e l .  
- The amount, of power t h a t  can  be gene ra t ed  by any  g iven  t u r b i n e  

c o n f i q u r a t i o n  can  be c a l c u l a t e d  by t h e  express ion :  
. . 

Power  = Head x  hilow x Eff . ic ' icncy x 0.08161 

where. head is t h e  n e t  head i n  f e e t  t o  be u t i l i , z e d . b y  t h e  t u r b i n e ,  

f low is  expressed  .in c u b i c  f e e t  p e r  second,  and e f f i c i e n c y  is 

expressed  a s  a  decimal.  The v a r i o u s  c o n f i g u r a t i o n s  t o  be 



investigated will all have their own unique set of each of these 

parameters. It is desirable at this point to make some power 

computations requiring the application of some uniform assumptions. 

Let us assume that there is a net head of 60 feet available which is 

a similar value for many of the alternative configurations. Further 

assuming that a typical efficiency value for most of the 

configurations is 80%, we can therefore express the total power 

output from our hypothetical generating facility knowing the amount ' of time that the machine will op~rate and the flow rate utilized by 

the turbine. We have prepared Figure 27 which graphically shows the 

power which might be developed by our hypothetical turbine based 

upon the average number of operating days from our 50-year 

simulations and various turbine capacities. The graph demonstrates 

the fact that the maximum amount of power is generated under the 

uniform monthly inflow assumption made in our initial operational 

:x 
model. 

In order to be able to make computations, it was necessary to 

make an assumption regarding the average head of water available on 

the turbines under conditions of operation where increased reservoir 

drawdowns are permitted. Inspection of the many simulations has 

indicated that the reservoir would be operated at least two-thirds 

of its operating time at or near the maximum drawdown level. For 

purposes of this computation, therefore, we have made an assumption 

that the average drawdown during any of the simulations will be 

two-thirds of the allowable drawdown for turbine operation. 

Assuming that 60 feet of net head is available to the turbine when 

the maximum drawdown available is specified as 3 feet, we have 

graphed the average annual power available versus hydraulic turbine 

capacity. The average number of operating days in that computation 

is taken from from the computer printouts of Figure 26. It can be ' 

seen that less power is actually available when an increased amount 

of drawdown is permitted because the lowering of water level in the 

reservoir reduces the net head available on the turbine by an amount 

which more than compensates for the increased turbine running time. 

Therefore, we find that there is no advantage or necessity in the 



produc t ion  of power t o  pe rmi t  ex t remely  l a r g e  drawdowns i n  t h e  

r e s e r v o i r .  We would conclude t h a t  is undoubtedly d e s i r a b l e  t o  

a l l o c a t e  up t o  3 f e e t  of drawdown t o  be a v a i l a b l e  f o r  g e n e r a t i o n  of 

h y d r o e l e c t r i c  power s o  t h a t  s t o r a g e  i s  a v a i l a b l e  f o r  s h o r t - t e r m  

v a r i a t i o n s  i n  d a i l y  f lows  bu t  t h a t  a d d i t i o n a l  drawdowns a r e  

unwarranted.  T h i s  conc lus ion  a l l ows  t h e  e s t a b l i s h m e n t  of f u t u r e  

o p e r a t i n g  r u l e s  s o  t h a t  water  supply  and r e c r e a t i o n  w i l l  no t  be 

adve r se ly  a f f e c t e d  whi le  maximum b e n e f i t  i s  being t aken  f o r  

h y d r o e l e c t r i c  gene ra t ion .  With regard  t o  wate r  supply ,  a l l o c a t i n g  

approximately  3  f e e t  o r  350 m i l l i o n  g a l l o n s  from t h e  t o p  of t h e  
t r e s e r v o i r  f o r  h y d r o e l e c t r i c  p roduc t ion  might c a u s e  t h e  s a f e  y i e l d  

of t h e  r e s e r v o i r  f o r  water supply  a t  a 99 p e r c e n t  r e l i a b i l i t y  based 

upon maximum d e f i c i t  of 1,200 m i l l i o n  g a l l o n s  t o  be reduced .from 1 2  

mgd t o  10 mgd. T h i s  r e l a t i o n s h i p  i s  determined from F i g u r e  8  and 

d i s c u s s e d  i n  Segment One. 

Using t h e  same assumption t h a t  60 f e e t  of n e t  head would be - 
a v a i l a b l e  f o r  t u r b i n e s  o p e r a t i n g  a t  80% e f f i c i e n c y  and l i m i t e d  by a  

maximum r e s e r v o i r  drawdown of 3 f e e t ,  w e  p repared  F i g u r e  28 which is 

a  graph  showing t h e  average amount of power which might be a b l e  t o  

be produced f o r  a  wide range of h y d r a u l i c  t u r b i n e  c a p a c i t i e s .  W e  

have a t tempted  t o  impart  c o n t i n u i t y  t o  t h e  graph  us ing  a method 

s i m i l a r  t o  t h a t  d e s c r i b e d  p r e v i o u s l y  f o r  F igu re  23. T h e  set of 

c u r v e s  a r e  u s e f u l  t o  h e l p  us  v i s u a l i z e  t h e  r e l a t i o n s h i p  between 

power produced i n  v a r i o u s  t i m e s  of  t h e  y e a r  and machine s i z e  i n  I 

terms of f low r a t e .  I t  is i n t e r e s t i n g  t o  n o t e  t h e  l a r g e r  machine 

s i z e s  can  produce no more power t h a n  t h e . s m a l l e r  machine s i z e s  

du r ing  p e r i o d s  of low runoff  when t h e  s m a l l e r  machine is capab le  of 

utilizing a l l  t h e  a v a i l a b l e  inf lows.  The l a r g e r  machine 

c o n f i g u r a t i o n s  a r e  advantageous p a r t i c u l a r l y  du r ing  t h e  s p r i n g  

I , months when h igh  f lows  normally occur  and would o the rwi se  be l o s t  

over  t h e  dam by t h e  s m a l l e r  machiries. The l i m i t i n g  power p roduc t ion  

v a l u e  i n d i c a t e d  on ~ i ~ " r e  28 f o r  t h e  50, 100, and 200 c f  s machines 

d u r i n g  March and, A p r i l  s h o w t h a t  machines of t h o s e  s i z e s c a n  be 

expected t o  o p e r a t e  con t inuous ly  a t  peak c a p a c i t y  du r ing  t h a t  p e r i o d  

' in  most y e a r s .  F o r  t h e  sake  of comparison,  w e  have' a l s o  



superimposed on F i g u r e  28 'a l i n e  which r e p r e s e n t s  t h e  amount of 

e l e c t r i c a l .  energy consumed by f a c i l i t i e s  owned by t h e  C i t y  of 

W a t e r v l i e t  du r ing  t h e  cor responding  c a l e n d a r  p e r i o d s  of a  c a l c u l a t e d  

t y p i c a l  yea r .  We have a l s o  i n d i c a t e d  on F i g u r e  28 t h e  averaqe d a i l y  

power wh ich  could  t h e o r e t i c a l l y  be gene ra t ed  i f  a l l  water  pas s ing  

over t h e  dam could  be u t i l i z e d .  A l l  power p roduc t ion  computatio'ns 

f o r  F i g u r e  28 a r e  uniformly based on t h e  50 yea r ,  r e s e r v o i r  

s i m u l a t i o n  and t h e  same head and e f f i c i e n c y  assumptions.  T h i s  

F i g u r e  conveys c o n s i d e r a b l e  v i s u a l  i n fo rma t ion  comparing machine 

c o n f i g u r a t i o n  s i z e s  w i t h  t h e  power requi rements  of t h e  c i t y  and t h e  

u l t i m a t e  c a p a b i l i t y  based on a v a i l a b l e  water .  

Using t h e  same power g e n e r a t i n g  pa rame te r s  t h a t  were used i n  

F i g u r e  28, F i g u r e  29 summarizes on an averaqe  annua l  b a s i s  f o r  t h e  

50 yea r  s i m u l a t i o n  pe r iod  t h e  t o t a l  e l e c t r i c a l  power i n  megawatt 

hours  which could  be gene ra t ed  i n  t u r b i n e  c o n f i g u r a t i o n s  having a 
h y d r a u l i c  c a p a c i t y  from 0  t o  800 c u b i c  f e e t  p e r  second. The maximum 

amount of power which could  be gene ra t ed  u t i l i z i n g  a l l  f l ows  over  

t h e  dam r e g a r d l e s s  of t h e  magnitude of t h o s e  f l ows  is shown a s  a  

s o l i d  l i n e  a c r o s s  t h e  t o p  of t h e  graph  a t  a  va lue  of 5,177 megawatt 

hours.. The f i g u r e  s.hows r e l a t i v e l y  l a r q e  inc remen ta l  g a i n s  i n  t h e  

amount of  power t h a t  can  be produced by. an i n c r e a s e  i n  t u r b i n e  

c a p a c i t y  a t  t h e  low end of t h e  t u r b i n e  c a p a c i t y  s c a l e ,  whi le  

r e f l e c t i n g . v e r y  sma l l  i nc remen ta l  g a i n s  by cor responding  i n c r e a s e s  

i n  t u r b i n e  c a p a c i t y  a t  t h e  h ighe r  end of t h e  t u r b i n e  , c a p a c i t y  

s c a l e .  

Having determined t h a t  r e s e r v o i r  l e v e l s  need n o t  be 

s i g n i f i c a n t l y  dep res sed  f o r  optimum h y d r o e l e c t r i c  power g e n e r a t i o n ,  

it is i n c r e a s i n g l y  obvious  t h a t  t h e  d u a l  usages  of t h e  Normans K i l l  

Impoundment s i t e  f o r  bo th  munic ipa l  wate r  supply  and h y d r o e l e c t r i c  

I power g e n e r a t i o n  a r e  compat ible .  I t  w a s  p r e v i o u s l y  mentioned t h a t  

t h e  u s a b l e  impoundment volume was l e s s  t h a n  3 . 8 %  of t h e  t o t a l  annua l  

watershed . runof f .  T h i s  p r o p o r t i o n  is very small and'  e f f e c t i v e l y  

l i m i t s  t h e .  uniform r e l i a b l e  water  . supply y i e l d  . o f .  t h e  r e s e r v o i r  t o  

l e s s  t h a n  12% of t h e  mean annua l  f low l e a v i n g  a  very l a r g e  q u a n t i t y  



of  w a t e r  which c a n n o t  be  impounded and which o t h e r w i s e  e s c a p e s  

unused from t h i s  s i t e  d i s s i p a t i n g  its e n e r g y  i n  i t s  p a s s a g e  o v e r  t h e  

dam t o  t h e  s t r eambed  below. 

The g e n e r a t i o n  of  h y d r o e l e c t r i c  power a t  t h i s  s i t e  w i l l  d i v e r t  

w a t e r  t h r o u g h  t u r b i n e s  which would o v e r f l o w  t h e  dam c o n v e r t i n g  t h e  

o t h e r w i s e  wasted  e n e r g y  of t h i s  f l o w  i n t o  b e n e f i c i a l  e l e c t r i c a l  

energy.  
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L ! + I ~ ~ ~ k ~ ~ I  EESSSVOIR WQR~-ELE~-~~C 21vg' 2AsCQ SIREGfiEkgW SYiIHEZAS 
MONTHLY SUMHARY OF T U R B I N E  OPERATION AT 50 CFS 

j iSSUKING:  OPERATION CEASES AT 3 F E E T  BELOW FLASHbOAROS 
D O H E S T I C  WATER SUPPLY H A I N T A I N E D  A T  6 MGU 

A V G .  1 6 .  4 2 6  . L b  . SO .  8 2 9  , 4  2 6 . 7  3 1 . 0  130. 0 3 0 .  c j  24'. 5 2 0 . 1  , 14 .5  19. i 

D E F I C I T  (MG 
121% 4LN. i3Z. 
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:j~IggxEIgI ~ g ~ g R ~ g I ~  ~ig~g-ykk;~g ~ ~ W g ~  Bfizgg gg $TREAflf&gW ;INTHES/S 
ilijt4'THLY Sl.Ji-iHCiR'i OF TURBINE OPERATI@tJ AT 2U0 CFS 

k5SUMIt4G:  OPERATION CEASES ,AT 3 F E E T  BELOW FL;ASHBOARDS 
DOMEGTIC WATER SUPPLY Hk iNTA ' INEL l  AT 6 HGLI 

I l E F I C I T  ! f lG .  
(EAR @I. y2.x- q g ~ .  J ~ _ N . .  FEE. fifit. GEE. IIIY. j g g .  j y ~ .  f ig:.  SEE. 1014~ !IN. ! 5 ~ .  ---- 

1 3 .4  20 .2  3 .7  3 . 5 - 4 . 4  31.0 30.0 26.6 6 .5  4 .7  1 . 0  2 .2  137.3 , 0 350 
2 1 .5  . O  25.3 1 5 . 1  22.6 31.0 30.0 31.0 30.0 8 . 9  8.4 1.1 204.8 0 393 
3 1 . 0  3 0 . 0  25.3 15.4 2,8.3 31.0 30.0 5 .3  . O  - 0  5 . 4  2.0 173.6 .O 385 
4 5.2 10.9 31.0 31.0 28.3 31.0 30.0 7 .9  7.9 . 8  9 .6  15.1 208.7 0 ,350 
5 22.0 10 .6  31.0 2 3 . 1  28.3 30.8 30.0 23 .5  8 . 3  10 .2  6 .3  12.5 236.6 0 350 
6 20.2 1.3.8 31.0 19 .1  6 .9  31.0 23.5 6 . 2  2 .2  4 . 1  3 . 2  9 . 3  170.6 0 350 
7 10 .6  4 . 7  9 . 0  5.0 10.6 31.0 30.0 26.? 19.3 17 .6  5 .3  .8  170.7 0 350 
8 2 .2  .9 18.6 14.3 8 . 3  31.0 3 0 . 0  18.4 6,.7 9 . 0  . O  1.2 140.5 0 350 
9 3 .6  3.3 11.9 4.8 6 .9  31.0 30.0 28.0 30,.0 14.0 8 . 1  8 .5  180.2 , 0 35G 

1 0  5 .3  . O  17 .2  15 .5  12 .3  31.0 30.0 31.0 19.2 16 .5  1 0 . 0  29.3 217.3 0 373 
11 31.0 19.1 15 .1  8 .5  13.8 31.0 13.9 7 .9  8 .9  2.0 1.5 7 .2  153.0 0 356 
12 3 . 1  4.8 15.3 5.9 7.0 31.0 30.0 21.5 1 2 . 5 '  2.6 1.6 1.1 136.4 0 350 
13 4 .9  7.8 18.4 15.0 26.3 31.0 30.0 20.4 . 8  1.0 11.2 9 . 2  176.1  0 350 
14 27.0 30.0 26.0 6 .4  1 . 2  31.0 30.0 21.0 20.2 16.8 12.9 1.0.5 233.1 0 350 
15 11.3 5.4 6 4  6 .3  13 .1  31.0 30.0 14.0 4 .4  6 .4  3.8 . O  132.1 0 ' 350 
16 - 0  26.9 22.4 8 . 4  14 .5  31.0 30.0 20.9 2 . 1  5.9 ,2.2 . O  164.4 0 527 
17 . O  5 .6  16.8 13.6 23.9 31.0 21.9 25.0 12.6 1 . 3  1.2 4.3 157.4 0 598 
18 3 .9  30.0 31.0 13.6 25.5 31.0 21.7 26.2 .9  1 .7  . O  . 0  185.5 0 430 
I ?  . O  7 .2 9 .6  6 .4  23.2 31.0 30.0 11.3 .3  2 .6  1 . 0  14.0 136.4 0 628 
20 24.4 30 .0 .18 .4  25.2 28.3 31.0 30.0 8.4 7 . 6  1 . 8  2 . 1  8 .8  ' 216,O 0 350 
21 .16 .4  19.8 15.2 29.3 4.3 31.0 30.0 16 .1  6 .9  1 1 . 0  2 .3  .9 183.3 0 350 
22 - 2  10.2 14.0 4 .3  12.6 31.0 30.0 26.4 10.8 5 ,9  .2 3 . 1  154.8 0 350 
23 4 . 1  30.0 .10.5 1.6 14.4 31.0 25.9 3.8 1.8 3 .4  2 .5  2 .6  131.7 . 0 350 
24 4.0 19 .9  16.9 22.9 21.0 31.0 30.0 22.8 3 . 2  3 . 3  1.1 .7 176.7 0 350 
25 - 2  25.5 16.5 11.8 28.3 22.7 30.0 31.0 16.4 6.2 8 .3  1 .7  138.4 0 350 
26 4 . 9  15.2 11.6 7 . 1  16.9 31.0 30.0 18 .1  7 . 5 .  . 8  4 , s  - 0  147.4 0 350 
27 4 2 .8  11.5 18 .2 '  4 .2  3 1 . 0  3 0 . 0  3 . 4  6.9 W . 0  . 7  1 . 5  135.5 0 4 0 9  
28 7 . 4  29.7 8.7 .8 4 .6  31.0 30.0 31.0 14.6 21 .1  7 . 8  6.9 193.5 0 350 
29 1 . 6  14.4 22.7 10.6 8 .6  31.0 30 .0 -31 .0  26.6 17.7 3 .5  8 .7  206.b 0 350 
30 6 . 2  20.9 22.1 4 .3  19.3 31,O 2 7 . 1  18.9 .1 2 .9  6.4 1 . 8  161;0 0 350 
31 2.3 20-.2 22.8 4.7 2 .5  31.0 30.0 23.9 4.6 1 0 . 3 -  - 0  . O  152.2 0 467 
32 - 0  19.0 18.3 7 . 8  10.2 31.0 30.0 13 .5  1 . 2  3.'0 9 .5  2 .2  145.6 0 561 



iJkTlZRVL i E T  RESERVOIR HY URO-ELECT? I C  ST!JD'i' EthSED O_N SIIEecF_L_QJ %f!XEZJS ~ ~ f i ~ ; ~ ~ - ~ f i M f i ~ g ~ - ~ ~ - ~ u ~ ~ ~ ~ ~  ~ ~ ~ ~ ~ ~ ~ ~ f i , 4 - . ~ ~ - ~ o ~ - ~ ~ ~  
ASSUMING:  OPERkT ION CEASES A T  3 FEET BELOW FLASHBOARDS 

DOHESTIC WATER SUPPLY 'HA INTk I14E I I  A T  6  HGD 

DEFICIT ~ M G  
I E A R  GCI. egg .  J A N .  FEE. !A!. M R .  fiex. JyJ. JJ4. AuG. ZEP. lgl& n l ! .  nfiz. 

1  2 . 3  1 5 . 5  2 . 5  2 . 3  2 . 9  31.0 2 6 . 2  1 9 . 8  4 . 4  3 . 1  . 7  1 . 5  112.2 0 320 
2  1 . 0  . O  18.9 1 0 . 1  17 .0  31 .0  30.0 31.0 30.0 5 . 9  .5 .6  . 7  181.2 0 393 
3  . 7  24 .6  18.9 1 0 . 3  23.9 31 .0  2 1 . 5  2 . 2  . O  . O  3 . 6  1 . 3  138.0 0 385 
4  3 . 5  7 . 3  26 .1  23.8 28 .3  31 .0  3 0 . 0  5 . 3  5 . 3  . 5  6.4 10 .6  178.0 0 350 
5  l 6 . a  7 .0  24 .7  1 7 . 5  28 .3  20.4 30 .0  1 7 . 3  5 . 6  6 . 8  4 . 2  a . 3  186.8 24 3% 
6  15 .5  9 . 2  23 .4  1 4 . 2  4 . 6  31.0 1 5 . 7  9  1 . 5  2 . 7  2 .1  6 . 2  130.3 0 350 
7  7 . 1  3 . 1  0 . 0  3 . 3  7 . 0  22 .3  2 9 . 4  20.0 14 .9  13 .6  3 . 5  . 5  130.8 355 350 
8 1 . 5  . o  12 .4  9 . 5  5 . 5  31 .0  3 0 . 0  1 2 . 2  4 . 5  6 .0  . O  . 8  114.0 0 350 
9  2 . 4  2 . 2  7 . 9  3.2 4 . 6  28 .1  26 .4  20 .8  25 .2  7..5 5 .4  ' 5 . 7  139.4 350 350 

1 0  3 . 5  , O  1 1 . 5  1 0 . 3  8 . 2  31 .0  30 .0  26;8  14 .8  1 1 . 7  6 . 7  21 .5  176.0 0 377 
11 25.9  14 .7  1 0 . 1  5 . 7  9 . 2  2 1 . 7  7 . 6 ' 5 . 3  6 .0  1 .4  1 . 0  4 . 8  113.3 350 355 
12 2 . 0  3 . 2  1 0 . 2  3 . 9  4 . 6  31.0 21 .0  1 3 . a  8 . 3  1 . 7  1 . 1  . 8  101.7 226 35G 
13 3 . 3  . 5 .2  1 2 . 3  1 0 . 0  19 .4  22 .4  2 1 . 3  12,O . 6  . 7  7 . 5  6 .2 .  120.8 350 356 
14 2 0 . 1  30.0 19 .4  4 . 3  . a  31.0 25 .6  13 .0  1 5 . 5  12.2 8 . 6  7 . 0  187.4 0 351: 
15 7 . 5  3 . 6  4 . 3  4 . 2  8 . 7  31.0 25 .9  7 . 5  2 . 9  6 . 3  2 .6  . O  102.5 257 . 350 
16 . O  19.9 15.4 5 . 6  9 . 7  31.0 30 .0  14 .5  ' 1 . 4  3 . 9  . 1 .5  . O  132.9 0 527 
17 . O  3 . 7  11 .2  9 . 1  1 7 . 8  23 .1  1 2 . 8  1 8 . 7  8 . 4  . 9  . 8  2 . 9  109.5  350 5BF 
18 2 . 6  23 .1  23.2 8 . 6  1 8 . 9  27 .4  1 2 . 7  1'9.5 . 6  1.1 . O  . O  137.a 350 430 
19 . O  4 . 8  6 . 4  4 . 3  1 7 . 4  31 .0  27 .0  5 . 7  . 2  1 . 7  . 6  9 . 3  108.4 0 625 
20 1 8 . 4  26 .3  1 0 . 5  18 .8  23 .1  31.0 24 .5  3 . 8  5.0 1 . 2  1 5 . 9  169.9 0 ,350 
21 1 2 . 3  15.2 1 0 . 2  21.6 2 . 9  31 .0  2 6 . 4  8 . 9  4 . 6  4  1 5  . 6 '  142.6 266 350 
22 .1 1 0 . 8  9 . 3  2 . 9  8 . 4  31.0 30 .0  1 9 . 7  7 . 2  4 .0  . 2  2.'0 125.6 5 -e ado * 
23 2 . 7  30.0 7.0 1 1  9 . 6  2 9 . 3  1 5 . 5  2 . 5  1 . 2  2 . 3  1 . 7  1 . 7  104.7 0 350 
24 2 . 7  1 5 . 3  11 .3  1 7 . 3  1 5 . 0  30.0 30 .0  1 7 . 2  2 . 1  2 . 2  . 7  4  l W . 3  0 350 
25 . 1  19.0 11.0 7 . 9  20 .9  1 4 . 9  3 0 . 0  2 4 . 7  1 0 . 7  4 1  5 . 5  1.1 150.0 0 350 
26 3 . 2  1 0 . 1  7 . 7  4 . 7  1 1 . 2  28 .4  2 6 . 5  1 0 . 3  5 . 0  . . 5  3.0 . O  110.8 350 350 
27 - 3  1 . 8  7 . 6  12.6 2 . 8  31 .0  30 .0  1 8 . 4  4 . 6  2 .6  4  1 . 0  113.3 0 409 
28 9 . 9  21 .8  5 . 8  . 6  3.0 31 .0  2 7 . 2  25 .4  7 . 9  1 6 . 1  5 . 2  4 . 6  155.5 56 350 
29 1.1 9 . 6  15.9 7 . 1  5 . 8  31 .0  28 .0  2 5 . 3  19 .7  13 .7  2 . 3  5 . 8  165.2 0 ' -= ado 

30 4 . 1  16 .0  14 .8  . 2 . 9  12 .9  31.0 1 0 . 7  1 2 . 6  . l  1 . 9  4 . 3  1 . 2  118.4  259 353 
31 . 1 . 5  1 5 . 5  1 5 . 9  3 . 1  1 . 7  26.0 20 .2  1 7 . 7  3 1  6 . 9 -  . O  . O  111.6 350 467 
32 - . O  13 .8  1 2 . 2  5 . 2  6 . 8  3 0 . 8  28 .0  7 . 2  . a  2.0 6 4  1 . 4  114.5  350 561 
33 . 5  5 . 3  9 . 3  16 .7  13.1 31 .0  23 .1  1 4 . a  4 . 3  11 .3  2 . 2  9 . 2  140.5 148 350 
3b 1 0 . 7  . 3 . 1  18 .4  3 . 9  7 . 0  29.7 24 .8  7 . 9  2 .9  4 . 7  . 3  . O  113.2 350 a50 
35 .!I 1 0 . 5  24 .6  12 .4  1 0 . 2  22 .6  2 2 . 4  1'0.8 . O  1 . 8  6 . 0  . . 1  121.3  350 463 
36 . O  3 . 4  22.2 10.7 1 5 . 2  3 0 . 4  '30,O 1 7 . 0  3 . 2  2 .0  , 5  2.2  136.7 ' 0  374 
37 6 .9  3 . 7  18 .8  9 . 6  9 . 2  31 .0  30 .0  8 . 8  3 . 5  1 0 . 8  4 . 3  1 0 . 3  147.5  0 350 

'38 1 0 . 1  3 .0  15.9 1l . l  17 .0  31 .0  30.0 1 4 . 3  7 . 4  .3  1 . 3  . o  191.8  0 350 
39 2 . 1  15 .4  12 .2  2 . 3  1 9 . 3  31.0 2 3 . 3  2 . 1  . O  . 1  . 2  2 . 4  110.2 135 386 
40 17 .0  1 7 . 5  7 . 7  3 . 2  3 . 1  31 .0  30 .0  4 > 4  1:3 3 . 1  1 . 1 .  . O  119 .5  0 350 
41 . O  2 1 . 1  4 . 5  9 . 7  4 . 3  19 .4  30 .0  2 0 . 8  4 . 2  . 9  . O  - . 2  115.1  5  464 
42 1 . 9  18 .4  29.0 19.0 1b .9  31 .0  2 1 . 3  2 8 . 5  1 0 . 5  7 . 2  1 . 7  . 6  179.5 0 350 
43 . O  7 . 9  11.0 14 .1  1 7 . 2  31.0 30 .0  1 5 . 1  . 8  3 . 9  8 . 3  3 . 1  142.3 0 363 
44 1 4 . 2  1 7 . 3  22 .1  19.0 14 .0  23 .6  3 0 . 0  2 5 . 1  1 4 . 2  1 4 . 6  2 . 6  1 6 . 3  213.1 0 350 
4 s i 3 . 1 3 0 . 0 1 0 . 5  G , ~ I D . P ~ I . O ~ ~ . ~  5 . 3  1 . 7  ~ . 6 ' 5 . ~ ( . 1 3 . 4  161.3 . o 350 
46 1 5 . 3  6 . 6  23 .7  31.0 2 8 . 3  2 6 . 3  2 7 . 5  1 4 . 2  3 . 3  1 . 1  ; 0  . i  1aO.l  0 ' 351l 
47 4  8 . 9  14 .4  2 . 5  1 0 . 9  31.0 3 0 . 0  1 0 . 8  3 .7  4 . 9  1 . 3  1 . 8  120.6 0 350 
98 3 . 5  3.0.0 17 .6  7 . 3  1 0 . 3  31 .0  2 5 . 6  . 4 . 5  1 ; 6  2 . 3  5 . 4  6 . 2  145.3 0 35'3 
49 4 . 5  3 . 6  10 .8  1 1 . 2  15 .4  3 0 . 8  30 .0  20 .4 , . 13 .3  2 . 0  2 .4  4 . 6  lir9.1 0 35C 
50 1 . 9  24.0 13 .9  5 . 4  2 . 0  23 .6  2 7 . 8  2 3 . 3  18 .4  8 . 7  3..5 1 . 7  154.7 , 3 5 0  350 

A V G .  5 . 4  I2.Z 13.9  9 ;2  1 1 . 7  28 .6  25 .6  1 q . 2  6 . 3  4 , 7  2 . 8  3 . 7  138 .5 -  0 5 2 ~  



!2IERVLIEI E S C R V O I R  ljYZCI?-ELECIRIC SIUgL FfifSED SIREGZCLQI  SYNIWESiS 
iONTHLY SUttHARY OF' TU178114E OPERATION kT 400 CF9 

ASSUHING: OPERATION .CEASES kT 3 FEET BELOW FLASHBOARaS 
DOMESTIC WATER SUPPLY flCIIt4TGINEU AT 6 flGD . 

D E F I C I T  t f l G j  
.;EX! ~ C I .  !-my. ~ E C .  J A N .  F E E .  PI!. 5 ~ 2 .  nzy. J ~ E .  J!&. e g g .  sgp. ~ g m f i ~  e l ? .  !fix. 

1 1.7 12.6 1.9 1.7 3.2 31.0 21.2 16.4 3.3 2.3 .5 1.1 95.9 0 350 
2 .7 - 0  lW.9 7.6 13.3 '25.0 28.8 25.1 30.0 4.3 4.2 .5. 154.5 0 393 
3 .5 19.9 15.'1 7.7-19.3 28.6 14.8 1.6 .O .O 2.7 1.0 111.3 350 385 
4 2.6 5.4 21.1 19.4 25.2 27.4 26.7 2.6 3.9 4 4.8 7.9 147.7 350 350 
5 4 .  5.3 20,l 14.7 23.9 14.0 24.1 12.8 4.2 5.1 3.1 6.3 147.6 350 350 
6 13.2 6.9 19.1 10.6 3.5 28.3 10.4 3.1 1.1 2.0 1.6 4.7 104.5 350 350 
7 5.3 2.3 4.5 2.5 5.3 16.7 23.6 16.5 11.7 10.2 2.6 4 101.7 350 350 
8 1 4 9.3 7.2 4.1 27.6 30.0 9.2 3.4 4.5 . O  .6 97.4 0 350 
9 1.8 1.6 5.9 2.4 3.5 21.1 20.5 17.1 20.4 5.6 4.1 4.3 108.3 350 350 
10 2.7 .O 8.6 7.7 6.2 26.3 25.2 21,7 11.5 8.8 5.0 17.7 141.3 350 379 
11 21.0 11.2 7.6 4.3 6.9 16.3 5.7 3.9 4.5 1.0 .8 3.6 86.6 350 350 
12 1.5 2.4 7.6 2.9 3.5 25.3 15.3 10.4 6.2 1.3 .8 - 6  77.8 350 350 
13 2.4 3.9 9.2 7.5 16.0 16.8 16.0 9.0 .4 .5 5.6 4.6 92.0 '350 350 
14 16.6 28.8 16.0 3.2 . .6 25.3 19.0 9.7 12.9 9.2 6.5 5.2 152.8 350 350 
15 5.7 2.7 3.2 3.1 6.525.219.6 5.6 2.2 3.2 1.9 . O  79.0 350 350 
16 .O 16.4 11.5 4 2  7.3 25.9 27.3 9.5 1.1 3.0 1,l . O  107.2 350 527 
17 . O  2.8 8.4 6.8 14.8 17.3 9.6 14.7 6.3 .7 - 6  2.2 . 84.2 350 S98 
18 1.9 18.9 19.0 6.5 15.6 20.6 9.5 16.2 .4 .8 - 0  . O  109.3 350 , 430 
19 .O 3.6 4.8 3.214.128.521.6 4..3 .1  1.3 .S 7.0 89.0 350 626 
20 15.3 21.2 7.8 15.7 18.8 29.1 17.0 2.9 3.8 .9 1.1 4 4  130.0 350 350 
21 9.312.1 7.617.7 2.225.120.6 6.7 3.5 5.5 1.1 ,,5 111.8 350 350 
22 .I 8.1 7.0 2.2 6.3 28.6 25.7 16.3 5.4 3.0 .l 1.5 1044 350 350 
23 2.1 30.0 5.3 .8 7.222.0 11.4 1.9. -9 1.7 1.3 1.3 86.0 . 0 350 
24 2.0 12.2 8.5 14.5 11.3 22.9 28.3 11.9 1.6 1.7 .6 - 3  115.7 350 350 
75 .I 15.7 8.2 5.9 17.1 11.2 29.4 20.1 8.1 3.1 4 1  .8 123.8 350 350 - 
26 2.4 7.6 5.8 3:5 8.421.320.8 7.7 3.8 4 2.3 . O  83.9 350 350 
27 .2 1 4  5.7 9.5 2.1 26.8 24.2 14.0 3.5 2.0 .3 .8 90.4 350 409 
28 3.7 17.8 4.3 4 2.3 25.9 23.4 20.6 6.0 13.6 3.9 3.4 125.4 350 . 350 
29 .8 7.2 11.9 5.3 4.3 26.4 22.5 20.6 16.3 10.3 1.7 4.3 131.6 350 350 



, lhTERVLIET R E S E R V O I R  HYDRO-ELEC'TR. IC  Z I L J t I  kifiSE2 ON zLEgfi$cL_OW SYNIEESIZ  
I ? ~ G ~ H L ~ - S ~ M G Z R ~ - G F ' ~ U P : ~ T ~ ~ E  GGEGETTGN A r  sou c ~ s  

A S S U M I N G :  O P E R A T I O N  C E A S E S  k T  3 F E E T  BELOW F L A S H F O A R D S  
D O M E S T I C  WATER S U P P L Y  M A I N T A I N E D  A T . 6  MGu 

A V G .  3.0 a . 8  8 . 3  5.9 7.619.0 17.0 9 . 1  4 . 2  2.0 1.7 2 , 3  92.4 o 620 



JATERVLIET RESERVOIR HYLIRO .ELECTRIC STIJCIY RASED 21 :IEgcncLgv SYWIHE_:IS --...--------- ---- ----- ----- -------- ----- ----- 
IONTHLY SUHMARY OF TURBINE O P E R A T I O N  AT 6 0 0  CFS 

ASSUMING:  ' O P E R A T I O N  CEASES AT 3 FEET BELOW FLASHBOARDS 
DOHESTIC WATER SUPPLY H A I N T A I N E D  AT 6 flGD 

D E F I C I T  (PIG: 
TOTAL. t_?iN. i ez .  ----- 

67.0  350 350 



, ,..- ., .-..- ..----.., . ,. . 5 . -.-. - .. .,.1r I? L! . ':;cl?.-zl  i7,-7z 7,-  c 1Irf.f CAT,=- ,Id ~I~~'.. .<,=Lpj ~ ~ ~ , ~ , , ~ ~ ~ 5  
, ~ J - i ~ ~ . ~ ' S i j i + ~ ~ ~ 7 - ~ F F P u f ! ~ ~ ~ . , f  tjPE2ATTGl~"i?-.;JOfi.-tFf;' - ---- 

T<S.S!Jr(IHG: OPERATIOI.4 CEASES AT 3 FEET EiELOW F L A S I i B O A R D S  ' 

LlOMESTIC W A T E R  SUFPLY .HA I tdTA INED AT 6 HGD 

D E F I C I T  !MGl 
T O T A L  lllb. !fix. ----- 

51.8  350 350 
94.3 350 333 
64.3 350 385 
87 .9  350 350 
82.9 350 350 
57 .5  350 351) 
52.4 350 350 
56.G 350 350 
57 .8  350 350 
80 .5  350 379 
4 6 4  350 350 
39.3 350 350 
46.9 350 350 
82.8 350 350 
39.8 350 350 
59.4 350 527 
42.2 350 5 9 1  
60 .4  350 430 
47 .3  350 625 
81  .Z 350 350 
59.0 350 350 
5 8 . 1  350 350 
5Q.2 350 350 
61.3 350 350 
71.3 350 350 
42.0 350 350 
48.6 350 40": 
71 .4  350 350 
72.9 350 350 
46.2 350 356 
42.3 350 467 
44 .9  350 561 
58.9 350 350 
42 .6  350 350 
49 .1  350 463 
60.2 Ti50 374 
62 .3  350 350 
66.5 350 350 
44 - 8  350 386 
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MARKET.ING 

E l e c t r i c  Power Market 

The. primary c o n s i d e r a t i o n  of t h e  market ing a n a l y s i s .  has  been 

t h e  d e t e r m i n a t i o n  of s u i t a b l e  placement of any s u r p l u s  power 

gene ra t ed  a t  any proposed h y d r o e l e c t r i c  f a c i l i t y  a t  F r e n c h ' s  M i l l s .  

I t .  was assumed a t  t h e  o u t s e t . t h a t  t h e  h i g h e s t . b e n e f i t  f o r  t h e  f i r s t  

i nc remen ta l  power gene ra t ed  would be f o r  munic ipa l  use  a t  t h e  s i t e  

t o  r e p l a c e  t h e  mechanical  hydropower p r e s e n t l y  u t i l i z e d  f o r  water  

supply  pumping wi th  e l e c t r i c a l  power. Placement of the .  power 

gene ra tqd  i n  exces s  of t h i s  requirement  w a s  c o n s i d e r a b l y  more 

involved-. 

. I t  was f i r s t  necessary  t o  de te rmine  what l e g a l  r e s t r i c t i o n s  

would .be p l aced  upon d i s p o s a l  of t h e  s u r p l u s  power. D i scuss ions  

.were he ld  wi th  t h e  New York S t a t e  P u b l i c  S e r v i c e   omm mission. I t  w a s  

determined t h a t  under terms of  c u r r e n t  PSC t a r  i f  f s  and r e g u l a t i o n s ,  

s a l e  of s u r p l u s  power by t h e  C i t y  of W a t e r v l i e t  t o  any e x i s t i n g  ' ' 

consumer w i t h i n  t h e  Niagara  Mohawk Power, Corpora t ion  f r a n c h i s e d  

a r e a  would be cons ide red  " p i r a t i n g "  and would be i l l e g a l ,  u n l e s s  

t h e  C i t y ,  a s  p roducer ,  cou ld  prove t h i s  would be i n  t h e  p u b l i c  

i n t e r e s t .  New consumers a r e  excepted' from t h i s  r u l e  and a  consumer, 

r e q u e s t i n g  a  new s e r v i c e ,  may p o s s i b l y  be s e rved  by t h e  deve loper  of 

t h e  ~ o r m a n s k l l l  H y d r o e l e c t r i c  f a c i l i t y .  S i n c e  f i r m  power gene ra t ed  

a t  t h e  s i t e  would be minimal, and it would s e r v e  a t  b e s t  o n l y  t o  

supply t h e  C i t y ' s  munic ipa l  pumping s t a t i o n ,  it was obvious  t h a t  

s a l e  of power t o  new consumers a s  t h e i r  s o l e  sou rce  of power would 

be u n a c c e p t a b l e .  For  t h i s  reason ,  d i s c u s s i o n s  w i t h  e x i s t i n g  o r  

p o t e n t i a l  new r e t a i l  consumers such a s  c l i e n t s  of t h e  Gu i lde r l and  

I n d u s t r i a l  Development Agency, were n o t  pursued.  

I t  was determined,  t h a t  t h e  PSC p i r a t i n g  r e g u l a t i o n s  d i d  no t  

apply t o  t h e  p o s s i b l e  s a l e  of power e i t h e r  t o  t h e  Power A u t h o r i t y  of  

t h e  . S t a t e  of N e w  York (PASNY) o r  t o  F e d e r a l  f a c i l i t i e s  such a s  t h e  

U.S. Government Arsena l  a t  W a t e r v l i e t .  I n  t h i s  l i g h t ,  d i s c u s s i o n s  

were he ld  wi th  t h e  ~ a t e r v l . i e t  Ar sena l  t o  de te rmine  t h e  i n t e r e s t  on 

t h e i r  p a r t  t o  us ing  'munic ipa l ly  gene ra t ed  power. Due t o  t h e  l a r g e .  



amount of power.consumed by t h e  Arsena l  i n  t h e i r  manufactur ing 

f a c i l i t i e s  i n  r e l a t i o n  t o  what t h e  C i t y  could  supply ,  t h i s  

a l t e r n a t i v e  was judged t o  be u n f e a s i b l e .  

The Power ~ u t h o r i t y  of t h e  S t a t e  of New York (PASNY) is  a  

s t a t e - c h a r t e r e d  a u t h o r i t y  whose purpose i s  t o  deve lop  e l e c t r i c a l  

g e n e r a t i o n  and t r ansmis s ion  f a c i l i t i e s  w i t h i n  t h e  s t a t e .  A r e q u e s t  

has  .been made of  PASNY t o  a s c e r t a i n  t h e i r  i n t e r e s t s  i n  purchas ing  

t h e  s u r p l u s  dump powe-r a v a i l a b l e  from t h e  Normanski l l  H y d r o e l e c t r i c  

f a c i l i t y .  A s  o f . t h i s  d a t e ,  a. fo rmal  r e p l y  from t h i s  o . rgan iza t ion  

has  n o t  been rece ived .  

D i scuss ions  were he ld  w i t h  t h e  Niagara  Mohawk Power 

Corpora t ion  (N.M.P.C. ) t o  explo 're s e v e r a l  a r e a s  .of i n t e r e s t  .. The 

- f i r s t  a r e a  explored  wi th  t h e  u t i l i t y  was t h e  p o s s i b i l i t y  t h a t  

N.M.P.C. purchase  a l l  s u r p l u s  power from t h i s  f a c i l i t y .  D i scuss ions  

wi th  t h e . l o c a 1  N.M.P.C. management y i e l d e d  an o f f e r  from Niagara  

Mohawk Power Corpora t ion  of 3 t o  5 m i l s  p e r  k i l o w a t t  hour f o r  t h i s  

s u r p l u s  power. 

Pursuing t h e  d e t e r m i n a t i o n  of s u i t a b l e  purchase  p r i c e ,  an  

examinat ion w a s  made of c o n t r a c t s  on f i l e  w i th  t h e  N e w  York S t a t e  

~ u b i i c  S e r v i c e  Commission between t h e  Niagara  Mohawk Power 

Corpora t ion  and v a r i o u s  munic ipa l  and p r i v a t e  p roduce r s  of 

e l e c t r i c a l  energy.  D e t a i l e d  examinat ion was made of t h e s e  

c o n t r a c t s ,  bo th  f o r  p r e v a i l i n g  r a t e  and a l s o  of t h e i r  i n t e r f a c e  

requirements .  Two of t h e  f i v e  e x i s t i n g  c o n t r a c t s  most comparable t o  

our  c a s e ,  e s t a b l i s h e d  t h e  va lue  of power a t  4 . 5  m i l s  p e r  k i l o w a t t  

hour, t h e  o t h e r  three a t  9 m i l s  p e r  k i l o w a t t  hour. T e r m s  i n  t h r e e  
J 

of t h e  c o n t r a c t s  were l e f t  i n d e f i n i t e  and t h e  remaining two e x p i r e  

i n  1983. A l l  t h e  most c u r r e n t  c o n t r a c t s  executed  between February 

and June of 1978 set a  p r i c e  f o r  t h i s  power a t  9  m i l s  p e r  k i l o w a t t  

hour. I n  c e r t a i n  c a s e s ,  t h e s e  c o n t r a c t s  p rov ide  f o r  r e c i p r o c i t y  on 

t h e  par t  of Niagara  Mohawk f o r  supply o f  power t o  t h e  m u n i c i p a l i t y  

i n  t h e  even t  t h a t  t h e i r  g e n e r a t i o n  f a c i l i t i e s  were o f f - l i n e  a t  t h e  

r a t e  of 1.2 c e n t s  p e r  k i l o w a t t  hour. A f i n a l  d e t e r m i n a t i o n  was made 

I based upon our  d i s c u s s i o n s  and examinat ions  of c u r r e n t  c o n t r a c t s  and 
on e v a l u a t i o n  of c u r r e n t  energy p r i c e s  on n a t i o n a l  and s t a t e  l e v e l  



t h a t  t h e  9 m i l  p e r  k i l o w a t t  hour r a t e  would be used f o r  c a l c u l a t i n g  

b e n e f i t s  a c c r u a b l e  t o  t h e  c i t y  f o r  s a l e  of s u r p l u s  power t o  Niagara  

Mohawk. 

The second a r e a  of d i s c u s s i o n  w i t h  t h e  u t i l i t y  (N.M.P.C. )  

involved de t e rmina t ion  of cha rges  imposed by t h e  u t i l i t y  f o r  

"wheeling" power. "Wheeling" i n v o l v e s  t r a n s m i s s i o n  of power 

gene ra t ed  a t  t h e  Normanskil l  H y d r o e l e c t r i c  s i t e  over  e x i s t i n g  

Niagara  Mohawk Power Corpora t ion  f a c i l i t i e s .  Power would then  be 

e x t r a c t e d  w i t h i n  t h e  C i t y  of W a t e r v l i e t  a t  munic ipa l  f a c i l i t i e s .  

The cha rge  f o r  " t r ansmis s ion"  of  mun ic ipa l ly  gene ra t ed  power wouSd 

t a k e  i n t o  account  t r a n s m i s s i o n  l o s s e s  and expenses  t h e  u t i l i t y  would 

incu r  i n  o p e r a t i n g  and main ta in ing  t h a t  p o r t i o n  of t h e i r  

t r a n s m i s s i o n  system a l l o c a b l e  t o  t h i s  use.  I t  should be noted here 

t h a t  t r a n s m i s s i o n  system is  used i n  a  g e n e r i c  s e n s e  s i n c e  

t r a n s m i s s i o n  of t h e  q u a n t i t y  of power expec ted  t o  be developed wi th  

t h e  Normans K i l l  s i t e  could be e a s i l y  handled by t h e  u t i l i t y ' s  

d i s t r i b u t i o n  system. The u t i l i t y ,  through i t s  l o c a l  management, 

showed a  very c o o l  i n i t i a l  r e c e p t i o n  t o  even d i s c u s s i n g  wheeling. 

Subsequent d i s c u s s i o n s  wi th  t h e  Syracuse  o f f i c e  y i e l d e d  a t e n t a t i v e  

o f f e r  of 2 t o  4 m i l s  p e r  k i l o w a t t  hour f o r  wheeling,  P r e s e n t l y ,  t h e  

Power A u t h o r i t y  o f  t h e  S t a t e  o f  N e w  York (PASNY) is charged 2  t o  

2-1/2 m i l s  p e r  k i l o w a t t  hour f o r  wheeling a c r o s s  N.M.P.C. l i n e s  on 

an agg rega t e  s t a t e - w i d e  b a s i s .  I t  is  expec ted  t h a t  t h i s  r a t e  w i l l  

be i nc reased  s h o r t l y  a t  t h e  i n s i s t e n c e  of t h e  P u b l i c  S e r v i c e  

Commission. I t  has  a l s o  been determined t h a t  t h e  F e d e r a l  Energy 

Regula tory  Commission could  be addressed  t o  compel Niagara  Mohawk t o  

whee l  power t o  t h e  C i t y  i f  an agreement on wheeling could  no t  be 

reached wi th  Niagara  Mohawk Power Corpora t ion .  A s i m i l a r  s i t u a t i o n  

a r o s e  i n  t h e  Town of Massena, N e w  York. 

F i n a l  d i s c u s s i o n s  were he ld  w i t h  t h e  Niagara  Mohawk Power 

~ o r ~ o s a t i o n  o n  t h e ' p o . s s i b i l i t y  of purchase  o r  l e a s e  of t h e  s i t e  by 

Niagara  Mohawk f o r  c o n s t r u c t i o n  of g e n e r a t i o n  f a c i l i t i e s  by t h e  . 

u t i l i t y .  Niagara  Mohawk had i n i t i a l l y  expressed  some i n t e r e s t  i n  

I p o s s i b l e  l e a s e  of t h e  s i t e  bu t  subsequent ly  has  s t a t e d  in fo rma l ly  
t h a t  t hey  might r a t h e r , p u r c h a s e  t h e  s i t e  o u t r i g h t .  No f u r t h e r  * 

d i s c u s s i o n s  have been he ld  w i t h  Niagara  Mohawk rega rd ing  t h i s  ma t t e r .  



Having determined t h e  e x t e r n a l  c o s t s  and b e n e f i t s  t o  t h e  c i t y  

f o r  g e n e r a t i o n  and s a l e  of power from t h e  proposed s i t e ,  

de t e rmina t ion  of t h e  i n t r i n s i c  v.alue of power remained. 

Municipal  Power Consumption 

The d e t a i l e d  account  of power purchased by munic ipa l  

f a c i l i t i d s  was under taken t o  de te rmine  what p o s s i b l e  b e n e f i t s  would 

acc rue  t o  t h e  c i t y  f o r  use  of s u r p l u s  power a v a i l a b l e  a t  t h e  s i t e  

us ing  t h e  assumption t h a t  . t he  power would be .whee led  a c r o s s  Niagara  

Mohawk power Corpora t ion  f a c i l i t i e s .  , An a u d i t '  was, performed t o  
'. 

dete rmine  t h e  amount of energy consumed, i t r s  t o t a l  c o s t  and p e r i o d s  

of consumption. A l l  c i t y  accoun t s  w i t h  t h e  Niagara  Mohawk Power 

Corpora t ion  were compiled f o r  a t h r e e  yea r  span (1976-1978) f o r  1 3  
mun ic ipa l '  f a c i l i t i e s  l i s t e d  a s  fo l lows:  . 

1. Municipal  Swimming Pool 
2. Water F i l t r a t i o n  P l a n t  
3. C i t y  H a l l  
4. Water D i s t r i b u t i o n  Pumping S t a t i o n  
5. C i t y  Garage 
6. Municipal  Ice Ska t ing  F a c i l i t y  

- 7. R a w  Water Pumping S t a t i o n  
8. S e n i o r  C i t i z e n  Cen te r  
9. F i r e  S t a t i o n  

10. S t r e e t  L igh t  S e r v i c e  
11 T r a f f i c  L i g h t  S e r v i c e  
12. C i v i c  Cente r  
13. Hudson Shores  Park 

Data  was compiled on the e l e c t r i c a l  consumption of t h e s e  

f a c i l i t i e s  by t a k i n g  ,monthly o r  bimonthly u t i l i t y  b i l l s  and 

d i s a g g r e g a t i n g  t h e  t o t a l  consumption over  t h e  b i l l i n g  pe r iod .  I n  

c e r t a i n  cases. ,  ' a s  i n  . t h e  case of t h e  munic ipa l  ice. s k a t i n g  f a c i l i t y ,  

ad jus tments  were made f o r  known peak o p e r a t i n g  l o a d s  from f a c i l i t y  

o p e r a t i n g  r eco rds .  I n  t h e  c a s e  of t h e  S e n i o r  C i t i z e n  c e n t e r ,  'now' 

under c o n s t r u c ~ i o n ,  e n g i n e e r ' s  e s t i m a t e s  of power requi rements  a t  

t h e  f a c i l i t y  were u t i l i z e d  i n  de te rmin ing  t o t a l  power consumption 

f o r  a t y p i c a l  yea r .  



A s i g n i f i c a n t ,  f a c t o r  i n  t h e  C i t y  of W a t e r v l i e t t s  annua l  c o s t  

f o r  power i s  t h e  o p e r a t i o n  of t h e  c i t y ' s  s t r e e t .  l i g h t i n g  system. 

The s t r e e t  l i g h t i n g  system is comprised of approximately  598 

l u m i n a i r e s  b o t h ' s e p a r a t e l y  mounted and mounted on u t i l i t y  company 

po le s .  Under t h e  p r e s e n t  system, t h e  C i t y  pays  an annua l  cha rge  f o r  

each f i x t u r e  a s  d e f i n e d  by t h e  New York S t a t e  P u b l i c  S e r v i c e  

Commission T a r i f f  C l a s s i f i c a t i o n s .  (P.S .C. No. 213) 

The t o t a l  annua l  cha rges  f o r  t h e  s t r e e t  l i g h t i n g  f a c i l i t i e s  i s  

then  d i v i d e d  by t h e  c a l c u l a t e d  load  based upon manufacturer  s 

c a t a l o g u e  power requi rements  f o r  t h e  i n d i v i d u a l  lamps. ,A  f a c t o r  of  

4,170 hours  p e t  y e a r  is ' u sed  f o r  t h e  a n t i c i p a t e d  on-time of 

l u m i n a i r e s  a c t i v a t e d  by p h o t o c e l l s .  The monthly 'charge b i l l e d ,  

t h e r e f o r e ,  i s  approximately  1 / 1 2 t h ' o f  t h e  annua l  cha rge ,  bu t  v a r i e s  

according t o  t h e  t i m e  of t h e  y e a r  r e p r e s e n t i n g  t h e  normal v a r i a t i o n s  

of t h e  n o c t u r n a l  c y c l e s .  On a  s t r a i g h t  c a l c u l a t e d  k i l o w a t t - p e r - y e a r .  

b a s i s ,  t h e  c o s t  f o r  t h i s  s e r v i c e  is approximately  7-1/2 c e n t s  p e r  

k i l o w a t t  hour. I t  is unders tood,  however, t h a t  t h i s  c o s t  . r e p r e s e n t s  

no t  on ly  c o s t  of power t o  t h e  equipment, bu t  a l s o  o p e r a t i n g  

maintenance c o s t s  and an amount s u f f i c i e n t  t o  amor t i ze  t h e  

f a c i l i t i e s  over  t h e i r  expected l i f e .  Under t e rms  of t h e  p r e s e n t  

c o n t r a c t  between t h e  C i t y  and Niagara  'Mohawk Power Corpora t ion ,  

under PSC T a r i f f  No. 213, t h e  c i t y  may a t  any t ime elect  t o  

t e r m i n a t e  s e r v i c e  by paying t h e  d e p r e c i a t e d  book ,va lue  of t h e  

f a c i l i t i e s  l e s s  t h e  s a lvage  value.  W i t h  t h i s  i n  mind, an a t t e m p t  

was made t o  de te rmine  t h i s  r e s i d u a l  va lue  as  a  means of c a l c u l a t i n g  

t h e  t r u e  b e n e f i t  f o r  e i . t h e r  power consumption a l o n e  o r  f u l l  

opera ' t ion  of t h e  f a c i l i t i e s  by t h e  c i t y .  Repeated ' r e q u e s t s ,  t o  

Niagara  .~ohawk  Power Corpora t ion  f o r  t h i s  i n fo rma t ion  have,  been 

' f u t i l e .  The on ly  f i g u r e  o f f e r e d  by N.M.P.C. v e r b a l l y  was' an  

approximate replacement va lue  of "about  $100,000." I t  was a l s o  

i n f e r r e d  t h a t  t h i s  replacement va lue  inc luded  on ly  m a t e r i a l s .  Upon 

f u r t h e r  i n v e s t i g a t i o n ,  s e v e r a l  appa ren t  d i s c r e p a n c i e s  have been 

found i n  t h e  c u r r e n t  c o n t r a c t  between t h e  C i t y  and Niagara  Mohawk 
(I Power Corpora t ion .  P r i o r  t o  J u l y  1977, t h e  m a j o r i t y  of l i g h t i n g  

f i x t u r e s  l i s t e d  on N.M.P.C c o n t r a c t  schedule  SL, a s  i n s t a l l e d  w i t h i n  



t h e  C i t y  of W a t e r v l i e t ,  were of c o n v e n t i o n a l  incandescen t  type .  

B i l l i n g  c o s t s ,  p r i o r  t o  t h i s  d a t e ,  were c a l c u l a t e d  on t h e  f i l e d  

t a r i f f  c h a r g e s  f o r  t h i s  t ype  of lumina i re .  However, t h e  new 

Schedule  SL f u r n i s h e d  t h e  C i t y  by N.M.P.C. a f t e r  J u l y  1977 i n d i c a t e s  

t h a t  a l l '  of t h e  approximately  525 l u m i n a i r e s  were e i t h e r  mercury 

vapor o r  h igh  p r e s s u r e  sodium type .  Subsequent b i l l i n g  f o r  s t r e e t  

l i g h t i n g  f a c i l i t i e s  has  been on t h i s  b a s i s .  I n q u i r i e s  t o  t h e  

Niagara  Mohawk Power Corpora t ion  a s  t o  when and i f  t h e  e n t i r e  c i t y  

s t r e e t  l i g h t i n g  system was conve r t ed  t o  t h e  newer t ype  of l u m i n a i r e  

have been t o  no a v a i l .  A c u r s o r y  examinat ion of s e v e r a l  s t r e e t  

l i g h t i n g  f i x t u r e s  i n d i c a t e s  t h a t  t h e y  a r e  i n  f a c t  t h e  o l d  s t y l e  

incandescen t  lumina i re .  Having been impeded i n  our  a t t e m p t s  t o  

o b t a i n  s u f f i c i e n t  in format ion  from t h e  Niagara  Mohawk Power 

Corpora t ion  t o  de te rmine  t h e  b e n e f i t s  and c o s t s  f o r  c i t y  ownership 

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

b e n e f i t s  were developed independent ly .  A s  a  b a s i s  of c a p i t a l  c o s t  

f o r  t ake-over  of t h e  f a c i l i t i e s ,  t h e  $100,000 quoted by Niagara  

Mohawk ( though t  t o  be e x c e s s i v e l y  high)  was used. An e s t i m a t e  from 

a  l o c a l  r e p u t a b l e  c o n t r a c t o r  wi th  c o n s i d e r a b l e  expe r i ence  i n  

i n s t a l l a t i o n ,  o p e r a t i o n  and maintenance of munic ipa l  s t r e e t  l i g h t i n g  

f a c i l i t i e s  was ob ta ined  f o r  t h e  i n s t a l l a t i o n  p o r t i o n  of t h i s  c a p i t a l  

expense. I n  a d d i t i o n ,  an e s t i m a t e  f o r  c o n t r a c t  o p e r a t i o n  and 

maintenance ( re lamping ,  e t c . )  was a l s o  ob ta ined .  Using t h e s e  

f i g u r e s  and amor t iz ing  t h e  c a p i t a l  p o r t i o n  of t h e  o u t l a y  over  20 

y e a r s  a t  t h e  c u r r e n t  c i t y  bonding r a t e ,  it was determined t h a t  t h e  

annual  c h a r g e s  i nc lud ing  o p e r a t i o n  and maintenance f o r ' t h e  e x i s t i n g  

s t r e e t  l i g h t i n g  f a c i l i t i e s  w a s  approximately  $25,000 p e r  annum. The 

d i f f e r e n c e  t h e n  between t h i s  f i g u r e  and t h e  $50,000 p e r  y e a r  c u r r e n t  

cha rges  t o  t h e  c i t y  from Niagara  Mohawk Power Corpora t ion  was used 

t h e r e f o r e  a s  r e p r e s e n t i n g  t h e  e l e c t r i c a l  power consumption c o s t  of 

t h e  s t r e e t  l i g h t i n g  f a c i l i t i e s .  

A summary of e l e c t r i c a l  power consumption i n  t h e  f a c i l i t i e s  

i n v e s t i g a t e d  i s  shown on F i g u r e  30. 



B e n e f i t  Value . 'program 

Each of t h e  v a r l o u s  a l t e r n a t i v e  h y d r o e l e c t r i c  g e n e r a t i n g  

c o n f i g u r a t i o n s  which were cons ide red  would produce e l e c t r i c  power a s  

i t s  primary b e n e f i t .  The va lue  o f t h e  power wh ich  it is capab le  of 

producing depends 'not on ly  on t h e  t o t a l  amount o f  p o w e r ,  bu t  a l s o  o n  

whether t h e  power t h a t  is. being produced w i l l  'be s imul taneous ly  

consumed by t h e  water  pumping s t a t i o n  a t  t h e  s i t e ,  whether t h e  

remaining exces s ,  i f  any, w i l l  s imu l t aneous ly  be used remotely  by 

mun ic ipa l ly  owned f a c i l i t i e s  i n  t h e  C i t y  of W a t e r v l i e t ,  o r  whether 

t h e  remaining exces s ,  i f  any, w i l l  be "dumpedw i n t o  t h e  Niagara  - 

Mohawk system. 

A model w a s  developed which compared t h e  t i m e  and r a t e  

d i s t r i b u t i o n  of  t h e  power which cou ld  be produced a g a i n s t  t h e  power 

consumption requi rements  of t h e  owner bo th  a t  t h e  s i t e  and w i t h i n  

t h e . C i t y .  The  e l e c t r i c a l  energy consumption p a t t e r n  f o r  a  r e c e n t  

yea r  w a s  i n p u t  t o  t h e  model. I t  summarized t h e  annua l  use  by 

r e p r e s e n t i n g  each  month by two p e r i o d s ,  each  w i t h  r e l a t i v e l y  uniform 

use. For each  of t hose  24 usage p e r i o d s ,  t h e  power c a p a b l e  of being 

produced by each a l t e r n a t i v e  c o n f i g u r a t i o n  f o r  t h e  50 cor responding  

months from t h e  r e s e r v o i r  s t reamflow s i m u l a t i o n  was determined and 

t h e  average  amount of power f a l l i n g  i n t o  each  of t h e  t h r e e  b e n e f i t  

c a t e g o r i e s  was compiled. The s i m u l a t i o n  t h u s  p rog res sed  th'rough t h e  

24 c a l e n d a r  p e r i o d s  and was. summarized a s  annua l  t o t a l s  t o  which t h e  

a p p r o p r i a t e  b e n e f i t  r a t e s  a r e  a p p l i e d  i n  o r d e r  t o  d e r i v e  t h e  t o t a l  

annual va lue  of t h e  power gene ra t ed  f o r  each  a l t e r n a t i v e  and i n  each  

' b e n e f i t  ca tegory . .  

when. t h e  g e n e r a t i n g  equipment may be i d l e  due t o  l a c k  'of 

a v a i . l a b l e  wate r  , t h e  g e n e r a t i n g  equipment could  have a  f o u r t h  

p o t e n t i a l  marke tab le  b e n e f i t  t o  t h e  Niagara  Mohawk Power Corpora t ion  

i f  ope ra t ed  in ,  a  mode by wh ich  it could  p rov ide  power f a c t o r  

c o r r e c t i o n  i n  t h e  l o c a l  Niagara  Mohawk s e r v i c e  a r e a .  The .  value' of 

such p o t e n t i a l  b e n e f i t  would be p r o p o r t i o n a l  t o  t h e  peak g e n e r a t i n g  
. . 

c a p a c i t y  of the ,machine and might' a c c r u e  whenever i t  is n o t  

gerierating e l e c t r i c i t y .  A nominally low b e n e f i t  r a t e  was chosen t o  

r e f l e c t .  t h e  remoteness of t h i s  . a spec t  a s  a  f a c t o r  f o r  s e l e c t i o n . ,  



The c r e d i t  summary was f u r t h e r  ref ' ined t o  r e f l e c t  t h e  f a c t  

t h a t  any of t h e  Type 3  t u r b i n e s  (Kaplan , see  F i g u r e  4 4 )  would be 

capab le  of o p e r a t i n g  a t  load  f a c t o r s  o r  f low r a t e s  reduced t o  . . 

approximately  1 0 %  of t h e  peak c a p a c i t y .  A c o r r e c t i o n  was f u r t h e r .  

a p p l i e d  t o  t h e  b e n e f i t s  determined f o r  t h e s e  t u r b i n e s  t o  r e f l e c t  t h e  

advantageous f a c t  t h a t  t hey  cou ld  o p e r a t e  a  s u b s t a n t i a l l y  g r e a t e r  

pe rcen tage  of t i m e  compared t o  t h a t  c a l c u l a t e d  under t h e  assumption 

t h a t  t h e  t u r b i n e  could  run on ly  a t  f u l l  f low c a p a c i t y .  T o t a l  power 

o u t p u t  f o r  t h e  g e n e r a t i n g  equipment would n o t  be i n c r e a s e d ,  b u t  a  

g r e a t e r  r e l a t i v e  amount of t h e  power which it  could  produce would be 

capab le  of being used s imul taneous ly  by t h e  pumping s t a t i o n  a t  t h e  

s i t e  acc ru ing  power c r e d i t  a t  a  h ighe r  r a t e  and avoi'ding the.  

n e c e s s i t y  t o  p u t  t h i s  power i n t o  t h e  Niagara  Mohawk Power Corp. 

system i n c u r r i n g  a  t r a n s p o r t a t i o n  o r  "whee l ingm-  cha rge  f o r  t h e  

energy.  The c o r r e c t i o n  £.or i n c r e a s e d  o p e r a t i n g  t i m e  is based upon 

t h e  r e l a t i o n s h i p  shown i n  F i g u r e  25. ' C r e d i t s  f o r  power f a c t o r  

c o r r e c t i o n  were cor respondingly  reduced f o r  a l l  of t h e  Type 3 

t u r b i n e s  i n  p r o p o r t i o n  t o  dec reased  i d l e  t i m e .  

F i g u r e  30A - d i s p l a y s  an annua l  summary , f o r  each a l t e r n a t i v e  

showing t h e  t o t a l  c i t y  power consumption a s  w e l l  a s  t h e  c o s t .  a t  t h e  

assumed r a t e  p e r  k i l o w a t t  hour and t h e  cor responding '  average  of 

c r e d i t s  over  t h e  50-year s i m u l a t i o n  p e r i o d  f o r  power produced i n  

each of t h e  b e n e f i t  c a t e g o r i e s  and t h e  r e s u l t i n g  n e t  c o s t  of  power 

a f  t e r  app ly ing  t h o s e  c r e d i t s .  

T h e  f n t a l  c r e d i t s  t h u s  d e r i v e d  a r e  t h e  b a s i s  f o r  s e v e r a l  l a t e r  

computat ions  p e r t a i n i n g  t o  machine s e l e c t i o n  and o v e r a l l  economic 

f e a s i b i l i t y .  

U t i l i t y  I n t e r f a c e  ' 

. . C e r t a i n ,  t e c h n i c a l  ' requirements  f o r  i n t e r f  ac ing  w i t h  Niagara  

Mohawk Power system were determined through d i s c u s s i o n s  wi th  Niagara  

: Mohawk f a c i l i t y  engineers .  The ' t r ansmis s ion  v o l t a g e  f o r  ' i n p u t .  i n t o  

t h e  Niagara  Mohawk system a t  t h e  F r e n c h ' s  M i l l s  l o c a t i o n  would be 
. .I 13,200 vo l t s . ,  I t  was assumed t h a t  a l t hough  p r e s e n t  Niagara  Mohawk 

f a c i l i t i e s  a t  t h e  s i t e  are of iqadequa te  c o n s t r u c t i o n  f o r  



t r a n s m i s s i o n  of t h i s  power, c u r r e n t  p l ann ing  requi rements  a l r e a d y  

inc lude  e x t e n s i o n  of 13,200 v o l t  f a c i l i t i e s  t o  t h e  s i t e  i n  t h e  nea r  

f u t u r e .  

Requirements f o r  p r o t e c t i o n  and r e l a y i n g  used a r e  t h o s e  s t a t e d  

i n  IEEE-357-1973 "IEEE Guide f o r  P r o t e c t i v e  Relaying of U t i l i t y  

Consumer  interconnection^^^. Niagara  Mohawk Power Corpora t ion  has  

a l s o  been approached t o  de te rmine  t h e  f e a s i b i l i t y  of u s ing  power 

f a c t o r  c o r r e c t i o n  du r ing  o f f - l i n e  g e n e r a t o r  p e r i o d s .  S i n c e  t h e r e  is  

a s  a  c o n s e r v a t i v e  e s t i m a t e ,  over  600 horsepower of connected 

i n d u c t i v e  l oad  w i t h i n  a  one m i l e  r a d i u s  of t h e  proposed g e n e r a t i o n  

f a c i l i t i e s ,  t h e  b e n e f i t s  of  power f a c t o r  c o r r e c t i o n  would seem 

s u b s t a n t i a l .  While mild  i n t e r e s t  ha s  been expressed  by Niagara  

Mohawk concerning t h i s  power f a c t o r  c o r r e c t i o n ,  no va lue  f o r  t h i s  

b e n e f i t  has  been determined.  For  t h i s  reason ,  a  nominal token va lue  * 

has  been shown i n  t h e  c a l c u l a t i o n s  p u r e l y  t o  r e p r e s e n t  t h e  

p o s s i b i l i t y  of t h i s  end use. 

A f i n a l  i n t e r f a c e  requirement  d i s c u s s e d  h a s  been t h a t  of 

concurrency of  power g e n e r a t i o n  and consumption. T h e  account ing  

methods which would be used t o  c a l c u l a t e  t h e  payment amounts 

a c c r u a b l e  e i t h e r  t o  Niagara  Mohawk o r  t o  t h e  C i t y  f o r  power e i t h e r  

gene ra t ed ,  s o l d ,  purchased o r  wheeled w i l l  i nvo lve  meter ing  a t  some 

1 4  l o c a t i o n s .  S i n c e  t h e  proposed f a c i l i t y  most p robably  w i l l  be a  

run -o f - r ive r  f a c i l i t y  w i t h  normal f l u c t u a t i o n s  i n  g e n e r a t i n g  

p a t t e r n ,  some c o n d i t i o n s  must be e s t a b l i s h e d  between t h e  u t i l i t y  and 

t h e  m u n i c i p a l i t y  a s  t o  t h e  concur rency  of  g e n e r a t i n g  and consumption 

p e r i o d s .  While t h e  most obvious  account ing  methods would be t h e  one 

p r e s e n t l y  i n  use ,  t h a t  is, s imple  monthly r e a d i n g s  of p e r t i n e n t  

me te r s  w i th  t h e  subsequent  c h a r g e s  o r  c r e d i t s  f o r  power e i t h e r  s o l d ,  

used o r  wheeled, t h i s  method may n o t  be e n t i r e l y  f a i r  t o  t h e  

u t i l i t y .  Should t h e  h y d r o e l e c t r i c  f a c i l i t y  f o r  i n s t a n c e ,  g e n e r a t e  

a t  a maximum r a t e  f o r  t h e  f i r s t  w e e k  of t h e  month and f a l l  t o  a  low 

o r  ze ro  r a t e  f o r  t h e  remaining p e r i o d  i n  t h e  month, t h e  C i t y  cou ld  

conce ivab ly  have c r e d i t  f o r  t h e  power g e n e r a t e d  averaged over  t h e  

month. P re l imina ry  d i s c u s s i o n s  w i t h -  t h e  u t i l i t y  have i n d i c a t e d  t h a t  

they  would be amenable t o  any e q u i t a b l e  a c c o u n t i ~ g  s t a n c e  which 



would take these concurrency problems into consideration. 

Consideration .of this concurrency problem has lead to consideration 

of a fairly sophisticated operating system for a facility of this 

size in order to provide the optimum operating mode within the 

accounting periods to maximize City benefits. 

Incurred Municipal Benefits and Costs 

Additional economic factors relating to city development of 

the project were determined under this chapter. Factors which .must 

be considered are changes in property tax assessments, i,nsu.rance.' 

requirements, labor requirements and municipal bonding rates if 

municipality is to assume financial responsibility for the facility. 

Currently, the city' pays approximately $31,000 in. school, 

county, town, highway, and fire district. taxes to the Town of. 

Guilderland and t'he appropriate school and fire districts for " 

property owned a,t the Town of Guilderland site. The present 

equalization rate for construction of the type considered by this 

project is 10%. Based upon a current tax rate of $ 2 5 5  per $1,000 of 

assessed valuation, $1,000,000 of construction would increase the 

city's present tax burden by approximately $26,000 per year.. A 

figure somewhat less than this was used in the Economic Analysis of 

the project with the assumption that assessment would not be at full 

value of construction since substantial portions of the construction 

involve modification or rehabilitation of existing facilities, 

Presently, the municipal pumping station located at the 

proposed site is manned 24 hours a day, 7 days per week, It is 

assumed that generation of hydroelectric power at the site would 

additionally entail modification of the present pumping station to 

serve as the control facility, This facility would, for safe and 

adequate control, be highly automated. A .reduction in workforce to 

only one or two individuals from the present staff of six would be 

possibbe. These individuals would be responsible for monitoring the 

operati'on and maintaining the combined hydroelectric/pumping 

facility. At current levels,. the cost to the city is approximately 



$19,000 p e r  y e a r  p e r  man i n  wages and f r i n g e  b e n e f i t s .  S u b s t a n t i a l  

s a v i n g s  would a c c r u e  t o  t h e  c i t y  w i t h  t h e  r e d u c t i o n  i n  t h e  l a b o r  

f o r c e  i f  t h e  p r o p o s e d  h y d r o e l e c t r i c  f a c i l i t y  i s  p u r s u e d .  

P r e s e n t l y ,  t h e  c i t y  c a r r i e s  s u f f i c i e n t  Workmen's Compensa t ion ,  

P r o p e r t y  and P u b l i c  L i a b i l i t y  i n s u r a n c e  a t  t h e  s i t e  t o  meet 

M u n i c i p a l  Law r e q u i r e m e n t s .  I t  h a s  been  assumed t h a t  any  a d d i t i o n a l  

i n s u r a n c e  r e q u i r e m e n t  d u e  t o  t h e  c o n s t r u c t i o n  o f  a h y d r o e l e c t r i c  

f a c i l i t y  a t  t h e  s i t e  would be s e l f - i n s u r e d .  F u r t h e r  d i s c u s s i o n  of  

t h e  amount assumed f o r  payment i n t o  a s i n k i n g  f u n d  f o r  t h i s  u s e  is 

d i s c u s s e d  i n  t h e  Economic A n a l y s i s  s e c t i o n .  

S i n c e  a t  l eas t  a p o r t i o n  o f  t h e  p r o p o s e d  f a c i l i t y  would b e  

f i n a n c e d  t h r o u g h  m u n i c i p a l  bo r rowing ,  a d e t e r m i n a t i o n  o f  e x p e c t e d  

bonding  r a t e s  w a s  made. The a c t u a l  ra te  f o r  m u n i c i p a l  bonding  by 

t h e  C i t y  o f  W a t e r v l i e t ,  based  upon g e o m e t r i c  mean o f  t h e  p a s t  f i v e  

y e a r s '  i s s u a n c e  of  bonds,  i s  6.31%. F u r t h e r  d i s c u s s i o n  o f  t h e  

r a m i f i c a t i o n s  o f  m u n i c i p a l  bonding  w i l l  b e  g i v e n  i n  t h e  

I m p l e m e n t a t i o n  s e c t i o n .  
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c11v E wnlEyvLrkI 
'TYPICAL POWER CC)NSUMP'I'ION FUR MARI:II .-...---.-- -.---- -----.---....---- ---- ...---.-- -. 

HIII:ISUN CITY GR1JTI'O WISWALL f)LIHPING 
.~I!IL-E y o f i ~ g  ~fi~fi~i ~ L ) U H T  f i y g ~ y ~ ;  !;In:mIgN 

F I R E  
!!g\w$g 

31tO 
311 8 
311 0 
3.11 8 
311 0 
514 8 
311 FJ 
3 14 I:! 
31llil 
326 
326 
326 
326 
32f) 
326 
326 
3 :.!A 
>'!A 
326 
3:!6 
3:!6 
326 
326 
326 
326 
326 
326 
326 
326 
3'!6 
326 

111310 
3'33 

'I'UT AL ----- 
7671 
9381 
93B1 
9381 
7301 
Y3Dl 
'9383 
7301 
730 1 
,0383 
[I375 
8375 
I!) 3 7 5 
1.1375 
El375 
1:) 3 7 5 
1.!375 
11375 
F13.75 
8371 
13371 
037 1. 
R371 , 

0371 
03  71  
0371 
8371 
0371 
03'71 
0371. 
M 2  0 ? 

?hfl76CS 
R.!, ill 



crmv ~~~IEAJ~~EI 
TYPICAL fPOWER CONSUHPTXON FOR A P R I L  - - -- - - -. - - - -. - - -- -- - - - -. -. - -. - . -. .- - - -- -- - . . -. . - - - 

'l'l3T. 21t525 13251t 
AVO. (3 1 El 14 11 2 

C I I'Y 
t;l?!l?L;E' 

2 1 
2 1 
2 1. 
2 1 
2 1. 
21 
2 1 
2 1 
2 1 
2 1 
12 
12 
12 
12 
12 

GRD'I"l'0 ' W l  SWtiL.1. PUIIPINO 
GqXIEI fiVENgg !jLfiIi!N 

tlI.IRST 
ROAD -. - .."-. 

1 
1 
1 
1 
1 
1 
1. 
I 
1 
1 
1 
1 
1 
1 

' 1  
1 
1 
1 
1  
1 
1 
1 
1 
1 
1 
1 
1 
1 
1  
1 

1.5 
1 

F I R E  
!!T!L!SE: 

326 
326 
326 
3 :.' 6 
3 :.!el 
326 
31!d1 
326 
326 
32h 
2'1 0 

. 214 0 
211 0 
2'1 0 
2110 
?'I O 
21t 0 
214 0 
2'1 0 
21t0 
24 0 
211 0 
2'4 0 
24 0 
2'4 0 
24 0 
2110 
24 11 
214 0 
2'4 0 

I!JIAL 

0209 
0209 
0209 
nZoY 
612 0 P 
f!? 1 0  
11z1u 
O?tU 
0210  
8210 
5'738. 
C C 
-1 I d 0  
5750 
5750 
5'750 
5750 
5750 
5750 
5726 
5726 
5726 
5726 
5726 
572A 
5726 . - 

5721 
5726 
5726 
5726 
535e1 



. C I T Y  
@_HfiGS 

12 
12 
12 
12 
1 2  
12 
f 2 
12 
12 

9 
7 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 

. 9  
9 .  
v 

GR(3'1"rU WISWALL PIJI IPINO 
cllUlp fiYE4LJE $ ~ f i ~ ~ H l ~  

2 kt7 2350 
2 7 2350 
2 l+7 2350 
2 47 >!350 
2 '47 2350 
2 . 7 2330 
2 47 2J5U 

' 2 l+7 2350 
2 1+7 2350 
2 '  4'7 2350 
2 47 2350 
2 I 2350 
2 147 2350' 
2 1+7 2350 
2 lt7 2350 
2 1+'7 2350 
2 147 2350 
2 33 2350 
2 33 2350 
2 33 2350 
2 33 2350 
2 33 2350 
2 33 ' 2350 
2 33 2350 
2 33 2350 

CIVIC 
CENXER 

67 
6 7 
6 7 
67 
6'7 
6 '7 
67 
67 
6 '7 
5 3 
513 
5 3 
53 
5 3 
53 
53 

S'I'REE'I' 
LlGHlS 

1624 
1624 
1624 
1624, 
1624 
1621, 
1624 
16211 
162V 
1621, 
1624. 
16211 
1624 
1621, 
1621, 
16211 
1621, 
1621) 
1624 
1621+ 
14~24 
1621, 
1621+ 
16211 
16211 
If124 
1624 
1624 

. 1624 
1624 
lQlt4 

TOTAL 



CITY 
HAL!: 

I? 1. 
0 1 
9 1 
9 1 
9 :I, 
9 1. 
Y1 
'I? 1. 
.9 1 

1 1 0  
1 1. 11 
l ' l 0  
1 1 0 
1 :I. 0 . 
i i o  
1 1. O 
1 1. 0 
11. 11.  
1 1 0  
1 1 0  
1 1 0 
1 :L 0 
11.0 ' 

1 :L 0 
1 1. O 
1 3. 0 - ' 

1. 1 0 
1 1 0  
11.0 
1 .I. 0 

3 121t 
lb tr  

tII.IIISDN CITY OROl'TCJ WISWALI, PIJHPINO 
POOL-fi r)omL-e ~ l j ~ + c ~  g f i ~ f i ~ ~  . ~!?L_I+I fiygy!~.~ g~fi:~mfi~ 

6 0  l l l j  705UO 
2 3'7 2,350 

CIVIC 
Ct:N:IEH 

C 
,-a 3 
5 3 
c?. 
d .3 
!.i 3 
5 3 

. 513 
S 3 
c7' . 4.3  
3 8 
3 El 
3 El 
3 13 
3 0 
30 
j EI 
38 
3 8 
30 
3 8 
3 13 
3 0 
3 El 
3 El 
3 El 
3 0 
3 0 
3 8 
3 0 
3 0 
3 11 

1:!51 
'I 2 

FIRE 
HOUSE 701CL 



ICE $iEt.IIOR 
R I t 4 l (  f':t'I'.fi&!j - .- .... -. .- - -- 

- '7 lil 41l2 
7 111 , 11 112 
' 7 B -  ltlt2 
7 ti1 14't 2 
7 1.3 114 :! 
713 443 
7 13 414 3 
713 1.11I3 
713 , lll+3 
'7 8 lll,I3 

1.12 lI11.3 
: 112 443 

'1 1. 2 1.1 ! t :5 
1 12 11113 
1:12 4ll:s 
112 4113 
112 1.1 I.) 3 

'112 I443 
1.12 '11t3 
1.12. 'Ill3 

1.12 1143 
112 I+ 1.e 3 
112 I+ I+ 3 
1'12 IIlI3 
112 1114 3 
112 11 LI:3 

112 l+lt 3 
112 1) 1.1 :3 
112 1+93 

,112 11b3 
112 . 'I I+ :5 

crml g~ W f i ~ m y ~ j ~ ~  
TYPICAL POWER CONSUMPTION FOR JIJLY ---.---.. - ---.-- --- .-------- - ---- 

CITY 
EARfiGE: 

9 
. u 

'? 
Y 
Y 
9 
9 
7 
9 
9 .  
8 
9 
9 
9 
9 
7 
9 
9 
9 
9 
9 
9 
7 
9 
9 
9 
9 
9 

. 9 ' .  
9 
9 

GRO'T'TII WI SWALL PUHPINO 
!??!!!!I ISYE!?ME 5:TAI'L!!!? 

2 411 2350 
2 1,II ::':550 
2 4 2350 
2 i 2350 
2 ltlt ~J:;o 

"> -. Ill+ 2350 
2 9.l.I 23'50 
2 4.11 2350 
.2 44 2350 
2 l i l t .  2350 
2 '+It 2350 
2 44 , 2350 
2 44 2350 

2 III,I 2390 
2 44 2350 
2 ICIt 2350 
2 4Y 2350 
2 4 2350 

2 1+0 2350 
2 40. 2350 
2 40 2350 
2 40 , 2350 
2 40 2350 
2 I+U ' 2350 
2 40 2350 
2 140 2350 
2 .  It0 2350 
2 1+0 2350 
2 4U 2350 
2 It0 2350 

' 2 I+() 2350 

C I V I C  
C_ENiEIJ 

3 13 
3 0 
30 
;3 n 
3 8 
3 E l  
3 n 
3 0 
3 8 
38 
'I 4 
111) 

44 
14 11 

44 
414 
1411 

It14 
4 4 
't 'I 
411 
'I 4 
b 4 
11 II 

44 
. 44 

Itit 
4 4 
4 'I 
4 4 
4 4 

1276 
. 14 2 
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 C
d 

C.1 
C

4 r.4 
C.1 C

4 P.1 
id

 r4
 f.1 
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gin! g~ wfi~~~mr~~~~ 
TYPICAL POWER CONEiUMP'I'XCIN FOR CiEP'TEMtlEN -. - - - -- - - -- - - - - - - - - - - -. .- -- -: - - - - -.. -.. - - - - -. - 

I C E  'EiENXClR C I T Y  
R i N K  CzT, A R E  !jfiWiL r!l'&--fi 

Ei'r HEET 
LIGHTS 

15R1 
la31 
.I581 
150.1 
150 1 
1581 
1581 
1581 
1581. 
1581 
1581 

'.I581 
1581 
1501 
15E11 
1501 
15E11' 
15HJ 
150 1 
1501 
15E11 
1 5B 1 
1:;01 
1581 
1501 
1501 
1501 
1581 
1 :;El 1 
1697 

F I R E  
HOUSE 

204 
204 
20'1 
204 
204 
2011 
204 
154 
1514 
154 
1514 
154 
154 
1511 
1511 
1511 
1511 
1511 
151, 
154 
1511 
15'1 
151t 
1,511 
1511 
1 5'1 
1511 
1511 
15'1 
1511 



l;UO'l'l'U WISWALL PI.1HPING 
coL!RI nvcNu5 sIeLloN 

t1UHST 
ROAD -- -- - 

0 
0 
0 
0 
0 
0 
0 

' 0 
0 
I1 
0 
U 
O 
U 
U 
0 
U 
U 
0 
0 
0 
U 
0 
U 
u 
0 
0 
0 

0 
U 

. 0  

S'l' REET 
!:IG!!IrJ 

1697 
1697 
,1697 
1697 
1697 
1697 
1697 
1697 
1697 
1697 
1697 
1697 
1697 
1697 
169'7 
1697 
169'7 
1697 
1697 
1'697 
1697 
1697 
1697 
1697 
1697 
169'7 
1697 
1697 
169'7 
l6Y7 
2Ub4 

F I R E  
!iOpSE 

154 
154 
159 
159 
15'1 
151, 
1 5 4  
151, 
154 
113 
113 
113 
113 
113 
113 
113 
113 
113 
113 
113 

., '1 13 
I f  3 
113 
11 3 
113 
113 
113 
113 
113 
113 
11 3 



tIIJDSON . CITY GR1311'0 WIBWAL..L. PIJMPINO 
POCIL-_A _ O _ O L - - ~  ~ O _ R ~ S  _GA_R_AE . C~UI_HI A~W_NJI ' ~ ~ f i ~ m g y  -.. -- -- - 

CIVIC 
CE!l'CA 

80 
80 
80 
80 
no 
El 1) 
I3 0 
8 1 
H 1 
8 1 
E l  1 
0 1 
0 1 
8 1 
8 1 
8 1 
El  1 
0 1 
U 1 
8 1 
0 1 
El 1 
13 1 
8 1 
rj 1 
u 1 
8 1. 
8 1 
8 1 
0 1 

STREET FIRE 
LIG.12 WlVSE 

2064. 113 
2064 113 
2064 11 3 
2064 113 
2064 113 
2064 113 
2064 113 
2064 166 
2064 166 
20611 166 
2064 106 
206q l b b  
2 0 61, 166 
2064 166 
2064 166 
20614 161 . 
2064 166 
2064 192 
2064 1Y2 
2064 15'2 
2 0'64 192 
2064 192. 
2 0 611 192 
?06h 1 ?2 
2064 192 
3061f , 192 
2061, 19Z 
20b4 172 
2061t 1.93 
2160 1 92 

TOTAL 

7 167 
'71 66 
7166 
7 166 
'7166 
'71 66 
7 0 6FI 
6'760 
6775 
6690 
60ye1 

6690 
6698 
6690 
6698 
6190 
6705 
6730 
6730 
6730 
6730 
6'730 
6730 
6'730 
673n 
6'730 
6'730 
6730 
6730 

. 6827 
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ANNI.IAL P(3WER COS'r R C:REI:II'T SI.LMtlARY F13R VAHICII.IS A1.l'E:HNA'I'IVE P A U J E C T S  
BRGEI:I UI4 5 0  YEAN 1fJFLI:IW SI'MI.IL.A'I'ZC1N WI'TI.l 6 Hl.il:t Wt3'l'E.W SI.II"PLY 

: ...--.-I C:IJR17ENT CIJB'I'!; 
. . I I ' Y  P I W I  fbWH COST @ 

AL,I'EI'~I.IA'I'IVE 11. (JSE (I(WI.IY) 5 . 3 ~  /KUH 
.- -. .- .- -. .. -.. .... 

I ' N : 1  1.111 
f I '  , 11:  , :L . I1 2 
. l l T t l : l  %.OJ 
I I , 2 . 0 1 
AI.T.t.(13. - 2 , 0 2  
nL.:r.~o. 2 . 0 3  
Al..T . fJC1 . 1.: 4 111t 
h1,'l:. NO.  2 .  115 
kl,T.NO. 2 . 0 6  
AI..'I'.Nl1. 2 - 0 7  
AL.'I'.NCJ. 2.1113 
Al.'I'.Nn. :!,I)(?. 
I . r N c 1  2 . 1 0  
L l l l  2 , 1 . 1 , ,  
l . I '  , 1 0 2 . 12 
b9L:I' . I413 , 11.. , 11 1 
1 I . l  a 1 :  . 'I , 0 2  
RL'I' . 19I'J . I t  . 0 3  
Al.'I',t4(1, tt.011 
fiL.'I'.NI'J. 4 . 0 5  
I t 1  Y . 0 6  
L l ' t l 1  4 . 0 7  
A .  , 1 , kt . 013 
A L ' ~ . N ( J .  LI ,OV 
AL..'I'.NIJ. Q . 1 0  
L A '  , 1 :  , 'i . 1 1 
1 :  . N 5 . 11 1 
AL'I' . NCI . 5 . 0 2 
ALT.NC1, 5, llL5 
Al, I' . 140. 5 .  111.t 
Al..'I' .'NO . 5 . 11 5 
A L t l 1  5 . 0 6  
AL'I' . NI'J . 5 . 0 7 
l . l  . I 5 . 0 13 
AI..'I',NU;. 5 . 0 9  
nL'r . I.II:I 5 . 1.11 
ALT,NCI .  5 - 1 1  
f l I ' t 1  5 . 12  
l I ' N C 1 .  5.13 

.-....---.-... C ~ I E : I : I I ' ~ ~ '  FOR A1,TENNA'I'IVE fbi:lWER CiENEHA'F ION 6C:IIE:tiEEi 
E;T'I'EI.ISE~ I ' Y I . :  : X I :  F ~ . F . C C I H R . C ~  TU'TAL 
5 , 3 F  /I(WI.i 1.1 , 9 F  /KWI1 . Y C  /I(W~I . OIV/KVACH C H E D l l ' 6  



PACE. 2 

ANNIJAL. PC1WER COST R 1:REDI'r EillMMARY F1:IR VARICII.IS AL'rERNAl'IVE f'IlO.JEC:l'B 
BASED ON 50 YEAR SNFLCIW !~IMl1LATIlIN WIT14 6 M131:I WfiTEIR SCIPF'LY 

...--..- CIJRNEN'T 
CITY POWER 
llSE (I( WtiY ) 
---------- 

2111000 
201 10130 
2611-080 
'26110130 
2 h 1 I: 0 13 0- 
2bllOl30 
261. 10131); 
261 1000: 
261108(1 
2111UB0 
2611080 
2611000 
261lOlilll 
2hllO0O 
261 3. 1111111 
26110BU 
2 6 1 :l I1 1i1 I) 
2b11000 ' 

26 J. I O E I I I  
2611000 

. 26I.:t0liIO 
2611000 
2 6 1. 1 (I Cl 0 
2611000 
261lOEIO 
261.2000 
26110130 
2611000 
261. 1 I I E l l l  
261 1 OEIO' 

. 261101ilO 
' 261rOHO 

261 11)t311 
261 10130 
261 1000 
2 6 1 1 0 13'0 
:26110f10 . 
2611OElO 
26110130 

-- ...- L ....- CRE1:II'l'S FI:lR A1,'I'ERNA'I'IVE I'OWER 
SITE USE @ CITY USE @ EXCESS Cb 
5.3s /I(Wti 4 .9s  /KWtI. .9F /KWH 

------------ ---.------- ---------- 
29990.00 59067.63 2130.57 
29990.00 65525. It7 3050. l b  
2YYYU. 00 66540.08 4491t. 90 
29990.00 6'7Ul5.95 4753.61 
299711.00 67211 1 . 1114 4135'7 . It4 
219115 .b4 69099.47 0996.39 
2191t5. 44 i t+zss, 00 127811. 34 
.Z!194'5. 41) 7509'7,lY 144011.36 
21945.41t 76536.73 151 14.45 
1.7250.41 72076.15 12C22.21 
17250.41 76261 . 113 15999.33 
17250.lt1 77002.16 17hlt5.59 
1150t1. 118 7'7376. 1313 1'7ktIl4 , It6 
299911. 00 52279.1117 1 UEI5,05 
2Y990. O I I  56236.62 1565.06 
29990 . 00 571t05.11 1729.116 
29'?70. 00 5'71326. 29 1 7 13 5' , '? :S 
29990. IIII 5C:I036.7'7 1l320.113 
21945.44 65725.52 '71117.46 
2191t5.44 hli1524 . 2'7 0634. 29 
219ltf5, 44 6'?51kl . 49 9279.02 
21945.lt4 60977.55 ,9562.73 
172511 - 4 1  6132213,B'7 ' 9012.41 
L'7250.41 70606.13EI 11376.93 
1'72511 . 41 71634.30 12103.10 
115013. 01.3 714569 , 71il 1.3204,. 09 
It3832.21t 52393.22 3 7 Y l , l 3  
I+JEIJ~, 214 51.t301 ,A4 41300. 11 
lt31i132. 24 54C174.32 51214 . 23 
113832.24 55109.13 c,,L- .l,.l9. CIY 
lt31332.24 i. C .;..1:!02 , 45 5314. 40 
41y:s:5 ,It5 r c  .,.l355.74 124Itl) . 37 
414?33.45 57398. 1.37 11+3130 . 24 
1+1933 .45 513llOb. 134 1!S148. 3'7 
41'?33, 45 513355. Ull 1546'7.20 
~ t0087.35  . 5'714'7.'73 1El058, 911 
lt0OE17. 35 513131 11 . 95 2 (I 11 It FJ , '? 3 
411013'7,35 . :;'?Itl'Cl.:!'? :! 11 '?:! 11 . El3 
366113. 53 6114,,15 , 42 235:15. 111 

NET 
CIIS r 

- - - - - - - -. - - 
b62E16.56 
39073.55 
37229.16 
36500 -69  
36210 .90 
30011 3.35 ' 

27072.60 
25'762.51 
21t391l. 93 
J61.18.9P 
2fJ:?7H. 11 
24Y75.3(! 
2evos. 20 
'5~ t9~ l1 .07  
50498. 17 
b4?163, 13 
4 ti! t! (3 11 . 6 9 
'tlil'l 39 . 5 ;  
43li:?7 . 17 
:3l:lPI:lb. 22 
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CONFIGURATION 

E x i s t i n g  F a c i l i t i e s  . . 

The W a t e r v l i e t  Rese rvo i r  impoundment i s  l o c a t e d  on t h e  Normans 

K i l l  a t  F r e n c h ' s  M i l l s ,  approximately  3.5 m i l e s  sou th  o f .Schenec t ady  

i n  Albany County. The dam is  approximately  40  f e e t  h igh  impounding 

a  u sab le  s t o r a g e  volume of 1 . 6  b i l l i o n  g a l l o n s .  The dam is owned 

and ope ra t ed  by t h e  C i t y  of W a t e r v l i e t ,  N e w  York. The r e s e r v o i r  

s e r v e s  a s  a  water  supply r e s e r v o i r  f o r  t h e  C i t y  of  W a t e r v l i e t  and 

t h e  Town of Gu i lde r l and ,  N e w  York. The dam i s  c l a s s i f i e d  i n  t h e  

h igh  hazard p o t e n t i a l  c a t e g o r y  under t h e  N a t i o n a l  Dam I n s p e c t i o n  

A c t ,  P u b l i c  Law 92-367 due t o  a  pump s t a t i o n  and s e v e r a l  homes 

downstream t h a t  would be a f f e c t e d  by a  b reach  of t h e  dam. The dam 

was designed by Solomon, Norcross  & Keis ,  Engineers  of A t l a n t a ,  

Georgia  i n  1915 and b u i l t  i n  approximately  1916. The  dam is of a  

hollow Amburssen type  s t r u c t u r e  comprised of s l a b  and b u t t r e s s  

c o n s t r u c t i o n .  The  l e n g t h  i s  380 f e e t .  The upstream f a c e  i s  s loped  

a t  1.0 on 1.0 and t h e  downstream f a c e  1.7 ( v e r t i c a l )  on 1 . 0  

( h o r i z o n t a l ) .  The t o t a l  l e n g t h  of s p i l l w a y  weir  is approximately  

324 f e e t .  Crest e l e v a t i o n  ( c o n c r e t e )  i s  256 l o c a l  datum wi th  t h e  

temporary f l a s h b o a r d  e l e v a t i o n  a t  259 l o c a l  datum. A 5  f o o t  

d iameter  c o n d u i t  through t h e  dam nea r  i t s  sou the rn  end' is c o n t r o l l e d  

by a  4  f o o t  s l u i c e  g a t e .  I n v e r t  of t h i s  c o n d u i t  (mud va lve )  a t  i t s  

upstream end is e l e v a t i o n  222.6 l o c a l  datum. A 50 inch  s t e e l  

penstock p a s s e s  through t h e  dam nea r  i t s  n o r t h e r n  end and is 

c o n t r o l l e d  by a 48 inch  s i n g l e  g a t e  valve .  The c e n t e r l i n e  of t h e  

penstock i n  t h e  upstream f a c e  of t h e  dam is e l e v a t i o n  240 l o c a l  

datum. Ex tens ive  memoranda are a v a i l a b l e  d e t a i l i n g  t h e  i n i t i a l  

d e s i g n  s t a g e s  and d i s c u s s i o n s  he ld  w i th  t h e  New York S t a t e  Water 

Resources  Commission ( p r e v i o u s l y  New York S t a t e  Conserva t ion  

Commission) from t h e  years 1900 to 1916. 

The c o n t r a c t  drawings of t h e  dam a r e  a v a i l a b l e  a s  a r e  

a d d i t i o n a l  drawings  and s p e c i f i c a t l o n s  i s s u e d  by t h e  o r i g i n a l  dam 

d e s i g n e r ,  Solomon, Norcross ,  C Keis ,  Consu l t i ng  Engineers ,  V. G. 

Lamb, C i t y  Engineer  of W a t e r v l i e t ,  and t h i s  o f f i c e .  Mod i f i ca t ions  



and r e h a b i l i t a t i o n  o f t h e  dam have been l i m i t e d  t o  c o n s t r u c t i o n  o f  a  

t r a i n i n g  w a l l  a t  t h e  n o r t h  abutment  s h o r t l y  a f t e r  1916 due  t o  

e r o s i o n  i n  t h a t  a r e a  due  t o  heavy s p i l l w a y  f l o w s .  T h i s  t r a i n i n g  

w a l l  was a g a i n  r a i s e d .  2-3 ' f e e t  i n  19.55, a g a i n  d u e  t o  e r o s i o n  of  t h e  

a d j a c e n t  s t reambank due  t o  heavy s p i l l w a y  f lows .  A new c o n c r e t e  

ap ron  was added j u s t  downstream of  t h e  o r i g i n a l  s t r u c t u r e  i n  1936 

and ' i n  1965 t h e  s p i l l w a y  and c o n c r e t e  a p r o n  -were' r e s u r f a c e d  w i t h  

g v n i t e .  The 30-36 i n c h  h i g h  f l a s h b o a r d s  a r e  r e p l a c e d  e v e r y  2-3 

y e a r s ,  t h e  l a s t  r ep lacement  i n  t h e  s p r i n g  of  1978. 

The dam h a s  been t h e  f o c u s  of  a  Phase  I I n s p e c t i o n  R e p o r t  a s  

p a r t  o f  t h e  N a t i o n a l  Dam S a f e t y  Program. T h i s  r e p o r t  was s u b m i t t e d  

t o  t h e  U.  S.  D i s t r i c t  Corps  of  E n g i n e e r s  by Tippets-Abbett-McCarthy- 

S t r a t t o n  on J u l y  '5, 1978. The Corps  of  E n g i n e e r s  r e p o r t  r e v e a l e d  

s e v e r a l  h a z a r d o u s  c o n d i t i o n s  a t  t h e  dam which were immedia te ly  

c o r r e c t e d  by t h e  C i t y  of  W a t e r v l i e t .  The main d e f i c i e n c y  t h a t  h a s  

been c o r r e c t e d  i s  rep lacement  of  a  4 f o o t  long  s e c t i o n  of p e n s t o c k  

i n s i d e  t h e  dam a d j a c e n t  t o  t h e  i n t a k e  v a l v e .  T h i s  s e c t i o n  was 

h e a v i l y  c o r r o d e d  and was r e p l a c e d  w i t h  new 3/8 i n c h  t h i c k  welded 

s teel  p e n s t o c k  on J u n e  23, 1978. A l s o  n o t e d  i n  t h e  dam s a f e t y  

r e p o r t  was t h e  p o s s i b l e  s p a l l e d  c o n d i t i o n  o f  t h e  c o n c r e t e  a p r o n  on 

t h e  dam and s p a l l i n g  of  t h e  s p i l l w a y  s u r f a c e .  A t  t h e  t i m e  of  t h e  

N a t i o n a l  Dam S a f e t y  R e p o r t ,  a c c e s s  t o  t h e  dam was h i n d e r e d  by h i g h  

f lows .  Subsequen t  t o  t h e  i s s u a n c e  of  t h e  r e p o r t ,  t h e  N e w  York S t a t e  

Department  of  Env i ronmenta l  C o n s e r v a t i o n  Dam I n s p e c t i o n  Bureau h a s  

made a  d e t a i l e d  i n s p e c t i o n  of  t h e  f a c e  and g i v e n  t h e  apron  and 
I 

s p i l l w a y  s u r f a c e  a  c l e a n  b i l l  of  h . ea l th .  

The p e n s t o c k  c o n n e c t i n g  t h e  dam w i t h  t h e  e x i s t i n g  pumping 

s t a t i o n  w a s $ o r i g i n a l l y  c o n s t r u c t e d  i n  1916 of  1 /4  i n c h  t h i c k  r i v e t e d  

s t e e l  p i p e . '  The i n i t i a l  s e c t i o n  o f  p e n s t o c k  from s t a t i o n  00 t o  

s t a t i o n  4 + 72 is of o r i g i n a l  c o n s t r u c t i o n .  Documents a v a i l a b l e  

i n d i c a t e  t h a t  , t h i s  b u r i e d  s e c t i o n  was ' . . re -excavated  from 1950 t o  

1952,  s c r a p e d ,  c l e a n e d '  . . and r e c o a t e d  w i t h  b i t u m i n a s t i c  m a t e r i a l .  The 

e l e v a t e d  s e c t i o n  from s t a t i o n  4 + 72 t o  6 + 25 was s u b s t a n t i a l l y  

I r e b u i l t  and r e p l a c e d  i n  1960'  f o l l o w i n g  s e v e r e  undkrmining and 

d e t e r i o r a t i o n .  o.f c o n c r e t e  p i e r  s u p p o r t s  d u r i n g  a  heavy f l o o d .  The 



s t e e l  s u r g e  p i p e  connected t o  t h e  penstock a t  e l e v a t i o n  6  + 25 was 

also.  r ep l aced  i n  1960 and is comprised of 1 / 4  i nch  welded s t e e l  

p i p e ,  4 f o o t  d i ame te r ,  c a r r i e d  up t o  e l e v a t i o n  270 l o c a l  datum. The 

su rge  p i p e  i s  s e c u r e l y  anchored i n  t h e  rock l e d g e  a t  t h i s  l o c a t i o n .  

The s e c t i o n  of penstock from e l e v a t i o n  6 + 2 5  t o  approximately  9  + 
00 i s  a g a i n  of o r i g i n a l  r i v e t e d  s t e e l  c o n s t r u c t i o n .  T h i s  s e c t i o n  of 

penstock p a s s e s  beneath  t h e  Town highway and i s  known t o  be i n  poor 

cond i t i on .  The remainder of t h e  penstock from s t a t i o n  9  + 00 t o  

t e r m i n a t i o n  a t  t h e  manifold  a t  s t a t i o n  1 4  + 28 is of new 

c o n s t r u c t i o n ,  r ep l aced  i n  approximately  1955, i s  e l e v a t e d  and of 1 / 4  

welded s teel  c o n s t r u c t i o n .  

U l t r a s o n i c  t e s t i n g  of t h e  o l d e r  s e c t i o n s  of t h e  penstock 

( t h o s e  bur ied  s e c t i o n s  of  r i v e t e d  s teel  c o n s t r u c t i o n )  was performed 

on June 23, 1978. I t  w a s  found t h a t  t h e  o r i g i n a l  1 / 4  s t e e l  p l a t e  

was corroded i n  a r e a s ,  l e a v i n g  a  r e s u l t i n g  t h i c k n e s s  of 0.100 inches  

minimum. Due t o  t h i s  s e v e r e  d e t e r i o r a t e d  c o n d i t i o n ,  any 

c o n s i d e r a t i o n s  f o r  r euse  and adap t ion  of t h e  e x i s t i n g  f a c i i l i t i e s  

has  inc luded  replacement of t h e  o r i g i n a l  r i v e t e d  s t e e l  penstock 

s e c t i o n s  wi th  new 1 / 4  i nch  t h i c k n e s s  s t e e l  penstock of welded 

c o n s t r u c t i o n .  

Running p a r a l l e l  t o  t h e  48 inch  pens tock  i s  a 10 inch  c a s t  

i r o n  water  main, supply ing  s p r i n g  water  from a  s p r i n g  a t  t h e  

r e s e r v o i r  pe r iphe ry  ' t o  t h e  pumping s t a t i o n .  I t  has  been determined 

t h a t  t h i s  10 inch  c a s t  i r o n  main is s e v e r e l y  t u b e r c u l a t e d ,  is of 

inadequa te  hydrciulic c a p a c i t y  t o  supply  water  f o r  pumping purposes  

a lone  and t h u s  i s  no consequence i n  any a d a p t a t i o n  o r  r e h a b i l i t a t i o n  

e f f o r t .  - 
The e x i s t i n g  water  pumping s t a t i o n ' w a s  c o n s t r u c t e d  i n  1915 

under t h e  o r i g i n a l  water  supply  c o n t r a c t .  The o r i g i n a l  c o n s t r u c t i o n  

e n t a i l e d  a c q u i s i t o n  of two h o r i z o n t a l  F r a n c i s  t u r b i n e s  d i r e c t l y  

connected t o  two-stage c e n t r i f u g a l  pumps t o  supply water  t o  t h e  C i t y  

v i a  a  t r ansmis s ion  main ex tending  a c r o s s  t h e  Towns of Gu i lde r l and  

and Colonie ,  N e w  York t o  t h e  C i t y  of W a t e r v l i e t .  L i t t l e  i s  known of 

t h e  o r i g i n a l  t u r b i n e s .  No p r o v i s i o n s  were made i n  t h e  o r i g i n a l  

c o n s t r u c t i o n  t o r  e l e c t r i c a l  pumping, however from reco rds  of t h e  - -  , 



N . Y . S  Water Resources  Commission, it is assumed t h a t  e l e c t r i c  

pumping c a p a b i l i t i e s  were added s e v e r a l  y e a r s  l a t e r  fo l lowing  t h e  

drought  of 1917. A t  t h a t  t i m e  t h e  W a t e r v l i e t  r e s e r v o i r  was 

comple te ly  emptied by February of 1918 due t o  un regu la t ed  use  by t h e  

C i t y  of water  f o r  pumping purposes .  The e x i s t i n g  machinery l o c a t e d  8 a t  t h e  pumping s t a t i o n  i s  comprised of two S.  Morgan Smith 

h o r i z o n t a l  F r a n c i s  t u r b i n e s  connected th rough  g e a r  boxes t o  s i n g l e  

s t a g e  DeLaval c e n t r i f u g a l  pumps. The o r i g i n a l  t u r b i n e s  were 

a p p a r e n t l y  r ep l aced  a s  p a r t  of a  WPA p r o j e c t  i n  1933. I t  i s  

u n c e r t a i n  what n e c e s s i t a t e d  t h e  replacement  of t h e  o r i g i n a l  u n i t s .  

From correspondence d a t i n g  t o  t h a t  t ime ,  however, it. is  known t h a t  

some d i f f i c u l t i e s  were encountered i n  t h e  i n s t a l l a t i o n  and i n i t i a l  

o p e r a t i o n  of t h e  replacement u n i t s  due t o  problems i n  c o o l i n g  and 

l u b r i c a t i n g  t h e  g e a r  i n c r e a s e r s .  The t u r b i n e s  a r e  des igned  t o  

o p e r a t e  under 6 2  f e e t  of head a t  900 R P M .  The s i n g l e  runne r s  a r e  

each 12-3/4 i nches  i n  d iameter  and a r e  h o r i z o n t a l  t y p e ,  w i t h  s t e e l  

ca ses .  Hydrau l ic  c u r v e s  and o r i g i n a l  t e s t  d a t a  f o r  t h e  t u r b i n e s  is 

a v a i l a b l e .  A u x i l i a r y  pumping is  provided  a t  t h e  s t a t i o n  by t h r e e  

i d e n t i c a l  DeLaval c e n t r i f u g a l  pumps powered by 100 kva Westinghouse 

i n d u c t i o n  motors. The e x i s t i n g  h y d r a u l i c  t u r b i n e s ,  a l t hough  

c o n t i n u i n g  t o  o p e r a t e  s a t i s f a c t o r y  2 4  hours  a  day a r e  approximately  

4 5  y e a r s  o l d  and nea r ing  t h e  end of t h e i r  u s e f u l  economic l i f e .  

Recommendations fo l lowing  f o r  u t i l i z i n g  t h e  e x i s t i n g  f a c i l i t i e s  a r e q u i r e  r e b u i l d i n g  of t h e  u n i t s  t o  0 r i ~ i n . 1  s p e c i f i c a t i o n s  t o  

p rov ide  f o r  adequa te  r e l i a b i l i t y .  

A d d i t i o n a l  f e a t u r e s  of t h e  add i t i ona l . pumping  s t a t i o n  i n c l u d e  

t r ans fo rmer  bank supply ing  s tandby  power t o  e l e c t r i c  pumps. T h i s  

t r ans fo rmer  bank and a s s o c i a t e d  e l e c t r i c  s w i t c h  g e a r  is 

approximately  50 y e a r s  o l d  and i s  of open f r o n t  c o n s t r u c t i o n .  Due 

t o  s a f e t y ,  space ,  and r e l i a b i l i t y  c o n s i d e r a t i o n s ,  a l l  t h e  

a l t e r n a t i v e s  developed khat i n c l u d e  t h e  e x i s t i n g  f a c i l i t i e s  must 

a l s o  i n c l u d e  replacement of t h i s  e l e c t r i c  s w i t c h  g e a r .  I n t e r n a l  

p ip ing  a t  t h e  pumping s t a t i o n  is of c a s t  i r o n  c o n s t r u c t i o n .  I t  is 

I i n  g e n e r a l l y  f a i r  c o n d i t i o n  a l t hough  a l l  f l a n g e  connec t ions  should 
I 

be r e h a b i l i t a t e d  a s  a  p r e r e q u i s i t e  f o r  any r e h a b i l i t a t i o n  of t h e  
I 

I f a c i l i t y .  
I 



The pumping s t a t i o n  s t r u c t u r e  is of r e i n f o r c e d  c o n c r e t e  

f o u n d a t i o n  w i t h  a  1 2  i n c h  t r i p l e  c o u r s e  b r i c k  w a l l  s u p e r s t r u c t u r e .  

The roof  i s  framed w i t h  s t ee l  a n g l e  t r u s s e s  approximately 9'7" on 

c e n t e r ,  s u p p o r t i n g  c h a n n e l  p u r l i n s ,  w i t h  2 i n c h e s  of  s u b r o o f i n g  and 

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

r e h a b i l i t a t i o n  of  windows, d o o r s ,  r o o f i n g ,  and h e a t i n g  and 

v e n t i l a t i n g  s y s t e m s  w i l l  be r e q u i r e d  t o  e x t e n d  t h e  l i f e  of  t h e  

s t r u c t u r e  f o r  20 p l u s  y e a r s .  

A l l  e l e v a t i o n s  p e r t i n e n t  t o  t h i s  p r o j e c t  have  been f i e l d  

v e r i f i e d  and t h e  c o r r e s p o n d e n c e  between t h e  l o c a l  (Keis) datum and 

t h e  USGS datum h a s  been d e t e r m i n e d .  A l i s t i n g  o f  a l l  p e r t i n e n t  

e l e v a t i o n s  and t a i l  w a t e r  and head w a t e r  a s s u m p t i o n s  f o l l o w s .  

DESIGN ELEVATIONS 
U.S.G.S Datum 

(Keis datum e q u a l s  USGS minus 3.0 f e e t )  

P o i n t  

Top of  f l a s h b o a r d s  (36" )  , 
Top c o n c r e t e  dam 
I n v e r t  mud v a l v e  c o n d u i t  
Streambed a t  b a s e  o f  dam 
Des ign  t a i l  w a t e r  a t  b a s e  of  dam 
Streambed a t  f i r s t  f a l l s  
S t reambed below f i r s t  f a l l s  
Des ign  t a i l  w a t e r  below f i r s t  f a l l s  
S t reambed a t  second f a l l s  
Streambed helnw second f a l l s  
Des ign  t a i l  w a t e r  below second f a l l s  
F l o o r  a t  e x i s t i n g  pump s t a t i o n  
Bottom s t reambed a t  e x i s t i n g  t a i l  r a c e  
Des ign  t a i l  a t  e x i s t i n g  pumping s t a t i o n  
C e n t e r l i n e  e x i s t i n g  h o r i z o n t a l  t u r b i n e s  

E l e v a t i o n  

S i t e  O p t i o n s  

A s  a  p r e l u d e  t o  d e t e r m i n a t i o n  of  t h e  optimum h y d r o e l e c t r i c  

a l t e r n a t i v e  f o r  t h i s  s i t e ,  a  wide r a n g e  of a l t e r n a t i v e s  was 

deve loped .  The o n l y  l i m i t a t i o n  a t  t h e  i n i t i a l  s t a g e  f o r  t h e s e  

a l t e r n a t i v e s  was a  maximum head l i m i t a t i o n  of  20 meters, ( 6 6  f e e t ) .  

L i t t l e  p e n a l t y  was e x t r a c t e d  w i t h  t h i s  l i m i t a t i o n  s i n c e  t h e  s t r e a m  



g r a d i e n t  b e l o w ' t h e  e x i s t i n g  pump s t a t i o n  is l e s s  t h a n  0.0013. Due 

t o  t h e  c o n g e s t e d  a r e a  j u s t  downstream from t h e  dam, s e v e r a l  u n u s u a l  

c o n f i g u r a t i o n s  were deve loped .  These  c o n g e s t i o n s  a r e  due  t o  two 

s t e e l  t r e s t l e s  of l a t e  N i n e t e e n t h  Cen tu ry  v i n t a g e  c a r r y i n g '  m a i n l i n e  

ConRai l  t r a c k s  a c r o s s  t h e  Normans K i l l ,  a  c o u n t y  highway b r i d g e  and 

a  r e l a t i v e l y  narrow s t reambed . a n d  g o r g e .  A t h i r d  a d d i t i o n a l  

c o n s i d e r a t i o n  d e s i g n  p a r a m e t e r  was t h e  r e l a t i v e l y  h i g h  ' (38,600 c f s )  

S t a n d a r d  P r o j e c t  F lood [Ref. 1021 f o r  t h e  s i t e  r e s u l t i n g  from t h e  

120 s q u a r e  m i l e  watershed.  The e i g h t  a l t e r n a t e s  i n i t i a l l y  c h o s e n  

r e p r e s e n t  a  broad range  of p o s s i b i l i t i e s  n o t  o n l y  f o r  c i v i l  works 

b u t  a l s o  f o r  v a r i o u s  machine c o n f i g u r a t i o n s .  A d e s c r i p t i o n  of  e a c h  

o p t i o n  f o l l o w s .  Each o p t i o n  h a s  a l s o  been s c h e m a t i c a l l y  shown on a n  

a e r i a l  pho tograph  of  t h e  s i t e  ( F i g u r e s  41A-41H). 

O p t i o n  One - T h i s  a l t e r n a t i v e  would u t i l i z e  t h e  e x i s t i n g  48 

i n c h  s t e e l  p e n s t o c k .  D e t e r i o r a t e d  s e c t i o n s  of  t h e  p e n s t o c k  would be  

r e p l a c e d  w i t h  new 48 i n c h  p e n s t o c k  of welded s t e e l  c o n s t r u c t i o n .  

The e x i s t i n g  s u r g e  p i p e  would be r e t a i n e d .  The e x i s t i n g  i n t a k e  

would be improved w i t h  a  new t r a s h  r a c k ,  a  m o t o r i z e d  v a l v e  o p e r a t o r  

and a  new i n t a k e  t r a n s i t i o n  p e n s t o c k .  L o c a t i o n  of  t h e  machines  

under  A l t e r n a t e  One would be  a t  t h e  e x i s t i n g  pump house.  The t h r e e  

d i f f e r e n t  machine t y p e s  s e l e c t e d  f o r  a n a l y s i s  under  t h i s  o p t i o n  a r e  

t h e  e x i s t i n g  h o r i z o n t a l  F r a n c i s  machine,  a  new l a r g e r  h o r i z o n t a l  

F r a n c i s  machine and a  v e r t i c a l  a x i a l  f l o w  p r o p e l l e r  machine. 

R a t i o n a l e  behind s e l e c t i o n  o f  machines  f o r  t h i s  and o t h e r  a l t e r n a t e s  

a r e  d i s c u s s e d  f u r t h e r  i n  t h e  n e x t  s e c t i o n .  

O p t i o n  Two - Comprised of  a  s i p h o n  i n t a k e  a d j a c e n t  t o  t h e  dam, 

t h i s  s i p h o n  i n t a k e  would be a  whol ly  s e p a r a t e  s t r u c t u r e  from t h e  dam 

and would be comprised  of d r i v e n  s tee l  s h e e t i n g  and r e i n f o r c e d  

c o n c r e t e .  The s i p h o n  i n t a k e  would c o n n e c t  w i t h  a  s t ee l  p e n s t o c k  

l o c a t e d  a t  t h e  n o r t h  end of  t h e  dam. The s i p h o n  p e n s t o c k  would 

e x t e n d  a l o n g  t h e  s i d e  of t h e  g o r g e ,  c r o s s i n g  t h e  c o u n t y  highway, and 

t e r m i n a t i n g  a t  a  powerhouse a t  t h e  n o r t h  end of  t h e  second f a l l s  on 

t h e  Normans K i l l  some 900 f e e t  d i s t a n t  from t h e  s i p h o n  i n t a k e .  Due 

I t o  t h e  h i g h  s i d e  s l o p e s  a t  t h e  s i t e  of t h e  powerhouse,  a  v e r t i c a l  
machine was judged t o  be most a p p r o p r i a t e  i n  t h i s  c a s e .  A F r a n c i s  

machine was s e l e c t e d  f o r  a n a l y s i s .  



b O p t i o n  T h r e e  - U t i l i z i n g  t h e  e x i s t i n g  mud v a l v e  and wasteway 

a t  t h e  dam, t h i s  a l t e r n a t i v e  was c o n s i d e r e d  p o s ' s i b l e  w i t h  t h e  u s e  of  

a  b u l b  t y p e  o r  a  h o r i z o n t a l  a x i a l  f l o w  t u b u l a r  t y p e  t u r b i n e ,  

u t i l i z i n g  t h e  e x i s t i n g  c o n d u i t  and i n l e t  v a l v e .  T h i s  o p t i o n  was 

e l i m i n a t e d  a f t e r  it was d e t e r m i n e d  t h a t  t h e  d e s i g n  of  t h e  e x i s ' t i n g .  

c o n d u i t  and mud v a l v e  were n o t  a d e q u a t e  $ o r  p r e s s u r i z e d  and/or  w a t e r  

hammer c o n d i t i o n s  t h a t  would o c c u r  under  a  h y d r o e l e c t r i c g e n e r a t i n g  

scheme. 

O p t i o n  Four  - O p t i o n  Four  would c o n s i s t  of  a  new g r a v i t y  

i n t a k e  l o c a t e d  i n  bay $7 of  t h e  dam. The i n t a k e  would be o f  

r e i n f o r c e d  c o n c r e t e  c o n s t r u c t i o n ,  a p p r o x i m a t e l y  bay w i d t h  ( 1 8  

f e e t ) .  The i n t a k e  would c o n s i s t  of  a  s t o p  l o g  r a c k ,  motor o p e r a t e d  

s l u i c e  g a t e  (head  g a t e ) ,  manual ly  c l e a n e d  b a r  r a c k  and i n t a k e  

t r a n s i t i o n  s e c t i o n .  The powerhouse under  O p t i o n  Four  would be 

w i t h i n  t h e  dam w i t h  d i s c h a r g e  from t h e  t u r b i n e  d i r e c t l y  a t  t h e  

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

under  t h i s  a l t e r n a t e  is  a  h o r i z o n t a l ,  a x i a l  f l o w ,  v a r i a b l e  p i t c h  

p r o p e l l e r  machine. Due t o  l i m i t e d  s p i l l w a y  c a p a c i t y ,  it w a s  f e l t  

t h a t  f u r t h e r  r e d u c t i o n  i n  t h e  s p i l l w a y  c a p a c i t y  c a u s e d  by 

c o n s t r u c t i o n  of  a  c o n v e n t i o n a l  downstream f a c e  powerhouse s u i t a b l e  

f o r  v e r t i c a l  machines  would n o t  be a p p r o p r i a t e .  

O p t i o n  F i v e  - A s i p h o n  i n t a k e  s i m i l a r  t o  t h a t  d i s c u s s e d  under  

8 O p t i o n  Two w i t h  t h e  s i p h o n  p e n s t o c k  t e r m i n a t i n g  a t  a  powerhouse a t  

t h e  f o o t  of  t h e  dam is i n c l u d e d  under  O p t i o n  F i v e  T h i s  a l t e r n a t i v e  

was examined s i n c e  it e l i m i n a t e d  t h e  n e c e s s i t y  o f  c r o s s i n g  t h e  

ConRai l  r igh t -o f -way  and t h e  c o u n t y  highway a l t h o u g h  t h e  approx imate  

35 f e e t  of  g r o s s  head was s i g n i f i c a n t l y  less t h a n  s i t e  p o t e n t i a l .  

O p t i o n  S i x  - A s i p h o n  i n t a k e  s i m i l a r  t o  t h a t  d i s c u s s e d  I n  

A l t e r n a t i v e  Two would be c o n s t r u c t e d  w i t h  a  s i p h o n  p e n s t o c k  

e x t e n d i n g  1 ,750 f e e t  t o  t h e  s i t e  of t h e  e x i s t i n g  powerhouse. T h i s  

e x t r e m e l y  l o n g  p e n s t o c k  would be  b u r i e d  o v e r  t h e  i n i t i a l  s e c t i o n  and 

t h e n  run  e l e v a t e d  f o r  t h e  f i n a l  1 ,000  p l u s  f e e t .  The powerhouse 

would c o n s i s t  of  a  new s t r u c t u r e  l o c a t e d  a d j a c e n t  t o  t h e  e x i s t i n g  

pump s t a t i o n ,  hous ing  e i t h e r  a  h o r i z o n t a l  o r  v e r t i c a l  F r a n c i s  

machine o r  a h o r i z o n t a l  a x i a l  f l e w  p r o p e l l e r  machine. 



b O p t i o n  Seven - T h i s  o p t i o n  i n c l u d e s  a s i p h o n  in ta 'ke  c o n n e c t e d  t o  

a  s i p h o n  p e n s t o c k  t e r m i n a t i n g  a t  t h e  b a s e  o f  t h e  f i r s t  Normans K i l l  

f a l l s ,  a t  a  powerhouse s i m i l a r  t o  t h a t  d i s c u s s e d  u n d e r ' o p t i o n  Two. 

T h i s  a l t e r n a t e  was i n v e s t i g a t e d  d u e  t o  t h e  s h o r t e r  l e n g t h  of p e n s t o c k  

r e q u i r e d  a s  compared t o  o p t i o n s  Two and s i x .  
O p t i o n  E i g h t  - ' O p t i o n  E i g h t .  is  comprised  of  a  new g r a v i t y  i n t a k e  

a s  d i s c u s s e d ,  under  O p t i o n  Four a t  bay 5  of  t h e  dam. The i n t a k e  would 

t e r m i n a t e  i n  a  new s tee l  p e n s t o c k  e x i t i n g  a t . t h e  b a s e  of  t h e  dam and 

e x t e n d i n g  f o r  900 f e e t  down t h e  c e n t e r  o f  t h e  Normans K i l l .  T h i s  

p e n s t o c k  would be  c o n s t t u c t e d  b e n e a t h  t h e  s t r eambed  by b l a s t i n g  t h e  

p r e d o m i n a t e l y  rock s t r eambed ,  i n s t a l l i n g  t h e  p e n s t o c k ,  b a c k f i l l i n g  

w i t h  c o n c r e t e  and r e p l a c i n g  t h e  rock s t r eambed  t o  i t s  o r i g i n a l  

c o n d i t i o n .  The p e n s t o c k  would t e r m i n a t e  i n  a n  underground powerhouse 

l o c a t e d  j u s t  ups t ream from t h e  second f a l l s .  The powerhouse would 
.. 

house a  h o r i z o n t a l  a x i a l  f low,  v a r i a b l e  p i t c h  p r o p e l l e r  t u r b i n e  w i t h  a  

d i s c h a r g e  emanat ing  a t  t h e  b a s e  of  t h e  second f a l l s .  T h i s  a l t e r n a t e  

was deemed p a r t i c u l a r l y  f e a s i b l e  and a t t r a c t i v e  due  t o  t h e  s h o r t  (900 

f o o t  Length)  p e n s t o c k  and a  r e l a t i v e l y  h i g h  ( 6 5  f e e t )  g r o s s  head. I t  

is a l s o  f e l t  - t h a t  t h e  b u r i e d  n .a tu re  o f  t h e  p e n s t o c k  a n d  powerhouse 

would have p o s i t i v e  e n v i r o n m e n t a l  and a e s t h e t i c  c o n s i d e r a t i o n s .  

S i n c e  t h e  h y d r o l o g i c  p h a s e  d e t e r m i n e d  t h a t  a  wide r.ange of ,  f l o w  

c o n s i d e r a t i o n s  were a v a i l a b l e  a t  t h e  s i t e ,  e a c h  a l t e r n a t e  was t h u s  

t h e n  i n v e s t i g a t e d  f o r  s e v e r a l  d i f f e r e n t  f l o w s  r a n g l n g  f rom 55 t o  500 

c i s  i n  o r d e r  t o  o p t i m i z e  p e n s t o c k  s i z i n g  i n  . r e l a t i o n  t o  h y d r a u l i c  

l o s s e s  and a o s t .  Each f l o w  s u h a l . t e r n a t e  was a g a i n  d i v i d e d  i n t o  

v a r i o u s  . p e n s t o c k  s i z e  c o n f i g u r a t i o n s .  I n  a l l ,  78 d i f f e r e n t  , 

c o m b i n a t i o n s  o f  s i t e  a l t e r n a t e ,  p e n s t o c k  s i z e ,  d e s i g n  f l o w ,  and 

machine t y p e  were i n v e s t i g a t e d .  

Machine O p t i o n s  

Numerou-s t u r b i n e / g e n e r a t o r  m a n u f a c t u r e r s  we.re c o n t a c t e d  t o  

a s c e r t a i n  a v a i l a b i l i t y  of  s u i t a b l e '  equipment .  The. .  f o l l o w i n g  s u p p l i e r s  

were c o n t a c t e d  w i t h  re ' sponses  as-  i n d i c a t e d .  P a r e n t h e s e s  i n d i c a t e  

number of d i f f e r e n t  c o n f i g u r a t i o n s  upon which s u p p l i e r s ' f u r n i s h e d  c o s t  

data:  



S u p p l i e r  

E s c h e r  Wyss L td .  
James  L e f f e l  Company 
M i t s u b i s h i  I n d u s t r i e s  L td .  
Nohab Hydropower D i v i s i o n  
Als thom A t l a n t i c  I n c .  
S u l z e r  B r o t h e r s  L td .  
G e n e r a l  E l e c t r i c  Company 
A l l i s - C h a l m e r s  Corp. 
O s s b e r g e r  ( S t a p e n h o r s t  I n c . )  
Oy Tampe l l a  AB 

Response  a s  o f  04/23/79 
. . 

n o t  i n t e r e s t e d  
q u o t e d  (see G e n e r a l  Electr ic)  
no r e p l y  
no r e p l y  
.no r e p l y  
see E-scher  Wyss , 
q u o t e d  ( 2) 
q u o t e d  ( 1 0 )  
q u o t e d  ( 2)  , 
q u o t e d .  ( 1) 

. . 

The f o l l o w i n g  machine  t y p e s  were examined f o r  i n c l u s i o n  i n t o  

t h e  optimum c o n f i g u r a t i o n  a n a l y s i s :  

a. B u l b  
b. R i m  G e n e r a t o r  
c. H o r i z o n t a l  A x i s  F r a n c i s  
d .  Ver t ica l  A x i s  F r a n c i s  - 

e. H o r i z o n t a l  P r o p e l l e r  ( f i x e d  and a d j u s t a b l e )  
f .  Ver t ica l  P r o p e l l e r  ( f i x e d  and a d j u s t a b l e )  
g .  C r o s s f l o w  

P - r e l i m i n a r y  a n a l y s i s  y i e l d e d  t h e  foll-owing: 

The b u l b  type machine  i n i t i a l l y  t h o u g h t  t o  b e  f e . a s i ' b l e  f o r  

s e v e r a l  o f  t h e  s i p h o n  a l t e r n a t e s  was r e j e c t e d  f o r  s e v e r a l  r e a s o n s .  

F o l l o w i n g  i n q u i r i e s  t o  s e v e r a l  m a n u f a c t u r e r s ,  it was d e t e r m i n e d  t h a t  

t h e  s i z e  o f  t h e  p r o j e c t  and o f  t h e  p e n s t o c k  passageways  were 

i n a d e q u a t e  f o r  p r o p e r  b u l b  d e s i g n .  I n  a d d i t i o n ,  t h e  f l o w  

v a r i a b i l i t y  i n h e r e a t  i n  t h i s  " r u n  of r i v e r "  d e s i g n  and t h e  

r e l a t i v e l y  h i g h  ( 6 5  d e g r e e  F )  summer water t e m p e r a t u r e  p o s e d  c o o l i n g  

problems.  

The rim t y p e  g e n e r a t o r  was r e j e c t e d  d u e  t o  t h e  small  s i z e  of 

t h e  p r o j e c t  and and t h u s  t h e  h y d r a u l i c  passageways  and  by t h e  l a c k  

of i n t e . r e s t  o f  any  m a n u f a c t u r e r  i n  s u p p l y i n g  s u c h  a machine.  I n  

a d d i t i o n ,  t h e  h i g h l y  v a r i a b l e  water q u a l i t y . w i t h  s p r i n g t i m e '  

t u r b i d i t i e s  ( p a . r t i c u - l a t e )  e x c e e d i n g  500 n t u  would c a u s e  s e v e r e  

p rob lems  w i t h  t h e  s e a l i n g  s u r f a c e s  a t  t h e  p e r i p h e r y  o f  t h e  machine.  

p rob lems  w i t h  t h e  b u l b  t y p e  machine. 



b The cross-flow type hydraulic turbine was investigated and 

initially looked to be promising, however reliability considerations 

were the predominant reasons for rejecting the cross-flow apparatus 

from further consideration. 

Multiple runner Francis machines were determined to be too 

complex for this size project. The remaining machines, horizontal 

Francis type, vertical Francis type, horizontal axial tube type, and 

vertical Kaplan type machines were considered. However, 

difficulties were encountered in obtaining any quotations for 

vertical Kaplan machines. A tabulation of the machine selection 

follows; 

Alternative 

1.01 

Machine Type Selection 

Comments:(l) Bulb turbines eliminated due to size limitations 
and potential cooling difficulties due to flow 
variability. 

(2) Rim generator. types eliminated due to size and 
abnormally ' high turb.idity. 



( 3 )  Cross-flow type  e l i m i n a t e d  due t o  r e l i a b i l i t y  
c o n s i d e r a t i o n s .  

( 4 )  Mul t ip l e  runner F r a n c i s  t ype  e l i m i n a t e d  due t o  
complexi ty .  

Cos t s  

C a p i t a l  c o s t s  f o r  t h e  c i v i l  s t r u c t u r e s ,  machinery,  mechanical  

works and equipment a r e  e s t i m a t e d  1979 c o s t s  d e r i v e d  from 

manufac ture rs ,  s u p p l i e r s ,  c o n t r a c t o r s ,  c o s t  e s t i m a t i n g  manuals such a s  

Dodge Cons t ruc t ion  Cost  manual, and t h e  f i r m s  b id  award records .  

C o s t s  inc luded  . a r e  f o r  m a t e r i a l s , .  l a b o r ,  ,overhead and prof  it. For 

each  of t h e  78 a l t e r n a t i v e s ,  c o s t s  were determined.  

A s p e c i f i c  t y p i c a l  c o s t  breakdown f o r  a  g iven  A l t e r n a t e  (8 .07)  

is inc luded  a t  t h e  end of t h i s  s e c t i o n .  A d e s c r i p t i o n  of t h e  c o s t '  

e s t i m a t i n g  methods used fo l lows:  

1. Penstock - I n  A l t e r n a t i v e  No. 1, p a r t  of t h e  e x i s t i n g  

penstock w i l l  be reused s o t h e  c o s t  p r e s e n t e d  r e f l e c t s  replacement of 

on ly  p a r t  of t h e  penstock wi th  new f a b r i c a t e d  s t e e l  p i p e  and 

r e h a b i l i t a t i o n  of t h e  remaining e x i s t i n g  penstock.  I n  a l l  o t h e r  

o p t i o n s ,  t h e  e x i s t i n g  penstock would be abandoned' and a new pens tock  

c o n s t r u c t e d .  I n i t i a l l y  t h r e e  penstock m a t e r i a l s  were cons ide red ;  

f a b r i c a t e d  s t e e l ,  r e i n f o r c e d  c o n c r e t e  and c o n c r e t e - l i n e d  rock tunne l .  

Un i t  c o s t  f o r  each i s  i l l u s t r a t e d  on F i g u r e  42. S i n c e  t h e  c o s t  of 

lined rock channe l  and c o n c r e t e  p i p e  is s u b s t a n t i a l l y  g r e a t e r  t han  

s t e e l ,  t h e  penstock m a t e r i a l  c o n s i d e r e d . i n  each  of t h e  a l t e r n a t i v e s  is 

f a b r i c a t e d  s t e e l .  The  penstock c o s t  i n  each  a l t e r n a t i v e  is t h e  

proposed penstock l e n g t h  times t h e  u n i t  c o s t  of s teel  p i p e  c o n s t r u c t e d  

under t h e  a p p r o p r i a t e  s p e c i f i c  c o n d i t i o n s ,  t h a t  is underground i n  

s o i l ,  underground i n  rock,  e t c .  

2. I n t a k e  - The e x i s t i n g  penstock i n t a k e ,  though adequa te  f o r  

i t s  p r e s e n t  use ,  i s  l a c k i n g  i n  s e v e r a l  impor tan t  f e a t u r e s .  F i r s t ,  

t h e r e  a r e  no p r a c t i c a l  means of r o u t i n e l y  i n s p e c t i n g  and c l e a n i n g  t h e  

i n t a k e  and bar  rack. Second, t h e r e  i s  no way of dewater ing  t h e  

section of penstock between i n t a k e  and t h e  g a t e  va lve  f o r  penstock o r  



) va lve  r e p a i r s .  I n  a d d i t i o n ,  i n c r e a s i n g  t h e  penstock s i z e  would 

d i c t a t e  comple te ly  r e b u i l d i n g  t h e  e x i s t i n g  i n t a k e  a t  a  c o s t  no t  much 

lower t han  a  new i n t a k e .  

I n i t i a l l y  it was thought  t h a t  p e n e t r a t i n g  t h e  dam f o r  a  new 

i n t a k e  would e n t a i l  c o n s t r u c t i o n  d i f f i c u l t y .  The re in  was born t h e  

i d e a  of a  s iphon  i n t a k e  l o c a t e d  behind t h e  dam w i t h  a  penstock l a i d  i n  

t h e  rock around t h e  n o r t h  abutment,  a s  shown on F i g u r e s  Nos. 41D t h r u  

4 1 G  f o r  A l t e r n a t i v e s  Nos. 2 ,  5 ,  6 and 7 ,  r e s p e c t i v e l y .  A s iphon  is  

necessary  s i n c e  t h e  ground a t  t h e  abutment is rock and i s  

s u b s t a n t i a l l y  h igher  t h a n  t h e  dam c r e s t .  G r a v i t y  f low around t h e  dam 

would r e q u i r e  a deep excava t ion  i n  t h e  rock abutment which cou ld  l e a d  

t o  p o t e n t i a l  seepage problems. 

Upon c l o s e r  examinat ion,  it was determined t h a t  c o n s t r u c t i o n  of 

a  g r a v i t y  i n t a k e  i n t e g r a l  w i t h  t h e  dam would be f e a s i b l e  and would 

probably be more economical t h a n  c o n s t r u c t i n g  a  s iphon  i n t a k e .  A 

reassessment  of t h e  dam's s t r u c t u r a l  s t a b i l i t y  and c o n v e r s a t i o n s  w i t h  

c o n t r a c t o r s  exper ienced  i n  t h i s  t y p e  of work now l e a d  us  t o  b e l i e v e  

t h a t  c o n s t r u c t i o n  of a  dam i n t e g r a l  i n t a k e  would be f e a s i b l e .  The 

c o s t  of bo th  i n t a k e  s t r u c t u r e s  have been e s t i m a t e d  us ing  Lang f a c t o r  

methodology a s  fol lows:  

The c o s t  of t h e  dam i n t e g r a l  i n t a k e  (Opt ions  4 and 8) is f o r  t h e  

most p a r t  f i x e d .  The i n t a k e  w i l l  be c o n s t r u c t e d  between two e x i s t i n g  

dam b u t t r e s s e s  s o  i t s  e x t e r n a l  p h y s i c a l  s i z e ,  q u a n t i t i e s  of c o n c r e t e  

and form work a r e  c o n s t a n t .  However, t h e  s l u i c e  g a t e  and bar  rack 

s i z e s  w i l l  vary  wi th  flow. I n t a k e  c o s t s  f o r  v a r i o u s  f lows  ( Q )  were 

d e r i v e d  from t h e  fo l lowing  equat ion:  

(1) I n t a k e  c o s t  ( D a m  I n t e g r a l )  = K (12434 0.475 

+ 60.34 + $205,545) 

K is a  c o n s t a n t  between 1.15 and 1.25 r e l a t i n g  overhead and 

p r o f i t s  t o  c a p i t a l  c o s t s .  The f i r s t  term of t h e  e x p r e s s i o n  w i t h i n  t h e  

b r a c k e t s  r e l a t e s  c o s t  of t h e  s l u i c e  g a t e  t o  f low. The second term 

r e l a t e s  t h e  c o s t  of t h e  bar  rack  t o  f low. The t h i r d  term is a 

c o n s t a n t  which i n c l u d e s  t h e  c o s t s  of a l l  l a b o r  and o t h e r  m a t e r i a l s .  

For t h e  s iphon  i n t a k e ,  t h e  same assumptions  r ega rd ing  t h e  ba r  

rack and s l u i c e  g a t e  were made. I n  a d d i t i o n ,  t h e  width  of t h e  
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) i n s t a l l i n g  a n  a d e q u a t e  h e a t i n g ,  v e n t i l l a t i n g  and a i r - c o n d i t i o n i n g  

s y s t e m s  and c o n s t r u c t i n g  s t a n d s  f o r  t h e  two new g e n e r a t o r s .  

Approx ima te  c o s t  f o r  t h i s  work w i l l  b e  $45 ,000 .  

I n  O p t i o n  1 . 0 2 ,  t h e  e x i s t i n g  h y d r a u l i c  pumps and t u r b i n e s  would 

be  removed and r e p l a c e d  w i t h  a  new v e r t i c a l  F r a n c i s  t u r b i n e  and 

g e n e r a t o r .  The c o s t  o f  m o d i f y i n g  t h e  s t r u c t u r e  f o r  t h i s  p u r p o s e  is 

$96,000.  

O p t i o n  1 . 0 3  r e p l a c e s  t h e  e x i s t i . n g  t u r b i n e s  and  pumps w i t h  a 

h o r i z o n t a l  F r a n c i s  t u r b i n e  and  g e n e ~ a t o r .  T h i s '  w i l l  r e q u i r e  a new 

d r a f t  tube '  and  m o d i f i c a t i o n  o f  t h e  t a i l  race a t  a n  e s t i m a t e d  c o s t  o f  

$96,000.  

4. S w i t c h  Gear  - S w i t c h  g e a r  i n c l u d e s  a l l  t h o s e  e l ec t r i ca l  

d e v i c e s  n e c e s s a r y  t o  t r a n s p o r t  power f rom t h e  p o i n t  o f  g e n e r a t L o n  t o  

t h e  p o i n t  o f  u s e .  I n c l u d e d  a r e  s u c h  i t e m s  a s  c i r c u i t  b r e a k e r s ,  

r e l a y s ,  t r a n s f o r m e r s ,  s w i t c h b o a r d s ,  e tc .  T h e s e  c o s t s  were s e p a r a t e d  

i n t o  two c a t e g o r i e s ,  c o n s t a n t  c o s t s  and  v a r i a b l e  c o s t s .  C o n s t a n t  

c o s t s  i n c l u d e  c o s t s  t o r  c e r t a i n  r e l a y s ,  s w i t c h e s  and  t r a n s f o r m e r s ,  

m e t e r i n g ,  u t i l i t y  t i e ,  and a s t a t i o n  . b a t t e r y .  

' V a r i a b l e  swLtch g e a r  c o s t s  s u c h  as  t h e  c o s t  f o r  c e r t a i n  

t r a n s f o r m e r s  and  s w i t c h b 0 a r . d ~  were r e l a t e d  t o  power p r o d u c t i o n  by 

Lang f a c t o r s  by t h e  f o l l o w i n g  e q u a t i o n :  

( 4 )  C o s t l  = c o s t 2  (powerl/power2) X 

where  X v a r i e s  between 0.24 and  0 .8  d e p e n d i n g  upon t h e  t y p e  o f  

equipment b e i n g  e s t i m a t e d .  

The c o s t  o f  t h e  t r a n s m i s s t o n  l i n e  f rom t h e  powerhouse  t o  t h e  

e x i s t i n g  pump s t a t i o n  and  u t i l i t y  t i e  is  g i v e n  by t h e  f o l l o w i n g  
/ 

e q u a t i o n :  

( 5 )  C o s t s  = .50 (1500 - p e n s t o c k  l e n g t h )  

The t o t a l  s w i t c h  g e a r  c o s t  i s  t h e  sum o f  a l l  v a r i a b l e  c o s t s  a s  g i v e n  

by t h e  above-ment ioned  e q u a t i o n s  p l u s  a c o n s t a n t ' c o s t .  The g e n e r a l  

e q u a t i o n  f o r  a r r i v i n g  a t  t o t a l  s w i t c h  g e a r  c o s t  is: 

(6)' S w i t c h q e a r  c o s t ,  = . . - 
I 0.7997 + T r a n s f o r m e r  C o s t 2  ( ~ o w e r ~ / P o w e r ~ )  

0.2427 + S w i t c h b o a r d  Cos ts2(Pawer l /Power2)  

50 (1500 - p e n s t o c k  l e n g t h )  + C o n s t a n t  
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b 6. Ancillary Equipment - Certain ancillary equipment, not 
directly related to the production of power, is necessary for the 

operation of the hydroelectric facility. This equipment includes 

safety and firefighting apparatus, hoists, telemetry, tools, small 

power generators, etc. The cost for such equipment is estimated to 

be a constant $74,000 for all alternatives. 

7. Mobilization and Temporary Services - The ccst of 
contractor mobilization is estimated to be approximately 58 of the 

estimated capital cost of the preceding Items, 1 thru 6. Also 

included in this item is the cost for Temporary Services such as a 

water supply line and temporary pumping power when required. 

8. Administration, Legal and Technical - Also included in 
the total project capital cost is a cost for design administration, 

legal services and engineering investigation. These costs were 

divided into three categories: 1. Design, 2. Legal and 

administrative. 3. Engineering investigation, Design costs are 

based on a percentage of capital costs as recommended by ASCE Manual 

No. 45. The cost of engineering investigations such as field ' 

surveys, licensing report, geotechnical surveys, etc. are neither 

site specific nor dependent upon the quantity of power produced and 

will be included as a constant lump sum for all alternatives. Legal 

and administrative fees were estimated to be approximately 1% of the 

sum of the capital, design and investigation costs. The total cost 

for this item can be expressed as a function of capital costs plus a 

constant by the following equation: 

(10) Administration, legal and technical cost = 

0..747 (capital cost) 0.838, 

-01 (capital cost) + Constant 
The following cost tabulations for a typical alternative (in 

this case 8.07) are furnished as examples. 



TYPICAL INTAKE COST BREAKDOWN 
( A l t e r n a t i v e  8 . 0 7 )  

I tern - Q u a n t i t y  U n i t  P r i c e  

S h e e t i n g ,  b r a c i n g  & d e w a t e r i n g  ,70 t o n s  $ 1 ,520  

C o n c r e t e  300  C.Y. $ 250 

Bar '  r a c k  

M i s c e l l a n e o u s  metals 

E l e c t r i c a l  f a c i l i t i e s  

M i s c e l l a n e o u s  

S l u i c e  g a t e ,  8 '  x 8 ' ,  
i n c l .  motor o p e r a t o r  

S u b T o t a l  
P l u s  1 0 %  c o n t i n g e n c i e s  

T o t a l  C o s t  

L.S. $ 1 3 , 4 0 0  

8  t o n s  $. 3 , 0 0 0  

L.S. $: 8 , 0 0 0  

L.S. $ 1 5 , 0 0 0  

L.S. . $ 2 1 , 0 0 0  

C o s t  

$ 1 0 6 , 4 0 0  

$ 7 5 , 0 0 0  

$ 1 3 , 4 0 0  



T y p i c a l  S w i t c h  Gear C o s t  Breakdown 
( A l t e r n a t i v e  8 .07)  

I tem Q u a n t i t y  U n i t  P r i c e  C o s t  

1 5  KV h o r n  g a p  s w i t c h  3 $ 1 , 5 0 0  $ 4,500 

1 2 5  AMP 1 5  KV circ'uit 
b r e a k e r  1 1 7 , 0 0 0  17 ,000  

2 ,000  .KVA t r a n s f o r m e r  

600 AMP 5 KV a i r  c i r c u i t  
b r e a k e r  

1 0  AMP 5 KV a i r  c i r c u i t  
b r e a k e r  

30 KVA d r y  t r a n s f o r m e r  

40 AMP 5 KV a i r  c i r c u i t  
b r e a k e r  

100  AMP 5 KV a i r  c i r c u i t  
b r e a k e r  

C u r r e n t  t r a n s f o r m e r s  

Power t r a n s f o r m e r s  

P r o t e c t i v e  r e l a y s :  
t y p e  25 
Type ' 27 
t y p e  50 
type 51. 
type 51G 
t y p e  51M 
t y p e  8 1  
type 87  

' M e t e r i n g  

U t i l i t y  t i e  

S t a t i o n  b a t t e r y  

Overhead  l i n e  

L . S .  

L.S. 

L.S. 

900 

2400 v o l t  s w i t c h b o a r d  1 35,000 35 ,000  



M i s c e l l a n e o u s  

S u b t o t a l  
P l u s  1 0 %  c o n t e n g e n c i e s  

T o t a l  Amount 

T y p i c a l  P o w e r h o u s e  C o s t  Breakdown 
( A l t e r n a t i v e  8 .07)  

I t e m  - Q u a n t i t y  U n i t  ' p r i c e  . . - C o s t  

E x c a v a t i o n  4 8 3  C u b i c ,  Yds.  $ 50  $' 2 4 , 1 5 0  

C o n s t r u c t u r a l  c o n c r e t e  247  C u b i c  Y d s .  200 $ 4 9 , 4 0 0  

M i s c e l l a n e o u s  metals  7  t o n s  3 , 0 0 0  $ 2 1 , 0 0 0  

I n t e r i o r  e lec t r i c  a n d  
a u x i l i a r y  g e n e r a t o r  L.S. 3 6 , 0 0 0  $ 3 6 , 0 0 0  

P i p i n g  

HVAC' 

S u b t o t a l  
P l u s  1 0 %  c o n t e n g e n c i e s  

T o t a l  Amount 

L.S. 5 , 0 0 0  $ 5 , 0 0 0  

L.S. 



Optimization Methodology 

 he evaluation of the 78 alternative configurations initially 
suggested itself as a linear programming problem. However, after 

completing the marketing phase, the uniqueness of the value function 

became apparent, i.e., it was observed that the value of power 

generated.depends upon whether the power is sold to the local 

utility, wheeled to the City, wheeled to other customers, or whether 

the machine was used simply for synchronous power factor 

correction. 'This uniqueness of the power, value function causes , 

abrupt discontinuities in the total project cost function, making 

the application of linear programming solutions difficult, 

Consideration was given t o  continuing along the linear programming 

methodology line using the constrained linear system threshold 

concept developed by Todini and Wallis. However, this approach was 

a 1 ~ 6  abandoned. Instead, it was decided to develop an optimization 

matrix for a comparative value analysis. 

Eight powerhouse site options .were selected. Each of these 

. options include six independent variables (design. flow, penstock 

diameter, net head, intake type, machine type and machine 

efficiency) which resultsin a total of 78 alternate options. The 

78 alternatives form' the horizontal elements of the optimization 

matrix while 36 variables comprise the vertical elements' (F'igure 

44). The vertical elements are as follows: 

Line 1'. Alternative number - The first number designates one 
of the eight powerhouse site. options. The remaining decimal 

indicates the alternative number within that.option. 

Line 2. Design Flow. (Q) - The specific flows used were'100, 
200, 300 and 500 cubic feet' per second except for Alternative No. 

1.01 which was defined as utilizing the existing machines with a 

flow of 35 cubic feet per second. 



'b L i n e  3. G r o s s  Head ( H )  - d e f i n e d  a s  t h e  r e l a t i v e  d i f f e r e n c e  

i n  e l e v a t ' i o n s  between t h e  t o p  o f  f l a s h b o a r d s  and d e s i g n  t a i l  w a t e r  

a s  p r e v i o u s l y  l i s t e d  under "Des ign  E l e v a t i o n s . "  

L i n e  4 .  Pens tock  Diameter  - The s i z e s  c o n s i d e r e d  were 48, 60 ,  

72,  84 and 9 6  i n c h  pens tock .  V e l o c i t y  l i m i t a t i o n  was 1 2  f e e t  p e r  

second.  

L i n e  5. I n t a k e  Area  - I n t a k e  a r e a  was based  upon a  maximum 

v e l o c i t y  of  2.5 f e e t  p e r  second a t  t h e  b a r  r a c k  and 6  f e e t  p e r  

second a t  t h e  s l u i c e  g a t e .  The magni tude  o f  t h e  i n t a k e  a r e a  was a 
d e t e r m i n a n t  i n  t h e  i n t a k e  c o s t ,  a l t h o u g h  n o t  a  l a r g e  one. 

L i n e  6. N e t  Head - N e t  head is  t h e  g r o s s  head minus a l l  

f r i c t i o n  and minor l o s s e s  such  a s  a t  t h e  e n t r a n c e ,  v a l v e s  and 

bends,  The f r i c t i o n  c o e f f i c i e n t  used  i n  a l l  cases was C = 100. 

L i n e s  8,  9, and 10. Runner Diamete r ,  S e t t i n g ,  S p e c i f i c  Speed 

These  t h r e e  p a r a m e t e r s  were used  a s  d e t e r m i n a n t s  f o r  t h e  s i z e  of t h e  

s t r u c t u r e  and t y p e  of  machine,  These  v a r i a b l e s  were c a l c u l a t e d  

u s i n g  t h e  s t a n d a r d  t u r b i n e  homologous e q u a t i o n s  [Ref.  41 

L i n e  11. U n i t  E f f i c i e n c y  - t o t a l  machine e f f i c i e n c y  i n c l u d i n g  

t u r b i n e ,  g e a r  box and g e n e r a t o r  f o r  t h e  v a r i o u s  t y p e s  based  upon 

m a n u f a c t u r e r s '  d a t a .  U n i t  e f f i c i e n c i e s  a r e  compr i sed  of  machine 

e f f i c i e n c y  a t  f u l l  l o a d ,  g e a r  box e f f i c i e n c y  o f  .98  ( i f  g e a r  box is  

used)  and a  g e n e r a t o r  e f f i c i e n c y  of .95. U n i t  e f f i c i e n c y  a s  d e f i n e d  

h e r e  i n c l u d e s  a l l  l o s s e s ,  i n c l u d i n g  e n t r a n c e  and e x i t  l o s s e s ,  a t  t h e  

t u r b i n e .  

Line 12. Composite  E f f i c i e n c y  - I t  is a p p a r e n t  f rom 

m a n u f a c t u r e r s '  p u b l i s h e d  d a t a  t h a t  machines ,  i .e., t u r b i n e s  and 

g e n e r a t o r s ,  o p e r a t e  a t  v a r i o u s  e f f i c i e n c i e s  depending upon t h e  g i v e n  

f l o w  .and t h e  l o a d .  The c o m p o s i t e  e f f i c i e n c y  is a  weighed a v e r a g e  

e f f i c i e n c y  based upon s i m u l a t e d  f l o w  p a t t e r n s .  

L i n e  13.  N e t  Power - N e t  power i s  t h e  n e t  g e n e r a t i n g  c a p a c i t y  

a t  t h e  bus  b a r  f o r  a  g i v e n  f low,  n e t  head and c o m p o s i t e  e f f i c i e n c y .  

T h i s  n e t  power was a l s o  used i n  t h e  b e n e f i t  v a l u e  program t o  

d e t e r m i n e  t h e  t o t a l  b e n e f i t s  t o  be  a c c r u e d  from s e l l i n g  power. - 
L i n e  14. Pens tock  Length  - S c a l e d  from 1" = 200' N e w  York 

S ta t e  Department  of T r a n s p o r t a t i o n  pho toqrammet r i c  maps.. 



L i n e  1 5  t h r u '  25. These  e l e m e n t s  a r e . t h e  i t e m s  of  c a p i t a l  c o s t  

a n d ' h a v e  been e x p l a i n e d  p , r e v i o u s l y  i n  t h e  C o s t s  s e c t i o n .  

L i n e  26. F i r s t  Annual 0 & M C o s t  - T h i s  i s  t h e  t o t a l  a n n u a l  

c o s t  i n  t h e  f i r s t  y e a r  f o r  o p e r a t i n g  and m a i n t a i n i n g  t h e  f a c i l i t y  
. . 

e x c l u d i n g  l a b o r  c o s t .  

L i n e  N o .  27. 0 & M Compound C o s t  G r a d i e n t  - T h i s  v a r i a b l e  b s  

used t o  e s c a l a t e  t h e  a n n u a l  0 & M c o s t  by a  f i x e d  a n n u a l  r a t e  o v e r  

t h e  p e r i o d  of  t h e  a n a l y s i s .  F u r t h e r  e x p l a n a t i o n  of  t h i s  r a t e  w i l l  

be g i v e n  i n  t h e  Economic A n a l y s i s  c h a p t e r  f o l l o w i n g .  

L i n e  No. 28. P r e s e n t  Worth o f .  50-Year 0 & M C o s t  - T h i s  i s  

t h e  t h e  p r e s e n t  v a l u e  of  t h e  t o t a l  amount t o  be  d i s b u r s e d  f o r  0 & M 

0ve.r t h e  50-year  p e r i o d  d i s c o u n t e d  w i t h  t h e  s t a t e d . d i s c o u n t  r a t e .  

L i n e  No. 29. P r e s e n t  W o r t h . o f  C o s t s  - . T h e  sum o f  L i n e s  25 and 

2.8. 

L i n e  No. 30. Annual Value of  Energy G e n e r a t e d  - T h i s  number 

r e p r e s e n t s  t h e  v a l u e  of t h e  power used  by t h e  C i t y  i n  p l a c e  of power 

c u r r e n t l y . p u r c h a s e d  from N i a g a r a  Mohawk Power C o r p o r a t i o n  p l u s  

a d d i t i o n a l  revenue f rom t h e  s a l e  o f - e x c e s s  power t o  N i a g a r a  Mohawk. 

T h i s  number h a s  been p r e v i o u s l y  c a l c u l a t e d  i n  t h e  b e n e f i t  v a l u e  

program ( s e e  .Market ing c h a p t e r ) .  

L i n e  31.  Energy Compound Value  G r a d i e n t  - T h i s  compound 

amount f a c t o r  r e f l e c t s  t h e  p r o j e c t e d  a n n u a l  i n c r e a s e  i n  e l e c t r i c a l  

e n e r g y  c o s t .  

L i n e  32. P r e s e n t  Worth of  50 Years  of  Energy - The t o t a l  

v a l u e  of all e n e r g y  produced by t h e  f a c i l i t y  i n  t h e  50-year  s e r v i c e  

l i f e ,  reduced t o  a p r e s e n t  v a l u e  u s i n g  t h e  assumed d i s c o u n t  r a t e .  

L i n e  33. P r e s e n t  Worth o f  R e s i d u a l  Value  - S i n c e  t h e  a n a l y s i s  

p e r i o d  and t h e  assumed equipment  l i f e  a r e  e q u a l  ( 5 0  y e a r s )  by 

d e f i n i t i o n ,  t h e  r e s i d u a l  o r  t h e  remain ing  v a l u e  of  t h e . p r o j e c t  a t  

t h e  end of 50 y e a r s  i s  z e r o  i n  t h e  example d e p i c t e d  a s  F i g u r e  44. 

L i n e  34. P r e s e n t  Worth of  C r e d i t s  - The sum o f  L i n e s  32 a n d '  

33. 

Line 35, P r e s e n t  Worth of  N e t  C o s t  - T h i s  is t h e  t o t a l  

C p r o j e c t . c o s t  minus t h e  t o t a l  c r e d i t s  d e r i v e d  f rom power p r o d u c t i o n  

. ( L i n e  29 minus L i n e  3 4 ) . .  



- 

L i n e  36. Ranking by Lease  N e t  C o s t . P r e s e n t  W o r t h ' -  T h e  

a l t e r n a t i v e s  a r e  ranked No. 1 th rough '  No. 78,  No.. 1 be ing  t h e  

. a l t e r n a t i v e  w i t h  t h e  l e a s t  n e t  c o s t  and t h e r e f o r e  t h e  optimum 

a l t e r n a t i v e .  

T h i s  program was run  f o r  two c l a s s e s  of  p r o j e c t s ,  one be ing  

t h e  r e h a b i l i t a t i o n  of  e x i s t i n g  f a c i l i t i e s  and t h e  o t h e r  b e i n g  

c o n s t r u c t i o n  of a  c o m p l e t e l y  new f a c i l i t y .  T h e  r e h a b i l i t a t i o n  c l a s s  

i n c l u d e s  O p t i o n  No. 1. The new c o n s t r u c t i o n  c l a s s  c o n s i s t s  of 

O p t i o n s  No. 2 t h r o u g h  No. 8. An optimum a l t e r n a t i v e  from e a c h  of  

t h e s e  c l a s s e s  h a s  been s e l e c t e d  and w i l l  be  d i s c u s s e d  f u r t h e r  i n  t h e  

Economic A n a l y s i s .  
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NORM ANSKILL HYDROELECTRIC FACILITY WATER SUPPLY SYSTEM G 
FEASlBlLlTY ASSESSMENT-EW-78-F-07- 1765 (KEIS 1915) F 









NORMANSKILL HYDROELECTRIC FACILITY ,,,ST. p,N,T,,K AT ,,TAKE a,  
FEASIBILITY ASSESSPhlEN--EW-78-F-O7- 1765 0) 



NORMANSKILL HYDROELECTRIC FACILITY ,,,,,,,,,,L 
FEASIBILITY kSSESSMENT-EW-784F-07- 1765 W 
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NORMANSKILL HYDROELECTRIC FACILITY I EXISTING 

FEASIBILITY ASSESSMENT-EW-78-F-07- 1765 
TURBINES & PUMPS 
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NOHIIAN!; I( I1.I.. tlY'l?Rl3-ELECTRIC . F'EAGLRIL.I'I'Y 6'1'1JI:IY 
, ' IJP'I'IMIJH I:UNFIOIJRATION PROliRWH (OCFLl l l )  
SO YEAR SERVICE PERIOII  PAESEN'I' WUR'I'l.1 ANALYSIS 

EA!;EI:I UI'IIN 5 0  YEAR EGIJIPHEN'l' L I F E  ANIS 0 .  0.00 PERCEN'I' D1SI:fJlJNT RATE 

1 . AL:I.ERNA.I.XVE N(:I . 
2 .  I:IES%(:iN F.I..OLl ( C F ~ )  
:5 , ,  I;~{~IS!; IIE~III ' ( FEET ) 
1) , PEN!;'I'IICI( I1XAMEl'E:-R ( 1NC:IIES ) 

. 5. ZN'I'AI(E ARECA ( S(4 . [''I' a. ) 
1 . t4liT I IEATI (FEET - 

' 7 .  'TI.IItISl:NE 'TYI:'ll: ' 

R .  RIJt.INER 13If~ME:'I'ER' . ( INI::I.IES) 
9 .  SE'l'TSN(i (FEET)  

1 0 .  SFIEI:IFIC: !SPEEI:I . 
1.1. IJNL'I' Ef~F'1:l::l:lliNCY @ F,L.. . '  ( % )  
1.2. COHPO!;I'I'E EFFICIENCY ( X )  
1 3 .  NET POWER ( I ( W )  
14  . PENS'I'OI:I( l.Et4D'l'I.i (FEET)  ' 
____..__._.i__-._._--, ----..-.-.-.-----------------. -------- 

. . 
15, PE:NSTOI:N cos'r ( 8 )  
1.A. IN'l'AI(E l',(JS'1' ( 9 )  

( B )  1 '7 .  FOWE:RtIIlIJSE CI:)EIT 
' 113 ., SW I'I'(,I.lliEAIZ f,fJ!j'l' ' . ( ,8 ) ,  

1 7 .  I IACII INE CO!;l' ( 8 )  
; !O ' .  ANC . EGI1I:P . CI:lST ( 5 )  
7 1 .  MCIFI I.... R ' rEHrL. SERV.  C O S T .  ( $ )  
2 2 .  ADHIN. 1 1,EC;AL. R P'ECI.1. COST ( 8 )  
2 3 .  I N l ' .  I:IIJRINfj CfJNSTRIJCTIfJN ' ( B )  . 
2 4  . 'TO'TAL CAP1 'I'AL. CfJEi'l' ( 9 )  
2 5 ,  P ,  W .  OF CAPITAI, COS'I'S ( $ )  

I 2 6 .  BASE YEAR fiNNIJA1. 11 R M CfJS'l'(9) 3 7 1 0 0  4 5 2 0 0  4530U 
27. O R H I:NPD. COST GRADIENT . ( % )  . It . 0 4 . D '+ . U 
2 8 .  P..W. (:IF'.51i YEAH 0 R M CI:)S'T ( 8 )  . . W10~,00 95'710U 7793UU 

2 7 .  P.W. OF c~~sT ! ;  C29 R 2133 ( 8.) 1 6 2 6 3 0 0  201+70OU 20501300 
.--..-.....--,--- "--__.__.___ _--__.--_.----- 

,311. BASE .VAI..IJE/YR ENER13Y 13EN'Cl. ( 8 )  5 3 9 0 0  8 9 5 0 0  111950 0 
3 1 .  ENF.:RI;Y I::tIk'I:l. VAL.1JE I3RAI:lIEN'I'(%) 7 .  (1 '7 . 0 7 . 0  
32.  P .  W .  OF' SC YEAR!; (JF ENERGY. ( 8 )  2 1 9 5 1 0 0  356190U J 5 6 1 7 0 0  

3 3  . .P.. W . 13f' RE!III:III.IAL VALUE ' ( 8 )  0 I1 U 

34 . P .  W .  OF CRI:I:I:['TS :'32 R 3 3 3  ( 8 )  2 i Y 5 i o o  3561900 3561.5'0 0 - -.. -..--..-.___-- _ _ _  . --... 
35.. P.W. OF NET I:(JST C29 - 3'11 ( 8 )  -5lOOUO-. '-151'4900 -1.511100 



NORMANS KILL. IIYI:IRO-.ELECTRIC F'~:ASI:IIILITY S'runY 
OP1'l'MI.IM C13NF'IOURA'I'XCIH PROGRAM (IJCPII:? 1. 

5 0  YEAR SERVXIX PEHIOLl I'RESEN'I' WCIH'I'tI ANALYSTS 
BABECl IJPUN 5 0  YEAR EQLIIPMEN'I' L.IF'E AND 8.0011 PERC:EN'l' I:IIE;COI.IN'I' RATE 

1 . /IL'I'I.IHNA'I'TVE N(3. 
2 .  DE!;XGN F'I..OIJ (CFS) 
3 . GI4I:ISS tiEAI:I, ( FEEf'l' ) 
4 , PEHSl'(JCI( 1~IXAI.IE'I'ER ( INCt iES)  

. 5 ,  XN'I'AI(E AREA (SQ,F'I ' , ) 

6 .  NE'I I4EAD ( f:rk~'~' ) 

'7 . T1.)17111NE 'I'Y I 'E 
13 . RI.INt4I.R I:l 1 AI1I:i"l'tI R ( 1 N(:;llES) 
9 ,  .t;E'I"I'IN(; , (F'EE'I') 

1 0 .  8f1ECIFXC $PEEL! 
11 . IJHI:.'I' EI'FZ(::IENCY, P F .L ( % )  
I:?.. I:(:ll.II'l1SX'I'€i EI:FXCXENI'Y ( % )  
1i3. NET PCIWER . . (I(W) 
I!+. PEN!D"%l( L,EN(;'I'tl (FEET)  

2.011 
l u l l  

6 4  .I1 
0 4  
5 (1 

6:5. 0 
1 

2'7. 1 
0 , 2  

7 1  - 7  
0 2 .  0 
'70.3 

423 
YOU 

I:;, PE:N!;'rLl(:l( I:IJST - ' ( B )  656OU 
1 6  , INl ' f i l (E l:(:)!!;.I' '(9) , 313Rl(lO 
1.7. PUWERItOUSE COST ( 9 )  7 0 9 0 0  
10.  SW1TI:tIGEAR COS'I' ( $ )  2 8 9 7 0 0  
1 9 .  MACHINE COST % 2 7 5 2 0 0  
2 0 ,  ANC:. EOIJXP. COST ( B )  7 0 3 0 0  
21: M0811 .... R TEMP. SE:RV. COST ( 8 )  1 3 7 7 0 0  

, 22. AI:IMIt.(. t I,E(:;AI, R 1'EI':ti. CO!;'l' ( 8 )  162'700 
2 3 .  IN'T . 1:fIJRING I::I'JNS I'RI.IC'I'ION ( 8 )  9 0 7 0 0  
211. 'I'l:l'I'AL. CAf'l'I'Al,. (:llS'l' ( 8 )  152'7100 
2 5 .  P . w . OF. CAP:[TAL. I::OSTS ( 8 )  152'71011 

2 6 ,  EAC;;E YI:AH AI.INIJAI, C I  R M COS'I' ( B ) 56QU.I) ' 
27. 1:). R M l"HI"I!. COS'I' GRA1:IIEN'I' ( % )  . 4 . 0  
213. P,GI, [IF: 511 YEAH (1 R M COST ( 8 )  1 3 4 4 2 0 0  

2 9 .  P.W.  OF C(:)S'l'!ii 125 K 213.3 ' I % )  27713110 
,.-.---.,------,---.-- + - -----.-------...----..--- 
3 0 .  .EASE: VALUE:/YR EWERGY I:;EN'D. ( % )  9 7 2 0 0  

, 3 1  . ,ENEROY: CMVIS VALUE Of7AI~~XEN'f'(%) 7 ,  0 
3 2 .  P.W. C!F' 5 0  YE:ARS Of: ENERGY ( $ 1  3 0 6 Q 3 0 0  

31). P.W. 1~F-CHI :~ I~ I I ' I 'S  C S 2 . R  333 ( $ )  313613300 35'91700 402'7500 40395011 40'+'7'tOO 42511400 4't3741!0 11532YUd 
-.-.-..-.. _ ..................................................................... " 

3 5 .  P.I.1. CIF NE'I' I::C)S'I' C29 .-. J4:1 ( $ )  -109 '71 l~O - 1 1 5 2 0 0 0  '-11:!630U '-10721tUll "1018'70l l  '-101+'7300 -11.146900 '-11!7E11100 



1 . AI..l'E RNA'I' I VE NO , 
2 . 1:IESION FL.131.J (CFS ) 
3 ,  GRCIS!'; I.IEfil:l (F'EE'I') 
4 .  PEN!!;'I'l:ll~l( 1;t:tAMEi'I'kIR ( TNCItES) 
5 .  IN'l'Al(fl AREA (SQ. l y l ' ,  ) 
6 .  NE'I' I, i t iAll (FEET)  
7 .  'I'IJRHINE: .'l'YPEL 
0 .  RI.tNNER 1II:AMEL'I'EIt ( INI:IIES 
7 .  SETTIN'(; (FEET ) 

111. Sf'El:l:FIl" !5l:'L?Ei'l:l 
11. IJNZ'I' EF'F1CZENI:Y B F . L .  ( % )  
1 2 .  I,lJl~lPOSI'I'Ii E:F'F':lC:XENl:Y ( % )  
1 3 .  NET POWER (KW) 
1 It . I'ENS'I'L1f:K 1.END'I'I.l (FEET ) - ------.--.------- 
1.:; . PENS'I'I:IIII( C13S1' ' ( 3 )  
1 6  : IN'I'hI(E C:l'J!;'l' ( 8 )  
1.7 .  F'l3WERI~~IO1JSE CO!j'l' ( 3 )  
'10 . SW ITC:I~II;EAR C:OS'I' ( 8 )  
1.Y , MACI4INE Cll!;l' ( 6 )  
2 0 .  ANC. EQIJIP.  CO8T ( 8 )  
2 1 .  MOI:~IL.. R TEMP. !$EHV. CIIS'I' (16)  
2 2 ,  AI.II1IN. , L.E:TrAL R TECH 'Cl3ST ( $ )  
23 . SNT , I:tIJHlt4li CI:IN!~'I'RI.tCTII:IN ( 3 ) 
:!lt , TOTAL. I;API'S~I~ I::~IST ( 3 )  
25. P.W. 01" CAI'I'l'nl.. I:13!3'I'S ( 8 )  

NCIRMFIN!ii I(I1.L HYIIHO-EL.EC:TRIC FEAEIIBZL.I'rY S'IUCIY 
f31'1'ItIl~n' CCINF~XOIJRA'I'ION PRCICiRAM (ClCPIl2) 

5 0  YEAR BEHV1C:E F'ER1CII:I PRESENT WOR'rtI ANAI,YSI!S 
HASEI:I I~PIIN JU YEAR EQIJIPIIEH.~ LIFE ANI:I 0 .  u o u  PERCENT I:IIS~;UUII.I. RATE 

,It. 0 2  rk , I1 3 
1 I1 0 

. - 1110 
3 5 .  11 3 5 .  'I 

6 0  * 9 6 
5 0 5 0 

311. v as;n 
3 3 

24.13 . 24 .Y  
'- 1 , (4 '-1. 0 

1 5 3 . 5  1 5 2 . 9  
0 1  .I1 8 1 , O  
E l l .  3 U 1 . 3  

2 4  0 2 4  3 
5 0  5 u 

-. - - - - - - - - - - - - - - - - 
1, 3 0 0 0 3 l l l l  

261t4UII 2/1,11-00 
3 0 8 8 0 0  30E11300 
31,350 0 3'4.3'70-U 

I3ZYUU 0 3 9 0 0  
'711;300 '703UU 
5 3 7 0 0  51tllOU 

1474UU 1~1913UII 
5 1 1 0 0  ' 5J.3011 

13201t110 1331t5110 
132E1~lIlO 1~5311:j00 

2 6 .  BASE YEAR AIJNI.IAI. O R M COS'T(3) . 71+6011 E13'70U ~ 1 9 5 0 0  4960U 'tY7UU 533011 5 3 5 0 0  
2 7 .  11 R M CMPI!. 1:1:!6'r GRADIEN'I' ( % )  I t  . II 11 . 0 P . I1 4 . 0  4 , U  11 . 0 4 .  U 
213. 'P.W. I IF 5U YEAR O R M CO!;'r . ( $ )  1 6 4 5 7 0 0  .l€I06500 1 0 7 2 0 0 0  1UY4'rOll 11001300 11'7500U 11f lU?UU 

2 0 .  P . W .  CIF 'I:(JS'I'S C25 X 2 0 3  t $ )  37076110 rC175t30U 21117200 21122600 T!4353OU 21110110 2 6 2 1 7 0 0  
_-_ _--_---_.- .----- .- .-_.--- .---__.--__-____-_.--  * - 
311. RnSEVAL.l l t l /YRENERljY OEN' IS. ($)  1lYt4OO 1147011 6Y500 70!500 7 1 1 0 0  841U11 135,200 
3 1  . ENERCiY CMI'D. VAL.LIE GRADIENT ( % I  7 , O  7 . 0 7 , U  '7 . U '7 . 0 7 . I1 7 . I1 
3 2 .  P.W, C!F 5 0  YEARS OF ENERGY ( 3 )  1b55Z!8011 056110UU 2 7 b 5 9 0 0  2 8 0 5 7 0 0  202Y6UO 3314'7llQU 3 3 9 0 0 0 0  

3 3 ,  P. W .  OF RI.EiIDltAI, VALUE 0 )  0 I) 0 I1 0 I1 I1 



NORMANS I( ILL. 'liYDRI:)-t.Lf.C:TR I C  F'EASII:IIL.I'I'Y E;'rI.IDY 
OP'I'IMIJII I:C1NF'IGIJRATIOE: PROGRAM (OCF'112) 

5 0  YEAR SERVICE t7ERIC1n flRESE!NT WORTH At4ALYSIS 
BASEI:I LIPON 5 0  YEtAR EQHXPMEN'I' LIFE: AN11 E l .  Ill10 f'f;RC:E:N'r I:IISI:I:IlINT RATE 

1. . nL'I't~RNn'l':I:VE 141:); 
2 .  1:~E:SII:jN I71.(JW (1':FS) 
3 ,  l;I'iOL?f? tIEA1:l (F'EE'I' ) 
11. f'k:N!?'lC1l::li l~l '~I1E~:TE:R ( I. NC)iEG 
5 .  114'1'i\ l(~ RRI~A . . (S (J .FT . )  
6 .  NET I.IIZAD (FEET) 
'7 , .I.I.I rw I: N f: 'I' Y F'I:,: 
13. RUNNER l:lI~?rl.lE,'rER .( INCtiES) 
9 ,  SI i l i 'SNO (FEET)  

1.0. Sf'E:CIFIC !jPf!:ED 
1.1. I.IIJ:I:.~ EFFXI:IENI:Y @ F.L., ( z )  
1 2 .  I::l1IlPI:IEiJ'l'E EF'FICIfLHCY' ( % )  
1.J. t4E'I' F'OWEH (I(W) 
1.11. PXLN!;'I'01:1! L.EN1'j'l'l.l  FEE'^) - -...----...---.-----..---..--- 
15, l ~ ~ l i ~ ~ l 4 S ' i ' ~ l ~ l ~  Cl:1ST (9) 
1.6 , XN'I'AI(E I:C)!;'l' . ('5) 
1-7 . PCIIJERIIOIISE: CII!~;'~ ( 5 )  
1 13 , s w I .I'I::I II;;~:A R I::I:I!;;.~ ( $ )  

1Y.  MACHINE CIIST ( 8 )  
'!O . ANC . EQIJ-I P . I:C)S.I' ( 8 )  
2 1 .  MOEIL.. R TEMP'. SERV. COST . ( a )  
2 2 .  AI:IMIN. I,EI:iAL. H 'I'EC1.i. I,O!~'l' ( 9 )  

* 2 3 .  I N T .  1:IIJNINO I:CIN!~'l'RIJCTION ( a )  
29 , 'ro'rn~. CAP:L'I'AL C O S ' ~  ( $ )  

- 2 5 ,  P ,  G I .  I3F C:Af'ITAL. C:CISTS ( $ )  

:!6, EAStl YEAN ANNIJAL. I:) R t1 I::ll!il'( 8 )  
2'7, 11 R M CMPl:l. 1:UST GRA1:IIEN'I' ( % )  
213. F ) . W .  OF 311 YEAH IJ R M 'l::C)!?'l' ( 8 )  

CCY JJIJUO 5 9 3 0 0  
4 . 0  4 . 0 

1 2 2 4 4 0 0  13002UU 

' 2 9 .  P:W. C1F' CI:)!ii'l'S C25 R 3133 ( $ 1  27'76900 2 7 8 2 7 0 0  3112:SYOO 25602011 2h lOYI I l l  2648E100 
_._ ...... ...-. ...-.-----.....-.-.---....--- _." ........................................................................... " 

3 0 .  BR!X VAI ... IJE:/YREHERl;Y OE!NaD.(O) OQ6UO CIY20O '700011 60'700 653O1) 416.7011 
3 1  . EtJEAI3Y l',Ml"U. VAI,IJE ORAISXEN'T ( % )  '7. 0 '7 , 11 7 ,  11 7 . 1  7 . 0 '7 . O 
32. P O W .  C I I Y  5 0  YE:Al!.!? 1JF' ENERGY ( 5 )  :55261.00 3549YOO 361JbUO 21+1570O 25'?li)8111l 2651151!0 



I4ClRNANEi I( I L L  tIY I:IR(3--EI.,ECTRIC F'EIA!i;ILiILITY S'I'I.II:IY 
CIfll'XHIJM. I,l:lNFX(3I.IRA'I'IClN Pl7l:lORAM (I:I(IPtt2) 

5 0  YEhI? SERVICE PEHIO1:I PRESEN'I' WLlR'I'I1 ANAL.Y!SI!; 
PAGEI:I l.lPON 5 0  YE:AA EOI I I  I.'MF<I.('l' L I F E  ANIS El  . 00 0 PEHIXN'I' I)I!:il,lJ!.lN'I' RATE 

AI..TERI4A'I' IVEI N13 . 5 . 0 0 .  
I:IE.:SION F7L.C)W (CF:S) 2 0 0  
GROSS l I l IAl l  (F'EEl') 3 5 .  kt 
PEt4$;'I'~:lI~l( 1:~l:AtlE'l.Ell ( INCt lES)  131.1. 
IN'I'AI(E AREA . ( S Q . F T . )  1 0 0  
NET tIEA13 ( F'EE'I' ) 3 3 , 7  
1'l.IRPl'NE 'I'YI:'E 1 

.RIJNNER OIAME:'l.E:R I td(:;I.lES ) 4 (1 h (1 
!~E'I"l'I N(3 (FEET ) 1 0 . 3  
SPECIFIC: SF'IXD 95. 8 
lJN.11' 't:F'f'II:IENC:Y @ F . L . ( % )  El  :! . 0 
(:1311f'Il!iiIl'E E:FFIC:LENCY ( % )  8 0 , '7 
NE1' I'ObJER ' . (KW) $60 
PE:NS'I'I:ICI( L.E:Nl3l'l.i (FEET ) Lt 0 0 - .-----.-.---.---- 
PENS'l'01:I( C0':il' ( O )  6 b 5 0 0  
IN.I'AI(~: c;r~!;'r ' . ( 3 )  ~unuoo  
11131JERI.iOI.ICil. 1:(3!j'I' ( 8 )  13~ !000  
!~WIl'CtIGEAR COEi'I' ( b )  3 2 4 0 0 0  
MAC:IIIN~: l::l:l!ii'r ( 5 )  313~l .00 
AI4C . E i Q l J I :  I:' . CCIS'I' .. ( 3 )  703110 
l1CJIIIL. R TEMP. SERV. COST 5 11681)0 
f3I:IMIN. I L..~C;/ll. R TECti. C;CIST ( 3 )  . . 1 7 2 0 0 0  
JN'I'. DIJRIt.II3 I:IINS'rRIJC'I'.I:TJN ' ( $ )  611200 
TCI'I'AL. (,RI.'I'l'AL. C:OtiT ( 1 )  1611E113Dll 
tl,W. 01: I;AF'I:'l'OL COS'I'!3 3 ,  1.CJ6EIOOO 

ensE YEAR ANNLIAL. o R M ~ o ! ; T ( s j  6 1 2 0 0  
I1 R M (:Mf'I:I, I:C)Ei'I' (jl7AI:lTE.NT ( % )  4 . 0  
13,W.. OF- 5 0  YEAR (:I R ' M  C:O!i'l' ( 3 )  1 3 5 0 1 0 0  

20. P.W, OF l::lI!i'l'!; C25 R 28:1 (1) 30lli1'?00 306 '+700 ~31li171300 321+YOOU 32961300 360'7500 
.............................................................................................. " 

3O. RAEiEVALUE/YRIEl . (E:R13Y I'IE:'N'I:I.($) 8':!300 83JUO 761100 8O~~tOO 132200 '797011 
3 1 .  ENERliY CIIPD.  VALLJE GRADIENT ( % )  7 . 0 '7 . 0 7 ,O 7 .  0 '7 . 0 7 ,O  
3 2 ,  P .  W ,  CIF 5 0  YE!:ARS 13F ENERGY ( 3 )  3 2 7 5 3 0 0  3 3 1 5 1 0 0  ~(IQO$OO l f ? Y 7 1  33'71.400 31 '79800 

:!I:) .') ..) i.. i. "' ... 7 . .'It:* 



NORMANE: I(XI-L I1YI:IRI:)-..ELEI::'I'RTC FEASIEILI ' I 'Y  S'rUI:IY . 
OPT IMIJII CC1NFTGI.IRATION PROGRAM ( CICP11.2) 

5 0  YEAR SERVJ,C:K PER1013 flRE:SEN'I' WOR'rti ANALYSIS 
EASED LIPON 5 0  YEAR EQUIPMEt4T L..IFyE Al4D E l  . 0110 PEI1C:ENT DISCIII.IN'I' RA'TE: 

' 1. AL,'I'ERI4A'I'IVIK NO. 
:? ,' LIE:!; I 1:; N l::'L., 1:) W (CFS)  
3 . .  GI't(:1S!; IIE!:AI:I ( FEE'I' ) 
It , PE:N!3'1'OCI( L1,XAME'I'ER ( I NCI-IES ) 
5 ,  IN'I'AI(E AREA (SG.FT .  )' 

6 .  - 141:'r I.IEAD (FEET ) 
'7. 'rI.IRP1Nf.Z '1'YI')E 
13. RI.INt$ER 1:IIAMEl'EIt ( I NCtIES ) 
9 ;  SE'TTINO . ( FyEErl' ) 

1.0. SPECIFIC: !;PEED 
11 . IJNI ' r  EFFII:XEN(,Y . @  F .  L . ( % )  
1 2 ,  CC1tlf'E1SIl'E E:F:'FICXEt.(CY ( % )  
1.3. NE'I' t71:1WER ( I ( W )  

. 111. PEN!;'I'1!(,1( I.EIJO'I'II , (FEET)  

PEN5'rOI:IC I,(:ISl' ( B )  
TN'I'AI(E CCl!$l' ( B )  
PI:!WEItI.IOI.ISF: C13S'I' ( $ )  

GWI'TI,I.I(?E:Al1t C;O!i;'l' , ' ( 8 )  
MACI-IINF: C1JS.I' ( B )  
ANC . X.(4lJlD:'. 1:OSl' ( 8 )  
MOBII ... R 'I'EMP. SERV. I:OSl' ( $ )  
ADMJN. 8 I...IIOAL. R 1'ECI.I. C:05l' ( 8 )  
XI.( 'I '  . DIJRIEltj l'~(3NS'I'RIJCT1'l~N, ( 8 ) 
'I'O'I'AL I::AP'['I'RL. l;U!j'r ( 8 )  
P . W . 13F CAPX'I'AI.. CCIS'I'S ( 8 )  

2 0 ,  P.  W .  CIF PS(:ISl'!$ C25 R' 2B3 ( $ )  337Lt300, 352'7000 3503'700 J l l + h 1 0 0  3 7 7 9 9 0 0  3 7 0 9 2 0 0  3E187YOO 40Lt69UO l l 9 1 9 9 0 0  24E19300 ---- " ..--- ----- --.-- --. -. 

3 0 .  BASE VALI.JE/YR ENERGY ('t1t4*13.($) 1022UO 1 0 0 3 0 0  1 0 9 3 0 0  l l Z l 0 U  11l.tUUO 1023011 1101D0 1134UO 1 0 9 l t 0 0  031100 
31. ENERGY (:H1'11. VAI..IJIi I;RAISTEN'r( X )  7 . 0  7 . 0  7.0 7 . 11 7 . 0 7 . 11 7 . 0' 7 , 0 7 . 0  '7 . 0 
3 2 .  ' P . W .  01:' 5 0  Y[.iAR!; IJF ENER(3Y ( $ 1  . Y U 6 7 3 0 0  3YY1700 431+970U 4 4 0 1 2 0 0  4 5 3 6 9 0 0  40'713Il l) 't3l1I1700 Lt513000 1t553900 33191110 

3 4 ,  P.W. (:IF (317EDITS C32 & 3 3 3  ( $ )  1+06731)0 3 9 9 1 7 0 0  4:31+9700 4 4 0 1 2 0 0  1t53600O ItU'71300 1t3l!117011 1+513000 1t3539OO 3 3 1 9 1 0 0  
__---_.-. _ _  -_ - *- . ... _.-__--_-___-..-.......-I . - 
35. .  P.I.J. C1F NET 1,0!3'1' [129 .... 3'1.3 ( $ )  - l 9 3 0 U U  -bh't7UU -13'16200 -R35lUO '-75'700U "'3621.UO 0 ' 6 1 0 0  116OUU - 'b~!9l?I t l I  



, NCIRMAIJS KILL. I~IYl3RU-~EL.EC:l'II I C  FEASIRIL.1TY S'l'I.II:IY 
OPTIMUM CONFIOURATICIN PROORAM (l'CPII.2 ) 

5 0  YEAR SE:RVICE PERIOD PRESEN'I' WORTI4 ANALYSIS 
RASED I.IPON 50 YEAR E:QIJI PFIEt4T 1..1ktl AND 0 , I J  0 0 PERI::ENl' I:~ISCIlI.IN'I' RATE 

AI.,TENNA'rI'JE NO. 
DESI(3N FI,DW ,(CFS) 
GROS!; t4EAD (FEET) 
I'EN!;'I'I:II,I( I:II&HE'TER ( INCIIES ) 
IN-TAKE AI?E:A ' , ( S O O F T . )  
NET llEA1:l ( F.'EE'l' ) 
TIIRDZNE 'TYPE 
RIJNNER, ISTI?IlE'I'ER ( INCtiES) 
SE'rTINl?. , . (FEET ) 
S1'131:II~.I(I Sf'EED 
IJNSI' EFF1i:IENC:Y 0 F .L.  ( X )  
CCl11POS'Tl'I~ EFFICII-rNCY . ( % )  
NET f'(:lt,JE R (KW) 
PENS'I'lJI:I( 1.E:NO'I'Il (FEE'I') 

7 . 0 U  7 . 0 9  
2 0 0  2 0 0  

5 1  .I+ 5 1 . 4  
R 4 9 6  

i o n  1 0 0  
4 V .  6 5 0 . 3  

1 1 
3 9 . 0  3 9 . 0  
10.1) 9 . 7  
RO . E l  0 0 . 3  
8 2 . 0  8 2 . 0  
0 0  . '7 0 0 . 7  

6 7 7  ' 6 0 7  
7 0 0  7 0 0  

EASE YEAI? ANIILIAL O R M CO!il'($) 5b3UO 
C l  R M I:HF'91. COST .GRADTENl' ( %  l t  . 0 
P . W ,  OF 'in YEAR IJ R M-C:OST ( a )  121t21100 

2 0 ,  P . W .  CIF'.(;~)S'~!~ ~ 2 5  R 2133 ( % )  2 7 6 6 3 0 0  2 8 2 2 1 0 0  21371I)IIU 
" --.-- - -----.-.--..------.------------- - ------..-....------- 

3 0 .  BASE VALI.IE/YII EHERlSY OEN'I:I. ( B )  87'700 8 9 2 0 0  ~~97 \11 )  
3 1  . ENtiRl?Y CMFITl, VAL.UE ORAII1E:NT ( % )  7 .  0 7 . 1) 7 . 0 
32'.. P.W. (:If' 5 0  YEAllS CIF EHE:l'(l;Y ( 9 )  349E12110 35499110 J 5 1 9 8 0 0  



1 , AL.'rERNATIVE NO. 
2 , DESIGt4 I"1..1JW (CF'S ) 
3 , I3RI:lSS I.IE:AI:l . . . (FEET)  

. I t .  FtE:NS'rOCI( KIIAMEl'ER ( INCt iES)  
5 .  XN'I'AI(E AliE:A (!;Q.Fl'. ) 
6 .  t w r  I IEAD (FEET) 
'7. I'IJrtC(INE 'I'YC'L? . . 

13. RI.INNER DIAME'fER ( LNCtiES ) 
Y. SE'r'I'XNO (F'EE'I' ) 

1 0 ,  SPEI:J.FIC Sf'EEU 
1.1 . 1.INS.I' EFrF'11,1Et41nY @ F . L .  ( X )  
1.2. C(:)MPOST'I'E EFF'ICI-ENCY ( % )  
1.3. NEI' POWER (KW) 

. . 114 . PEN!;TOI:I( LENO'l'1.I ( FEET ) 
-..---.- -.---- --..--*--- 
1 5 ,  PE~J!;'I'OCI( i::o!;'l' ( 8 )  
16 . INTAI(I: CCIS'I' ( 4 )  

. . 1'7, PC)WER~I(:IIJ!;E cI:I!;;'r . ' . ( $ )  
1.(3 . SWI:'l'I:I.IGEAr( C(3!5'l' ( 4 )  

, 1 Y . MACtIINE C:I:lEi'l' ( B )  
. 2 0  . AEIC , ti(31.IL I' . Cl:)cil' ( $ )  

2 1  , , MCIB.11.. R 'I'I!HP, 6ERV COS'I' ( $ )  
2 2 .  Al:IMIN. , I..Er';AI., R 'l'ECI.1. 1:I:lSl' ( 9 )  
2 5 .  IN1' .  DI.IRINI:) I:TJN!;'l'RUCTION ( 8 )  
211. '1'13'l'AI.. I:AI'ITAL COST' . ' ( 4 )  
2 5 ,  I>.W, .(:IF (::A~):[TA~. .I;O!;T,S ( $ )  

Z6 . BASE 'YE::AR AI4NlIfiL. (:I R H COS'I' ( 9 ) 
2 7 .  O X M CFIf'II. COS1' ORAI:IXENl' ( X )  
2 0 .  P.W. OF 5 0  YEAH O X M.COST ( a )  

2Y .  P ,  W .  OF 'LCIB~'S C25 R 2131 ( $ 1  

NORMAN!$ K I L L  HYURO--ELEI"TRIC FEA9IH IL I ' I 'Y  S'rUI:tY 
OPTIMUH CONFIGURATION PRIIGRAN (OCPIIZ) 

5 0  YEAR SERVICE PERIOD PRESENT WCIR'I'tl ANALYSIS 
BASED UPON 5 0  YEAR EQUIPHEN'T L I F E  AND E l .  0 0 0  PE:RCEN'I' I5ISCUUN'r RATE 

0 . 0 5  
1 0 0  

6 4 , 4  
9 6 
5 0 

A l l .  0 
3 

21+ ,7 
- 4 . 0  

i 1 0 , 7  
E l l  .U 
1.11.3 

4 Y U  
YO0 

. - - .- -. -. -- - .. -. .. - -- -, 
1 9 6 7 0 0  
261.tIt 0 0 
1621100 
3 1 4 3 0 0  
1C521111 

7 0 3 0 0  
576110 

1 5 5 6 0 0  
5 4 6 0 0  

l 4 Z 0 7 0 U  
142117011 

52130 0 
4 . 0  

l l h Y ( 3 0 0  

250:550U 

3 0 ,  HASE VAI..UE/Y R ENERGY OEN' D. ( B )  
31. Et4ERI:;Y CHPD. VALIIE GRADTEN'I'(%) 
3 2 .  P.W, OF SO' YEARS C I F '  tiNtIRliY ( $ )  

3 3 .  P . W . CIF NE~SIISIIAL VALIJE ( 8 )  

34.. P .  W .  OF cr iEI :~s ' rs  ~ 3 2  R 331 t a )  
-----------..-.--..--------.---.------------.-.-- 
3 5 .  P . W .  OF ~ ~ ' r ' C l l S l '  C29 - 3 ' l l  ( $ )  

4511'1 700 
-- - - .- -- 
- 1 I!) 1. ? 0 0 11 

36 . RANI( I N G  HY I-EAST Nti'l' f,L[)!?'I' F' , IJ. 



NORMANS KILL liY15RU-ELECTRIC FEASIBI I . ITY S'I'IJCIY 
UflTIMIJM CClNf'IGIJRATICIN PROGRAM (CIC PI12 ) 

SO 'YEAR SERVICE PE:RIO[I PRESENT WORTH ANALYSI!; 
CIASEL! IJPON 5 0  YEAR EQUIPMEN'I' L I F E  AN13 0 .  0 0 0  PERCENT DISCOCIN'I' RATE 

. . . . 
' 1. ALTEHNA'TIVE.NO. 0 . 0 9  0.1.0 0.11 . 8 , 1 2  ' 0 . 1 3  

2. I:IEEiIl3N FLOW ' (CFR) 2 0 0  3 0 0  3 0  0 3 0 0  5 0  0 
3 ,  GROSS HEAD . (FEET)  6 4 . 4 .  ' 6 4 . 4  .64.4  6 4 , 4 .  (14 . 4  

. - 4 .  PENSTUCK I:I.IAME'I'ER . ( INCHES) 9 6 7 2 0 4 96. . 9.6 
5 .  . .. JNT.AI(E AREA . . , (SQ.['I',') 1 0 0  1 5 0  1 5 0  1 5 0  2 5  0 
6 .  NET I4EAI:I (FEET)  63,3, . 5 7 . 0  6 0 . 7  6 2 , 3  5 9 . 1  
7 .  TIJRBINE 'I'Y I'E 3 3 3 3 3 

. 0 ,  RIJNNER 1:~IAMETER ( INCIIES ) 311 . '7 43'. 0 42 , ' 7  4 2 . 4  I= c? 
.l.J . 3  

9 .  SETTIN(? . (FEET)  - 4 . 3  - 3 .  H - 4 . 0  - 4 . 3  -12. 1 . 
1 0 .  SPE1311TII: SPEED . 1 1 9 . 2  1 2 5 . 0  1 2 1 . 5  1 2 0 . 1  . 1 2 3 , U  
1.1.. UNIT EFFII:I:EHI:Y (P F .L .  ( x )  0 1 . 0  0 1 . 0  €11 .I) 8 1 ,  n 0 1 . 0  
1.2. COMflI:)SX~I'E E F I C X E N C Y  ( % )  0 1 . 7 .  8 1 . 7  8 1  .'7 8 1 . 7  €I 2 , :! 
13.  EIET PCIWER ' (KW) 0'75 1 1 8 2  , 1 2 5 9  1 2 9 2  2 0 5 5  
1.11 . PENSJ'CII:I( 1,ENO'I'I.I. (FEE'I') 9 0 0  9 0 0 '? I1 0 YO0 9 0 0  

. . - - -. _ _ -. .- - .- -- -- .- - .. ,- -. .- - -- - - .- .- - - - - - - - - - - .- .- - - .- - - - - - - - - - -. - - - - - -- - - - - - - -. . - - - - - - - - -- -. ..- -. -. - -. - - - -. .- -- 
1.5, t7E'NS'I'111~l( Cl:l$;'l' ( B )  1 9 6 7 0 0  1 3 6 0 0 0  1 6 2 5 0 0  1 7 6 7 0 0  1 9 6 7 0 0  
I 6 . I'NTAK t i  I::C)!;'l: ( 3 )  2 7 6 7 0 0  2 8 7 0 0 0  2870UU .20700U 3 0 0 2 0 0  
1'7 . PUWERI.II:)IJEIE C13!;'l' .*(,:! 162OOII 1 6 2 0 0 0  16ZUOO 1620110 lb2UUU 
1-0.. SWI'I'CIIGEAR (::OFT " ( 8 )  . 3 2 7 2 0 0  3 3 7 9 0 0  . 31t0000 ~ 1 0 ~ 0 0  . ~ 5 9 l o o  
1 9 .  MAGIIINE COS'I' . .  . ( 3 )  2 w u t i o  2 9 5 ~ ~ 0  31175011 312700 ~ ~ I ~ B U U  
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ENVIRONMENTAL, SOCIAL, CULTURAL, HISTORICAL 

AND 'ARCHAEOLOGICAL ANALYSIS 

The Environmental ,  S o c i a l ,  C u l t u r a l ,  H i s t o r i c a l  and 

Archaeo log ica l  Ana lys i s  has  explored  and d e f i n e d  t h e  p o t e n t i a l  

impacts  of c o n s t r u c t i o n  and o p e r a t i o n  of a  h y d r o e l e c t r i c  f a c i l i t y  a t  

t h e  W a t e r v l i e t  Rese rvo i r .  The envi ronmenta l  a n a l y s i s  performed was 

c a t e g o r i z e d  i n t o  f o u r  a r e a s  of p o s s i b l e  concern:  r e s e r v o i r  r e l a t e d  

impacts ,  s t ream r e l a t e d  impacts ,  r e c r e a t i o n a l  impacts  and o t h e r  

( d r i n k i n g  wate r )  impacts. I n  a d d i t i o n ,  a  c u l t u r a l  and h i s t o r i c a l  

p r e l i m i n a r y  survey has  been performed t o  document any p o t e n t i a l l y  

s e n s i t i v e  a r e a s  i n  t h i s  regard.  F i n a l l y ,  a  d e t e r m i n a t i o n  of 

p e r t i n e n t  and a p p l i c a b l e  l o c a l ,  county ,  s t a t e  and f e d e r a l  s t a t u t e s  

and r e g u l a t i o n s  has  been made. 

Rese rvo i r  Re la t ed  C o n s i d e r a t i o n s  

The major impact of any proposed h y d r o e l e c t r i c  p r o j e c t  on t h e  

r e s e r v o i r  is r e l a t e d  t o  t h e  lowering of t h e  s u r f a c e  water  l e v e l .  

The a c t u a l  water  l e v e l s  w i l l  vary  depending on t h e  f requency ,  

i n t e n s i t y  and t iming  of t h e  proposed drawdown. The maximum proposed 

drawdown w i l l  be approximately  t h r e e  f e e t ,  measured from t h e  t o p  of  

t h e  dam f l a s h b o a r d s  t o  t h e  sp i l lway  e l e v a t i o n  a t  two-hundred and 

. f i f t y - n i n e  f e e t .  Once t h e  wate r  l e v e l  e l e v a t i o n  r eaches  t h e  

two-hundred and f i f t y  n ine  f o o t  mark, a l l  u se  of t h e  water  f o r  

h y d r o e l e c t r i c  g e n e r a t i o n  w i l l  cease .  The a c t u a l  t iming  of t h e s e  

. . drawdowns w i l l  depend upon t h e  e v e n t u a l  market ing scheme, s i n c e  it- 

will'essentially'determine t h e  hou.rs. of peak demand and t h u s  t h e  

t imes  o f  g e n e r a t o r  ope ra t ion .  . . 

The r e s e r v o i r  p r e s e n t l y  f l u c t u a t e s  a s  much a s  f i v e  f e e t  [Ref. 

961 dur ing  a  g iven  pe r iod  o f - t i m e  depending on t h e  amount of runoff  

occu ' r r ing throughout  t.he watershed o r  t h e  s e v e r i t y  of d rought  
\ . . 

. c o n d i t i o n s .  

The immediate a r e a  sur rounding  t h e  r e s e r v o i r  i s  predominant ly  
. . -  . 

f o r e s t  l and  wi th  some 'wetland a r e a s  a long  t h e  wes te rn  shore .  A 



s m a l l g o l f  c o u r s e ,  a  few r e s i d e n c e s ,  highways, c r o p l a n d s  and 
. . 

p a s t u r e s  p e n e t r a t e  t h e  r e s e r v o i r ' s  f o r e s t  p e r i m e t e r .  

V e g e t a t i o n  

The w e s t e r n  p o r t i o n  of t h e  r e s e r v o i r  c o n t a i n s  most of  t h e  

a q u a t i c  v e g e t a t i o n .  P l a n t s  t y p i c a l l y  o c c u r r i n g  t h e r e  i n c l u d e  

c a t t a i l s  (Typha S P ) ,  c o o n t a i l s  (Cera tophy l lum demersum) , w a t e r  

l i l l i e s  (Nymphaea SP) and w a t e r  c h e s t n u t  ( T r a p a  n a t a n s )  [Ref.  971. 

A major  i n f e s t a t i o n  o f  w a t e r  c h e s t n u t  p r e s e n t l y  c o v e r s  s i x t y  

t o  e i g h t y  a c r e s  i n  t h i s  a r e a .  The a p p e a r a n c e  o f  w a t e r  c h e s t n u t  i n  a  

w a t e r  body h a s  s e r i o u s  r a m i f i c a t i o n s  t o  f i s h i n g  and u s e f u l  food  and 

h a b i t a t  f o r  w i l d l i f e .  G r a d u a l  drawdowns, s i m i l a r  t o  t h o s e  p r e s e n t l y  

o c c u r r i n g  w i l l  p e r m i t  o n l y  a  l i m i t e d  number o f  a n n u a l  p l a n t s  [Ref.  

941 .  

The p l a n t  i t s e l f  h a s  v e r y  l i t t l e  v a l u e  t o  w i l d l i f e  and t e n d s  

t o  crowd o u t  d e s i r e a b l e  a q u a t i c  p l a n t s  which p r o v i d e  food  and 

s h e l t e r  t o  f i s h  and w a t e r  f o w l  [Ref.  671. 

O p e r a t i o n  of  t h e  r e s e r v o i r  f o r  h y d r o e l e c t r i c  g e n e r a t i o n  w i l l  

have l i t t l e  o r  no e f f e c t  on t h e  wa te r  c h e s t n u t  s i n c e  t h e  s e e d s  of 

t h e  p l a n t  e a s i l y  d r i f t  t o  a r e a s  c o n t a i n i n g  a d e q u a t e  w a t e r  c o n d i t i o n s  

and remain v i a b l e  f o r  t w e l v e  o r  more y e a r s .  The o n l y  r e a l i s t i c  

I means of  c o n t r o l l i n g  t h e  p l a n t  i s  t o  p h y s i c a l l y  remove it e a c h  y e a r  

p r i o r  t o  t h e  p r o d u c t i o n  of  s e e d  pods  o r  by a p p l i c a t i o n  of  c h e m i c a l  

h e r b i c i d e s .  I. 
! 

I' .The e a s t e r n ,  s o u t h e r n  and w e s t e r n  s h o r e s  , a r e  f o r e s t e d  w i t h  

I t rees  o f  t h e  f o l l o w l n g  s p e c i e s :  

American Beech 

Ash 

Black Cher ry  

Canadian  Hemlock 

L o c u s t  

P o p l a r  

Red p i n e  

.Sugar Maple . . 

White  B i r c h  

American Elm 

B i r c h  

Black  Willow 

Grey Dogwood 

Oak 

Red Maple 

Redsteii~ Dogwood 

Whi te  P i n e  



W i l d l i f e  

The e f f e c t s  of  r e s e r v o i r  drawdown on w i l d l i f e  v a r i e s  

' e s p e c i a l l y  i n  r e l a t i o n  t o  t h e  t y p e  of w i l d l i f e  u n d e r - c o n s i d e r a t i o - n .  

I t  is i m p o r t a n t  t o  n o t e  a t  t h i s  p o i n t  t h a t  t h e r e  have -been no 

r e p o r t e d  s i t i n g s  of endangered  s p e c i e s  and no un ique  h a b i t a t s  

i d e n t i f i e d  by t h e  Department  of  Env i ronmenta l  C o n s e r v a t i o n  [Ref .  

1001. The o b v i o u s  i m p a c t s  w i l l  o c c u r  w i t h  t h o s e  s p e c i e s  whose 

l i v e l i h o o d  i s  r e l a t e d  t o  t h e  w a t e r ' s  edge.  

F i s h  

I n  J u n e  o f  1977,  a  f i s h e r i e s  s u r v e y  was comple ted  f o r  t h e  

R e s e r v o i r .  I n  t h e  c o u r s e  of  t h e  s u r v e y ,  e l e v e n  s p e c i e s  of  f i s h  were 

c o l l e c t e d  o r  obse rved .  These  a r e :  

1. L a r g e  Mouth Bass  

2.  P i c k e r i l  

B lue  G i l l  

Yel low P e r c h  

Black  C r a p p i e  

Wh.ite C r a p p i e  

Pumpkin Seed 

Whi te  .Sucker  

Wal leye  

Northern Pike 

Brown B u l l h e a d  

. s ,  

T h e  e f f e c t  of  drawdown on f i s h  w i l l  a g a i n  depend on t h e  t i m i n g  

and f r e q u e n c y  o f  t h e  drawdown. The major  impact  on f i s h  w i l l  o c c u r  

i f  t h e  drawdown o c c u r s  d u r i n g  t h e  spawning and n e s t i n g  s e a s o n ,  

G e n e r a l l y ,  spawning and n e s t i n g  t a k e  p l a c e  i n  ca lm w a t e r s  t h a t  a r e  

two t o  t h r e e  f e e t  deep.  F i s h  w i l l  abandon n e s t s  i f  t h e  w a t e r  l e v e l  

. '  i n  t h e i r . p a r t i c u l a r  a r e a  approaches '  a  f o o t  o r  l e s s  [Ref.  971. I f  

t h e  n e s t s  a r e  abandoned,  t h e ,  e g g s  a r e  open  t o  p r e d i t a t ' i o n .  I f  t h e  

. . 

. . 



spawning beds  a r e  exposed t o  a i r ,  t h e  e g g s  w i l l  d i e .  T y p i c a l l y ,  

t h i s  drawdown w i l l  have a  g r e a t e r  . e f f e c t  on r e s i d e n t  game f i s h ' s u c h  

a s  b a s s .  The major  impact  on  f i s h e r i e s  of a  d a i l y  drawdown 

o c c u r r i n g  t h r o u g h o u t  t .he spawning s e a s o n  would be a  major  change . i n  

t h e  makeup o t  t h e  f i s h . p o p u l a t i o n  and a  s e v e r e  r e d u c t i o n  i n  game 

f i s h  v a l u e .  The dominant  f i s h  s p e c i e s  i n  w a t e r s ,  w i t h  a  c o n s t a n t  

drawdown s i t u a t i o n  a r e  c a r p  and sucke . rs .  I f  t h e  drawdown .is g r a d u a l  

o r  t h e  d a i l y  drawd'own is  c o n t r o l l e d  d u r i n g  t h e  spawning , s e a s o n ,  t h e  

impact  on f i s h  would be g r e a t l y  minimized-  
. . 

Biomass Decay 

Concern h a s  been e x p r e s s e d  a s  t o  t h e  e f f e c t  o f  w a t e r  

f l u c t u a t i o n s  on a q u a t i c  v e g e t a t i o n  and r e s u l t i n g  d i e - o f f  and decay.  

The impact  of  b iomass  decay on a  w a t e r  body, i n  g e n e r a l ,  is reduced  

wa te r  q u a l i t y  and reduced d i s s o l v e d  oxygen l e v e l s ,  The s i g n i f i c a n c e  

of t h e s e  f a c t o r s  i s  r e l a t i v e  t o  t h e  q u a n t i t y  of b iomass  d e c a y i n g ,  

t h e  t i m e  of t h e  y e a r  i n  w h i c h  d i e - o f f  and decay  o c c u r s  and t h e  

o r i g i n a l  w a t e r  q u a l i t y .  Normally,  e x p o s u r e  of  f o u r t e e n  d a y s  o r  more 

w i l l  e l i m i n a t e  most forms of  emergent  v e g e t a t i o n .  However, 

r e s e r v o i r s  t y p i c a l l y  have a n  a b r u p t  b l e n d i n g  of t e r r e s t r i a l  and 

a q u a t i c  env i ronments .  T h i s  c o n d i t i o n  c a u s e d  by t h e  c o n s t a n t  

lower ing  of  t h e  w a t e r  l e v e l  r e s u l t s  i n  l i t t l e  o r  no emergent  

v e g e t a t i o n  a l o n g  s h o r e l i n e s  [ l o l l .  
The l a c k  of  impac t  from d e c a y i n g  'biomass c a u s e d  by t h e  f l u c -  

t u a t i o n .  of  ' t h e  w a t e r  ' l e v e l  h a s  been sugges ted .  by Douglas  Sheppard  of  

t h e  N . ~  .s. Depar tment  of ~ n v i r ' o n m e n t a l  C o n s e r v a t i o n  ' i n  h i s  

e x p e r i e n c e  w i t h  r e s e r v o i r s  i n  t h e  Delaware  B a s i n .  O n - s i t e  

i n s p e c t i o n s  r e v e a l e d  t h a t  t h e  exposed s h o r e l i n e  i n  t h e  e a s t e r n  

p o r t i o n  of  t h e  r e s e r v o i r  w a s  v i r t u a l l y  f r e e  of  emergent  v e g e t a t i o n .  

E f f e c t s  o f  Decaying:Biomass ~ u t r o p h i c a t i o n  

' The . .Wate ' rv l i e t  Rese r 'vo i r  is p r e s e n t l y  c o n s i d e r e d  e u t r o p h i c .  
, '  

' . . T h i s  t e rm d e s c r i b e s  a : s t a t e  - r e s u l t i n g  from t h e  e n r i c h m e n t  of  w a t e r s  

by n u t r i e n t s ,  ' u s u a l l y  phosphorus  and n i t rogen , .  T h i s  e n r i c h m e n t  

. o c c u r s  n a t u r a l l y  i n  a  wa te r shed  wheri wat.er runof f  picks - u p  d e c a y i n g  



m a t t e r  and s o i l  p a r t i c l e s  and d e p o s i t s  them i n  a  wate r  body. The 

enr ichment  can  a l s o  occur  a s  a  r e s u l t  of man's a c t i v i t i e s  such a s  

i n t r o d u c t i o n  of s e p t i c  t ank  e f f l u e r Y t  o r  a g r i c u l t u r a l  r e l a t e d  waste ,  

The occur rence  of t h e s e  n u t r i e n t s  c a u s e s  t h e  e x c e s s i v e  p roduc t ion  of 

a l g a e  and o t h e r  vege t a t i on .  When t h e  p l a n t  m a t e r i a l  d i e s ,  oxygen i s  

consumed du r ing  decomposit ion.  I f  a  massive amount of o r g a n i c  

m a t e r i a l  i s  decaying t h e  d i s s o l v e d  oxygen l e v e l s  of t h e  water  can be 

s i g n i f i c a n t l y  reduced. I f  t h i s  r educ t ion  i s  s e v e r e  enough, it w i l l  

r e s u l t  i n  problems a s s o c i a t e d  wi th  water  q u a l i t y  and f i s h  h a b i t a t ,  

(Most f i s h  r e q u i r e  a d i s s o l v e d  oxygen l e v e l  of between 3 - 6  mg/ l i t r e  

of water .  Once d i s s o l v e d  oxygen goes  below t h a t  l e v e l ,  t h e  water  i s  

u n s u i t a b l e  f o r  suppor t  of f i s h . )  

According t o  t h e  D.E.C. f i s h e r i e s  survey ,  approximately  53% of 

t h e  r e s e r v o i r  bottom is  p r e s e n t l y  u n s u i t a b l e  f o r  f i s h  p roduc t ion  

because of low oxygen l e v e l s .  C h r o n i c a l l y  low l e v e l s  w i l l  

e v e n t u a l l y  r e s u l t  i n  an u n d e s i r e a b l e  f i s h  p o p u l a t i o n  c h a r a c t e r i z e d  

by c a r p  and suckers .  The absence of d i s s o l v e d  oxygen w i l l  a l s o  l e a d  

t o  t h e  development of anae rob ic  c o n d i t i o n s  which pose  odor ,  t a s t e ,  

t r e a t m e n t  and f i l t e r i n g  problems r e l a t e d  t o  d r i n k i n g  water .  

The e f f e c t s  of e u t r o p h i c a t i o n ,  massive p l a n t  growth,  can  be 

c o n t r o l l e d  chemica l ly ,  however, t h e s e  chemica ls  do  have s e r i o u s  

e f f e c t s  on f i s h  p o p u l a t i o n s  a s  w e l l .  A second e f f e c t  i s  t h e  

r e d u c t i o n  of r e c r e a t i o n a l  va lue  i n  c a s e s  of s e v e r e  e u t r o p h i c a t i o n .  

The p r e s e n t  e u t r o p h i c  c o n d i t i o n  of t h e  W a t e r v l i e t  Rese rvo i r  does  n o t  

p rec lude  i ts  s a f e  use  f o r  munic ipa l  o r  r e c r e a t i o n a l  purposes .  

D i s t i n c t i o n s  should be made r ega rd ing  biomass decay,  

e u t r o p h i c t i o n  and water  l e v e l  f l u c t u a t i o n s .  A e u t r o p h i c  wate r  body 

w i l l  produce a  g r e a t e r  q u a n t i t y  of  "biomassn t h a n  a  s i m i l a r  

non-eutrophic  water  body. T h i s  occu r s  independent  of any wate r  

l e v e l  f l u c t u a t i o n s .  The n a t u r e  of t h e  f l u c t u a t i o n s  w i l l ,  however, 

de te rmine  t o  a  c e r t a i n  deg ree ,  what t y p e s  of p l a n t s  w i l l  be a b l e  t o  

grow. 



O t h e r  E f f e c t s  on V e g e t a t i o n  

The h y d r o e l e c t r i c  p r o p o s a l  may n e c e s s i t a t e  some minimal  

l o w e r i n g  and r e f i l l i n g  of t h e  r e s e r v o i r .  T h i s  t y p e  of drawdown 

would a l l o w  f o r  t h e  e s t a b l i s h m e n t  of  p e r e n n i a l  v e g e t a t i o n  a l o n g .  .. 

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

T h e . e f f e c t  of reduced w a t e r  volume a s  it. r e l a t e s  t o  crowding 

of  f i s h  p o p u l a t i o n s  is n o t  c o n s i d e r e d  s e r i o u s .  Crowding w i l l  n o t  

a d v e r s e l y  a f f e c t  t h e  f i s h  i f .  it .is temporary  and i f  w a t e r  c o n d i t i o n s  

a r e  n o t  u n u s u a l .  . Ag.ain it s h o u l d  be n o t e d  t h a t  t h e  drawdown f o r  

h y d r o e l e c t r i c  p u r p o s e s  w i l l  cease a t  t h e  p r e s e n t .  s p i l l w a y  e l e v a t i o n  

and w i l l  n o t  e x a g g e r a t e  t h e  w a t e r  l e v e l  c h a n g e s  p r e . s e n t l y  o c c u r r i n g .  

S e v e r a l  of  t h e  h y d r o e l e c t r i c  p r o p o s a l s  c a l l  f o r  m o d i f i c a t i o n  

t o  t h e  p r e s e n t  w a t e r  i n t a k e  a t  t h e  dam. T h i s  m o d i f i c a t i o n  w i l l  n o t  

c a u s e  any l o c a l i z e d  problems w i t h  f i s h .  According t o  C h a r l e s  

Luckey, o p e r a t o r  of t h e  dam, t h e  p r e s e n t  i n t a k e  d o e s  n o t  d e v e l o p  

enough v e l o c i t y  t o  draw f i s h  a g a i n s t  t h e '  p r o t e c t i v e  s c r e e n .  The 

o n l y  p r o b l e m  e n c o u n t e r e d  t o  d a t e  concerned  ee ls  t h a t  were a b l e  t o  

p a s s  t h r o u g h  t h e  p r o t e c t i v e  s c r e e n .  T h i s  is n o t  a  comm'on 

o c c u r r e n c e .  The new i . n t a k e  w i l l  d e v e l o p  less v e l o c i t y .  t h a n  its 

p r e d e c e s s o r ,  t h u s ,  t h e r e  s h o u l d  b e . n o  l o c a l i z e d  p-roblems w i t h  f i s h  

a t  ' t h e  i n t a k e .  

Water fowl  

There  a r e  c u r r e n t l y  p o p u l a t i o n s  o f  d u c k s  utilizing t h e  

W a t e r v l i e t  R e s e r v o i r  f o r  b r e e d i n g  and brood r e a r i n g  i n c l u d i n g  

m a l l a r d s ,  b l a c k s  and t e a l  [Ref. 1001. These  b i r d s  m i g r a t e  t o  t h e  

r e s e r v o i r  d u r i n g  t h e  s p r i n g  and f a l l  of  t h e  y e a r .  N e s t i n g  o c c u r s  

f o r  a p p r o x i m a t e l y  f o u r  t o  s i x  w e e k s  b e g i n n i n g  a b o u t  May 1. 

Lowering t h e  w a t e r  t a b l e  d a i l y  d u r i n g  t h e  n e s t i n g  s e a s o n  c o u l d  

impact  t h e  b r e e d i n g  p o p u l a t i o n  by making t h e  n e s t s ,  e g g s  and 

d u c k l i n g s  more s u s c e p t i b l e  t o  p r e d i t a t i o n  by r a c c o o n s  and o t h e r  l a n d  

p r e d a t o r s ,  e s p e c i a l l y  i f  l a n d  l i n k s  t o  t h e  n e s t s  a r e  exposed.  [Ref.  

901. Conceivab-ly,  c e r t a i n  v e g e t a t i v e  food t y p e s  f o r  t h e  d u c k s  c o u l d  

be d i s r u p t e d .  C o n v e r s e l y ,  e s t a b l i s h m e n t  of  permanent  emergent  

v e g e t a t i o n  would p r o v i d e  a n  a d d i t i o n a l  food  and h a b i t a t  r e s o u r c e .  



I t  is q u e s t i o n a b l e  whether t h e  h y d r o e l e c t r i c  o p t i o n  would agg rava t e  

p r e s e n t  c o n d i t i o n s  s i n c e  t h e  water  l e v e l  i n  t h e  r e s e r v o i r  p r e s e n t l y  

f l u c t u a t e s .  

Other  W i l d l i f e  

W i t h  t h e  excep t ion  of a f i s h e r i e s  survey ,  no w i l d l i f e  

i nven to ry  has  been conducted i n  t h i s  a r e a .  I f  a  s p e c i f i c  

development p roposa l  is forwarded f o r  t h i s  a r e a ,  t h e  N.Y.S. 

Department of  Environmental  Conserva t ion  w i l l  conduct  one. 

C e r t a i n  s p e c i e s  of w i l d l i f e  a r e  known t o  i n h a b i t  t h i s  a r ea .  

Res iden t  w i l d l i f e  is r e p r e s e n t a t i v e  of s p e c i e s  o c c u r r i n g  i n  a I 

s o c i a t i o n  w i t h  t h e  w a t e r ' s  edge and w i t h  t y p i c a l  l o c a l  h a b i t a t s  such 

a s  muskrat ,  raccoon,  fox ,  w h i t e - t a i l e d  d e e r  and a  v a r i e t y  of 

commonly o c c u r r i n g  r e p t i l e s  and amphibians. 

Perhaps  t h e  most obvious  w i l d l i f e  i n h a b i t a n t  i s  t h e  muskrat .  

On- s i t e  o b s e r v a t i o n  has  v e r i f i e d  t h a t  a  number of t h e  an imals  

c u r r e n t l y  occupy t h e  western  p o r t i o n  of t h e  r e s e r v o i r .  The e f f e c t  

of t h e  p r o p o s a l  i s  r e l a t e d  t o  t h e  f a c t  t h a t  muskrat  u t i l i z e  wate r  a s  

a  p r o t e c t i v e  b a r r i e r  a g a i n s t  p r e d a t o r s .  D r a s t i c  drawdowns could  

expose t h e i r  h u t s  t o  l and  p r e d a t o r s .  I t  should be no ted ,  however, 

t h a t  t h e  muskrat  popu la t ion  has  s u c c e s s f u l l y  adapted  t o  t h e  

f l u c t u a t i o n s  p r e s e n t l y  t a k i n g  p l ace .  The e f f e c t  of drawdown on 

t h e i r  main food sou rce ,  c a t t a i l s ,  appea r s  t o  be.minima1 a s  evidenced 

by a  l a r g e  c a t t a i l  community i n  t h e  wes te rn  p o r t i o n  of t h e  r e s e r v o i r  

( F i g u r e  4 5 ) .  

~ r o s i o n  . . 

The e f f e c t s  of r a p i d  drawdown on r .eseyvoir .  embankment 

s t a b i l i t y  i s  more a f u n c t i o n  of ' e r o s i v e  f o r c e s  r a t h e r  t h a n  moi s tu re  

con ten t .  According t o  t h e  Department of A g r i c u l t u r e  and S o i i  

c o n s e r v a t i o n  S e r v i c e ,  wind. and ice a c t i o n  o n .  t h e  t o e .  of embankments 

p r e s e n t l y  accoun t s  fo.r most of t h e  s h o r e l i n e  e r o s i o n  problems. 

Tree  growth on a f f e c t e d  s h o r e l i n e s  seems t o  have l i t t l e  impact 

on p ' r e v e n t i n g e r o s i g n .  There  seem t o  be -two p o s s i b l e  ways of 

reducing t h e  . e ros ion  p o t e n t i a l  of s h o r e l i n e s .  One i s  t o . p l a c e  a  



. 
g r a v e l  b l a n k e t  on a f f e c t e d  a r e a s  a s  p e r  N . Y . S  .D.O.T. s p e c i f i c a t i o n .  

The o t h e r  i s  t o  e s t a b l i s h  s p e c i a l i z e d  emerg.ent v e g e t a t i o n  t o  r e d u c e  

t h e  e f f e c t  of  wave a c t i o n .  These p e r e n n i a l  p l a n t s  would be most 

s u c c e s s f u l  i n  a n  envi ronment  where t h e r e  i s  a  d a i l y  f l u c t u a t i o n  of  

t h e  wa te r  t a b l e  r a t h e r  t h a n '  c o n s t a n t  s low l o w e r i n g  [Ref.  941. 

The r a i s i n g  and lower ing  of t h e  r e s e r v o i r  w i l l  a l s o  s l i g h t l y  

e f f e c t  wa te r  t a b l e  l e v e l s  i n  t h e  immediate  a r e a .  The c o n d . i t i o n s  

forwarded by t h i s  p r o p o s a l  a r e  n o t  u n l i k e  t h o s e  p r e s e n t l y  o c c u r r i n g  

and w i l l  t h u s  have l i t t l e  i n c r e a s e d  impact .  

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

An a d d i t i o n a l  r e s e r v o i r - r e l a t e d  c o n c e r n  i s  t h e  impact  of  t h e  

o v e r a l l  hydro p r o p o s a l  on s i l t a t i o n  c h a r a c t e r i s t i c s .  S i l t a t i o n  is 

o c c u r r i n g  a t  a l l  times and o c c u r s  mainly  a s  a  r e s u l t  of e r o s i o n  

t h r o u g h o u t  t h e  wa te r shed .  When s i l t  p a r t i c l e s  r e a c h  t h e  r e s e r v o i r ,  

t h e y  a r e  d e p o s i t e d  i n  a r e a s  of  reduced w a t e r  v e l o c i t y  and d e p t h .  

The major  s i l t a t i o n  d e p o s i t s  o c c u r  where t h e  Bozen K i l l  and t h e  

 orm mans K i l l  e n t e . r  t h e  r e s e r v o i r .  

I n  a d d i t i o n ,  s i l t a t i o n  o c c u r s  from t h e  e r o s i o n  of  s u r r o u n d i n g  

banks  and s h o r e l i n e .  The major  c a u s e  of  bank e r o s i o n  i n  t h e  

W a t e r v l i e t  R e s e r v o i r  i s  a n , u n s t a b l e  s o i l  c o n d i t i o n  a g g r a v a t e d  by 

w a t e r  and ice a c t i o n  on t h e  t o e  of  s t e e p  s l o p e s .  A f f e c t e d  a r e a s  a r e  

i l l u s t r a t e d  on t h e  s u r f a c e  c o n d i t i o n s  map. 

G e n e r a l l y ,  i n c r e a s e d  s i l t a t i o n  o r  d i s t u r b a n c e  of s i l t  d e p o s i t s  

a f f e c t s  a  w a t e r  body i n  s e v e r a l  ways. The t u r b i d i t y  l e v e l  of  t h e  

w a t e r  i n c r e a s e s  p o s i n g  immediate  c o n c e r n s  i n  terms o f  w a t e r  

q u a l i t y .  Many s e d i m e n t s  a r e  a l s o  n u t r i e n t s  and c a n  t h u s  f u r t h e r  

promote e u t r o p h i c a t l o n .  S i l t a t i o n  a f f e c t s  t h e  u s e f u l  l i f e  span  of  a  

r e s e r v o i r  by c o n s t a n t  i n f i l l i n g  of  t h e  l a k e  bottom. I n  a d d i t i o n ,  

t r a n s p o r t e d  sed iment  may a l s o  a f f e c t  t h e  o p e r a t i o n  of  w a t e r - r e l a t e d  

machinery ,  a l t h o u g h  t h i s  is n o t  p r e s e n t l y  a  problem a t  t h e  

r e s e r v o i r .  

The e f f e c t .  of  t h e  proposed h y d r o e l e c t r i c  f a c i l i t y  .on s i l t a t i o n  

w l l l  n o t  be s i g n i f i c a n t l y  d i f f e r e n t  f rom '  p r e s e n t  l e v e l s  s i n c e  t h e  

l i m i t s  o f  w a t e r  f l u c t u a t i o n  w i l l  remain  e s s e n t i a l l y  . t h e  same. The 



added f reguency of drawdown w i l l  no t  i n c r e a s e  e r o s i o n  l e v e l s .  A s  

p r e v i o u s l y  s t a t e d ,  bank e r o s i o n  i s  aggrava ted  by wave and ice a c t i o n  

a t  t h e  t o e  of s t e e p  s lopes .  Eros ion  would be more s e v e r e  i f  t h e  

water  l e v e l  were r a i s e d  above p r e s e n t  l e v e l s .  Da i ly  drawdown of t h e  

water l e v e l  coupled w i t h  a  bank s t a b i l i z a t i o n  program w i l l  a c t u a l l y  

reduce l o c a l  e r o s i o n  p o t e n t i a l .  

An a d d i t i o n a l  r e s e r v o i r - r e l a t e d  impact w i l l  occur  due t o  

m o d i f i c a t i o n s  t o  t h e  dam. The h y d r o e l e c t r i c  p r o j e c t  w i l l  

n e c e s s i t a t e  c o n s t r u c t i o n  of a  l a r g e  s u p e r s t r u c t u r e  on t h e  r e s e r v o i r  

s i d e  of t h e  dam. T h i s  s u p e r s t r u c t u r e  might p o s s i b l y  be c o n s t r u c t e d  

on l and  p r i o r  t o  coupl ing  wi th  t h e  dam. A c o n s t r u c t i o n  s i t e  near  
t h e  dam w i l l  have t o  be e s t a b l i s h e d  and an assessment  performed 

ana lyz ing  s p e c i f i c  impacts.  

The t y p e s  of impacts  expected r e l a t e  t o  t h e  c l e a r i n g  and 

grad ing  of t h e  s i t e ,  e r o s i o n  from exposed s o i l ,  impact from 

c o n s t r u c t i o n  machinery and d i s t u r b a n c e  of t h e  s h o r e l i n e  i n  t h e  

immediate c o n s t r u c t i o n  a r ea .  

These impacts  w i l l  be temporary and should c o n s t i t u t e  no 

i r r e v e r s i b l e  environmental  impact.  To t h e  e x t e n t  p o s s i b l e ,  t h e s e  

e f f e c t s  should be m i t i g a t e d  by r e s p o n s i b l e  c o n s t r u c t i o n  techniques .  

Stream Re la t ed  C o n s i d e r a t i o n s  

Genera l  

The impact a r e a  under c o n s i d e r a t i o n  i s  d i r e c t l y  downstream 

from t h e  dam and c o n s i s t s  of t h e  Normans K i l l  Creek bed and 

immediate env i rons ,  i nc lud ing  a  two-hundred and f i f t y  f o o t  s t r i p  on 

t h e  n o r t h e r l y  c r e e k  bank from t h e  dam t o  t h e  e x i s t i n g  powerhouse 

f a c i l i t y .  The c reek  bed i t s e l f  is exposed s h a l e .  The water  f low 

over  t h i s  bed i s  v a r i a b l e .  For  most of t h e  y e a r ,  it r e c e i v e s  a  

s t eady  f low of water  from t h e  r e s e r v o i r .  For  temporary p e r i o d s ,  
however, u s u a l l y  i n  t h e  summer, t h e r e  i s  v i r t u a l l y  no f low between 

t h e  dam and t h e  powerhouse. T h i s  c o n d i t i o n  l a s t s  f o r  p e r i o d s  of up 

t o  t h r e e  months-, a l though  t h e  average  d r y  p e r i o d  is s h o r t e r  [Ref. 

961. T h i s  occur rence  of a  no-flow c o n d i t i o n  s e v e r e l y  l i m i t s  t h e  

a q u a t i c  environment i n  t h i s  p o r t i o n  of t h e  c reek .  



b The s u r r o u n d i n g  l a n d  is m o s t l y  f o r e s t e d  a l t h o u g h  t h e r e  is  some 

fa rmland  a b u t i n g  t h e  immediate  impact  a r e a .  J u s t  downstream from 

t h e  e x i s t i n g  powerhobse f a c i l i t y  i s  a  we t l and  ( a s  i n d i c a t e d  on t h e  

v e g e t a t i o n  map) t h a t  h a s  been i d e n t i f i e d  by N.Y.S.D.E.C. a s  

s i g n i f i c a n t  and w i l l  be  a  c o n s i d e r a t i o n  i n  a s s e s s i n g  t h e  p o s s i b l e  

i m p a c t s  of t h e  p r o j e c t .  

S l o p e s  i n  t h e  a r e a  v a r y  a l t h o u g h  t h e  e x i s t i n g  powerhouse r e s t s  

on r e l a t i v e l y  f l a t  l a n d .  The a r e a  a d j a c e n t  t o  t h e  c r e e k  n e a r  t h e  

dam is  q u i t e  s t e e p  w i t h  s l o p e s  r a n g i n g  from e i g h t  t o  f i f t e e n  p e r c e n t  

o r  more. I t  s h o u l d  be  n o t e d  t h a t  a  bedrock o u t c r o p p i n g  o c c u r s  on  

t h e  n o r t h  s t r e a m  bank w i t h i n  t h e  p r o j e c t  a r e a  [Ref.  1031. S o i l s  are 

g e n e r a l l y  f a v o r a b l e  t o  development  a c t i v i t i e s .  I n  a d d i t i o n ,  t h e r e  

a r e  two r o a d s  i n  t h e  a r e a ,  F r e n c h ' s  M i l l  Road and F u l l e r  S t a t i o n  

Road. ConRai l  m a i n t a i n s  two r a i l r o a d  t r e s t l e s  a c r o s s  t h e  Normans 

K i l l  i n  t h e  immediate  p r o j e c t  a r e a .  

' The h y d r o e l e c t r i c  p r o p o s a l  c o n s i d e r s  e i g h t  development  o p t i o n s  

f o r  t h e  e v e n t u a l  g e n e r a t i o n  of  power. T h e s e  o p t i o n s  w i l l  impact  t h e  

immediate  envi ronment  i n  s e v e r a l  d i f f e r e n t  ways depend ing  m o s t l y  

upon t h e i r  p h y s i c a l  l o c a t i o n .  

The b a s i c  a r e a s  o f  impact  c o n s i d e r a t i o n  a r e  t h e  two-hundred 

and f i f t y  f o o t  s t r i p  p r e v i o u s l y  d e c s c r i b e d ,  e i g h t - h u n d r e d  f o o t  s t r i p  

of t h e  s t r e a m  bed and t h e  a r e a  o f  t h e  e x i s t i n g  powerhouse f a c i l i t y .  

V e g e t a t i o n  

T e r r e s t r i a l  v e g e t a t i o n  i n ' t h e  form of  i n d i g e n o u s  t rees and 

u n d e r s t o r y  w i l l  be removed d u r i n g  t h e  c o n s t r u c t i o n  p r o c e s s  i f  t h e  

o p t i o n s  one ,  two, s i x  and s e v e n  a r e  fo l lowed .  The removal  is 

n e c e s s a r y  i n  o r d e r  t o  p r o v i d e  a c c e s s  t o  c o n s t r u c t i o n  machinery  and 

t o  a l low p lacement ,  of t h e  Pens tock .  

E r o s i o n  and S e d i m e n t a t i o n  

F o r  a l l  o p t i o n s  i n v o l v i n g  i n s t a l l a t i o n  o f  t h e  new P e n s t o c k ,  

e x c a v a t i o n  w i l l  t a k e  p l a c e  e i t h e r  f o r  b u r i a l  of  t h e  p i p e  o r  

c o n s t r u c t i o n  of  f o o t i n g s .  Where t h i s  e x c a v a t i o n  t a k e s  p l a c e  on t h e  

s t r e a m  banks  ( O p t i o n s  2 , 5 , 6 , 7 ) ,  t h e r e  i s  a h i g h  p o t e n t i a l  f o r  s o i l  



b erosion which is further compounded by the nature of the slopes. 

Excavation in the stream bed will have a significantly lower 

potential for erosion since the slope is much less and the component 

material is bedrock. Sediment and rubble, however, could be 

introduced into downstream and wetland environments. 

The soils in the upper excavation areas and in the existing 

powerhouse vicinity are not highly erosive by nature. As all 

options approach the existing powerhouse,the slopes reduce 

significantly as does the resulting erosion potential. 

In conjunction with the various penstock options, several 

powerhouse generating and switching facility options are under 

consideration. The potential environmental impacts are essentially 

the same. 

With the exception of Option 8, construction and facility 

operations will impact the historic resources of the area. The 

extent of possible disruption can be determined when the historic 

assessment is completed. 

None of the construction options present irreversible, 

detrimental environmental. impacts. Mitigating measures are expected 

to be. undertaken to prevent undue environmental stress during 

construction and operation of the facility. Areas disturbed by 

excavation activities wili be stabilized by backfilling and 

replanting to prevent any long-term erosion potential. 

Construction activities for this portion of the project will 

take place during the. no-flow period of the stream. Excavation 

material will have to be. removed from the site and deposit-ed in an 

approved spoil site, thus being prevented from entering downstream 

aquatic and wetland environments. 

In the event that the stream does not dry up due to an 
especially wet year, special measures will have to be taken to 

divert water around construction activities. 

The option with the least overall impact on the environment is 

option no. 8 which involves the burial of the Penstock and 

generating facilities in the stream bed. Erosion and sedimentatlon 

potential are diminished as is any potential visual impact since the 

stream bed will be rehabilitated to its preconstruction condition. 



W i l d l i f e  

W i l d l i f e  r e s o u r c e s  i n  t h e  immediate  c o n s t r u c t i o n  a r e a s  a r e  n o t  

e x p e c t e d  t o  be s e v e r e l y  impacted.  The l a n d  a r e a  i n  q u e s t i o n  i s  n o t  

c o n s i d e r e d  a  s i g n i f i c a n t  w i l d l i f e  h a b i t a t .  The a q u a t i c  envi ronment  

i s  p r e s e n t l y  s e v e r e l y  l i m i t e d  a s  t o  t h e  v a r i e t y  and q u a n t i t y  of f i s h  

and p l a n t  l i f e  due  t o  t h e  f a c t  t h a t  t h e  s t r e a m  bed i s  i n  a  no-f low, 

no-water  c o n d i t i o n  f o r  p o r t i o n s  of  t h e  y e a r .  The most p r o b a b l e ,  . 

p o t e n t i a l  i m p a c t s  t o  w i l d l i f e  w i l l .  o c c u r  downstream from t h e  p r o j e c t  

where water f l o w s  a r e  more c o n s i s t e n t .  

The f i s h '  p o p u l a t i o n  i n  . the.  v i a b l e  p o r t i o n s  o f '  t h e  Normans K i l l  

w a s  su rveyed  i n  J u n e  and September. o f  1972 by N.Y.S.D.E.C. A t  t h a t  

t i m e ,  t h e  f o l l o w i n g  s p e c i e s  were found: 

S t r i p e d  B a s s  

American Shad 

Whi te  Pe rch  

Pumpkinseed 

American E e l  

White  S u c k e r  

Carp  

G o l d f i s h  ' 

S p o t t a i l  S h i n e r  

Golden S h i n e r  

Smallmouth B a s s  , 

R e d b r e a s t  Su,nf i s h  

F a l l f i s h  :.: 

C u t l i p s  Minnow 

Blacknose  Dace 

Common S h i n e r  

Johnny D a r t e r  

Largemouth B a s s  

Brown B u l l h e a d  

Rock B a s s  

Creek Chub 

B l u e g i l l  

N o r t h e r n  Hog Sucker  

Longnose Dace 

Banded K i l l i f i s h  

R e d f i n  P i c k e r e l  

F a c i l i t y  O p e r a t i o n  . 

O p e r a t i o n  o f  t h e  f a c i l i t y i t s e l f  w i l l  s l i g h t l y  r e d u c e  ' t h e  

a v e r a g e  s t r e a m  r e l e a s e  d u r i n g .  normal  p e r i o d s  and s l i g h t l y  l e n g t h e n  

t h e  t i m e  of  'no-flow c o n d i t i o n  between t h e  dam and powerhouse. These  

f a c t o r s  a r e  n o t  e x p e c t e d  t o  be of  such  a  magni tude  t h a t  t h e y  w i l l  

f u r t h e r  a g g r a v a t e  t h e  i m p a c t s  p r e s e n t l y  o c c u r r i n g ,  



Each of t h e  o p t i o n s  w i l l  r e l e a s e  r e s e r v o i r  water  i n t o  t h e  

Normans K i l l  a t  a  powerhouse s i t e .  T h i s  r e l e a s e  w i l l  have s e v e r a l  

downstream b e n e f i t s ,  The most s i g n i f i c a n t  i s  t h e  re -oxygeniza t ion  

of t h e  water  e n t e r i n g  t h e  s t ream.  

Powerhouse l o c a t i o n s  (Opt ions  2 ,  7 and 8)  a r e  j u s t  upstream 

from t h e  Town of Gu i lde r l and  sewer t r e a t m e n t  o u t f a l l .  The 

re-oxygenated r e l e a s e s  a t  t h i s  p o i n t  w i l l  a i d  i n  improving t h e  

a b i l i t y  of t h e  s t ream t o  p r o c e s s  t h i s  m a t e r i a l .  The r e h a b i l i t a t i o n  

o p t i o n  w i l l  r e l e a s e  below t h e  sewer o u t f a l l  and w i l l  have a  somewhat 

l e s s e r  a l t hough  p o s i t i v e  impact on water  q u a l i t y .  

R e c r e a t i o n a l  

R e c r e a t i o n a l  Impact 

The C i t y  of W a t e r v l i e t  and t h e  New York S t a t e  Department of 

Environmental  Conserva t ion  have e n t e r e d  i n t o  a  c o o p e r a t i v e  agreement 

t h a t  w i l l  a l l ow  p u b l i c  a c c e s s  and f i s h i n g ,  v i a  a  pe rmi t  p roces s ,  t o  

p o r t i o n s  of t h e  W a t e r v l i e t  Rese rvo i r .  The f i s h i n g  a c t i v i t i e s  w i l l  

n e c e s s i t a t e  t h e  c o n s t r u c t i o n  of s e v e r a l  pa rk ing  l o t s  and a c c e s s  

t r a i l s  t o  des igna t ed  f i s h i n g  s p o t s  ( F i g u r e  4 6 ) .  

The drawdown of  wate r ,  i f  conducted i n  a  manner t h a t  responds 

t o  t h e  spawning c y c l e  of game f i s h ,  w i l l  n o t  have a  s i g n i f i c a n t  

impact on f i s h  o r  f i s h  p roduc t ion  w i t h i n  t h e  r e s e r v o i r .  A s  

mentioned e a r l i e r ,  temporary crowding of f i s h  does  no t  c o n s t i t u t e  a  

major d e t r i m e n t  t o  a q u a t i c  l i f e .  Drawdown cou ld  a f f e c t  a c c e s s  t o  

t h e  water  i n  a r e a s  of g r a d u a l  s h o r e l i n e  drop-off  

The most s i g n i f i c a n t  impact on f i s h  p o p u l a t i o n s  is  t h e  low 

d i s s o l v e d  oxygen c o n t e n t  i n  t h e  wate r ,  The e u t r o p h i c  c o n d i t i o n  of 

t h e  water  does  n o t  pe rmi t  t h e  s t o c k i n g  of salmonoides ( t r o u t ) ,  

however, a  s i g n i f i c a n t  number of b a s s  and pan f i s h  w i l l  c o n t i n u e  t o  

make t h e  reservoir a popula r  f i s h i n g  s p o t ,  

A s  p a r t  of t h e  r e c r e a t i o n  agreement,  i c e - f i s h i n g  w i l l  be 

allowed. Drawdown of t h e  r e s e r v o i r  a s  p r e s c r i b e d  by h y d r o e l e c t r i c  

o p e r a t i o n s  w i l l  no t  a f f e c t  o v e r a l l  i c e  s a f e t y .  Once an i c e  l a y e r  

forms on t h e  l a k e ,  it w l l l  n a t u r a l l y  bend t o  meet lower wate r  l e v e l s  



b without  becoming unsafe .  The o n l y e f f e c t  on t h e  i c e  would be a t  t h e  

edge where .a c e r t a i n  amount of c r ack ing  could  occur .  

The h y d r o e l e c t r i c  p roposa l ,  a s  p r e v i o u s l y  d i s c u s s e d ,  w i l l  

r e l e a s e  water  back i n t o  t h e  Normans K i l l  a t  t h e  powerhouse s i t e .  

T h i s  water  w i l l  be re-oxygenated,  t o  a  c e r t a i n  e x t e n t ,  a t  i t s  p o i n t  

of r e l e a s e .  T h i s  water  w i l l  have a  b e n e f i c i a l  i m p a c t . i n  t h e  

immediate a r e a  of r e l e a s e  by i n c r e a s i n g  t h e  w a t e r ' s  a b i l i t y  t o  

suppor t  a q u a t i c  l i f e  and t o  p r o c e s s  waste m a t e r i a l s .  

Other  Impacts  

There  a r e  no o t h e r  impacts  on r e c r e a t i o n  a s  a  r e s u l t  of t h e  

h y d r o e l e c t r i c  g e n e r a t i n g  f a c i l i t y .  A combinat ion of f a c t o r s ,  

however, do p l a c e  c o n s t r a i n t s  on c e r t a i n  uses .  T h e  f a c t  t h a t  t h e  

r e s e r v o i r  i s  a  d r i n k i n g  water  supply  coupled w i t h  t h e  r e l a t i v e l y  

s m a l l  amount of l and  he ld  by t h e  c i t y  around t h e  r e s e r v o i r  would 

l i m i t  t h e  t y p e s  of  a c t i v i t i e s  t h a t  cou ld  o the rwi se  t a k e  p l ace .  I n  , 
a d d i t i o n ,  t h e r e  has  been a  l a c k  of c o o p e r a t i o n  between some of t h e  

surrounding l andho lde r s  and t h e  Department of Environmental  

Conserva t ion  concerning easements f o r  r e c r e a t i o n a l  purposes .  

Drinking Water Re la t ed  

The W a t e r v l i e t  Rese rvo i r  is p r e s e n t l y  cons ide red  a  e u t r o p h i c  

water  body. A s  such,  it is s u b j e c t  t o  a l g a l  bloom, low d i s s o l v e d  

oxygen l e v e l s  and r e s u l t i n g  anae rob ic  growth which a l l  a f f e c t  wate r  

q u a l i t y  t o  a  c e r t a i n  degree .  Gene ra l ly  speaking ,  e u t r o p h i c a t i o n  

does  no t  make water  unuseable  f o r  munic ipa l  purposes;  it only  

n e c e s s i t a t e s  t h e  u se  of s p e c i a l  f i l t e r s  and chemical  t r ea tmen t .  The 

v e g e t a t i o n  i n  t h e  r e s e r v o i r  c a n  and has  been t r e a t e d  w i t h  copper  

s u l f a t e  t o  reduce t h e  impacts  of e u t r o p h i c a t i o n .  The chemica l  is 

not  known t o  have an  e f f e c t  on humans, however, it does  c o l l e c t  i n  

sediment l a y e r s  and e f f e c t s  phytop lankton  and a l g a e .  T h e s e  f a c t o r s  

impact . f i s h  p o p u l a t i o n s  by reducing food sources .  I n  some c a s e s ,  

e u t r o p h i c  water  has  t a s t e  and odor problems,  however, t h i s  is  no t  

y e t  a  problem a t  t h e  W a t e r v l i e t  Rese rvo i r .  



Concern has  been expressed  r ega rd ing  suspended s o l i d s  and 

t u r b i d i t y  and t h e  e f f e c t  t h e  p r o p o s a l  w i l l  have on i n c r e a s i n g  t h e s e  

l e v e l s .  These f a c t o r s  do have an e f f e c t  on water  q u a l i t y .  The 

immediate concern t o  t h e  W a t e r v l i e t  Rese rvo i r  i s  somewhat 

q u e s t i o n a b l e ,  however, p r e s e n t l y  t h e  western  end of t h e  r e s e r v o i r  

w i t h  i t s  wet lands  and sha l lows  i s  a c t i n g  a s  a  n a t u r a l  f i l t e r  f o r  t h e  

water  supply.  Water q u a l i t y  samples from r e p r e s e n t a t i v e  p o r t i o n s  of 

t h e  Rese rvo i r  i l l u s t r a t e  t h a t  t h e  munic ipa l  i n t a k e  i s  a t  t h e  e a s t e r n  

end. For  t h i s  reason  and t h e  f a c t  t h a t  t h e  hydro p r o p o s a l  w i l l  n o t  

s i g n i f i c a n t l y  a l t e r  t u r b i d i t y  and suspended s o l i d  l e v e l s ,  t h e s e  

f a c t o r s  a r e  n o t  expected t o  a d v e r s e l y  a f f e c t  t h e  wate r  supply.  

C u l t u r a l  and H i s t o r i c a l  

P r e h i s t o r i c  C u l t u r a l  Resources  

Archeo log ica l  ev idence  i n d i c a t e s  t h a t  Albany County was an 

a r e a  of c o n s i d e r a b l e  p r e h i s t o r i c  a c t i v i t y ,  bu t  no t  one of e x t e n s i v e  

p r e h i s t o r i c  s e t t l e m e n t  [Ref. 251. Nat ive  American p o p u l a t i o n s  

t r a n s e c t e d  t h e  reg ion  w i t h  t r a i l s  running between t h e  e x c e l l e n t  

r i v e r i n e  r e s o u r c e s  of t h e  Hudson and Mohawk. T r a i l s  have been found 

a long t h e  banks and high b l u f f s  of t h e s e  major r i v e r s ,  a s  w e l l  a s  

a long t h e i r  t r i b u t a r i e s  [Ref. 931. Numerous s i t e s  have been 

recorded a long t h e  Normanski l l  i n  c l o s e  prox imi ty  t o  t h e  p r o j e c t  

a r e a  [Ref. 251. The  Not t  s i t e  [Ref. 761 and t h e  L i z z i e  I and I1 

s i t e s  have r e c e n t l y  been r e p o r t e d  a long  t h e  Hunger K i l l  near  Route 

20 i n  Gu i lde r l and  [Reg. 651. These t h r e e  s i t e s  d a t e  t o  t h e  Archa ic  

Per iod  and d i a g n o s i t i c  a r t i f a c t s  i n d i c a t e  s p o r a d i c  occupa t ion  from 

3500 - 2500 B.C. These camp/workshops were probably used du r ing  t h e  

spring-summer phase  of t h e  s e a s o n a l  c y c l e ,  when s u b s t a n t i a l  numbers 

of people  would g a t h e r  a t  low-lying s t r eams  and c r e e k s  t o  e x p l o i t  

f i s h  and a q u a t i c  food resources .  W i t h  t h e  advent  of c o l d  weather ,  

f r e e z i n g  of s t r eams  and southward mig ra t ion  of b i r d s ,  t h e s e  groups 

were f o r c e d  t o  s p l i t  i n t o  sma l l e r  n u c l e a r  u n i t s  and move i n l a n d  t o  

back-country camps, where t hey  e x p l o i t e d  d e e r  and o t h e r  browsing 

animals .  Route 20 fo l lows  a  former I n d i a n  t r a i l ,  and s i t e s  have 



been r e p o r t e d  a l o n g  i ts  p a t h  a t  D u n n s v i l l e ,  F u l l e r s  S t a t i o n  and 

McKnowville [Ref.  251. Ev idence  of  I n d i a n  s e t t l e m e n t  from a l l  t h r e e  

p h a s e s  o f  p r e h i s t o r i c  o c c u p a t i o n  ( P a l e o - I n d i a n  10,500-8,000 B.C.; 

A r c h a i c  8,00001,000 B . C . ;  and Woodland 1000-1500 A.D. )  a r e  found I n  

t h e  P i n e  Bush r e g i o n  [Ref.  261. Dur ing t h e  e a r l y  h i s t o r i c  p e r i o d ,  

Albany County was i n h a b i t e d  main ly  by t h e  Manikan I n d i a n s ,  w i t h  t h e  

S c h a g h t i c o k e  occupying s c a t t e r e d ,  s m a l l  s e t t l e m e n t s  [Ref.  251. I n  

1730,  a b o u t  t h e  t i m e  of  Europena s e t t l e m e n t ,  s e v e r a l  I n d i a n  v i l l a g e s  

and "work p l a c e s "  e x i s t e d  i n  t h e  G u i l d e r l a n d  a r e a  [Ref.  661. 

W i t h i n  t h e  p roposed  p r o j e c t  a r e a  a  c a m p s i t e  is r e c o r d e d  a t  

F r e n c h ' s  M i l l s ,  n e a r  t h e  f a l l s  [Ref. 251. T. C a s s a v a n t  r e c o r d s  " t h e  

l a r g e s t  and most p r o d u c t i v e  of  I n d i a n  s i t e s  around Albanyt1 is t h e  

Vosburg Farm s i t e  which is s i t u a t e d  on  t h e  n o r t h  bank o f  t h e  Normans 

K i l l ,  a b o u t  one-ha l f  m i l e  f rom F r e n c h ' s  M i l l s .  The s i t e  l i e s  on a 
f l a t  h i l l  t h a t  s l o p e s  down t o  t h e  creek and h a s  produced p e s t l e s ,  

gouges ,  c h i s e l s ,  c e l t s ,  b a n n e r s t o n e s ,  s t e a t i t e  p o t t e r y ,  s e m i l u n a r  

c h o p p e r s ,  s i n e w s t o n e  k n i v e s ,  d r i l l s ,  s p e a r s  and p r : o j e c t i l e s .  Many 

s c a t t e r e d  a r t i f a c t s  have  been found d i r e c t l y  o p p o s i t e  t h e  Vosburg 

s i te ,  e x t e n d i n g  a l o n g  t h e  s o u t h  s i d e  of  t h e  c r e e k  and on  t h e  f l a t s  

n e a r  t h e  m i l l s .  "Camp s i tes  seem t o  be  abundan t  i n  t h i s  v i n c i n i t y "  

[Ref.  251. 

T h i s  r e p o r t  is conf i rmed  by t h e  r e s i d e n t s  of  t h e  a r e a  who 

r e p o r t  f i n d i n g  a r t i f a c t s  when fa rming  and g a r d e n i n g  i n  t h e  a r e a  

s u r r o u n d i n g  t h e  r e s e r v o i r .  T h i s  conforms t o  t h e  model of  

p r e h i s t o r i c  s e t t l e m e n t .  p a t t e r n s  t h a t  p r e d i c t s  a  h i g h e r  d e n s i t y  o f  

s i t e  l o c a t i o n s  a l o n g  t h e  Hudson f l o o d p l a i n  and i n l a n d  s t r e a m s  [Ref.  

H i s t ~ r i c . a l  and C u l t u r a l  R e s o u r c e s  

Permanent  s e t t l e m e n t . o f  t h e  Albany a r e a  began i n  1629 when t h e  

Dutch West I n d i a  Company i n i t i a t e d  a  p o l i c y  of  r a p i d  s e t t l e m e n t  o f  

New'Nether lands  i n  o r d e r  t o  i n c r e a s e  t h e  power a n d . w e a l t h  of  t h e  

Company. K i l i a n  Van R e n s s e l a e r ,  a  p e a r l  and diamond merchant  i n  

Amsterdam and a . d i r e c t o r  o f  t h e  Dutch West I n d i a  Company, took  

a d v a n t a g e  of  t h e  Company's p o l i c y .  I n  1630 he p u r c h a s e d  h i s  f i r s t  



t r a c t  of l a n d  from t h e  I n d i a n s ,  and w i t h i n  s e v e n  y e a r s ,  h i s  "manor" 

ex tended  f o r  twen ty - four  miles on e a c h  s i d e  of t h e  Hud.son,River ,  

embracing what i s  now Albany,  R e n s s e l a e r  and p a r t  o f  .Columb.ia 

C o u n t i e s .  I t  was t h e  d u t y  of  t h e  P a t r o o n  t o  e n c o u r a g e  s e t t l e m e n t  of 

h i s  l a n d  and i n  t h e  y e a r s  f o l l o w i n g  1630,  c o l o n i e s  from Hol land  came 

t o  t h e  r e g i o n - a n d  were p r o v i d e d  w i t h  homes and l a n d  l e a s e s  i n  F o r t  

Orange (now Albany) and t h e  s u r r o u n d i n g  a r e a .  Albany County,  one of 

t h e  o r i g i n a l  ' t e n  c o u n t i e s  of New York S t a t e  was formed i n  1683, 

M o d i f i c a t i o n s  of  t h e  C o u n t y ' s  b o u n d a r i e s  c o n t i n u e d  t h r o u g h o u t  t h e  

1 8 t h  and 1 9 t h  c e n t u r i e s ,  u n t i l  i ts p r e s e n t  l i m i t s  were f i r m l y  

e s t a b l i s h e d  i n  1809. The Town o f  W a t e r v l i e t ,  formed on  March 3 ,  

1788, o r i g i n a l l y  encompassed t h e  Town o f  G u i l d e r l a n d ,  When t h e  two 

towns were s e p a r a t e d  i n  1803,  G u i l d e r l a n d  i n c l u d e d  K n o w e r s v i l l e  (now 

A l t a m o n t ) ,  G u i l d e r l a n d  C e n t e r ,  F r e n c h ' s  Hollow and H a m i l t o n v i l l e  

(now G u i l d e r l a n d ) .  The town was w e l l  s e t t l e d  p r i o r  t o  t h e  

R e v o l u t i o n .  A 1767 map of  t h e  Manor of  Rensse laerwyck ( F i g u r e  49)  

i n d i c a t e s  t h e r e  were 148 f a m i l i e s  l i v i n g  west of  t h e  Hudson R i v e r .  

A b a t t l e  o f  t h e  R e v o l u t i o n ,  t h e  B a t t l e  of  t h e  Normans K i l l  was 

f o u g h t  i n  t h e  town d u r i n g  August  1777: 

"On t h e  1 3 t h  of  August  (1777)  t h e  same d a y  on which Col .  

Harper  s o  o p p o r t u n e l y  l e d  t r o o p s  t o  S c h o h a r i e ,  L t .  Col .  

Schermerhorn  p roceeded  t o  t h e  N o r m a n s k i l l  w i t h  a  body of  

S c h e n e c t a d a  m i l i t i a ,  and f o r t y  Rhode I s l a n d  . t r o o p s ,  - i n  

a l l  a b o u t  100  men - to root up a Tory g a t h e r i n g  a t  t h a t  

p l a c e .  The e x p e d i t i o n  was v e r y  s u c c e s s f  u l .  David S p r i n g e r ,  

a  n o t e d  R o y a l i s t  w a s  k i l l e d .  T h i r t e e n ]  of  h i s  comrades 

c a p t u r e d ,  t h e  remainder  d i s p e r s e d  and c o n f i d e n c e  a g a i n  

r e s t o r e d , '  where a l l  was d o u b t  and d i s a f f e c t i o n ,  w i t h o u t  t h e  

l o s s  of  a  s i n g l e  man o n .  t h e  p a r t  of t h e  Americans ,"  [Ref.  121 

The town c o n t i n u e d  t o  expand, b o t h  s o c i a l l y  and e c o n o m i c a l l y .  
' 

a f t e r  khe R e v o l u t i o n ,  One of t h e  e a r l y  i n d u s t r i e s  o f  Albany County,  

a  g l a s s  f a c t o r y ,  was e s t a b l i s h e d  i n , H a m i l t o n v i l l e  (now G u i l d e r l a n d )  

i n  1792. The company manufac tu red  window g l a s s , a n d  by 1813 



accord ing  t o  Spa f fo rds  G a z e t t e e r ,  500,000 f e e t  of window g l a s s  were 

produced annua l ly  [Ref. 251. The procedure  f o r  making g l a s s  

r equ i r ed  l a r g e  q u a n t i t i e s  of wood. Much of t h e  land  i n  t h e  v i c i n i t y  

of t h e  f a c t o r y  had been c l e a r e d  and t h e  c o s t  of t r a n s p o r t i n g  wood 

from i n c r e a s i n g  d i s t a n c e s  e v e n t u a l l y  made t h e  g l a s s  bus ines s  

u n p r o f i t a b l e . a n d  it c l o s e d  i n  1815. I n  a d d i t i o n  t o  t h e  g l a s s  

f a c t o r y ,  t h e  o t h e r  e a r l y  i n d u s t r i e s  i n  t h e  town were t h e  c l o t h  

f a c t o r i e s  a t  S loans  (now G u i l d e r l a n d ) ,  Knowersvil le(now Altamont) 

and F r e n c h ' s  M i l l s  and s e v e r a l  f l o u r  and g r i s t  m i l l s  [Ref. 251. 

There  were few saw m i l l s  due t o  t h e  s c a r c i t y  of lumber [Ref. 161. 

Most of t h e  people  were engaged i n  farming. 

A s  a d d i t i o n a l  roads  were l a i d  o u t  and improved, p o s t a l  r o u t e s  

and s t a g e  l i n e s  were e s t a b l i s h e d  and numerous t a v e r n s  were opened 

a long t h e  roads ide .  0 n e . s u c h  t a v e r n  was e s t a b l i s h e d  a t  F r e n c h ' s  

M i l l s  i n  1800 by Jacob  Aker. . The r a i l r o a d s ,  . e s p e c i a l l y  t h e  

Athens-Schenectady (West Shore)  l i n e ,  gave impetus t o  t h e  economic 

growth of t h e  community. By 1896, t h e  Town of Gu i lde r l and  had a  

c ide . r  and v inegar  f a c t o r y ,  a  s a s h  and door f a c t o r y ,  a  g e n e r a l  s t o r e ,  

a  boote ry  and shoe f a c t o r y  and two h o t e l s  [Ref. 251. 

Within  t h e  p r o j e c t  a r e a ,  t h e  1767 Bleecker  Map ( F i g u r e  4 9 ) ,  

d e p i c t s  t h e  homestead of Col. Abraham Wemple. The Wemple house w a s  

b u i l t  i n  1760 by Vrooman, who used t h e ' c l a y  d e p o s i t s  near  t h e  barn 

t o  make t h e  b r i c k s  f o r  t h e  house. Over t h e  c o u r s e  of t h e  nex t  two 

and one-half  c e n t u r i e s  t h e  house was owned by t h e  Wemples, S igsbees ,  

Myers and Woodrichs. I t  was des t royed  when t h e  Rese rvo i r  was 

f looded  . in  1915 [Ref. 121,. I n  1795, P e t e r  B. Broeck. e s t a b l i s h e d  
. . 

" c l o t h i n g  works" a t  F rench ' s  M i l l s ,  Abel French e s t a b l i s h e d  ano the r  

c l o t h i n g  f a c t o r y  t h e r e  i n  1800 [Ref, 161. A g r i s t  m i l l  was a l s o  

l o c a t e d  on t h e  c r eek  a t  'French 's  M i l l s  [Ref, 66, 921; Gregg, ,  

p e r s o n a l  communication, 1978) .  By t h e  18801s ,  t h e  m i l l  p r o p e r t i e s  

had passed  from t h e i r  o r i g i n a l  owners t o  t h e  Reynolds and from t h e  

~ e y n o i d s  E. Spawn & Co. Spawn was t h e  p r o p r i e t o r  of t h e  f l o u r  and , 

f e e d  m i l l s  and grown t o  a  p o p u l a t i o n  of 450 [Ref. 161. By 1896, t h e  

m i l l s  were no longe r  o p e r a t i n g ,  a l though  t h e  b u i l d i n g s  a s s o c i a t e d  

wi th  i t s  o p e r a t i o n  remained s t a n d i n g  [Ref. 251. 



The house ( F i g u r e s  53,  5 4 ,  5 5 ) ,  l o c a t e d  on t h e  n o r t h e a s t  s i d e  

of t h e  b r i d g e  was f o r m e r l y  owned by t h e  E. Spawn f a m i l y .  The house  

was p r o b a b l y  b u i l t  a b o u t  1820. I t  h a s  a  d o u b l e  s t o n e  f o u d a t i o n  and 

t h e  o r i g i n a l  wide p lanked  wood f l o o r s .  The o l d e s t  wing of t h e  house  

is c e n t e r e d  around t h e  k i t c h e n ,  whose i n t e r i o r  d o o r s  c o n t a i n  t h e  

o r i g i n a l  hand-wrought i r o n  l a t c h e s .  The main e n t r a n c e  h a s  e t c h e d  

s i d e l i g h t  and t r ansom windows. The house is c u r r e n t l y  owned by Mr. 

and Mrs. P o s p i s i l .  

P r i o r  t o  t h e  f l o o d i n g  o f  t h e  R e s e r v i o r  "when t h e  N o r m a n s k i l l  

and B o z e n k i l l  moved s l u g g i s h l y  t o  t h e i r  c o n f l u e n c e  . . . t h e  meadows 

t h a t  ' bo rde red  t h e  banks  o f  t h e  s t r e a m  were h e l d  t o  b e  t h e  r i c h e s t  

farm l a n d s  i n  t h e  Town o f  G u i l d e r l a n d . "  [Ref.  121. The R e s e r v o i r  

was f l o o d e d  i n  1915. The c o v e r e d  b r i d g e  a c r o s s  t h e  c r e e k  was 

r e p l a c e d  by a n  i r o n  s t r u c t u r e  i n  t h e  e a r l y  1 9 3 0 ' s  [Ref.  981 ( F i g u r e  

52) . 

A n a l y s i s  and Recommendations 

The l i t e r a t u r e  s e a r c h ,  r e s e a r c h  and i n t e r v i e w s  i n d i c a t e  t h e r e  

is  a  h i g h  p o t e n t i a l  f o r  f i n d i n g  e v i d e n c e  of b o t h  p r e h i s t o r i c  and 

h i s t o r i c  a c t i v i t y  d i r e c t l y  w i t h i n  t h e  p roposed  p r o j e c t  a r e a .  The 

e x t r e m e l y  s e n s i t i v e  n a t u r e  of  t h e  ' a r e a  s u r r o u n d i n g  t h e  r e s e r v o i r  

mandates t h a t  f u r t h e r  a r c h e o l o g i c a l  i n v e s t i g a t i o n  and f i e l d  

r e c o n n a i s s a n c e  be under taken .  Snow c o v e r  made it i m p o s s i b l e  to -  

c o n d u c t  a  g e n e r a l  walkover of  t h e  a r e a .  T h i s  w i l l  have t o  be done  

i n  o r d e r  t o  r e s o l v e  c o n f l i c t i n g  r e p o r t s  [Ref.  921 a s  t o  t h e  

e x i s t e n c e  o f  f o u n d a t i o n s  a s s o c i a t e d  w i t h  t h e  e a r l y  m i l l s  on  t h e  

creek. S u b s u r f a c e  t e s t i n g  must a l s o  be  done t o  d e t e r m i n e  i f  t h e  

proposed c o n s t r u c t i o n  o r  i t s  a s s o c i a t e d  a c t i v i t y  ( t h i s  would i n c l u d e  

g r a d i n g ,  movement and/or  s t o r a g e  of  heavy equipment ,  c o n s t r u c t i o n  o f  

temporary  a c c e s s  r o a d s  o r  f i e l d  h e a d q u a r t e r s ,  etc.)  w i l l  d i s t u r b  any 

b u r i e d  p r e h i s t o r i c  o r  h i s t o r i c  s i te .  I f  t e s t i n g  w i l l  have  t o  be  

done t o  d e l i n e a t e  i t s  b o u n d a r i e s .  I f  t h e  s i t e  c a n n o t  be  avo ided  by 

t h e  proposed c o n s t r u c t i o n  a c t i v i t y ,  t h e n  a  s u r v e y  must be done i n  

o r d e r  t o  o b t a i n  and a d e q u a t e  sample from t h e  s i t e  and p r e c a u t i o n s  

l n u s t  be t a k e n  ( i . e .  f e n c e s  c r c c t e d )  so  t h a t  minimal  damage is 

i n f l i c t e d  upon t h e  s i t e .  



P e r t i n e n t  S t a t u t e s  and R e g u l a t i o n s  

N a t i o n a l  Env i ronmenta l  P o l i c y  A c t  o f  1969 (N.E.P.A.) 

T h e  a c t  was e s t a b l i s h e d  t o  u n d e r l i n e  t h e  f e d e r a l  g o v e r n m e n t ' s  

r e s p o n s i b i l i t y  t o  r e d u c e  a d v e r s e  e n v i r o n m e n t a l  i m p a c t s  and t o  

a s s u r e ,  where p o s s i b l e ,  t h e  l o n g  t e r m  enhancement of  t h e  env i ronment  

r e s u l t i n g  from f e d e r a l  programs and p r o j e c t s .  The a c t  r e q u i r e s  t h a t  

p r o p o n e n t  f e d e r a l  a g e n c i e s  a s s e s s  p r o j e c t s  and p o l i c i e s  i n  t e r m s  o f  

t h e i r  e n v i r o n m e n t a l  impac t ,  a d v e r s e  i m p a c t s  ( i f  a n y ) ,  a l t e r n a t i v e s  

t o  t h e  p roposed  a c t i o n s ,  long- term s o c i a l  e f f e c t s  and any 

i r r e v e r s i b l e  i m p a c t s  t h a t  might  o c c u r  a s  a  r e s u l t  of  t h e  p r o p o s a l  . 

[ S e c t i o n  102 ( 2 )  (C) I .  
The B a s i c  proceduke r e q u i r e s  t h a t  t h e  e n v i r o n m e n t a l  a s s e s s m e n t  

be s u b m i t t e d  t o  t h e  Env i ronmenta l  P r o t e c t i o n  Agency by t h e  r e c i p i e n t  

of t h e  f e d e r a l  funds .  T h i s  a s s e s s m e n t  w i l l  be u t i l i z e d  t o  d e t e r m i n e  

i f  a n  e n v i r o n m e n t a l  impact  s t a t e m e n t  need be  p r e p a r e d  and t o  p r e p a r e  

one  i f  r e q u i r e d  [ S e c t i o n  104 ( b )  ( c ) ] .  The a c t  p r o h i b i t s  any f i n a l  

a d m i n i s t r a t i v e  a c t i o n  on  t h e  p r o p o s a l  u n t i l  t h e  e n v i r o n m e n t a l  r ev iew 

and d e t e r m i n a t i o n  is c o m p l e t e  [ S e c t i o n  108  ( A )  1. 

Envi ronmenta l  C o n s e r v a t i o n  Law 8-0101 ART 7  - (S.E.Q.R.) 

The p u r p o s e  of S.E.Q.R. [ S e c t i o n  617.1 ( C )  1 i s  t o  promote  

e f f o r t s  which w i l l  p r e v e n t  o r  e l i m i n a t e  damage t o  t h e  env i ronment  

from v a r i o u s  programs,  p r o j e c t s  and a c t i o n s  u n d e r t a k e n  by a  s t a t e  o r  

l o c a l  agency and which b a l a n c e  e c o l o g i c a l  f a c t o r s  w i t h  s o c i a l  and 

economic f a c t o r s  [ S e c t i o n  617.1 ( D )  1 . 
I n  t h e  b r o a d e s t  s e n s e ,  t h e  act a l l o w s  f o r  e n v i r o n m e n t a l  

review,  by t h e  a p p r o p r i a t e  s t a t e  o r  l o c a l  agency of any p u b l i c  

p r o j e c t  u n d e r t a k e n  o r  funded by ' t h a t  agency o r  any p r i v a t e  p r o j e c t  

r e q u i r i n g  a  p e r m i t  from a s t a t e  o r  l o c a l  agency [ S e c t i o n  6171. 

The i n i t i a l  a c t i o n  by t h e  rev iewing  agency under  S.E.Q.R. i s  

t o  d e t e r m i n e  t h e  s i g n i f i c a n c e  o f  a  p roposed  a c t i o n .  I f  it i s  

d e t e r m i n e d  t h a t  t h e  p r o j e c t  w i l l  have  l i t t l e  o r  no impac t ,  it is 

c o n s i d e r e d  a  Type I1 a c t i o n  and no f u r t h e r  r ev iew is  r e q u i r e d .  I f ,  



however, t h e  l e a d  agency d e t e r m i n e s  t h a t  t h e  p roposed  a c t i o n  w i l l  

have a  s i g n i f i c a n t  impact ,  a n  e n v i r o n m e n t a l  impact  s t a t e m e n t  w i l l  be 

r e q u i r e d  [ S e c t i o n  617.4 (A-J) I .  
The l e a d  agency may, i n  l i g h t  of  i ts  rev iew,  approve  o r  r e j e c t  

f u n d i n g  of  t h e  p roposed  p r o j e c t  o r  approve  o r  r e j e c t  g r a n t i n g  of t h e  

v a r i o u s  p e r m i t s  needed t o  i n i t i a t e  t h e  p r o j e c t  [ S e c t i o n  617.51. 

When t h e  p roposed  p r o j e c t  i n v o l v e s  a  f e d e r a l  agency and a  

d r a f t  and f i n a l  e n v i r o n m e n t a l  impact  s t a t e m e n t  i s  p r e p a r e d  under t h e  

N a t i o n a l  E n v i r o n m e n t a l  P o l i c y  Review .Ac t  o f  1969,  t h a t  agency w i l l .  

have no o b l i g a t i o n  t o  p r e p a r e  a n  a d d i t i o n a l  EIS f o r  t h e  s t a t e .  

However, t h e  p r o j e c t  w i l l  s t i l l  be  s u b j e c t  t o  compl iance  w i t h  

S.E.Q.R. and f i n a l  f e d e r a l  a c t i o n s  are n o t  c o n t r o l l i n g  on any s t a t e  

o r  l o c a l  agency under  t h i s  a c t  [ S e c t i o n  617.161, 

F r e s h w a t e r  Wet lands  A c t  - N.Y.E.C.L. S e c t i o n s  24,0101 New York S t a t e  

R e g u l a t l o n  - 6  NYCRR 662 - Wet1and.s F i l l i n g  

N e w  York S t a t e ,  r e c o g n i z i n g  t h e  v a l u e  of  f r e s h w a t e r  w e t l a n d s  

h a s  made it a  s t a t e  p o l i c y  t o  p r e s e r v e ,  p r o t e c t  and c o n s e r v e  

f r e s h w a t e r  w e t l a n d s ,  t o  p r e v e n t  d e s p o i l a t i o n  and d e s t r u c t i o n  and t o  

r e g u l a t e  t h e  u s e  and development  o f  t h e s e  w e t l a n d s .  A s  p a r t  o f  t h i s  

a c t ,  t h e  s t a t e  h a s ,  o r  i s  i n  t h e  p r o c e s s  o f  d e f i n i n g  and mapping 

s i g n i f i c a n t  w e t l a n d s  w i t h i n  t h e  s t a t e .  I n  g e n e r a l ,  a  f r e s h w a t e r  

we t l and  is c o n s i d e r e d  s i g n i f i c a n t  i f  it h a s  a n  a r e a  o f  a t  l e a s t  12- 

4/10 a c r e s ,  o r  i f  less t h a n  12-4/10 a c r e s ,  is of  u n u s u a l  l o c a l  

impor tance  as  d e t e r m i n e d  by t h e  Commissioner o f  Env i ronmenta l  

C o n s e r v a t i o n .  

Any p e r s o n  d e s i r i n g  t o  c o n d u c t ,  on f r e s h w a t e r  w e t l a n d s ,  a s  

d e s i g n a t e d ,  any form o f  d r a i n a g e ,  ' d r e d g i n g ,  e x c a v a t i o n ,  dumping, 

f i l l i n g ,  c o n s t r u c t i o n  o f  s t r u c t u r e s  i n  o r  any a c t i v i t y  which 

s u b s t a n t i a l l y  i m p a i r s  t h e  f u n c t i o n i n g  of  a  p a r t i c u l a r  we t l and  w i l l  

r e q u i r e  a pe.rmit  from t h e  a p p r o p r i a t e  l o c a l  g o v e r n i n g  body o r  t h e  

commissioner-.  

C e r t a i n  a c t i v i t i e s  r e l a t e d  to.  a g r i c u l t u r e  and p u b l i c  h e a l t h  

a c t i v i t i e s  a r e  e x c l u d e d  from r ' e g u l a t e d  a c t i v i t i e s .  
. . 



The New ' ~ o r k  S t a t e  r u l e s  and r e g u l a t i o n s  a r e  promulgated under 

Freshwater  Wetlands Act concern ing  i n t e r i m  wet lands  pe rmi t s .  These 

r e g u l a t i o n s  a r e  p r e s e n t l y . b e i n g  updated t o  comply w i t h  S.E.Q.R. The 

new r u l e s  and r e g u l a t i o n s  a r e  expec ted  by May, 1979. 

New York S t a t e  Environmental  Conserva t ion  Law 

A r t i c l e  15  Water Resources - New York S t a t e  Regu la t ions  6  NYCRR 608 

- Use and P r o t e c t i o n  of Waters 

New York St .a te  Environmental  Conserva t ion  Law, A r t i c l e  1 5  

g i v e s  s t a t u t o r y  a u t h o r i t y  f o r  t h e  p a r t  608 r e g u l a t i o n s .  S e c t i o n  

608.1 of '  t h e  r e g u l a t i o n s  s t a t e s  t h a t  no pe r son  o r  p u b l i c  

c o r p o r a t i o n ,  o t h e r  t h a n  a s t a t e  depar tment  o r  a  s t a t e  p u b l i c  

c o r p o r a t i o n  s h a l l  change, modify o r  d i s t u r b  t h e  c o u r s e  o r  bed of any 

s t ream c l a s s i f i e d  a s  AA., AA(.G) , A ,  A ( T )  , B ,  B ( T )  , o r  C ( T )  wi thout  

having a p p l i e d  f o r  and ob ta ined  a  w r i t t e n  pe rmi t  from t h e  Department 

of  Environmental  Conservat ion.  No pe rmi t  w i l l  be r e q u i r e d  f o r  l o c a l  

p u b l i c  c o r p o r a t i o n s  i f  t h e  c o r p o r a t i o n  has  e n t e r e d  i n t o  a  w r i t t e n  

memorandum of under.standing w i t h  t h e  Department of Environmental  

Conse rva t . i on .ou t l i n ing  t h e  p rocedures  t o  be fol lowed i n  complet ing 

t h e  a c t i v i t i e s  af  f  ec t i r ig  t h e '  system. 

1 n . a d d i t i o n  t o  s t ream bed and bank m o d i f i c a t i o n s ,  a  permi t  i s  

r equ i r ed  f o r  any c o n s t r u c t i o n ,  r e c o n s t r u c t i o n  o r  r e p a i r  of any dam 

u n l e s s  a  pe rmi t  has  been ob ta ined .  A l l  a p p l i c a t i o n s  concerning dams 

a r e  forwarded by t h e  l o c a l  pe rmi t  agen t  t o  t h e  c e n t r a l  pe rmi t  agen t  

to, t h e .  Albany o f f  ice. Genera l ly ,  t h e  a p p l i c a t i o n  f o r  pe rmi t  

concern ing  a  dam w i l l  a l s o b e  forwarded t o  t h e  S t a t e  Department of 

T r a n s p o r t a t i o n ,  These r e g u l a t i o n s  w i l l  be r e v i s e d  by February ,  1979 

t o  comply wi th  S . E . Q . R . '  requi rements ,  

: F i s h  and W i l d l i f e  Coord.ination Act 661-666 

S e c t i o n  661 recognizes t h e  v i t a l  c o n t r i b u t i o n  of w i l d l i f e  

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

due- t o  e x p a n s i o n . o f  n a t i o n a l  economy. This .  s e c t i o n ' p r o v i d e s  means 

i n  which w i l d l i f e  c o n s e r v a t i o n  s h a l l '  r e c e i v e  e q u a l  c o n s i d e r a t i o n  and 

he  coo rd ina t ed  wi th  o the r  f e a t u r e s  of water  r e s o u r c e s  development 



I) p r o j e c t s .  A u t h o r i t y  t o  a d m i n i s t e r  t h i s  a c t  i s  g iven  t o  t h e  

S e c r e t a r y  of t h e  I n t e r i o r .  The S e c r e t a r y  is a u t h o r i z e d  t o  (1) 

prov ide  a s s i s t a n c e  t o  and c o o p e r a t e  wi th  f e d e r a l ,  s t a t e  and p u b l i c  

o r  p r i v a t e  agenc ie s  i n  development and p r o t e c t i o n  of w i l d l i f e  

r e s o u r c e s  and t h e i r  h a b i t a t ,  ( 2 )  t o  make w i l d l i f e  su rveys  and 

i n v e s t i g a t i o n s  of t h e  p u b l i c  domain, and ( 3 )  t o  a c c e p t  dona t ions  of 

l and  and/or funds  t o  c a r r y  o u t  t h e  purpose of t h i s  a c t  [Sec t ion  

6611. Whenever t h e  wa te r s  of any s t r eam o r  o t h e r  body of water  a r e  

proposed o r  a u t h o r i z e d  t o  be impounded, developed,  t h e  channe l  

deepened o r  t h e  s t ream o r  o t h e r  body of wate r  o the rwi se  c o n t r o l l e d  

o r  modif ied by a  f e d e r a l  agency o r  by any agency under f e d e r a l  

pe rmi t  o r  l i c e n s e  t h a t  agency w i l l  c o n s u l t  w i t h  t h e  U.S F i s h  and 

W i l d l i f e  S e r v i c e ,  Department of I n t e r i o r  and wi th  t h e  head of t h e  

s t a t e  agency wi th  a d m i n i s t r a t i o n  over  w i l d l i f e .  T h i s  c o n s u l t a t i o n  

w i l l  d i s c u s s  t h e  impacts  of t h e  p r o j e c t  development on w i l d l i f e .  

The r e p o r t s  and recommendations , . gene ra t ed  by t h i s  c o n s u l t a t i o n  s h a l l  

be r e s p o n s i b l e  f o r  a u t h o r i z i n g  o r  l i c e n s i n g  t h e  p r o j e c t  [Sec t ion  

6621. 

Any p r o j e c t  covered by t h i s  a c t  w i l l  make adequa te  p r o v i s i o n ,  

c o n s i s t e n t  w i th  t h e  pr imary purpose of t h e  p r o j e c t  f o r  t h e  u se  of  

t h e s e  wa te r s  and a d j u s t  l a n d s  f o r  c o n s e r v a t i o n ,  maintenance and 

management of w i l d l i f e  r e s o u r c e s  and h a b i t a t  [Sec t ion  6631. 

The a c t  a l s o  c o v e r s  t h e  a d m i n i s t r a t i o n  of l a n d s  made a v a i l a b l e  

t o  t h e  Department of I n t e r i o r  f o r  w i l d l i f e  c o n s e r v a t i o n  purposes  and 

p rov ides  f o r  c o o p e r a t i o n  between t h e  S e c r e t a r y  and t h e  s t a t e  

depar tment  r e s p o n s i b l e  [Sec t ion  6641. 

Endangered Spec i e s  A c t  of 1973 - 16  USCA SS 1531-1543 

P rov ides  f o r  t h e  p r o t e c t i o n  of t h r e a t e n e d  o r  endangered 

s p e c i e s  a s  i d e n t i f i e d  i n  t h e  r u l e s  promulgated under t h e  act  and 

g i v e s  t h e  s e c r e t a r y  of t h e  I n t e r i o r  a u t h o r i t y  t o  i s s u e  p r o h i b i t i o n s  

deemed necessary  under S e c t i o n  9  ( A )  (1) of t h e  a c t  r e l a t i n g  t o  any 

endangered s p e c i e s .  



N e w  York S t a t e  ~ g r i c u l t u r a l  and D i s t r i c t i n g  A c t  ( N e w  York 

A g r i c u l t u r e  and Markets Law, A r t i c l e  25AA) 
I 

The i n t e n t  of t he ,  a g r i c u l t u r a l  d i s t r i c t i n g  l e g i s l a t i o n  i s  t o  

encourage t h e  cont inuance  of a  s t r o n g  a g r i c u l t u r a l  i n d u s t r y  by 

a l lowing  p r o t e c t i o n  from a  p o r t i o n  of t h e  expanding c o s t s  of p u b l i c  

f a c i l i t i e s  and s e r v i c e s  and t o  p rov ide  adequa te  h inderances  t o  

r e s i d e n t i a l . ,  i n d u s t r i a l  and commercial development w i t h i n  

e s t a b l i s h e d  a g r i c u l t u r a l  d i s t r i c t s .  Through county l e g i s l a t i o n ,  ' 

f a rmer s  may form a g r i c u l t u r a l  d i s t r i c t s  which g i v e  them s p e c i a l  

c o n s i d e r a t i o n s  under N e w  York S t a t e  Department of Environmental  

Conserva t ion  law. 

I n  s h o r t ,  l o c a l  ord ' inances  cannot  r e s t r i c t  s ' t r u c t u r e s  and 

a c t i v i t i e s  normal t o  farming;  p u b l i c  agenc ie s  cannot  t a k e  farmland 

i n  an e s t a b l i s h e d  d i s t r i c t  wi thout  s p e c i a l  j u s t i f i c a t i o n ;  s p e c i a l  

p u b l i c  s e r v i c e  d i s t r i c t s  f o r  sewer, wat.er,  l i g h t s  o r  non-farm 

d r a i n a g e  may no t  impose s p e c i a l  ad valorem l e v i e s  on land  used f o r  

a g r i c u l t u r a l  p roduc t ion  beyond a  house and l o t  w i t h i n  an 

a g r i c u l t u r a l  d i s t r i c t ;  p r o p e r t y  t a x  assessment  may be made an 

a g r i c u l t u r a l  . i n s t ead  of market value .  

There  a r e  no a g r i c u l t u r a l  d i s t r i c t s  w i t h i n  t h e . p r o j e c t  a r ea .  .. 

Open Space Land A c t  - 42 USCA S e c t i o n s  1500 - 15,000 

Provided f o r  a  f e d e r a l  program t o  c u r b  urban b l i g h t  t o  

encourage more economic and d e s i r a b l e  urban development, t o  a s s i s t  

i n  p r e s e r v i n g  a r e a s  of h i s t o r i c ,  r e c r e a t i o n  and c o n s e r v a t i o n  va lue  

by making g r a n t s  f o r  l and  purchase .  

A u t h o r i t y  t o  make g r a n t s  was t e rmina t ed  a f t e r  January 1, 1975 

Migra tory  B i r d  A c t  - 16 .USCA S e c t i o n s  715-7155 

~ h i s ' a c t  e s t a b l i - s h e d  a f e d e r a l  commission, headed .by  t h e  

, chziirman of t h e  I n t e r i o r  Depar tment ,  t o  c o n s i d e r  and p a s s  upon any 

a r e a  o f . l a n d  recommended f o r  purchase ,  r e n t a l  o r  a s  a  g i f t  f o r  

migra tory  b i r d  refuge.  

I t  a l s o  g i v e s  t h e  Department of I n t e r i o r  a u t h o r i t y  t o  c o n t r o l ,  

a c t i v i t i e s  . i n  d e s i g n a t e d  n a t i o n a l  w l l d l i f e  re fuges .  



) L o c a l  Zoning - L o c a l  Law No,. 1 o f  1 9 7 1  - Town of  G u i l d e r l a n d  

T h e  Town of  G u i l d e r l a n d  h a s  a  zoning o r d i n a n c e  i n  e f f e c t ,  

promulgated  under  i t s  a u t h o r . i t y  t o  p r o t e c t  t h e h e a l t h . a n d  w e l f a r e  of  

i t s  c i t i z e n s .  

The zoning d e s i g n a t i o n s  i n  a r e a s  a d j a c e n t  t o  t h e . r e s e r v o i r  a r e '  

a g r i c u l t u r a l ,  i n d u s t r i a l  and l i g h t  commercial .  

Under normal  c i r c u m s t a n c e s ,  t h e  zoning board  r e v i e w s  p r o j e c t s  

a s  t o  conformance w i t h  zoning r e g u l a t i o n s  and e i t h e r .  g r a n t s  o r  

d e n i e s  p e r m i t s  f o r  c o n f l i c t i n g  uses .  

Hudson R i v e r  V a l l e y  Commission - N e w  York E x e c u t i v e  Law.721 

The law p r o v i d e s  f o r  r ev iew of  any p r o j e c t  o c c u r r i n g  w i t h i n  

one  m i l e  o f  t h e  Hudson R i v e r  o r  two miles i f  v i s i b l e  f rom t h e  

R i v e r .  The p u r p o s e  of  t h e  law was t o  p r o t e c t  t h e  s c e n i c ,  

r e c r e a t i o n a l  and n a t u r a l  r e s o u r c e s  of t h e  Hudson R i v e r  V a l l e y .  

The Agency h a s  a d v i s o r y  power o n l y  and c a n n o t  v e t o  a  

p a r t i c u l a r  p r o j e c t .  The commission d o e s ,  howeve,r, have i n j u n c t i v e  

power i n  o r d e r  t o  f o r c e  s u b m i s s i o n  of  p r o j e c t s  f o r  review.  

The Commission h a s  n o t  f u l l y  funded r e c e n t l y  and h a s  n o t  

reviewed any p r o j e c t s  s i n c e  1976. I n  a d d i t i o n ,  a l l  o f  t h e  

Commiss ioner ' s  t e r m s  have e x p i r e d .  

F r e s h w a t e r  Wet lands  A c t  -. N.Y.  E,C.L., and N.Y.S. R e g u l a t i o n s  6  NYCRR 
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The r e g u l a t i o n s  a r e  p romulga ted  under  t h e  w e t l a n d s  a c t  and 
r e f e r  t o  any w e t l a n d s  a f f e c t e d  by t h e  p r o j e c t .  S i g n i f i c a n t  w e t l a n d s  

d o  o c c u r  i n  t h e  immediate  p r o j e c t  a r e a  and a d j a c e n t  t o  it. A 

w e t l a n d s  p e r m i t  w i l l  l i k e l y  be r e q u i r e d  s i n c e  t h e r e  w i l l  be  a  

p o s s i b l e  impac t  on t h e s e  w e t l a n d s ,  

~ i s h  and W i l d l i f e  ~ o o ' r d i n a t i o n  A c t  

I f  N.E.P.A. r ev iew r e g u l a t i o n s  a r e  i n  e f f e c t ,  t h e  p r o j e c t  w i l l  

be reviewed by var , iou 's  f e d e r a l  a g e n c i e s .  . T h i s  a c t  i n s u r e s  t h a t  t h e  

p r o j e c t  be  reviewed by t h e  S e c r e t a r y  of  t h e  I n t e r i o r  and h i s  



comments n o t e d  c o n c e r n i n g  f i s h  and w i l d l i f e  i m p a c t s  i n  any f i n a l  b d e t e r m i n a t i o n .  

The a c t ,  would a l s o  a p p l y  i f  any f e d e r a l  p e r m i t s ,  such  a s  a n  

Army Corps  of  E n g i n e e r s  p e r m i t ,  were r e q u i r e d .  

L o c a l  Zoning Law 

The l o c a l  zoning board ,  i n  a c t i o n s  i n v o l v i n g  t h e  s t a t e  o r  

f e d e r a l  government  c a n n o t  a c t u a l l y  deny c o n s t r u c t i o n  of  t h e  

p r o j e c t .  However, t h e  impac t  o f  t h e  p r o j e c t  i n  l i g h t  o f  l o c a l  

zoninq r e g u l a t i o n s  w i l l  be n o t e d  under  S.E.Q.R. r ev iew by t h e  

G u i l d e r l a n d  Zoning Board. 

S t a t u t e  Applicability 

The p r e v i o u s  d e s c r i p t i o n  of  l aws '  and a c t s  was comprehensive  i n  

n a t u r e ,  f o r w a r d i n g  a  b a s i c  d e s c r i p t i o n  of  p o t e n t i a l l y  a p p l i c a b l e  

laws b u t  n o t  d e t e r m i n i n g  whether  t h e  g i v e n  law a c t u a l l y  a f f e c t e d  t h e  

r e s e r v o i r  p r o j e c t .  T h e  laws b a s i c a l l y  d e f i n e  t h e  r o l e s  of t h e  

f e d e r a l ,  s t a t e  and l o c a l  governments .  i n  envi ronmen. ta1  and l and-use  

d e c i s i o n  making. The v a r i o u s  l aws  a r e  fo rwarded  t o  i n s u r e  t h a t  

p r o j e c t s  conform t o  t h e  p u b l i c  i n t e r e s t .  The f o l l o w i n g  l aws  and 

a c t s  a p p l y  s p e c i f i c a l l y  t o  t h e  p roposed  p r o j e c t .  

The N a t i o n a l  Env i ronmenta l  P o l i c y  A c t  o f  1969 and t h e  N e w  York S t a t e  

Env i ronmenta l  Q u a l i t y  Review A c t  

These  a r e  f e d e r a l  and s t a t e  l a w s  w i t h  s i m i l a r  g o a l s ,  t h e  

a p p l i c a b i l i t y  o f .  which depends  on t h e  fundi'ng .agency invo lved .  I f  

it is de te rmined .  t h a t . t h e ' p r o j e c t  is a f e d e r a l  p r o j e c t ,  t h e  

a p p l i c a n t  w i l l  g o  t h r o u g h  t h e  N.E.P.A. a s s e s s m e n t  p r o c e s s  and w i l l  

most l i k e l y  n e c e s s i t a t e  t h e  f i l i n g  of  a n  e n v i r o n m e n t a l  impac t  

s t a t e m e n t  w i t h  t h e '  s p o n s o r i n g  f e d e r a l  agency.  I f  a n  impact  

s t a t e m e n t  i s  r e q u i r e d  'under N;E.P.A., it w i l l  s a t i s f y  s i m i l a r  

r e q u i r e m e n t s  under  S'.E.Q.R. The rev iew of  t h e  p r o j e c t ,  however,  

w i l l  g o  t h r o u g h  f e d e r a l ,  s t a t e  and l o c a l  c h a n n e l s ,  e s p e c i a l l y  s i n c e  

v a r i o u s  s t a t e  p e r m i t s  w i l l  be r e q u i r e d .  

. . 



I f  it is determined t h a t  t h e  p r o j e c t  i s  s t a t e  funded,  it must- 

conform t o  S.E.Q.R. r e g u l a t i o n s .  The S.E.Q.R. p r o c e s s  must be 

i n s t i t u t e d  and a  d e t e r m i n a t i o n  made a s  t o  t h e  t ype  of impact 

r e s u l t l n g  from t h e  p r o j e c t  p r i o r  t o  t h e  i s s u i n g  of any o t h e r  s t a t e  

o r  l o c a l  pe rmi t s .  

The sou rces  c o n t a c t e d  by t h e  c o n s u l t a n t  a t  t h e  New York S t a t e  

Department of Environmental  Conserva t ion  and t h e  New York S t a t e  

Energy Research and Development A u t h o r i t y  i n d i c a t e d  t h a t  t h e  p r o j e c t  

w i l l  most l i k e l y  f a l l  under S.E.Q.R. review. I n  any c a s e ,  t h e  
. . 

p r o j e c t  w i l l  n e c e s s a r i l y  be s u b j e c t e d  t o  an envi ronmenta l  , impact  

review. 

New York S t a t e  Regu la t ions  6  NYCRR 608 a r e  t h e  r e g u l a t i o n s  

promulgated under A r t i c l e  1 5  of t h e  ~ n v i r o n m e n t a l  Conserva t ion  Law. 

The p r o j e c t  w i l l  b e ' s u b j e c t  t o  s t ream p r o t e c t i o n  p e r m i t s  and review 

by t h e  Department of Environmental  conse rva t ion .  

Genera l  Assessment - H i s t o r i c  P r e s e r v a t i o n  Laws 

H i s t o r i c  S i t e s ,  B u i l d i n g s  and A n t i q u i t i e s  A c t  16  USCA SS461-467 

. . S e c t i o n  461 of the.  H i s t o r i c  S i t e s ,  B u i l d i n g s  and A n t i q u i t i e s  

A c t  e s t a b l i s h e s  a s  a  n a t i o n a l  p o l i c y  t h e  p r e s e r v a t l o n  and p r o t e c t i o n  

of s i g n i f i c a n t  h i s t o r i c  s i t e s ,  b u i l d i n g s  and o b j e c t s  f o r  t h e  b e n e f i t  

of t h e  American p u b l i c .  The power t o  a d m i n i s t e r  t h i s  n a t i o n a l  

p o l i c y  i s  g iven  t o  t h e  S e c r e t a r y  of t h e  I n t e r i o r  ( " S e c r e t a r y " )  

th rough  t h e  N a t i o n a l  Park S e r v i c e .  The  S e c r e t a r y ' s  

r e s p o n s i b i l i t i e s ,  enumerated i n  S e c t i o n  4 6 2 ,  l n c l u d e  conduct ing 

su rveys  t o  i d e n t i f y  h i s t o r i c  and a r c h e o l o g i c a l  s i t e s ,  a c q u i r i n g  

t i t l e  t o  such sites, i n s u r i n g  t h e  p r e s e r v a t i o n  of such s i t e s ,  

e s t a b l i s h i n g  museums, e r e c t i n g  s i t e  markers  and p rov id ing  p e r t i n e n t  

s i t e  d a t a  t o  t h e  p u b l i c .  The S e c r e t a r y  a l s o  has t h e  power t o  

appo in t  an e l e v e n  member adv i so ry  board [Sec t ion  4631 and t o  use  

c o n g r e s s i o n a l l y  a p p r o p r i a t e d  money t o  pay f o r  r e q u i r e d  t e c h n i c a l  and 

p r o f e s s i o n a l  s e r v i c e s  [Sec t ion  4641. Congress i s  g iven  t h e  

a u t h o r i t y  t o  a l l o c a t e  t h e  funds  necessary  t o  c a r r y  o u t  t h e  s t a t e d  



p o l i c y  [Sec t ion  4661. The l a w s  enumer.ated i n  t h i s  t i t l e  t a k e  ; 

p r i o r i t y  over  any o t h e r  laws r e l a t i n g  t o  s i m i l a r  s u b j e c t  m a t t e r  

[Sec t ion  4671. 

Na t iona l  H i s t o r i c  P r e s e r v a t i o n  Act of 1966 16 USCA SS470 e t .  seq.  

The primary t h r u s t  ,of t h e  Nat , ional  H i s t o r i c  P r e s e r v a t i o n  Act, 

of 1966 i s  t h e  expansion and encouragement of h i s t o r i c  p r e s e r v a t i o n  

programs and a c t i v i t i e s  by t h e  F e d e r a l  government. The S e c r e t a r y  of 

t h e  I n t e r i o r  ( " S e c r e t a r y " )  is a u t h o r i z e d  t o  ma in t a in  and e n l a r g e  a  

n a t i o n a l  r e g i s t e r  of d i s t r i c t s ,  s i t e s , ,  b u i l d i n g s ,  s t r u c t u r e s  and 

o b j e c t s  s i g n i f i c a n t  i n  American h i s t o r y  and p r e h i s t o r y .  The - 

S e c r e t a . ? ~  is f u r t h e r  a u t h o r i z e d  t o  e s t a b l i s h  a  matching g r a n t - i n - a i d  

t o  S t a t e s  f o r  p r o j e c t s  t h a t  p r e s e r v e  h i s t o r i c  s i t e s  and , t o  e s t a b l i s h  

a  matching g r a n t - i n - a i d  t o  t h e  N a t i o n a l  T r u s t  f o r  H i s t o r i c  

P r e s e r v a t i o n  i n  t h e ' u n i t e d  S t a t e s  '. [Sec t ion  470aI. Gran t  . 

a p p l i c a t i o n s  must be submi t ted  t o  t h e  S e c r e t a r y  i n  accordance wi th  

both h i s  p r e s c r i b e d  r u l e s  and wi th  t h e  e s t a b l i s h e d  s t a t e -wide  

h i s t o r i c  p r e s e r v a t i o n  p lan .  The g r a n t e e  is r e s p o n s i b l e  f o r  

p rocu r ing  from 30%-50% of p r o j e c t  funds  from s o u r c e s  o u t s i d e  of t h e  

F e d e r a l  government and f o r  assuming upon complet ion of t h e  g r a n t ,  

maintenance and p r e s e r v a t i o n  c o s t s  [ S e c t i o n  470bl. The Department 

of  Housing and Urban Development is a u t h o r i z e d  t o  make g r a n t s  t o  a i d  

i n  t h e  r e s t o r a t i o n  and p r e s e r v a t i o n  of b u i l d i n g s  of a r c h i t e c t u r a l  

and h i s t o r i c  s i g n i f i c a n c e  [Sec t ion  470b-11. The S e c r e t a r y  has  t h e  

power t o  a p p o r t i o n  funds  f o r  s t a t e -wide  su rveys  i n  accordance wi th  

p r i o r i t i e s  e s t a b l i s h e d  by him [Sec t ion  4 7 0 ~ 1 .  F e d e r a l  a s s i s t a n c e  is 

a v a i l a b l e  from on ly  one F e d e r a l  agency p e r  p r o j e c t  [Sec t ion  470dl. 

P r i o r  t o  t h e  app rova l  of funds  o r  t h e  g r a n t i n g  of a  l i c e n s e  

f o r  any F e d e r a l  o r  F e d e r a l l y  a s s i s t e d  p r o j e c t ,  t h e  e f f e c t  such 

p r o j e c t  may have on a  s i t e  t h a t  is on,  o r  is e l i g i b l e  f o r  t h e  

N a t i o n a l  R e g i s t e r  of H i s t o r i c  P l a c e s  must be cons ide red  and 

submi t ted  t o  t h e  H i s t o r i c  P r e s e r v a t i o n  Advisory Counci l  f o r  comment 

[Sec t ion  470f l .  T h i s  Advisory Counci l  i s  an i n  dependent agency of 

t h e  Uni ted S t a t e s  whose purpose it i s  t o  render  adv ice  and make 

recommendations r e l a t i v e  t o  t h e  n a t i o n a l  p o l i c y  f o r  h i s t o r i c  

p r e s e r v a t i o n  [Sec t ion  470 i l .  



b Archeologica l  Conserva t ion  Act of 1974 - 16 USCA 5469 

S e c t i o n s ,  469-469c p rov ide  f o r  t h e  p r e s e r v a t i o n  and p r o t e c t i o n  

of a r c h e o l o g i c a l  and h i s t o r i c  s i t e s  ' t h a t  may be des t royed  o r  

i r r e p a r a b l y  damaged by f l o o d i n g ,  road c o n s t r u c t i o n ,  e r e c t i o n  of 

workman's communities, re1ocat io .n  of r a i l r o a d s ,  highways and o t h e r  

a l t e r a t i o n s  t o  t h e  land  caused by t h e  c o n s t r u c t i o n  of dams, o r  any 

F e d e r a l  o r  f e d e r a l l y  l i c e n s e d  a c t i v i t y  o r  program. 

Pursuant  t o  S e c t i o n  469a, t h e  S e c r e t a r y  of t h e  I n t e r i o r  

( "Sec re t a ry t ' )  must be g iven  w r i t t e n  n o t i c e  b e f o r e  a  l i c e n s e  can  be 

i s sued  f o r  dam c o n s t r u c t i o n .  T h i s  n o t i c e  must i n d i c a t e  bo th  t h e  

l o c a t i o n  of t h e  proposed dam and t h e  approximate a r e a  t o  be f l ooded  

o r  a l t e r e d  by t h e  planned c o n s t r u c t i o n .  However, i f  (1) a  

f loodwater  r e t a r d i n g  dam i s  t o  be b u i l t  wh ich  p r o v i d e s  l e s s  t h a n  

5,000 a c r e - f e e t  of d e t e n t i o n  c a p a c i t y  o r  ( 2 )  any type  of dam c r e a t e s  

a  r e s e r v o i r  of l e s s  t han  40 a c r e s ,  t h e n  t h e  p r o v i s i o n s  of t h i s  

s e c t i o n  apply on ly  i f  t h e  c o n s t r u c t i o n  company f i n d s  du r ing  

p r e l i m i n a r y  surveys  t h a t  h i s t o r i c  o r  a r c h e o l o g i c a l  sites e x i s t  o r  

may be p r e s e n t  i n  t h e  proposed r e s e r v o i r  a r e a .  

S e c t i o n  469a-1 p r o v i d e s  t h a t  i f  a  F e d e r a l  agency f i n d s  o r  is 

n o t i f i e d  i n  w r i t i n g  t h a t  a  f e d e r a l  c o n s t r u c t i o n  p r o j e c t  o r  a  

f e d e r a l l y  l i c e n s e d  p r o j e c t ,  a c t i v i t y  o r  program may c a u s e  

i r r e p a r a b l e  l o s s  o r  d e s t r u c t i o n  t o  a  s i g n i f i c a n t  h i s t o r i c  o r  

a r c h e o l o g i c a l  s i t e ,  t h e  agency must s o  n o t i f y  t h e  S e c r e t a r y  i n  

w r i t i n g .  A f t e r  p rov id ing  t h e  S e c r e t a r y  w i t h  i n fo rma t ion  concern ing  

t h e  n a t u r e  'of t h e  p r o j e c t ,  t h e  agency may r e q u e s t  t h e  S e c r e t a r y  

under take  t h e  recovery,  p r o t e c t i o n  and p r e s e r v a t i o n  of d a t a  from t h e  

s i t e ,  o r  t h e  agency may under take  t h e  a c t i v i t y  i t s e l f .  Copies  of 

any r e p o r t s  p repared  pu r suan t  t o  t h i s  s e c t i o n  should be forwarded t o  
t h e  S e c r e t a r y .  

When a  F e d e r a l  agency p r o v i d e s  f i n a n c i a l  a s s i s t a n c e  t o  a  

p r i v a t e  o r  p u b l i c  concern,  t h e  S e c r e t a r y  may conduct  a  survey  of t h e  

a f f e c t e d  a r e a  and recover  d a t a  w i th  funds  a p p r o p r i a t e d  e x p r e s s l y  f o r  

t h i s  purpose.  The S e c r e t a r y  may p rov ide  compensation f o r  damages 

t h a t  r e s u l t  i n  d e l a y s  i n  c o n s t r u c t i o n  o r  i n  temporary l o s s  of use of 

nonf e d e r a l l y  owned lands .  



I f  upon n o t i f i c a t i o n ,  t h e  S e c r e t a r y  de t e rmines  t h a t  

s i g n i f i c a n t  h i s t o r i c  o r  a r c h e o l o g i c a l  d a t a  is being des t royed  o r  

i r r e v o c a b l y  l o s t  by any f e d e r a l  o r  f e d e r a l l y  l i c e n s e d  p r o j e c t ,  he 

may conduct  o r  cause  t o  be conducted a  p r o j e c t  t o  recover  and 

p r e s e r v e  such d a t a . .  No survey o r  recovery work can be r equ i r ed  i f  

it w i l l  i n t e r ' f e r e  w i t h  p r o j e c t s  under taken i n  r e c o g n i t i o n  o r  

a n t i c i p a t i o n  of an emergency o r  n a t i o n a l  d i s a s t e r .  The S e c r e t a r y  

m u s t  i n i t i a t e  t h e  recovery program w i t h i n  s i x t y  days  a f t e r  being 

n o t i f i e d  of t h e  s i t u a t i o n  p u r s u a n t  t o  S e c t i o n  469a o r  w i t h i n  a  

mutua'lly agreed  upon t ime between himself  and t h e  funding o r  

l i c e n s i n g  agency. The S e c r e t a r y  may p rov ide  a p p r o p r i a t e  

compensation f o r  any damages r e s u l t i n g  from c o n s t r u c t i o n  d e l a y s  o r  

l o s s  of u se  of non fede ra l ly  owned land.  

The S e c r e t a r y  must i s s u e  p r o g r e s s  r e p o r t s  on survey  a c t i v i t i e s  

t o  t h e  agency r e s p o n s i b l e  f o r  funding o r  l i c e n s i n g  t h e  p r o j e c t  

[Sec t ion  4691-31. He i s  a l s o  r e s p o n s i b l e  f o r  de te rmin ing  t h e  proper  

r e p o s i t o r y  f o r  specimens found du r ing  t h e  c o u r s e  of such survey 

a c t i v i t i e s ,  and must i s s u e  annua l  r e p o r t s  d e t a i l i n g  agency 

a c t i v i t i e s  of  t h e  p a s t  year .  

S e c t i o n  469c p r o v i d e s  t h a t  a f e d e r a l  agency r e s p o n s i b l e  f o r  a  

c o n s t r u c t i o n  p r o j e c t  may p rov ide  t h e  S e c r e t a r y  w i t h  funds  e q u a l l y  

no t  more than  one p e r c e n t  of t h e  t o t a l  amount a p p r o p r i a t e d  f o r  such 

p r o j e c t .  However, t h e  one p e r c e n t  l i m i t a t i o n  does  no t  app ly  f o r  

p r o j e c t s  involv ing  $50,000 o r  l e s s .  The c o s t s  of t h e  survey ,  

a n a l y s i s  and p u b l i c a t i o n  a r e  cons ide red  nonreimbursable  p ~ o j e c t  

costs. 

S e c t i o n s  469d-i p e r t a i n  t o  t h e  p r o t e c t i o n ,  p re se rva t ' i on  and 

i n t e r p r e t a t i o n  of t h e  n a t i o n a l l y  s i g n i f i c a n t  v a l u e s  of t h e   isc cons in 
C o n t i n e n t a l  g l a c i a t i o n ,  and e s p e c i a l l y  t h e  ev idence  of such 

g l a c i a t i o n  i n  t h e  S t a t e .  of Wisconsin. 

S t a t e  Nature  and H i s t o r i c a l  P re se rve  A c t  - NYECL S  45-0101 e t .  seq.  

The g o a l  of New York 's  Nature  and H i s t o r i c  P r e s e r v a t i o n  p o l i c y  

is t o  p r e s e r v e  and p r o t e c t  l a n d s  of n a t u r a l  beau ty ,  w i l d e r n e s s  o r  

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



a d m i n i s t e r e d  t h r o u g h  t h e  S t a t e  N a t u r e  and H i s t o r i c a l  P r e s e r v e  

b T r u s t .  T h i s  t r u s t  is composed of a  Board of  T r u s t e e s  and t h e  

Commissioner of  Env i ronmenta l  C o n s e r v a t i o n ,  who s e r v e s  a s  i ts  

chai rman.  The f u n c t i o n s  of t h e  board  i n c l u d e :  recommending t o  t h e  

governor  and l e g i s l a t u r e  r e a l  p r o p e r t i e s  t h a t  s h o u l d  be  i n c l u d e d  i n  

t h e  p r e s e r v e ,  p r e p a r i n g  and s u b m i t t i n g  a n  a n n u a l  r e p o r t ,  m a i n t a i n i n g  

a n  i n v e n t o r y  of p r o p e r t y  d e d i c a t e d  t o  t h e  p r e s e r v e ,  r e q u e s t i n g  a i d  

from o t h e r  s t a t e  a g e n c i e s  when a p p r o p r i a t e ,  and making t h e  r u l e s  and 

r e g u l a t i o n s  n e c e s s a r y  t o  s u c e s s f u l l y  a d m i n i s t e r  N e w  Y o r k ' s  N a t u r e  

and H i s t o r i c  P r e s e r v e  p o l i c y ,  The d e p a r t m e n t  may a c q u i r e  l a n d s  when 

f u n d s  a r e  a u t h o r i z e d  by t h e  l e g i s l a t u r e  and w i l l  m a i n t a i n  c o n t r o l  

o v e r  any s u c h  p r o p e r t i e s  p u r c h a s e d  p u r s u a n t  t o  t h i s  s e c t i o n .  

The f o r e g o i n g  l aws  e s t a b l i s h  t h e  l e a d e r s h i p  r o l e s  of  t h e  

F e d e r a l  and S t a t e  governments  i n  p r e s e r v i n g ,  r e s t o r i n g  and 

m a i n t a i n i n g  t h e  p r e h i s t o r i c ,  h i s t o r i c  and c u l t u r a l  r e s o u r c e s  of t h e  

n a t i o n  and s t a t e ,  r e s p e c t i v e l y ,  F e d e r a l  a g e n c i e s  a r e  r e s p o n s i b l e  

f o r  a d m i n i s t r a t i o n  of  c u l t u r a l  p r o p e r t i e s ,  t h e  i n i t i a t i o n  of 

c r i t e r i a  t h a t  a s s u r e  t h a t  f e d e r a l l y  owned sites, s t r u c t u r e s ,  and 

o b j e c t s  of  h i s t o r i c a l ,  a r c h i t e c t u r a l  and a r c h e o l o g i c a l  s i g n i f i c a n c e  

a r e  p r e s e r v e d ,  r e s t o r e d  and m a i n t a i n e d  and t h e  i n s t i t u t i o n  of  

p r o c e d u r e s  t h a t  c o n t r i b u t e  t o  t h e  p r e s e r v a t i o n  and enhancement of 

n o n - f e d e r a l l y  owned si tes,  s t r u c t u r e s  and o b j e c t s  of  h i s t o r i c a l ,  

a r c h i t e c t u r a l  and a r c h e o l o g i c a l  s i g n i f i c a n c e ,  The n a t i o n a l  p o l i c y  

is a d m i n i s t e r e d  by t h e  S e c r e t a r y  of  t h e  I n t e r i o r  t h r o u g h  t h e  

N a t i o n a l  Park  S e r v i c e  and t h e  s t a t e  p o l i c y  by t h e  Board o f  T r u s t e e s  

of  t h e  S t a t e  N a t u r e  and H i s t o r i c a l  P r e s e r v e  T r u s t .  

S e c t i o n  469 of  t h e  U n i t e d  S t a t e s  Code e x p r e s s l y  a p p l i e s  t o  any 

damage o r  - d e s t r u c t i o n  t h a t  may r e s u l t  f rom dam ' c o n s t r u c t i o n ,  and 

t h e r e f o r e  may be r e l e v a n t  t o  t h e  W a t e r v l i e t  R e s e r v o i r  p r o j e c t .  A 

p r o c e d u r e  is e s t a b l i s h e d  f o r '  n o t i f y i n g  t h e  s e c r e t a r y  o f  t h e  I n t e r i o r  

c o n c e r n i n g  t h e  a l l o c a t i o n  a n d . n a t u r e  of  t h e  proposed a c t i v i t y  and 

' t h e  e f f e c t  it w i l l  have on s u r r o u n d i n g  t e r r a i n ,  i n c l u d i n g  

p r e h i s t o r i c  and h i s t o r i c  s i tes .  Upon n o t i f - i c a t i o n  t h a t  a  c u l t u r a l  

r e s o u r c e  may be  d i s t u r b e d ,  t h e  s e c r , e t a r y  is r e s p o n s i b l e  f o r  

e x e r c i s i n g  s u p e r v i s o r y  c o n t r o l  o v e r  t h e  i n i t i a t i o n ,  f i n a n c i n g  and 



recovery of d a t a  from t h e  s i t e ,  and f o r  a s su r ing  t h a t  s i g n i f i c a n t  

b h i s t o r i c a l ,  a r c h i t e c t u r a l ,  and a rcheo log ica l  p r o p e r t i e s  .are 

p ro tec ted  and maintained. 
. . 

Measures f o r  obta in ing  g r a n t s  t o  a i d  i n  p r e s e r v a t i o n  p o l i c i e s  

a r e  d e t a i l e d  i n  Sec t ion  470 of t h e u n i t e d  S t a t e s  Code. 

I t  i s  t o  be noted t h a t  r e g u l a t i o n s  regarding procedures f o r '  

e f f e c t u a t i n g  t h e  p o l i c i e s  s e t  f o r t h  i n  t h e  foregoing s t a t u t e s  .and 

f o r  a s su r ing  compliance with such s t a t u t e s  w i l l  have t o  be consul ted  

p r i o r  t o  execut ion of t h i s  p r o j e c t .  
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I 

SPAWN BARN 



LICENSING AND REGULATORY REQUIREMENTS 

J u r i s d i c t i o n  

The proposed Normanskil l  H y d r o e l e c t r i c  F a c i l i t y  f a l l s  under 

t h e  a e g i s  of t h e  F e d e r a l  Energy Regula tory  Commission. D i scuss ions  

w i t h  t h e  New York S t a t e  Pub l i c  S e r v i c e  Commission and w i t h  t h e  New 

York S t a t e  Department of Environmental  Conserva t ion  have determined 

t h a t  any r e g u l a t i o n  on t h e i r  p a r t  would be s u b o r d i n a t e  t o  t h e  

F e d e r a l  Energy Regula tory  Commission. 

Review Requirements 

The N e w  York S t a t e  P u b l i c  S e r v i c e  Commission, a c t i n g  under 

P u b l i c  S e r v i c e  Law S e c t i o n  1 1 0  [ 4 ]  S e c t i o n  66  [12] would be r equ i r ed  

t o  approve any c o n t r a c t u r . a l  agreement .between t h e  munic ipa l  owner of 

t h e  Normanski l l  H y d r o e l e c t r i c  f a c i l i t y  and any pu rchase r  of power 

[Ref. 991. 

The F e d e r a l  Energy Regula tory  Commission has  determined t h a t  

t h e  proposed f a c i l i t y  w i l l  be e l i g i b l e  f o r  shor t - form l i c e n s i n g .  A 

copy of t h i s  d e t e r m i n a t i o n  is on f i l e  [Ref. 951. The FERC has  a l s o  

f u r n i s h e d  a  l i s t  of l o c a l ,  county,  s t a t e  and f e d e r a l  agenc ie s  which 

must p a r t i c i p a t e  i n  t h e  review p r o c e s s  p r i o r  t o  submiss ion of an 

a p p l i c a t i o n  f o r  a  shor t - form l i c e n s e .  These agenc ie s  have been 

reques ted  t o  e s t i m a t e  t ime r e q u i r e d  f o r  t h e i r  review p r o c e s s e s  t o  

a i d  implementation i n  p lanning  phases  of t h i s  f e a s i b i l i t y  a n a l y s i s .  

A l i s t  of t h e  n ine  a g e n c i e s  and t h e  responses  fo i low.  

Agency Reply a s  o f  4/19/79, 

U.S. Environmental  P r o t e c t i o n  Agency no r e p l y  

. U.S. Dept. ' of t h e  I n t e r i o r  

F i s h  and W i l d l i f e  S e r v i c e  10 days  



U.S. Dept.  of  t h e  I n t e r i o r  

~ e r i t a g e '  and C o n s e r v a t l o n  S e r v i c e  no r e p l y  

U.S. Army Corps  of  E n g i n e e r s  two y e a r s ,  i f  

S e c t i o n  4 0 4  P e r m i t  

r e q u i r e d ;  i f  .not ,  

u n c e r t a i n .  

U . S .  O f f i c e  of  P a r k s  & R e c r e a t i o n  30 d a y s  
i 

N Y S  Dept.  o f  ~ n v i r o n m e n t a l  C o n s e r v a t i o n  15-17'0 d a y s ;  

p o s s i b l y  c o n c u r r e n t  

FERC review.  

N Y S  F i s h  & W i l d l i f e  Management Board no review r e q u i r e d  

NYS P u b l i c  S e r v i . c e  Commission no r e p l y  

Albany County Board o f  c o u n t y  Legislators no r e p l y  ' 

C r i t i c a l  Enerqy F a c i l i t y  Program 

Subsequen t  t o  d i s c u s s i o n s  w i t h  t h e  above a g e n c i e s ,  t h e  

P r e s i d e n t  i s s u e d  E x e c u t i v e  Order  12129 of A p r i l  05,  1979 [Ref.  

1051. T h i s  O r d e r  d i r e c t s  t h e  O f f i c e  of Management and Budqet  t o  

e s t a b l i s h  a  s y s t e m  o f  c o o r d i n a t i o n  and d e a d l i n e s  f o r  a d m i n i s t r a t i v e  

dec i s ion-making  by F e d e r a l  a g e n c i e s .  The Program a p p e a r s  a t  t h i s  

i n s t a n c e  t o  be a n  a t t e m p t  t o  e x p e d i t e  agency review,  s i m p l i f y  and 

s h o r t e n  t h e  rev iew p r o c e s s  f o r  new non-nuc lea r  e n e r g y  f a c i l i t i e s .  

I t  is e x p e c t e d  t h a t  t h i s  O r d e r  w i l l  s i g n i f i c a n t l y  advance  t h e  

p r o j e c t e d  f a c i l i t y  o n - l i n e  date shown i n  t h e  d r a f t  PERT c h a r t ,  

F i g u r e  69. 



Environmental and Cultural Regulatory Requirements 

T h e  various environmental and cultural regulatory requirements 
. . 

are discussed in detail in Chapter 6. 



ECONOMIC ANALYSIS 

The Economic Ana lys i s  ' s e rves  t o  de te rmine  t h e ,  optimum va lues  

of t h o s e  c r i t i c a l  parameters  which can be shown t o  be h igh ly  

r e a c t i v e  o r  i n  maximizing . t he  ob jec t ive . .  

S e v e r a l  c r i t e r i a  can be s e t  f o r  t h e  o b j e c t i v e  f u n c t i o n .  

F i r s t ,  t h e  n e t  b e n e f i t  i s  t h e  va lue  of s a v i n g s  o r  e a r n i n g s  by t h e  

s i t e  deve loper  i n  pursu ing  a  p a r t i c u l a r  p r o j e c t .  A second c r i t e r i a  

is b e n e f i t  t o  c o s t  r a t i o .  An ex t remely  f a v o r a b l e  r a t i o  might be 

shown of a  minor power p r o j e c t .  S e l e c t i o n  on t h i s  b a s i s  a l o n e ,  

however, might r e s u l t  i n  a  very  s m a l l  n e t  b e n e f i t  and minimal 

p roduc t ion  of power. Other  c r i t e r i a  i n c l u d e  r a t e s  of r e t u r n  and 

cash  f low p r o f i l e s .  

I t  was i n i t i a l l y  assumed t h a t  a  l i n e a r  programming model cou ld  

be developed t o  op t imize  c e r t a i n  c r i t i c a l  v a r i a b l e s  such a s  d e s i g n  

f low,  machine s i z i n g  and type ,  e t c .  I t  was determined e a r l y  i n  t h e  

market ing phase  t h a t  t h e  c o s t  f u n c t i o n  unique t o  t h i s  p r o j e c t  was 

d i s c o n t i n u o u s  due t o  t h e  d i f f e r e n t  v a l u e s  p l aced  upon t h e  power 

gene ra t ed .  The most v a l u a b l e  u se  f o r  power g e n e r a t e d  is i n  water  

supply pumping a t  t h e  s i te .  The second most v a l u a b l e  use  f o r  power 

gene ra t ed  is f o r  power wheeled a c r o s s  u t i l i t y  l i n e s  t o  C i t y  owned 

f a c i l i t i e s .  The va lue  i n  t h i s  c a s e  i s  e q u a l  t o  t h e  va lue  of power 

s i m i l a r l y  supp l i ed  by t h e  a r e a  u t i l i t y  l e s s  any wheeling cha rge  

e x t r a c t e d  by t h e  u t i l i t y  f o r  t h e  t r a n s m i s s i o n  s e r v i c e .  The l e a s t  

v a l u a b l e  c lass  of power gene ra t ed  is t h e  s u r p l u s  a f t e r  t h e  f i r s t  two 

demands have been m e t .  The va lue  of s u r p l u s  o r  "dump" power is  set 
by t h e  market requi rements  of Niagara  Mohawk Power Corpora t ion .  A 

f o u r t h  and r e l a t i v e l y  minor va lue  d e r i v e s  from t h e  p o t e n t i a l  u se  of  

t h e  g e n e r a t o r  d u r i n g  p e r i o d s  of non-generat ion due t o  low s t ream 

flow. I n  t h i s  mode of o p e r a t i o n ,  t h e  f a c i l i t y  would o p e r a t e  a s  a  

synchronous condenser  supply ing  power f a c t o r  c o r r e c t i o n  t o  t h e  

Niagara  Mohawk Power Corpora t ion  g r i d .  While it i s  recognized t h a t  

t h i s  s e r v i c e  may be of some va lue  i n  maximizing power t r a n s m i s s i o n  

c a p a b i l i t i e s  of t h e  u t i l i t y  g r i d ,  i t s  economic va lue  is a s  y e t  

~ ~ n d e t e r m i n a b l e ,  For t h i s  reason ,  a  token va lue ,  thought  t o  be much 

l e s s  t h a n  t h e  a c t u a l  va lue ,  has  been inc luded  i n  t h e  a n a l y s i s .  



S i n c e  t h e  b e n e f i t  f u n c t i o n  i s  d i s c o n t i n u o u s ,  o p t i m i z a t i o n  of 

n e t  b e n e f i t s  by normal l i n e a r ,  programming methodologies  becomes a  

I d i f f i c u l t  problem. ~ o ' n s i d e r ' a t i o n  was g iven  t o  deve lop ing  t h e  

methodology us ing  t h e  c o n s t r a i n e d  l i n e a r  systems (CLS) approach,  but  

t h i s  was deemed t o  be t o o  i n f l e x i b l e  and imprec ise  f o r  t h e  

a n a l y s i s .  

The methodology subsequent1.y developed and used was a  two-step 

p roces s .  78 a l t e r n a t i v e s  r e p r e s e n t i n g  a  broad range of s i t e  u se s ,  

d e s i g n  f lows ,  machine t y p e s ,  . c o n f i g u r a t i o n s  c o s t s  and b e n e f i t s  were 

compared and ranked. A n e t  c o s t  comparison was made between a l l  78 

a l t e r n a t i v e s  on t h e  b a s i s . o f  p r e s e n t  worth. '  Following t h i s  

d e t e r m i n a t i o n  of an optimum c .on f igu ra t ion  of component v a r i a b l e s ,  

t h o s e  c o s t s  common t o  a l l  a l t e r n a t i v e s  were inc luded  t o  d e f i n e  two 

p r o j e c t s .  These opt imized p r o j e c t s ,  were t hen  s u b j e c t e d  t o  t h e  

followi.ng Economic F e a s i b i l i t y  Analys i s .  .The methods of a n a l y s i s  

and convent ions  u s e d . f o l l o w  t h o s e  o f  Grant  & I r e s o n  [Ref. 1 1 1 .  The 

account. ing s t a n c e  assumed was t h a t  of t h e  owner, t h e  C i t y  of 

W a t e r v l i e t  , N. Y. 

S e l e c t e d  P r o j . e c t s  

Two a l t e r n a t i v e s  were s e l e c t e d  which r e p r e s e n t e d  t h e  optimum 

c o n f i g u r a t i o n  of many v a r i a b l e s .  These a l t e r n a t i v e s ,  Nos. 1.02 and 

8.07, r e p r e s e n t  two d i s t i n c t  t y p e s  of p r o j e c t s .  The f i r s t ,  P r o j e c t  

A ,  r e p r e s e n t s  a  r e h a b i l i t a t i o n  t y p e  approach u t i l i z i n g  a v a i l a b l e  

c i v i l  and mechanical  works t o  t h e i r  f u l l e s t  c a p a c i t y .  P r o j e c t  A ,  

which c o n s i s t s  of  A l t e r n a t i v e  1.02 p l u s  o t h e r  common components 

would deve lop  46% of p o t e n t i a l  h y d r o e l e c t r i c  c a p a c i t y  a t  t h e  Normans 

K i l l  s i t e .  P r o j e c t  B is  based upon A l t e r n a t i v e  8.07. I t  r e p r e s e n t s  

a  new c o n s t r u c t i o n  approach u t i l i z i n g  on ly  c e r t a i n  e x i s t i n g  c i v i l  

works and deve lops  68% of p o t e n t i a l  h y d r o e l e c t r i c  power. T o t a l  

p r o j e c t  c o s t s  f u r  each p r o j e c t  type fo l lows .  Techn ica l  d e t a i l s  f0.r 

each  p r o j e c t  a r e  d e p i c t e d  on F i g u r e  44 and F i g u r e s  41A and 41H. A 

more d e t a i l e d  d e s c r i p t i o n  of t h e  recommended p r o j e c t  w i l l  f o l l o w  i n  

t h e  Synopsis/Recomrnendations. 



P r o i e c t  A P r o j e c t  B  

1. I n t a k e  ( f r o m  F i g .  44) $ 53,700 
2. P e n s t o c k  ( f r o m  F i g .  44) 68 ,400  
3.  Powerhouse ( "  91,200 
4. S w i t c h g e a r  C o n t r o l s ( F r o m  F i g .  44) 201,500 
5. Machine (From " ' I )  ' 257,500 
6. Anc. Equipment  ( ~ r o m  la la ) 70,300 
7. .Pump/Control  S t a t i o n  M o d i f i c a t i o n  

a .  Removals 5 ,000  
b. S u p e r s t r u c t u r e  Rehab. 30 ,000  
c,. . S e c u r i t y  C o n s t .  4 ,000 
.d. Metals 3,000 
e. S t a n d b y  Power 30,000 
f .  S u r g e  C o n t r o l .  19 ,125  
g.  P ip , ing  62,000 
h. Pump Rehab. 1 5 , 0 0 0  
i. T e l e m e t r y  9,000 
j. Motor C o n t r o l  35,000 
k.  E l e c .  Rehab. 20,000 

8. Mobi l .  & Temp. S e r v i c e s  1 3 6 i 6 0 0  
9. S u b t o t a l  C o n s t r u c t i o n  C o s t  1 , 1 1 1 , 3 2 5  

10 .  Admin., L e g a l  & T e c h n i c a l  C o s t  148 ,200  
11. I n t e r e s t  d u r i n g  C o n s t r u c t . i o n '  50 ,375  
12 .  T o t a l  P r o j e c t  C o s t  $1 ,309 ,900  

D e t e r m i n a t i o n  o f  D i s c o u n t  Rate and  C o s t  and B e n e f i t  G r a d i e n t s  

The d i s c o u n t  r a t e  t o  b e  u s e d  t o  r e p r e s e n t  t h e ' t i m e  v a l u e  s f  

money f o r  economic s t u d i e s  i s  t h e  s u b j e c t  o f  l e n g t h y  and i n v o l v e d  

d e b a t e .  I t  i n v o l v e s  q u e s t i o n s  o f  v a r y i n g  d i s c o u n t  ra tes  f o r  p u b l i c  

v e r s u s  p r i v a t e  p r o j e c t s ,  and w h e t h e r  t h e  r a t e  s h o u l d  r e f l e c t  t h e  

nomina l  o r  t h e  s o c i a l  o p p o r t u n i t y  c o s t  o f  money. A d e t a i l e d  

d i s c u s s i o n  and f r a r i ~ e w o r k ' f o r  s u c h  a n a l y s i s  c a n  be f o u n d  i n  t h e  

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

r a t i o n a l e  is o f f e r e d .  The C i t y  o f  W a t e r v l i e t ' s  r a te  f o r  m u n i c i p a l  

bonding  is 6.31% based  upon a g e o m e t r i c  mean o f  t h e  p a s t  f i v e  y e a r s '  

i s s u a n c e  o f  bonds.  W e  f e e l  t h a t  a  s t r o n g  case c a n  be  made h e r e  f o r  

u s i n g  a  d i s c o u n t i n g  r a t e  e q u a l  t o  t h e  a c t u a l  c o s t  o f  money t o  t h e  

m u n i c i p a l i t y .  However, i n  c u n j u n c t i o n  w i t h  this r a t e ,  i t  seems 
a p p r o p r i a t e  t o  i n c r e m e n t  ( o r  d e c r e m e n t )  o t h e r  c o s t s  and' b e n e f i t s  

u sed  i n  t h e  e c o n o m i c ' e v a l u a t i o n  t o  more n e a r l y  r e p r e s e n t  , t h e  

o b s e r v e d  and p r e d i c t e d  p a t t e r n s  o f  r e l a t i v e  p r i c e  c h a n g e s .  T h i s  
. . . . .  

c o n v e n t i o n  f o l l o w s  c i o s e l y  the m e t h o d o l o g i e S : s u g g e s t e d  by t h e  c i t e d  



R e f e r e n c e  Nos. 40 and 51. We r e a l i z e  t h a t  t h e s e  o b s e r v e d  and 

p r e d i c t e d  v a l u e s  o r  c o s t  g r a d i e n t s  i n c l u d e  some component of g e n e r a l  

i n f l a t i o n  o r  g e n e r a l  i n c r e a s e  i n  t h e  nominal  c o s t  of  goods  and 

s e r v i c e s  r e l a t i v e  t o  t h e  r e a l  ( c o n s t a n t )  v a l u e  of  t h e  same goods  and 

s e r v i c e s .  Recogniz ing  t h e n  t h a t  t h e  d i s c o u n t  r a t e  s h o u l d  r e f l e c t  

t h i s  g e n e r a l  and nominal  i n c r e a s e  i n  t h e  t i m e  v a l u e  of money, t h e  

problem becomes one of s e l e c t i n g  a n  a p p r o p r i a t e l y  h i g h e r  d i s c o u n t  

r a t e .  The d i s c o u n t  r a t e  s u g g e s t e d  i n  t h e  r e c e n t  U.S. Department  o f  

Energy Program O p p o r t u n i t y  N o t i c e  f o r  H y d r o e l e c t r i c  Demons t ra t ion  is 

used i n  o u r  a n a l y s i s . .  I t  is assumed and u n d e r s t o o d  t h a t  t h i s  r a t e  

o f  8.0% i n c l u d e s  a n  i n f l a t i o n a r y  component o v e r  and a b o v e l t h e  

r e c o g n i z e d  b a r e  t i m e  y i e l d  of  money [Ref. 1041. W e  a r e  c o g n i z a n t  of  

t h e  f a c t ,  however, of  t h e  v a r y i n g  o p i n i o n s  of e c o n o m i s t s  i n  

s e l e c t i n g  a n  a p p r o p r i a t e  d i s c o u n t  r a t e .  W e  have i n c l u d e d  i n  t h e  

S e n s i t i v i t y  A n a l y s i s  s e c t i o n  of  t h i s  p h a s e ,  d e t a i l e d  d a t a  which c a n  

h e l p  t h e  r e a d e r  t o  v i s u a l i z e  t h e  r e l a t i v e  e f f e c t  of v a r y i n g  d i s c o u n t  

r a t e s .  

The o b s e r v e d  nominal  i n c r e a s e s  i n  c o s t  f o r  goods  and s e r v i c e s  

i n  t h e  c a t e g o r i e s  p e r t i n e n t  t o  t h i s  a n a l y s i s  a r e  d e p i c t e d  below. 

C a l c u l a t e d  C o s t  G r a d i e n t s  
(Compounded Amount F a c t o r s ,  A l l  P o s i t i v e )  

P e r i o d  i n  Y e a r s ( 1 9 7 8  Base)  

Consumer P r i c e  Index  
3.25% 3.75% 6.0% 

Wholesa le  P r i c e  Index  
3.25% 3.5% 5.75% 

E l e c t r i c a l  Machinery 4.25% 1.75% 6.0% , .  

E l e c t r i c a l  Power 
Wholesa le  U .  S. ) 

~ l e c t r  i c a l '  Powe t (NMPC) 6.0% 9.0% , 



E l e c t r i c a l  Power Pro- 
j e c t i o n s  N.Y.S. Energy 
O f f i c e  (by'NMPC) 

. . 

N a t u r a l  Gas Cost  
P r o j e c t i o n  
NYS Energy O f f i c e  
(by NMPC) 

Following t h e '  convent ion  of [Ref. 511, we have e l e c t e d  t o  use.  

nominal changes  i n  c o s t  f o r  our  a n a l y s i s .  We b e l i v e  t h a t  t h e  c o s t  

g r a d i e n t s  s e l e c t e d  a r e  c o n s e r v a t i v e  i n  range. I t  is noted t h a t  t h e  

g r a d i e n t s  used a r e  based. upon t h e  h i s t o r i c a l -  record .  and i n c l u d e  some 

i n f l a t i o n a r y  component. The . de t e rmina t ion  of '  an  i n f l a t i o n a r y  

component by us ing  t h e  U.S. Department of Commerce Consumer o r  

Wholesale P r i c e  Index t o  c o r r e c t  t h e  observed g r a d i e n t s  is 

i m p r a c t i c a l .  The CPI o r  W P I  is a  r e l a t i v e  index based upon a  

r e p r e s e n t a t i v e  sample of market  p l a c e  goods and s e r v i c e s ,  whereas 

t h e  i n f l a t i o n a r y  c o s t  i n c r e a s e s  f o r  s p e c i f i c  goods and s e r v i c e s  

v a r i e s  f o r  d i f f e r e n t  p roduc t s .  Use of a  g e n e r a l  n a t i o n a l  index of 

c o s t s  f o r  a  d i s agg rega t ed  sample of goods and s e r v i c e s  on a  l o c a l  o r  

microeconomic l e v e l  i s  i n a p p r o p r i a t e .  

I n  summary, our  approach is  t o  use  a  d i scoun t .  r a t e  which 

knowingly i n c l u d e s  some f a c t o r  f o r  assumed long-term g e n e r a l  

i n f l a t i o n  and t o  use  nominal c o s t  g r a d i e n t s  based upon t h e  b e s t  

observed and most a p p r o p r i a t e  d a t a  a v a i l a b l e  t o  t h e  C i t y  of 

~ a t e r v l ' j e t ,  N e w  York. A s  p r e v i o u s l y  mentioned, because of t h e  wide 

range of o p i n i o n s  among economists  i n  d e t e r m i n i n g  t h e s e  g rad ien t s . ,  

w e  have - included s u f f i c i e n t  d a t a  i n  t h e  S e n s i t i v i t y  A n a l y s i s  : s e c t i o n  

t o  v i s u a l i z e  t h e  impact of making a l t e r n a t i v e  cho ices .  

P r e s e n t  Worth Ana lys i s  

The p r e s e n t  worth of t h e  b a s e l i n e  c o n d i t i o n  and P r o j e c t s  A and 

B have been c a l c u l a t e d ,  r e p r e s e n t i n g  c a s h  ou t f lows  a s  n e g a t i v e  

numbers. The f a c t o r s  used i n  t h e  a n a l y s i s  were: 

a. 50-year a n a l y s i s  pe r iod .  

'b. 8:0$ d i s c o u n t  r a t e .  



c. C a p i t a l  c o s t s  i n c u r r e d  a t  f i r s t  y e a r .  

d .  Labor  c o s t  g r a d i e n t  5.8% p e r  annum. 

e. O p e r a t i o n  & m a i n t e n a n c e  c o s t  g r a d i e n t  4.0% p e r  annum. 

f .  E l e c t r i c a l  e n e r g y  c o s t  g r a d i e n t  7.0% p e r  annum. 

P r e s e n t  Worth A n a l v s i s  

B a s e l i n e  P r o j e c t  A P r o j e c t  B 

P.W. C a p i t a l  C o s t  $- 407,000 $-I, 309,900 $-I, 747,200 
P.W. Labor  -3 ,454 ,437  - 575,740 . - 575,740 
P.W. Power - 71,636 - 616,863 - 1 3 9 , 2 9 3  
P.W. 0 & M - 187 ,513  - 997,130 -'I, 213,322 
P.W. Energy  C r e d i t s  0  +2 ,367 ,957  +2 ,857 ,466  
P.W. N e t  C o s t  $-4,120,586 $-1,131,676 $- 818,08'9 . 

A f u r t h e r  d i s c u s s i o n  o f  p r e s e n t  w o r t h s  f o l l o w s  u n d e r  B e n e f i t  

C o s t  R a t i o  and Cash Flow. 

B e n e f i t  C o s t  R a t i o  

The optimum c o n f i g u r a t i o n  p rogram (OCP) a i d e d  i n  t h e  s e l e c t i o n  

of t h e  b e s t  c o n f i g u r a t i o n  among s e v e r a l  p o s s i b l e  a l t e r n a t i v e  

s e l e c t i o n s  o f  h y d r o e l e c t r i c .  g e n e r a t i n g  equipment .  A l t e r n a t i v e s  Nos. 

1 .02  and 8.07 were t e n t a t i v e l y  s e l e c t e d  a s  optimum con£ i g u r a t i o n s  

f o r  g e n e r a t i o n  equipment .  Two s e p a r a t e  a l t e r n a t i v e s  were s e l e c t e d  

b e c a u s e  t h e y  were n o t  c o m p a r a b l e  o n  t h e  same economic  b a s i s .  

A l t e r n a t i v e  No. 1 .02  i n v o l v e s  t h e  r e u s e  o f  c e r t a i n  e x i s t i n g  

equ ipmen t  wh ich  f o r  s u b j e c t i v e  r e a s o n s  may be  u n a c c e p t a b l e  i n  s p i t e  

o f  b e i n g  less e x p e n s i v e .  T h e s e  c o n f i g u r a t i o n s  have  b e e n  

i n c o r p o r a t e d  i n t o  p r o j e c t s  which  have  been  d e s i g n a t e d  a s  P r o j e c t  A 

and P r o j e c t  B ,  r e s p e c t i v e l y .  The  f e a s i b i l i t y  o f  P r o j e c t  A o r  

P r o j e c t  B c a n  be  i n v e s t i g a t e d  by d e t e r m i n i n g  t h e  b e n e f i t - c o s t  r a t i o  

o f  t h e  ' i n c r e m e n t a l  i n v e s t m e n t  compared t o  a b a s e l i n e  c o n d i t i o n .  Our 

b a s e l i n e  a c c o u n t i n g  s t a n c e  is  t h a t  o f  o p e r a t i n g  t h e  e x i s t i n g w a t e r  

pumping s t a t i o n  i n  i ts '  p r e s e n t  ' c o n f i g u r a t i . o n  wh ich  c u r r e n t l y  

u t i l i z e s  .some m e c h a n c i a l  hydropower t o  0 p e r a t . e  water s u p p l y  pumps. m 
The compar ison '  p e r i o d  is t a k e n  t o ' b e  50 y e a r s  o r  t h e . p r o j e c t e d  l i f e '  



) of  t h e  equipment  f o r  P r o j e c t s  A and B. The e x i s t i n g  f a c i l i t y  

r e q u i r e s  some immediate i n v e s t m e n t  t o  be a b l e  t o  c o n t i n u e  i n  i ts  

p r e s e n t  c a p a c i t y  f o r  a  comparable  50-year  p e r i o d .  

The b e n e f i t - c o s t  r a t i o  a n a l y s i s  i s  d e p i c t e d  on F i g u r e  56. A 

p e r i o d  of 50 y e a r s  and compound a n n u a l  c o s t  i n c r e a s e s  f o r  l a b o r ,  

e n e r g y ,  and o p e r a t i o n  and main tenance  of 5 . 8 % ,  7.0%, and 4.0%, 

r e s p e c t i v e l y  a r e  shown. T h i s  b e n e f i t - c o s t  r a t i o  i s  based upon t h e  

p r e s e n t  wor th  o v e r  t h e  e n t i r e  s e r v i c e  p e r i o d .  The f i r s t  o r  b e n e f i t  

p o r t i o n  i n c l u d e s  t h e  b e n e f i t s  a c c r u i n g  t o  t h e  C i t y  a s  r e d u c t i o n  i n  

t o t a l  power c o s t  due  t o  power which c a n  be produced i n  e x c e s s  of  

t h a t  which w i l l  be  used  t o  o p e r a t e  t h e  electr ic pumps. The v a l u e  o f  

t h i s  c r e d i t  i n  t h e  b a s e  y e a r  c a n  be  t a k e n  from F i g u r e  30A and is t h e  

t o t a l  of  t h e  c r e d i t s  shown f o r  " c i t y  u s e " ,  " e x c e s s " ,  and "power 

f a c t o r "  c o r r e c t i o n .  T h e  second b e n e f i t  i t e m  is  t h e  r e d u c t i o n  i n  

l a b o r  c o s t s  r e s u l t i n g  from a u t o m a t i o n  of  t h e  pumping s t a t i o n  which 

w i l l  o p e r a t e  on e l e c t r i c  power i n  c o n t r a s t  t o  t h e  l a b o r  i n t e n s i v e  

e x i s t i n g  b a s e l i n e  s i t u a t i o n .  The p r e s e n t  wor th  of  t h e  f u t u r e  

b e n e f i t s  i s  computed f o r  e a c h  y e a r  o f  t h e  s e r v i c e  p e r i o d  and summed 

f o r  p r o j e c t s  A and B. on F i g u r e  5 6 - l i n e  5. 

Items r e q u i r e d  t o  d e t e r m i n e  t h e  p r e s e n t  wor th  o f  a d d i t i o n a l  

c o s t s  from implementing t h e  p r o j e c t s  a r e  computed and d i s p l a y e d  a s  

l i n e s  6-11 on F i g u r e  56. The f i r s t  s u c h  i t e m  i s  c a p i t a l  c o s t ,  F o r  

a n a l y s i s  p e r i o d  less t h a n  50 y e a r s ,  cr.edit i s  t a k e n  f o r  a p r e s e n t  

wor th  o f  a  f u t u r e  r e s i d u a l  v a l u e  which is  computed by assuming t h a t  

the ' b a s i c  v a l u e  of  t h e  comparable  new f a c i l i t y  i n c r e a s e s  a t  a  r a t e  

e q u a l  t o  t h e  a v e r a g e  o f  t h e  e n e r g y ,  l a b o r ,  and , o p e r a t i o n  and 

main tenance  c o s t ' g r a d i e n t s  ( 5 . 6 % ) ,  b u t  because  of  i ts a g e ,  it is 

s i m u l t a n e o u s l y  reduced on t h e  r a t i o  o f  i ts  a g e  t o  i ts 50-year  l i f e .  

T h i s  f u t u r e  r e s i d u a l  v a l u e  is t h e n  - d i s c o u n t e d  t o  p r e s e n t  wor th  u s i n g  

t h e  s t a t e d  d i s c o u n t  r a t e  ( 8 . 0 % ) .  The second c o s t  items a r e  p o w e r ' t o  

o p e r a t e  t h e  pumps d u r i n g  low s t r e a m f l o w ' p e r i o d s . w h e n  t u r b i n e s  c a n n o t  

p roduce  e l e c t r i c i t y .  The b a s e l i n e  c o n d i t i o n  assumes p u r c h a s e  of  

p o w e r f o r  pumping f o r  a p p r o x i m a t e l y  1 4  d a y s  p e r  y e a r  a t  t h e  assumed 

r a t e  of 5.3 c e n t s  p e r  k i l o w a t t  hour  i n  t h e  b a s e  y e a r .  Under 

P r o j e c t s  A ,  and B, '  pumping c o s t s  i n  t h e  b a s e  y e a r  a r e  c a l c u l a t e d  t o  



be $45,.460 ( 3 6 5  d a y s  a t  98 kw a t  5.3 c e n t s  p e r  kwh) less t h e  amount 

shown under  " s i t e  use"  power c r e d i t s  i n  F i g u r e  30A. The t h i r d  c o s t  

i t em is  o p e r a t i o n  and ~ a i n t e n a n c e ,  t h e  p r e s e n t  w o r t h s  of  which i s  

computed by e s c a l a t i n g  t o  f u t u r e  v a l u e s  i n  e a c h  y e a r  of t h e  s e r v i c e  

p e r i o d  u s i n g  t h e  g r a d i e n t s  shown, d i s c o u n t i n g  them back t o  p r e s e n t  

wor th  a t  t h e '  i n d i c a t e d  d i s c o u n t  r a t e  and summing them a s  i n  t h e '  

b e n e f i t s  s e c t i o n .  

I n  a c c o r d a n c e  w i t h  G r a n t  and I r e s o n  [Ref.  l l], b e n e f i t  c o s t  

r a t i o  on t h e  i n c r e m e n t a l  i n v e s t m e n t  is c a l c u l a t e d  a s  t h e  i n c r e m e n t a l  

i n c r e a s e  i n  b e n e f i t s  from t h e  b a s e  l i n e  t o  P r o j e c t s  A o r  B o n . l i n e  5 

d i v i d e d  by t h e  c o r r e s p o n d i n g  i n c r e m e n t a l  i n c r e a s e  i n  c o s t s  on l i n e  

12. . L a b o r  c o s t s - . a r e  n o t  i n c l u d e d  i n  l i n e  1 2  c o s t s  s i n c e  t h e  

s u b s t a n t i a l  r e d u c t i o n  i n  l a b o r  c o s t s ' h a , v e  been t a k e n  a s  one  of t h e  

major  b e n e f i t s  and w e  a r e  i n t e r e s t e d  i n  d e t e r m i n i n g  t h e  r a t i o  of  

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

We f e e l  t h a t  it is i l l o g i c a l  t o  c o n s i d e r  t h e  implementa t ion  o f  

t h e  h y d r o e l e c t r i c  power g e n e r a t i n g  f a c i l i t y  w i t h o u t  s i m u l t a n e o u s l y  

upgrad ing  t h e  c i t y ' s  pumping s t a t i o n  a t  t h e  s i t e .  ~ l t h o u g h  it is . '  

n o t  shown i n  F i g u r e  56, i n v e s t i g a t i o n  was made of  t h e  r e l a t i v e  

b e n e f i t  c o s t  r a t i o  of  t h e  i n c r e m e n t a l  p o r t i o n s  of  t h e  p r o j e c t s  t o  

upgrade  t h e  pumping s t a t i o n  w i t h  i ts  r e s u l t i , n g  l a b o r  s a v i n g  

b e n e f i t s .  The b e n e f i t  c o s t  r a t i o  of  t h i s  inc rement  r e l a t i v e  t o  t h e  

b a s e l i n e  was 1.81, The i n c r e m e n t a l  b e n e f i t  c o s t  r a t i o  f o r  t h e  

f u r t h e r  i n v e s t m e n t  t o  add h y d r o e l e c t r i c  power g e n e r a t i o n  r e s u l t i n g  

i n  t h e  f u l l  P r o j e c t  A o r  B was i n c r e m e n t a l l y  3.56 and 3.40,  

r e s p e c t i v e l y .  

I n  a l l  c a s e s ,  a  b e n e f i t  c o s t  r a t i o  g r e a t e r  t h a n  one i n d i c a t e s  

t h a t  a n  i n v e s t m e n t  w i l l  b r i n g  a  r e t u r n  g r e a t e r  t h a n  t h e  i n v e s t m e n t  

o v e r  t h e  s t u d y  p e r i o d ,  

Cash Flow 

I n  . o r d e r  t o  p e r m i t  ' t .he a n a l y s i s  of  a n t i c i p a t e d  f u t u r e  . c a s h  f l o w  

a s s o c i a t e d  w i t h  f h e  p r o j e c t s ,  a c a s h  f l o w  model was deve loped  which 
. . 

computes t h e  a n n u a l  c o s t s  f o r  any s p e c i f i e d  ' p e r i o d .  C a p i t a l  c o s t s .  

, a r e  i n d i c a t e d  a s  a  s i n g l e  expense  a t  y e a r  z e r o  w h i l e  l a b o r ,  



b power and o p e r a t i o n  and main tenance  c o s t s  a r e  shown a s  a n n u a l  c o s t s  

i n c r e a s i n g  from a  b a s e  y e a r  v a l u e  a t  a  compound a n n u a l  r a t e  i n  t h i s  

example e q u a l  t o  5.8%, 7.0% and 4.0%, r e s p e c t i v e l y ,  a s  used  i n  t h e  

b e n e f i t  c o s t  program. T h e  n e t  c a s h  f l o w  f o r  any y e a r  i s  t h e  sum of 

a l l  p r e v i o u s  columns u s i n g  t h e  c o n v e n t i o n  t h a t  a  n e g a t i v e  v a l u e  i s  a  

c a s h  o u t f l o w .  The l a s t  o r  c u m u l a t i v e  p r e s e n t  wor th  column shows t h e  

b a s e  y e a r  c u m u l a t i v e  p r e s e n t  wor th  of  a l l  y e a r s  n e t  c a s h  f l o w  

t h r o u g h  t h a t  g i v e n  y e a r ,  i n  t h i s  c a s e  u s i n g  a n  8% d i s c o u n t  r a t e .  

A p r o j e c t e d  50-year  c a s h  f l o w  f o r  P r o j e c t s  A and B a r e  i n c l u d e d  

a s  F i g u r e s  58. A s i m i l a r  c a s h  f l o w  is  shown f o r  t h e  c o r r e s p o n d i n g  

b a s e l i n e  c o n d i t i o n  assuming t h a t  s u b s t a n t i a l  i n v e s t m e n t  is 

immedia te ly  r e q u i r e d  t o  e n a b l e  it t o  o p e r a t e  f o r  t h e  50 y e a r  

p e r i o d .  I t  s h o u l d  be  n o t e d  t h a t  t h e  o p e r a t i o n  of  t h e  pumping 

s t a t i o n  i n  e a c h  c a s e  i s  e s s e n t i a l  t o  t h e  w e l f a r e  o f  t h e  C i t y  of  

W a t e r v l i e t .  I t  c a n  be s'een t h a t  t h e  b a s e l i n e  c o n d i t i o n  shows a  

l e s s e r  c a p i t a l  e x p e n d i t u r e  and o p e r a t i o n  and main tenance  c o s t ,  a  

much g r e a t e r  o u t f l o w  f o r  l a b o r  c o s t ,  and none. of  t h e  l a r g e  c r e d i t s  

f o r  power p r o d u c t i o n  a v a i l a b l e  under  P r o j e c t s  A o r  B. By comparing 

t h e  cas'h f l o w s  f o r  P r o j e c t s  A and B  w i t h  t h e  b a s e l i n e  c a s h  f l o w ,  i.t 

c a n  be  s e e n .  t h a t  t h e  i n c r e a s e d .  i n v e s t m e n t  i n .  P r o j e c t s  A o r  B w i l l ' b e  

r e p a i d  by t h e  t e n t h  o r  t h i r t e e n t h  y e a r s ,  r e s p e c t i v e l y  when t h e  

c u m u l a t i v e  p r e s e n t  wor th  c a s h  o u t f l o w  f o r  e i t h e r  p r o j e c t  becomes . 

less t h a n  t h e  c o r r e s p o n d i n g  i t e m  under  t h e  b a s e l i n e  c o n d i t i o n .  The 

t o t a l  p r e s e n t  wor th  o f  t h e  50-year  ser ies  f o r  e a c h  column i s  

summarized on  t h e  bot tom l i n e  o f  e a c h  of t h e  d i s p l a y s  i n  F i g u r e  58. 

D e l t a  Cash Flow. 

To f a c i l i t a t e  making t h e  compar i son  between t h e  c a s h  f l o w  f o r  

t h e  p roposed  p r o j e c t  and t h a t  f o r  t h e  b a s e l i n e  c o n d i t i o n ,  t h e  D e l t a  

C a s h  Flow d i s p l a y '  o f  F i g u r e  5 R s h n w s  t h e  n e t c h a n g e  i n c a s h  f l o w  

r e s u l t i n g  from i n v e s t i n g  i n  P r o j e c t  A o r  B. F i g u r e  58 shows t h e s e  

n e t  changes  f o r  P r o j e c t s  A o r  B u t i l i z i n g  t h e  same a s s u m p t i o n s  a s  

were used  i n  t h e  p r e c e d i n g  Cash Flow d e s c r i p t i o n .  The c o n v e n t i o n  

used shows i n c r e a s e s  i n  c o s t  a s  n e g a t i v e  numbers and c o s t  r e d u c t i o n s  

a s  p o s i t i v e  numbers. I t  c a n  be s e e n  a g a i n  t h a t  t h e  c a p i t a l  



i n v e s t m e n t  ' ind added, i n c r e m e n t a l  o p e r a t i o n  and main tenance  ' c o s t  i n  

P r o j e c t s  A and B i.s more t h a n  o f f s e t  by g a i n s .  i n  l a b o r  s a v i n g s  and 

power c r e d i t s  s o . t h a t  a f t e r  10  o r  1 3  y e a r s  r e s p e c t i v e l y  t h e  

i n v e s t m e n t  h a s  t u r n e d  i n t o  a  n e t  b e n e f i t  compared t o  t h e  b a s e l i n e  

c o n d i t i o n .  

D i s c o u n t e d  Cash Flow 

The computed b e n e f i t  c o s t  r a t i o s  f o r  t h e  p roposed  p r o j e c t s  

d e m o n s t r a t e  t h a t '  i n v e s t m e n t  i n  t h e  p r o j e c t s  merits c o n s i d e r a t i o n .  

The owner must compare t h a t  p o t e n t i a l  i n v e s t m e n t  w i t h  o t h e r  p o s s i b l e  

e x p e n d i t u r e s  t o  .dec ide  whether  t h a t  p r o j e c t  w a r r a n t s  h i s  

inves tment .  The owner may have o t h e r  less a t t r a c t i v e  p r o j e c t s  f o r  

which he  may be o b l i g a t e d  t o  spend h i s  a v a i l a b l e  c a p i t a l ,  and c a s h  

f l o w  prob lems  may p r e v e n t  him from making t h e  i n v e s t m e n t . .  

For  t h o s e  r e a s o n s ,  and t o  h e l p  t h e  owner t o  e v a l u a t e  t h e  

r e l a t i v e  m e r i t s  of  a n  i n v e s t m e n t  i n  P r o j e c t  A o r  B ,  w e  have a n a l y z e d  

t h e  i n v e s t m e n t  i n  a n o t h e r  way by showing t h e  c a l c u l a t e d  r a t e  of  

r e t u r n  f o r  t h e  i n c r e m e n t a l  p r o j e c t  r e l a t i v e  t o  t h e  b a s e l i n e  

c o n d i t i o n .  A v a r i a t i o n  on t h e  D e l t a  Cash Flow was used i n  F i g u r e  57 

i n  which t h e  change i n  n e t  c a s h  f l o w  f o r  t h e  s t u d y  p e r i o d  was 

o b t a i n e d ,  b u t  u s i n g  a n  i t t e r a t i v e  p r o c e d u r e ,  t h e  i n t e r n a l  r a t e  of 

r e t u r n  was d e t e r m i n e d ,  T h i s  computed r a t e  which, when used t o  

r e p r e s e n t  t h e  t i m e  v a l u e  of  t h e  i n v e s t o r ' s  money o r  i n t e r e s t  r a t e  

f o r  d i s c o u n t i n g  f u t u r e  c a s h  v a l u e s  t o  p r e s e n t  wor th ,  c a u s e s  t h e  

p r o j e c t  t o  b r e a k . e v e n .  The r a t e s  s o  computed f o r  P r o j e c t s  A and B 

a r e  18.91% and 16.24%, r e s p e c t i v e l y .  T h i s  means t h a t  a n  i n v e s t m e n t  

i n  t h e  p r o j e c t  w i l l  be r e c o v e r e d  o v e r  t h e  ' s e r v i c e  p e r i o d ,  u s i n g  t h e  

s t a t e d  assumpt ions ,  when t h e  v a l u e  of  money t o  t h e .  i n v e s t o r  is a s  

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

d i s p l a y  i s  p r e s e n t  wor th  of  t h e  .SO-year series when. d i s c o u n t e d  u s i n g  

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

f l o w  is  z e r o . d o l l a r s .  The i n t e r n a l  r a t e  of  r e t u r n  on a n  a n  

i n c r e m e n t a l  i n v e s t m e n t  i s  one  more measure  which t h e  owner c a n  

u t i l i z e  i n  t r y i n g  t o  d e c i d e  among compet ing  i n v e s t m e n t s  which one i s  

most advan tageous  f o r  him. 



S u b j e c t i v e  C o n s i d e r a t i o n s  

, Economic q n a l y s i s  i n d i c a t e s  t h a t  b o t h  P r o j e c t  A a n d . P r o j e c t  B 

m e r i t .  implementa t ion .  However, c o n s i d e r a t i o n  must be g i v e n  t o  ' 

n o n - q u a n t i t a t i v e  i n d i c a t o r s  such  a s  e n v i r o n m e n t a l  i m p a c t , . c u l t u r a l  

r e s o u r c e  impac t ,  l i c e n s i n g  c o n s t r a i n t s  and o t h e r  i n t a n g i b l e s .  

R a t h e r  t h a n  a t t a c h i n g  economic v a l u e s  t o  a l l o w  a n a l y s i s  i n  a  

s u p p o s e d l y  " a n a l y t i c a l "  f a s h i o n ,  a  s i m p l e  l i s t i n g  of  p e r t i n e n t  

s u b j e c t i v e  . f a c t o r s  and t h e i r  r e l a t i v e  impac t  on b o t h  p r o j e c t s  i s  

p r e s e n t e d .  Some a d m i t t e d l y  s u b j e c t i v e  judgments  a r e  i n c l u d e d  i n  t h e  ' 

r a t i n g s .  

R e l a t i v e  I m p a c t s  o f  
O t h e r  S u b j e c t i v e .  C o n s i d e r a t i o n s  

R e l a t i v e  impact  s c a l e :  0  = b e n e f i c i a l  o r  e a s y  
5 = minimal  o r  normal  

1 0  = .  adver 'se  o r  d i f f i c u l t  

P r o j e c t  A P r o j e c t  B 

Env i ronmenta l  
R e s e r v o i r  r e l a t e d  
S t ream r e l a t e d  ( B  is s e e n  as hav ing  

b e n e f i c i a l  e f f e c t s  on  d i s s o l v e d  
oxygen l e v e l s )  

R e c r e a t i o n a l  impact  
O t h e r  i m p a c t s ( d r i n k i n g  w a t e r )  

C u l t u r a l  & A r c h a e o l o g i c a l  
H i s t o r i c  s i t e  d i s r u p t i o n  

L i c e n s i n g  
Approvable  d e s i g n  
~ e v i e w  d e l a y s  

C o n s t r u c t i o n  R e l a t e d  
Lead time r e q u i r e d  . 
. D i s r u p t i o n  of  e x i s . t .  f a c i l i t i e s .  
Weather (s t reamElow) s e , n s i t i v e  

Energy S i g n i f i c a n c e  
Development of  s i t e  p o t e n t i a l  



Implementa t ion  
Easement .  a c q u i s i t i o n  
Power p u r c h a s e  agreement  

w i t h  u t i l i t y  
Impact  on u t i l i t y  r evenues  

S e n s i t i v i t y  A n a l y s i s  

E x t e n s i v e  r e s e a r c h  was performed a s  p a r t  of t h e  a n a l y s i s  t o  

d e t e r m i n e  t h e  .economic a s s u m p t i o n s  which c o u l d  b e s t  r e p r e s e n t  t h e  

o w n e r ' s  t r u e  p o i n t  o f  economic view. A f t e r  c o n s i d e r a b l e  e f f o r t  w e  

conc luded  t h a t  it was i m p o s s i b l e  t o  select economic r a t e s  which were 

a c c e p t a b l e  t o  a  c o n s e n s u s  o f  a u t h o r i t i e s .  W e  t h e r e f o r e  have 

p r e s e n t e d  t h e  v a r i o u s  c o m p u t a t i o n a l  o u t p u t  m a t e r i a l  u s i n g  c o n s i s t e n t  

a s sumpt ions  which w e  f e l t  were most r e a s o n a b l e  from t h e  a c c o u n t i n g  

s t a n c e  of t h e  C i t y  o f  W a t e r v l i e t .  E x p e c t i n g  t h a t  e a c h  r e v i e w e r  w i l l  

w i s h  t o  impose h i s  own a s s u m p t i o n s  on t h e  economic a n a l y s i s ,  w e  have  

computed and d i s p l a y e d  a  s e r i e s  of d a t a  m a t r i c e s  showing 

i n t e r r e l a t i o n s h i p s  among s e v e r a l  o f  t h e  economic v a r i a b l e s  f o r  t h e  

p roposed  and recommended P r o j e c t  B. T h i s  d a t a  h a s  been p l o t t e d  a s  

an  i n d i c a t o r  of  t h e  r e s p o n s e  o f  b e n e f i t s  v e r s u s  s e v e r a l  of  t h e  most 

i m p o r t a n t  and c o n t r o v e r s i a l  v a r i a b l e s .  Each r e v i e w e r  c a n  t h e r e f o r e  

a s s e s s  t h e  s e n s i t i v i t y  o f  a  p a r t i c u l a r  b e n e f i t  t o  a  p a r t i c u l a r  

change o r  e r r o r  i n  economic v a r i a b l e s .  The most i m p o r t a n t  and 

c o n t r o v e r s i a l  f a c t o r s  were t h o s e  p e r t a i n i n g  t o  c o s t  e s c a l a t i o n  

g r a d i e n t s  f o r  l a b o r  and e n e r g y ,  p a r t i c u l a r l y  i n  r e l a t i o n  t o  t h e  

c .hoice of a d i s c o u n t  r a t e  and p e r i o d  of y e a r s  f o r  t h e  a n a l y s i s .  

T h e r e f o r e ,  i n c l u d e d  a s  F i g u r e s  59-67 a r e  d i s p l a y s  showing t h e  s h a p e  

of t h e  r e s p o n s e  s u r f a c e s  f o r  b o t h  t h e  p r e s e n t  w o r t h  o f  f u t u r e  n e t  

b e n e f i t s  and t h e  b e n e f i t - c o s t  r a t i o  computed f o r  t h e  i n c r e m e n t a l  

i n v e s t m e n t  i n  P r o j e c t  B r e l a t i v e  t o  t h e  b a s e l i n e  c o n d i t i o n .  The 

s e n s i t i v i t y . o f  t h e  v a l u e  of t h e  r e s u l t i n g  b e n e f i t s  t o  p o s s i b l e  

e r r o r s  i n  c a p i t a l  c o s t 4 a r e  l i k e w i s e  shown. E x c e p t  where a r a n g e  o f  

v a l u e s  f o r  c e r t a i n  of  t h e  economic v a r i a b l e s  have been s u b s t i t u t e d  

I .  t o  i n v e s t i g a t e  s e n s i t i v i t y  t o  e r r o r ,  t h e  c o m p u t a t i o n  i n  t h i s  and 

p r e v i o u s  s e c t i o n s  a r e  based on t h e  f o l l o w i n g  summary of  v a l u e s :  



1. C a p i t a l  Cos t s  - See Benef i t -Cos t  ~ a t i o  ( F i g u r e  56) 
and P r e s e n t  Worth A n a l y s i s  

2. P r e s e n t  Worth of F u t u r e  Res idua l  F a c i l i t y  Value i s  e q u a l  t o  
t h e  c a p i t a l  c o s t  e s c a l a t e d ,  t o  f a c i l i t a t e  au tomat ic  
computation,  a t  an annua l  r a t e  e q u a l  t o  t h e  average  of 
l a b o r ,  energy,  and 0 & M e s c a l a t i o n  g r a d i e n t s  ( 5 . 6 %  a t  
chosen v a l u e s ) ,  p r o r a t e d  t o  i t s  remaining l i f e ,  and 
d i scoun ted  t o  p r e s e n t  worth us ing  t h e  d i s c o u n t  r a t e .  

3. Energy Ra te s  - See F i g u r e  30A, "Annual Power Cost  and 
C r e d i t  Summary". 

4. Base Year Power C o s t s  - See  Benef i t -Cos t  R a t i o  (F ig .  56 ) .  
and P r e s e n t  Worth A n a l y s i s  

5. Base Year Power C r e d i t -  See  Benef i t - C o s t  R a t i o  (F ig .  56) . 
and P r e s e n t  Worth Ana lys i s  

6. Base Year 0 & .M Cost  - See  Benef i t - C o s t  R a t i o  (F ig .  56) . 
and P r e s e n t  Worth Ana lys i s  

7. Base Year Labor Cos t s  f o r  t h e  b a s e l i n e  o r  Project .  B 
c o n d i t i o n  a r e  based on f i v e  o r  one man, r e s p e c t i v e l y ,  a t  
$18,629 p e r  yea r .  

8. Energy Values I n c r e a s e  a t  7.0% p e r  Year Compounded. 

9. Labor Values I n c r e a s e  a t  5.8% p e r  Year Compounded, 

10. 0 & M Values  I n c r e a s e  a t  4.0% p e r  Year Compounded. 

11. Discount  Ra te  e q u a l s  8.0% p e r  Year Compounded. 

12. Ana lys i s  Per iod  is 50 Years. 

Economic C r i t e r i a  f o r  Inc remen ta l  P r o j e c t s  

I n  complet ing t h i s  f e a s i b i l i t y  assessment ,  s e v e r a l  a s p e c t s  of  

s i t e  development of p o s s i b l e  economic s i g n i f i c a n c e  became apparen t .  

These a s p e c t s  have been g iven  a  c u r s o r y  examinat ion a s  Incrementa l  

P r o j e c t s .  The c r i t e r i a  used f o r  t h i s  p r e l i m i n a r y  e v a l u a t i o n  was 

b e n e f i t / c o s t  r a t i o  based upon a  r a t i o  of p r e s e n t  worth n e t  b e n e f i t s  

t o  c o s t .  Grad ien t  f a c t o r s  used a r e  t h o s e  e s t a b l i s h e d  i n  p r e v i o u s  

s e c t i o n s .  I n  a d d i t i o n ,  va lue  g r a d i e n t s  f o r  n a t u r a l  g a s , u n f i n i s h e d  

wate r ,  munic ipa l  i c e  r i nk  r e n t a l  and c o a l  a r e  4.2%, 1 .0%,  2.0% and 

4.08, r e s p e c t i v e l y .  A 50-year a n a l y s i s  p e r i o d  is used w i t h  a 8.0% 

d i s c o u n t  r a t e .  Ana lys i s  of Incrementa l  P r o j e c t s  fol lows:  



I n c r e m e n t a l  P r o j e c t  I - ~ e a t i n q  S y s t e m s  C o n v e r s i o n s  t o  E l e c t r i c  

Assume: C o n v e r s i o n  o f  d u a l  f u e l ,  ( g a s / e l e c t r i c ) s p a c e  h e a t i n g  s y s t e m s  
a t  c e r t a i n  m u n i c i p a l  b u i l d i n g s  t o  e l ec t r i c  t o  u t i l i z e  
s u r p l u s  e l e c t r i c  power p roduced .  

C u r r e n t  Annual  
F a c i l i t y  N a t u r a l  Gas  U s e  (CCF) Annual  C.ost  

S e n i o r  C i t i z e n s  C e n t e r  
c i t y '  H a l l  
C i t y .  G a r a g e  
Water F i l t r a t i o n  P l a n t  
C i v i c  C e n t e r  
F i r e h o u ' s e  13 ,628  

64 ,664  CCF 

B e n e f i t s :  1. N a t u r a l  G a s  S a v i n g s  ' (60% r e d u c t i o n  i n  u s e )  $ 9,690 
2. ~ i s b e ~ e f i t  ( L o s s  o f  Dump Power) a t  0.96 KWH -1 ,388  
3 .  N e t  B e n e f i t  (Yea r  1) '$ 8 ,302  
4. PW-B $166,079 

C o s t s :  1. C a p i t a l  c o s t  
. . 2:. 0 & M C o s t  

3. ,Power .Wheeling Charge  @ 0.46 KWH 
4. N e t  C o s t  (Yea r  1) 
5. PW-C 

I n c r e m e n t a l  P r o j e c t  2  - - E x t e n d i n q  Ice Rink  S e a s o n  

Assume: E x t e n s i o n  o f  ice r i n k  s e a s o n  o n e  month u t i l i z i n g  s u r p l u s  
e lec t r ic  power t o  m a i n t a i n  ice. 

B e n e f i t s :  1. S a l e  o f  Rink Time 
1 0 8  h r s .  @$30./hr .  $. 3 ,240  

2. D i s b e n e f i t - L o s s  
o f  Dump Power @ 0.96 KWH $ -1 ,215  

3 .  N e t  B e n e f i t  (Yea r  1) $ 2 , 0 2 5  
4. PW-B $ 3 , 5 6 2  

C o s t s :  . 1. ' ~ a b o r  a t  Rink $ 486 
2. .O & M $ 200 
3. Power Wheel ing  Charge  @ 0.46 KWH $ 540 
4. N e t  C o s t  $ 1 , 2 2 6  
5. PW-C t $. 19 ,429  



I n c r e m e n t a l  P r o j e c t  3 - C o a l  Hea t  C o n v e r s i o n  

Assume: Convers ion  of  c o a l  f i r e d  s p a c e  h e a t  a t  F r e n c h ' s  M i l l s  
Pump/Control S t a t i o n  t o  e l e c t r i c  h e a t .  

B e n e f i t s : .  . 1. C o a l  ' C o s t  S a v i n g s  
2. ~ i s b e n e f  it-LOSS of 

Dump Power @0.9$ KWH - ' 

. . 
3 .  N e t  B e n e f i t  (Year  1) 
4 .  PW-B 

Cos t s :  1: C a p i t a l  C o s t  
2. PW-'C 

. I n c r e m e n t a l  P r o j e c t  4 - B a s c u l e  G a t e  

Assume: I n s t a l l a t i o n  of  B a s c u l e  G a t e  a t o p  dam t o  i n c r e a s e  a v a i l a b l e  
' head f o r  power a n d .  i n c r e a s e  w a t e r  s u p p l y  y i e l d .  

a .  Power 
, 

B e n e f i t s :  1. I n c r e a s e d  h y d r o e l e c t r i c  . . 

p r o d u c t i o n  ' v a l u e  
. PW-B 2. 

C o s t s  : 1. C a p , i t a l  C o s t s  
2. PW-C 

b. Water Y i e l d  

B e n e f i t s :  1.- A d d i t i o n  1 0  mgd Y i e l d  
v a l u e  @$0.10/1,000 g a l .  

2. PW-B 

C o s t s  : 1. C a p i t a l  C o s t  
-2 .  PW-C 



~ o n c l u . s i o n s '  

Based upon t h e  economic c r i t e r i a  preceding and o t h e r  

s u b j e c t i v e  cons ide ra t ions ,  t h e  recommended course  of a c t i o n  i s  
. . 

implementation of P r o j e c t  B .  W i t h i n  t h e  range of incremental  

p r o j e c t s ,  only Incremental  P r o j e c t s  1 and 3 a r e  recommended w i t h  

t h e i r a d o p t i o n  delayed u n t i l  completion of t h e  h y d r o e l e c t r i c  p r o j e c t .  
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BENEFIT / COST RATIO PROGRAM ( B C P )  

5 0  YlIAli ANALYSL!S PERTCIIS I:{A!iiED IJPON 8. 000 IYEII(ZEN"I'I:I:[SCOUNT RA1'E 
I 

1 . ~E :M DASELINE PR0JE:C.T A IViOJECT lS 
.... .. .... ........ ........... ........ - ..- -.. -. .". "- .-. .." ..- -. ..- "- -. -" -"-..."."..-.I. -.- .." -- -. "" "" .". .-. .....-. -.. -... " " -..... """.."--.......... "- .... .". ".. "" .-. .- -.. ..- -.. -.. .- -.. -- -" "" .-. - .-. .-. -.. -- .- - -" - - 

1, UASE YEAR ANNUAL POWER BENEFIT 9; 0 5 7 5 0 0  711300 
2 ,  I F'(IWEI'4 @ 7 ,OX I:MI:'D, (3RRI:II:lZN'T' 4; 0 2 3 6 8 0 0 0  2135750 0 

3. HASE: YEtlR ANNtJA14 LAISOR BENI_F:':I:l' 4; 0 9 3 1 0 0  9 3 1 0 0  I 
1.1.. I I,ABOR @ 5,8% I I t  9; 0 2 8 7 7 3 0  0 28 77300 

. . 5 .  I? W ,  TI'I'TAI., POWER R LAEIOR BENEFIT 4i 
. . 

0 :'i 2 14.5 3 0 0 5734130 0 
........... ... .... . . .  -.. -..- "" .......... .....- ............... - .....-.........-.. " ...-...-.......- ........... .-.... ... -. ......".I.--.."...."--".. .... I ..... -...- ... "- ...... .. . ..-..-...........-....- .I .- - -.. .". -- -...-. -- .-..- -- -. 

6. , (:A t':['I'AI., C O S T  qi 1) 0 7 0 0 0 1.3 0 '3 Y 0 0 1'74720 0 
' 1 ,  I (:IF:' CAP, (2CIS.I' L,I,SS liEi!il:I:l, VAL,, 9; I.I.0 7 0 0 0 :L 3 0 9 9 0 0 1 7 4 7 2 0 0  

13, EIPISIZ YEAR PUMF'TNG i jTA,  F'(3WEZII C(I!:i'I' 9; 1 El 0 0 1513 0 3 5 0 0  
9 ,  1 3 , W ,  I:'(SWEI? COS'I' @ 7 , 0 %  (:MF)IS, GHAI:I,!l; 7 1.6 0 0 I 1  4 9 0  0 1;39300 

1 0 .  HhsE YEAR ANNUAL O 4 M 6 0 ~ ~  4; 8500 4 5 2 0 0  5 5 0 1  0 
1 . 1 ,  I:',W, 'C) R M CO!Gl' @.LC.,O% CMF'I:I, (?RhII,4; :I. El 7 5 0 0 9 9 7 1 0 0  12133(10 

12, P , W ,  (:IF (~OST!j K.7, 9 X 1.1.3. . . 9 6661. 0 0 2 7 2 3 9 0  0' 3 0 9 9 8 0 0 .  
.- - .- .." -. - - .- - .... -"- -...- - ,- - -. -. - "..--...-."""...-..-"..-. .... -. .- .- -. - -. - .." - - .-".."- .- - .-"" .- -..- - ... ......... ...... ........ .... ... .....-... .................-.. ....... ...... ... .. .. 

. '  1 3  , ' B / C  . I ' ~ A T T O  RE:L.,AT:tVE TO BASEL.,INE , 0.0 2 , 3 2  2 , 3'6 
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NORMFiNS K I L L  I~4YDIII3~-EI..,EC'T'R%I~ F-EAS3:B:IL41: TY !;'T'UI:IY 
I l ISCOUNTEI l  CASI-I FL,C)W PROGRAM (,CFy1?2 > 

PROJECT A COMPAREII '1.0 E A S E L I N E  A L T E R N A T I V E  
. 5 0  YEAH DISCOUNTED A NET CASH FLOW (ADNCF)  

b COMPUTED INTERN'GL RATE OF RETURN EQUAL TO 1 8 , 9 1 4 1 9  PERCENT 

YR, A ( = G P I T f i L '  + A LAEOR + A POWER + d 0 B M +A' PWR,CR, = A  NET .CF A I 1  N  C F --- -------- -------- -------- -------- -------- -------- 



I4ORMANS K ILL I-IYDIIO-ELECTRIC: FEASIE:[LT'T'Y STULlY 
IlISCOUNTEKl CASH FLOW F'RO(;RAM (C:F'P2 

Pl?O JECT 13 COMPARE11 TO I:{.(ASELINE AlaTEI1NATIVE 

b 
50 YEAR DISCOUNTED A NET C A ! ~ H  FLOW (ADNCF) 

COMPUTED INTERNAL RATE OF RETURN EQUAL TO 16,24351 PERCENT 

YR, 4 CAPITAL + d LABOR + --- -------- -i------ 
0 ,  '1340200 
1 ,  0 98547 
2, 0 104263 
3, 0 11 031 0 
4. 0 116708 
5. 0 123478 
6, 0 130639 
7. 0 138216 
8. 0 146233 
9, 0 154714 

10 0 163688 
11. 0 173182 ' 
12 a o i83226 
13, 0 193853 
14, 0 205097 
15, .. 0 216992 
16, 0 229578 
17. 0 242894 
18, 0 256981 
19, 0 271886 
20, 0 .287656 
21, 0 304340 
22, ' 0 321991- 
.23, 0 340667 
24, 0 360426 
25, 0 . 381330 
26 , '  0 403447 
27. 0 426847 
28. .O 451604 
29, : 0 477798 
30. 0 505510 
.31. 0 . 534829 
32,  0 5658b9 
33. 0 598h69. 
34., . 0 633392 
35 . 0 670128 
36, 0 . 708996. 
37, 0 750 1'17 

: 38, 0 . 793624 
39 , .  ; 0 1339654 
.40. 0 888354 

. !+la 0 ,339879 
42. 0 .  994392 
43, 0 . 1052067 
44. 0 . 1113087 

W I ~ L ;  0 1.177646 

6 .  
-.) 

0 1245943 
1 .  .O 131621LC 

48, . .O 1.394670' 
49, 0 1475561 

. 50. ' 0 1561 14.4, . 

=A  NET CF 
----+--- 

'1340200 
125194 
134227 
143879 
154197 
165223 
177003 
189590 
203040 
217406 
232754 
249147 
266656 
285357 
305329 
326656 
349430 
373750 
399714 
427437 
457034 
488630 
522361 
CC ~ ~ 8 3 6 9  
596805 
637832 
681623 - (28362 
778248 
831491 
888311 
948950 

10 13664 
1082725 
1156422 
1235064 
1318981 
1408527 
1504071, 
1606030 
1714816 
1830891 
1954741 
2086884 
2227874 
2378303 
253880 1 
2710040 
2892736 
3087658 
3295620 

0 





NORMANS I! I L L  I-IYDRO-ELECTR I (z F'EASIBI1, ITY S'I'UIIY 
CASI-I FLOW PI'4OGRAM ( C F F ' I  ) 

BASELINE 
5 0  YEAR ANAL,YSIS P E R I O I I  ASSUMING 8 . 0 0 0  PERCENT D1SCOI.INT R ~ T E :  

? ,  CA1:'ITAL + LABOR + POWER + O X Pi + .PWR.CI?. = N E T  C U M ,  Pk: 
--- -------- -------- -------- -------- -------- __------ ----____ 



NOI?MANS I! ]:Lid I.iYT.IR(:I.-E:LECTriIC FEA!;IB:CLI:TY STUDY 
CASH F'LCIW PROGRAM (CFP3.  > 

F'RCIJECT A 
' 5 0  YEAI? ANALYSIS PER1011 ASSUMING 8 . 0 0 0  PERCENT DISCOlJNT RATE: 

OR. C A P I T A L  .+- LAHOR + POWER + 0 8 M + -  PWR.CR. = NET CUM. PW --- -------- > - - - - - - - -  -------- -------- -------- -------- 



NORMANS I! I L L  HYDRO-ELECTRIC F E A S I E { I L I T Y  STUDY 
CASI-I FLOW PROGRAM ( C F P I )  

PROJECT I3 
5 0  Y E A R  /iNALYSIS PEII IOD ASSlJMING 8 . 0 0 0  'PERCENT I I ISCOUNT RATE 

CAPITAL + LABOR + POWER + 0 K M + PWR.CR. = NET CUM, PW ---- _--____---- -------- -------- --------a -------- -------- 



NORMANS K I L L  HYDRO-ELECTRIC F E A S I E I L I T Y  STUDY 
EIELTA CAS1-I FLOW P R O G R A M  C B C F P I )  

PROJECT A L E S S  BASELINE 
A N A L Y S I S  P E R I O D  ASSUMING 8 ' 0  00 PERCENT DISCOUNT RA 

.+- L A B O R  + . POWER .+- 0 & M .+ PWl? ,CR. NET 
------.--- .--.--.---- .----------- ---------.- ------.--..- 

CUM. PW -------- 



5 0  YEAR 

C A P I T A L  -------- 

NORMANS I! ILL  t iYDI I0 -ELECTRIC F E A S I B I L I T Y  STUIIY 
LIELTA CASH' 'FLOW PROGRAM (ACFF'1) 

PROJECT H L E S S  UASEL41NE 
A N A L Y S I S  PERIOD ASSUMI'NG 8 , 0 0 0  PERCENT I l ISCOUNT RATE 

+ LABOR --------- + POWER -------- 
- - NET 
-------- 



9 12 
ENERQY ORADlENT 7% 

RATE LABOR GRADIENT 6.8% 
O6M GRADIENT 4% 

RESID.UAL VALUE GRADIENT 5 .  

DEPRECIATION 8/L 

NORMANSKILL HYDROELECTRIC FACILITY SENSITIVITY 
BENEFITSV~D~SCOUNTVBPERIOD 



ENERGY QRADIENT 1% 

LABOR GRADIENT 6.8% 

O 6 M  ORADIENT 4% 

RESIDUAL VALUE QRADIENT 6.6% 

DEPRECIATION S/L 

DISCOUNT RATE % 



A N A L Y S I S  DI!3COIJNT LABOR ENERGY C A P I T A L  P O W .  NET B E N E F I T  
PER1011 RATE GRAUIENT GRADIENT COST B E N E F I T S  TO COST 
(YEARS) (%/YEAR> ( % / Y E A R )  (%/YEAR)_  FACTOR ( $ / 1 0 0 0 >  R A T I O  -------- -------- -------- -------- -------- -------- ---_---- 



ENERGY ORADIENT 7% 

LABOR GRADIENT 6.8% 

o a M  GRADIENT 4 % .  

RESIDUAL VALUE GRADIENT 5.8%- 

CAPITAL COST % 
DEPRECIAT.ION S I L  

. . 

FEASIB.ILITY SSMENT-EW-78-F-07- 1765 NET BENEFITSV~CAP.  C O S T V ~ P E R I O D  



DISCOUNT RATE 01) 

DEPREClAf ION 9lC 
/ 

I 

0) 
a 

I 

NORMANSKILL HYDROELECTRIC FACILITY 
FEASIBILITY ASSESSMENT-EW-78-F-07- 1765 

. SENSITIVITY 

; S I C  RATlOvsCAP.COSTvePERI0D 



DATA MATRIX FOR FIGURES 62 & 63 

ANALYSIS 
PERIOD 
(YEARS) -------- 

25 
25 
25 
25 
25 

30 
30 
3 0 
30 
3 0 

35 
35 
-c 
3.J 
-I- 3s 
35 

DISCOUNT 
RATE 

(%/YEAR> -------- 

8,OO 
8,OO 
8.00 
8,OO 
8.00 

8.00 
8,00 
8.00 
8,OO 
8,OO 

8,00 
8.00 
8,OO 
8,OO 
8.00 

LABOR 
GRADIENT 
(%/YEAR > -------- 

5.80 
5 80 
5.80 
5.80 
5,80 

5,80 
5,80 
5,80 
5,80 
5,80 

5,80 
5,80 
5,80 
5,80 
5,80 

ENERGY 
GRADIENT 
( .%/YEAR)  -------- 

7,OO 
7,OO 

, 7,oo 
7,OO 
7,00 

7.00 
7.00 
7,OO 
7,OO 
7,OO 

7,oo 
7.00 
7,OO 
7,OO 
7,OO 

C A P I T A L  
COST 

FACTOR 

P.W. NET 
BENEFITS 
< e / i o o o >  

BENEF I'T 
TO COST 

RATIO 



ENERGY GRADIENT 
DISCOUNT RATE 8% 

PERIOD'. 50yrm. 
O6M QRADIENT 4% 

6) 
01 NORMANSKILL HYDROELECTRIC FACILITY 

FEASIBILITY ASSESSMENT-EW-78-F-07- 1 7 6 5  

v 

SENSITIVITY 

BENEFITSV~ENERQY v e  LABOR 



DISCOUNT RATE 8% 

ENERGY GRADIENT PERIOD 6 O y r r .  

O1M QRADIENT 4% 



DATA MATRIX FOR FIGURES 65 & 66 

ANALYSIS DISCOUNT LABOR ENERGY C A P I T A L  P , W .  NET BENEFIT  
PER1011 RATE GRADIENT , GRADIENT COST BENEFITS TO COST 
(YEARS) (%/YEAR> . ( % / Y E A R >  (%/YEAR> FACTOR . ( $ / I 0 0 0 1  RATIO -------- -------- -------- -------- -------- -------- -------- 



IMPLEMENTATION PLAN 

I t  has  been determined a s  a  m a t t e r  of p o l i c y  by t h e  s i t e  owner, 

t h e  C i t y  of W a t e r v l i e t ,  New York, t h a t  a  d e c i s i o n  on pursu ing  t h e  

Normanskil l  H y d r o e l e c t r i c  F a c i l i t y  P r o j e c t  w i l l  be made on ly  a f t e r  

s e v e r a l  p u b l i c  h e a r i n g s  he ld  f o r  t h e  b e n e f i t  of t h e  c i t y  t axpayers .  

A referendum f o r  such a  p r o j e c t  w i l l  no t  be r equ i r ed .  I t  i s  

expected t h a t  such p u b l i c  h e a r i n g s  w i l l  i nvo lve  d i s c u s s i o n  of two 

c o n f i g u r a t i o n  a l t e r n a t i v e s .  One would be t h e  a l t e r n a t i v e  judged t h e  

optimum most f e a s i b l e  r e s u l t i n g  i n  maximum b e n e f i t s  over .  t h e  l i f e  .of 

t h e  p r o j e c t .  The second would be a  "no- p r o j e c t "  ' a l t e r n a t i v e  

re ,p resen t ing  the .ma in t enance  o f  t h e  e x i s t i n g  f a c i l i t y  a l t e r n a t i v e  

wi th  i t s  a t t e n d a n t  r a m i f i c a t i o n s  f o r  i nc reased  energy c o s t s  t o  t h e  

c i t y .  Act ing under munic ipa l  law s t a t u t e s  of  t h e  S t a t e  of .  N e w  York, 

t h e . o n l y  l e g a l  requi rements  f o r  implementation of a s e l e c t e d  p r o j e c t  

would be a m a j o r i t y  v o t e  of t h e  two C i t y  'Councilmen and t h e  Mayor. 

PERT - 
A PERT (Program Eva lua t ion  Review Te.chnique) p r e l i m i n a r y  

a c t i v i t y  c h a r t  h a s  been prepared  and is shown as F i g u r e  69. T h i s  

t echnique  w i l l  be used th roughout  t h e  des ign ,  l i c e n s i n g  and 

c o n s t r u c t i o n  of t h e  proposed Normanski l l  H y d r o e l e c t r i c  F a c i l i t y  a s  a  

means of i d e n t i f y i n g  and e l i m i n a t i n g  undue t i m e  de l ay .  The PERT 

program t o  be used w i l l  o p e r a t e  on t h e  e s t i m a t e d  t i m e  complet ion 

b a s i s  u s ing  t h e  s t anda rd  d i s t r i b u t i o n  [Ref. 331 c a l c u l a t e d  from 

s e v e r a l  e s t i m a t e s  vary ing  from most o p t i m i s t i c  t o  most p e s s i m i s t i c .  

The f i g u r e  i l l u s t r a t e d  he re  is diagrammatic i n  nature and is not  

in tended  t o  r e p r e s e n t  a l l  a c t i v i t i e s  and nodes. I t  is a n t i c i p a t e d  

t h a t  . d u r i n g  . the  p r o c e s s  o f .  de.sign and l i c e n s i n g  c.onstructi-on, t h e  

more s p e c i f i c  a c t i v i t i e s  w i l l  be i d e n t i f i e d  and logged.  A s  can  be 

seen from , a n  examinat ion of F i g u r e  69,' t h e  most i d e n t i f i a b l e  and 

l e a s t  a c c u r a t e  e s t i m a t e  of t i m e  d e l a y  is i n  t h e  l i c e n s i n g  p roces s .  

The d e c i s i o n  has  been made i n  t h e  p r e l i m i n a r y  PERT a n a l y s i s  f o r  

a p p l i c a t i o n  of a  F e d e r a l  Energy Regula tory  Commission pe rmi t  p r i o r  



t o  l i c e n s e  a s  pe rmi t t ed  under t h e  p r e s e n t  d r a f t  r e g u l a t i o n s  [Ref. 

8 3 1 .  I t  is  hoped t h a t  through t h i s  p r o c e s s ,  any i n i t i a l  concep tua l  

problems w i t h  t h e  l i c e n s e  a p p l i c a t i o n  w i l l  be i d e n t i f i e d  a t  an e a r l y  

s t a g e  and w i l l  s e r v e  t o  e x p e d i t e  t h e  formal  l i c e n s e  review. A s  

shown on F igu re  69 , ,  t h e  e a r l i e s t  (most o p t i m i s t i c )  power o n - l i n e  

d a t e  is March 1982. I t  i s  emphasized t h a t  t h i s  i s  based upon t h e  

p r e l i m i n a r y  e s t i m a t e  on ly .  (Note: Immediately p r i o r  t o  i s suance  of 

t h i s  r e p o r t ,  Execut ive  Order 12129 w a s  i s sued .  See Chapter  7 of 

t h i s  r e p o r t  f o r  p a r t i c u l a r s ) .  

F inanc inq  

Various  v e h l c l e s  were i n v e s t i g a t e d  t o  de te rmine  t h e i r  

d e s i r a b i l i t y  wi th  regard  t o  t h e  f i n a n c i n g  of '  t h e  cons t ruc t i . on  phase  

of t h e  h y d r o e 1 e c t r . i ~  p r o j e c t .  Municipal  bonding, I n d u s t r i a l  

DeveJopment Au tho r i t y  bond'i.ng , Environmental  F a c i l i t y  Corpora t ion  

bonding, and p r i v a t e  f i n a n c i n g  ( l e a s e )  were reviewed f o r  t h i s  

pu'rpose. Municipal  bo'nding appea r s  t o  be t h e  mos t .  a t t r a c t i v e  avenue 

f o r  c o n s i d e r a t i o n .  T h i s  form of bonding could  e i t h e r  be through t h e  

Genera l  o r  Water Fund. Each r e q u i r e s  t h e  same c o u r s e  of a c t i o n .  

The C i t y  Counci l  would p a s s  a  r e s o l u t i o n  c i t i n g  t h e  r ea sons  f o r  

borrowing and t h e  amount sought .  Pending app rova l  of a  commercial 

bank, bond a n t i c i p a t i o n  n o t e s  would be i s sued  t o  t h e  c i t y .  For  t h e  

f i r s t  yea r  on ly  i n t e r e s t  would have t o  be pa id  on t h e s e  no tes .  I f  

d e s i r e d ,  t h e  n o t e s  could  be extended and renewed f o r  an a d d i t i o n a l  

two y e a r s .  A s  t h e  bond market d i c t a t e s ,  a  bond s a l e  would be he ld ,  

f o r  t h e  i s suance  of municipal  bonds. Water fund bonding has  no 

e f f e c t  upon t h e  g e n e r a l  borrowing power of t h e  c i t y ,  whi le  g e n e r a l  

bonding does. The water bonds could  extend f o r  a  pe r iod  of 40  

y e a r s ,  w h i l e  g e n e r a l  bonds u s u a l l y  hold  a  20-year ma tu r i t y .  

C i t y  and County I n d u s t r i a l  Development A u t h o r i t y  ( I . D . A . )  

bonding were e l imina t ed  from c o n s i d e r a t i o n  due t o  t h e  f a c t  t h a t  f o r  

a  p r o j e c t  of t h i s  t ype ,  they  could  no t  l e g a l l y  be a  bonding agent  

wi thout  a c t i o n  by t h e  New York S t a t e  L e g i s l a t u r e  t o  modify t h e  

I . D . A .  ' s  c h a r t e r s .  



Sim' i la r ly ,  The N.Y.'S. Environmental F a c i l i t i e s  Corporation was. 

found t o  be unavai lab le  f o r  f inancing  purposes. T h i s  pub l i c  b e n e f i t  

co rpora t ion  i s  commiss'ioned t o  g r a n t  funding f o r  sewer p r o j e c t s  only  

and cannot o f f e r  t h e i r  , s e rv ices  f o r  t h i s  ' type of p r o j e c t .  

P r i v a t e  f inanc ing  was d iscussed  w i t h  ' ~ i a g a r a - ~ o ' h a w k  Power 

Corporation 'and-, a s  mentioned i n  t h e  Marketing. s e c t i o n ,  

Niagara-Mohawk Power Corporation would r a t h e r  purchase t h e  f a c i l i t y  

' r a t h e r  than l e a s e  it. The Power Authori ty  of t h e  S t a t e  of. New.York 

(PASNY) a l s o  showed 'no in te res ' t  i n  l e a s i n g  t h e  f a c i l i t y .  

Whether t h e  c i t y  f inances  t h e  p r o j e c t  through municipal bonding 

or. f e d e r a l .  1o:ans a r e  g.rante'd, t h e  .dec i s ions  and l e g a l  respons ib i . l i ty  

w i l l  be t h a t  of t h e  C i ty  Council.  
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B 
SYNOPSIS AND RECOMMENDATIONS 

Recommended P r o j e c t  

The recommended p r o j e c t  f o r  implementat ion i s  P r o j e c t  B .  T h i s  

p r o j e c t  is cons ide red  t o  maximize p o t e n t i a l  h y d r o e l e c t r i c  g e n e r a t i n g  

c a p a c i t y  a t  t h e  e x i s t i n g  Normans K i l l  s i t e .  T h i s  p r o j e c t  would 

produce 68% of p o t e n t i a l  h y d r o e l e c t r i c  c a p a c i t y  a t  t h e  s i te .  I n  

t h i s  p r o j e c t ,  a  new i n t a k e  would be c o n s t r u c t e d  a t  Bay 5 of t h e  

e x i s t i n g  r e i n f o r c e d  c o n c r e t e  dam. The i n t a k e  ( F i g u r e s  71, 71A) 

would c o n s i s t  of a  r e i n f o r c e d  c o n c r e t e  appendage t o  t h e  upstream 

f a c e  of t h e  dam w i t h  t h e  o u t e r  w a l l s  of t h e  i n t a k e  r e s t i n g  upon 

b u t t r e s s e s  5  and 6. The i n t a k e  p l a t f o r m  would be s i t u a t e d  a t  

E l e v a t i o n  264, above d e s i g n  f l o o d  h igh  water .  Access t o  t h e  i n t a k e  

p l a t fo rm would be v i a  an i n t e r n a l  s t a i r w a y  w i t h i n  t h e  i n t a k e  and t h e  

e x i s t i n g  catwalk and s t a i rway  a t  t h e  sou th  abutment of t h e  dam. The  

i n t a k e  would c o n s i s t  of a  s t o p  l o g  r e c e s s  w i t h  a  c o a r s e  g r a t i n g  

c o n s i s t i n g  of r e i n f o r c e d  c o n c r e t e  columns approximately  two f e e t  on 

c e n t e r .  Following t h e  s t o p  l o g  r e c e s s ,  an  i n t a k e  s l u i c e  

approximately  e i g h t  f e e t  square  w i l l  be s i t u a t e d  t o  c o n t r o l  f low t o  

t h e  bar  r ack  and penstock.  A ba r  rack  approximate ly  100 squa re  f e e t  

i n  a r e a  w i l l  c o n s i s t  of A242 s t e e l  b a r s  approximate ly  two inches  on 

c e n t e r  w i t h  a n e t  t o  g r o s s  a r e a  r a t i o  of 0.65. V e l o c i t y  th rough  t h e  

bar  rack w i l l  be l i m i t e d  t o  two f e e t  p e r  second t o  minimize problems 

of f r a z i l  i c e .  The bar  rack w i l l  be manually c l e a n a b l e  from t h e  

i n t a k e  p l a t f o r m  wi th  p r o v i s i o n  made f o r  a  t r a s h  s luiceway a t  

E l e v a t i o n  257. Following t h e  i n t a k e  rack ,  a c o n c r e t e  t r a n s i t i o n  t o  

t h e  welded s t ee l  penstock w i l l  be made e x i t i n g  t h e  dam wi th  an  

i n v e r t  e l e v a t i o n  of approximately  212. Due t o  t h e  minimal e x i s t i n g  

s p i l l w a y  c a p a c i t y  du r ing  s t a n d a r d  p r o j e c t  d e s i g n  f l o o d  and because 

of t h e  f a c t  t h a t  t h e  proposed i n t a k e  would block o r  e l i m i n a t e  

approximately  18  f e e t  of weir  c r e s t ,  an  over f low s iphon  w i l l  be 

c o n s t r u c t e d  i n t e g r a l  w i th  t h e  i n t a k e  on e i t h e r  s i d e  of it. The 

s iphons  w i l l  have a  f low c a p a c i t y  e q u a l  t o  t h e  c a p a c i t y  of t h e  
I e x i s t i n g  18 f o o t  s e c t i o n  of c r e s t .  The s l u i c e  g a t e  w i l l  be motor 

ope ra t ed  c o n t r o l l a b l e  from t h e  powerhouse. Necessary r a i l i n g s  and 

pe r sonne l  s a f e g u a r d s  w i ' l l  a l s o  be p,rovided. 



The p e n s t o c k  under P r o j e c t  B c o n s i s t s  o f  a  72 i n c h  welded 

s t ee l  c o n d u i t  encased  i n  c o n c r e t e  below t h e  e x i s t i n g  s t reambed.  

A f t e r  embedment of t h e  p e n s t o c k  b e n e a t h  t h e  s t r eambed ,  t h e  e x i s t i n g  

s t reambed rock would be r e p l a c e d  t o  i t s  o r i g i n a l  s t a t e  p r e s e n t i n g  a  

a e s t h e t i c  appearance  s i m i l a r  t o  t h a t  now e x i s t i n g .  I t  is 

a n t i c i p a t e d  t h a t  c o n s t r u c t i o n  o f  t h i s  p e n s t o c k  would i n v o l v e  

b l a s t i n g  and removal of t h e  s t r eambed  rock d u r i n g  low o r  no-f low 

p e r i o d s  d u r i n g  t h e  c o n s t r u c t i o n  s e a s o n .  

The powerhouse under  P r o j e c t  B w i l l  c o n s i s t  of  a n  underground 

v a u l t  c o n s t r u c t e d  b e n e a t h  t h e  s t r eambed  ( F i g u r e s  72, 73, 73A). The 

powerhouse w i l l  be  c o n s t r u c t e d  of  r e i n f o r c e d  c o n c r e t e  and w i l l  house  

a  h o r i z i o n t a l  a x i a l  f l o w  t u b u l a r  t y p e  t u r b i n e .  The powerhouse w i l l  

c o n n e c t  t o  a n  e n t r y / a c c e s s  r i ser  l o c a t e d  a d j a c e n t  t o  F r e n c h ' s  M i l l  

Road. The c o n n e c t i o n  t o  t h i s  a c c e s s  s t r u c t u r e  w i l l  be t h r o u g h  a n  

e i g h t  f o o t  s q u a r e  r e i n f o r c e d  c o n c r e t e  t u n n e l .  C e r t a i n  o p e r a t i n g  

c o n t r o l s  and l o c a l  c o n t r o l  p a n e l s  f o r  t h e  t u r b i n e / g e n e r a t o r  w i l l  be  

l o c a t e d  i n  t h i s  a c c e s s  s t r u c t u r e .  S w i t c h  g e a r  a s s o c i a t e d  w i t h  

P r o j e c t  B (see F i g u r e  75) w i l l  i n c l u d e  g e n e r a t o r  p r o t e c t i o n  

r e l a y i n g ,  a n  a u t o m a t i c  s y n c h r o n i z i n g  d e v i c e ,  p h a s e  d i f f e r e n t i a l  

p r o t e c t i v e  r e l a y s ,  o v e r c u r r e n t  r e l a y i n g ,  and overhead  l i n e  

p r o t e c t i o n  r e l a y s .  S w i t c h  g e a r  f rom t h e  g e n e r a t o r  t o  c o n n e c t i o n  

w i t h  t h e  2,400 v o l t  bus  w i l l  be  l o c a t e d  a t  t h e  a c c e s s  s t r u c t u r e  

above h i g h  w a t e r  l e v e l .  The s w i t c h  g e a r  w i l l  a l s o  i n c l u d e  a n  above 

ground 2400 v o l t  overhead  t r a n s m i s s i o n  l i n e  t o  t h e  e x i s t i n g  

pump/cnntro l  s t a t i o n  where t h e  n e c e s s a r y  motor  s t a r t e r s ,  s t e p - u p  

t r a n s f o r m e r s  and u t i l i t y  t i e  w i l l  be  l o c a t e d .  

The ' a x i a l  f l o w  t u b u l a r  machine s u g g e s t e d  f o r  P r o j e c t  B w i l l  

o p e r a t e  a t ' a  maximum d e s i g n  f l o w  o f  200 c f s ,  a  g r o s s  head o f  64.4 

f e e t ,  and a  c o r r e s p o n d i n g  n e t  head of  60.9 f e e t  a t  d e s i g n  f low.  The 

runner  w i l l  have -an  approx imate  d i a m e t e r  of  35 i n c h e s  and w i l l  be a  

f i v e .  b l a d e  t y p e .  S e t t . i n g  of t h e  t u r b i n e  w i l l  be a p p r o x i m a t e l y  f o u r  

f e e t  .below d e s i g n  t a i l  water. The t ' u r b i n e  w i l l  o p e r a t e  w i t h  a  

s p e c i f i c  speed  of a p p r o x i m a t e l y  120 a n d  w i l l  be  c o n n e c t e d  t h r o u g h  a  
. s p e e d . i n c r e a s e r  t o  a  1 ,000 KVA g e n e r a t o r .  The g e n e r a t o r  w i l l  be a 

t h r e e - p h a s e  synchronous  and o p e r a t e d  a t  2 ,400 v o l t s  AC. The t u r b i n e  



\ 

w i l l  be equipped w i t h  an i n l e t .  b u t t e r f l y  va lve  upstream from t h e  

runner and t h e  runner w i l l  be of t h e  a d j u s t a b l e  b l ade  type.  The 

composi te  e f f i c i e n c y  of t h e  machine w i l l  exceed 81.0%. A n c i l l a r y  . 

equipment inc luded  i n  P r o j e c t  B w i l l  c o n s i s t  of a  t u r b i n e ' c o n t r o l  

pane l .  Necessary c o n t r o l  i n fo rma t ion  t o  and from t h e  l o c a l  c o n t r o l  

pane l  w i l l  be t r a n s m i t t e d  t o  t h e  f a c i l i t y  computer t o  be l o c a t e d  a t  

t h e  e x i s t i n g  pumping/control  s t a t i o n  v i a  a  f i b e r  o p t i c  d , i g i t a l  

t e l e m e t r y  l i n e .  A d d i t i o n a l  a n c i l l a r y  equipment l o c a t e d  a t  t h e  

powerhouse w i l l  i n c l u d e  a  b r e a t h a b l e  g a s  f i r e  e x t i n g u i s h i n g  

p r o t e c t i o n  system and s t a t i o n  b a t t e r y  ( f o r  o p e r a t i o n  under' 

b l a c k - s t a r t  c o n d i t i o n s )  . A c o n t r o l .  schemat ic  i n d i c a t i n g  

r e l . a t i o n s h i p s  of t h e  v a r i o u s . t u r b i n e  c o n t r o l ,  s a f e t y . a n d  mon i to r ing ,  

d e v i c e s  and t h e  r e l a t i o n s h i p s  w i t h  t h e  f a c i l i t y  c o n t r o l  system is, 

shown on F igu re  76. T h e  c o n t r o l s  necessary  t o  o p e r a t e  t h e ' t u r b i n e  

w i l l  i nc lude  v o l t a g e  and amperage and power f a c t o r  meters ,  w a t t  hour 

meters ,  and ground f low c o n t r o l s .  Sensing systems capab le  of 

s ens ing  r e s e r v o i r  e leva t ion  as '  w e l l  a s  i n d i c a t i o n s  of s t r eam f low,  . ' 

r a i n f a l l ,  and ground mois ture  from two l o c a t i o n s  i n  t h e  watershed 

w i l l  s e r v e  a s  i n p u t  t o  a  32K c o r e  d i g i t a l  computer l o c a t e d  a t  t h e  

pumping/control  s t a t i o n .  T h i s  computer w i l l  be programmed t o  

o p e r a t e  t h e  h y d r o e l e c t r i c  and pumping s t a t i o n  f a c i l i t y  i n  an 

unat tended mode wi th  minimal s u p e r v i s i o n  from a  h o s t  computer t o  be 

l o c a t e d  a t  t h e  W a t e r v l i e t  Water F i l t r a t i o n  P l a n t  i n  t h e  C i t y  of 

W a t e r v l i e t .  C o s t s  f o r  t h i s  h o s t  supe rv i so ry  computer a r e  n o t  

inc luded  i n  t h e  h y d r o e l e c t r i c  p r o j e c t .  The o n - s i t e  computer would 

inc lude  o f f - l i n e  d i s c  s t o r a g e ,  ca thode  r ay  tube  inpu t /ou tpu t  a s  w e l l  

a s  a p r i o r i t y  i n t e r r u p t  c o n t r o l  s t r u c t u r e . .  The computer w i l l  

i n t e r f a c e  th rough  communications modums t o  t h e  remote watershed 

s e n s o r s  a s  w e l l  a s  t o  t h e  h o s t  computer. 

The recommended mode of o p e r a t i o n  f o r  t h e  composed P r o j e c t  B 

Normanski l l  H y d r o e l e c t r i c  F a c i l i t y  w i l l  be f u l l y  au tomat ic .  Two 

au tomat ic  o p t i o n s  w i l l  be al lowed. The f i r s t  au tomat ic  c o n t r o l  

o p t i o n  w i l l  pe rmi t  t h e  l o c a l  t u r b i n e / g e n e r a t o r  c o n t r o l  p a n e l  t o  

m a u t o m a t i c a l l y  vary t u r b i n e  load  based upon r e s e r v o i r  l e v e l  w i th  a  

p r e s e t  c o n t r o l  deadband. The  second au tomat ic  c o n t r o l  o p t i o n  w i l l  



permi t  t h e  l o c a l  t u r b i n e / g e n e r a t o r  c o n t r o l  p a n e l  t o  a u t o m a t i c a l l y  

vary load  i n  p r o p o r t i o n  t o  a  load  s e t  p o i n t  s i g n a l  determined by a  

load d e c i s i o n  r o u t i n e  o p e r a t i n g  i n  t h e  o n - s i t e  d i g i t a l  computer. 

T h i s  load  d e c i s i o n  r o u t i n e  s e r v e s  a s  t h e  keystone element i n  a  

c o n t r o l  a lgo r i t hm f o r  t h e  Normanski l l  H y d r o e l e c t r i c  f a c i l i t y .  I t  

has been determined i n - t h e  hydro log ic  phase  of t h i s  f e a s i b i l i t y  

assessment  t h a t  optimum o p e r a t i o n  of t h e  h y d r o e l e c t r i c  f a c i l i t y  

( t h a t  is ,  o p e r a t i o n  maximizing h y d r o e l e c t r i c  o u t p u t  i n  r e l a t i o n  t o  

t h e  market b e n e f i t  f u n c t i o n  whi le  a t  t h e  same t i m e  minimizing 

d i s r u p t i o n s  of r e s e r v o i r  l e v e l )  w i l l  o p e r a t e  most e f f i c i e n t l y  i f  

sho r t - t e rm p r e d i c t i o n s  of r e s e r v o i r  i n f lows  can  be ob ta ined .  T h i s  

r e l a t i o n s h i p  is due i n  p a r t  t o  t h e  l a r g e  s i z e  of t h e  watershed i n  

r e l a t i o n  t o  t h e  r a t h e r  l i m i t e d  r e s e r v o i r  c a p a c i t y .  A n t i c i p a t i o n  of 

in f low c o n d i t i o n s  and moderate drawdown i n  a n t i c i p a t i o n  of in f low 

w i l l  s e r v e  t o  c a p t u r e  r u n o f f s  from s torm e v e n t s  which would 

o the rwi se  be l o s t ,  Whi-le a t  c e r t a i n  t i m e s  of t h e  yea r  i t  might be 

f e a s i b l e  t o  o p e r a t e  t h e  h y d r o e l e c t r i c  g e n e r a t i o n  equipment i n  an 

au tomat ic  made w i t h  t h e  r e s e r v o i r  l e v e l  a s  t h e  s o l e  c r i t e r i a  f o r  

load  d e c i s i o n ,  it is expected t h a t  f o r  a  l a r g e  p o r t i o n  of t h e  yea r  

t h i s  mode of o p e r a t i o n  w i l l ,  be inadequa te .  I t  is a n t i c i p a t e d  t h a t  

t h e  r e s e r v o i r  l e v e l  deadband neces sa ry  t o  ach ieve  s t a b l e  t u r b i n e  

o p e r a t i o n  may i t s e l f  be of a  magnitude s i m i l a r  t o  t h e  maximum 

a l lowab le  t h r e e  f e e t  drawdown. For  t h i s  reason ,  it is a n t i c i p a t e d  

t h a t  f o r  most of t h e  o p e r a t i n g  y e a r  an o p e r a t i n g  model based upon 

t h e  p a r t i c u l a r  hyd ro log ic  c h a r a c t e r i s t i c s  of t h e  watershed w i l l  

s e r v e  a s  t h e  l oad  d e c i s i o n  i n p u t  t o  t h e  t u r b i n e  c o n t r o l .  T h i s  

c o n t r o l  model w i l l  r e g u l a t e  t h e  g e n e r a t o r  l oad  p o i n t  i n  r e l a t i o n  t o  

a  c a l c u l a t e d  r e s e r v o i r  in f low us ing  t h e  s t o r a g e  c h a r a c t e r i s t i c s  of 

t h e  r e s e r v o i r  a s  b u f f e r .  Data  r e l a t i n g  t o  t h e  expected energy 
I 

consumption p a t t e r n s  of t h e  C i t y  w i l l  be programmed i n t o  t h e  model 

a s  w e l l  a s  d e c i s i o n  r u l e s  based upon t h e  n e g o t i a t e d  power account ing  

r u l e s  between t h e  C i t y  and Niagara  Mohawk Power Corpora t ion .  The 

c o n t r o l  model w i l l  d e c i d e ,  f o r  example, on t h e  b a s i s  of C i t y  power 

consumption whether t o  r a t i o n  t h e  expected in f lows  by o p e r a t i n g  a t  

low load p o i n t s  s o  a s  t o  extend o p e r a t i o n  of water  pumping u n i t s  



under C i t y  produced power o r  t o  g e n e r a t e  a t  f u l l  load  t o  o f f s e t  

a n t i c i p a t e d  i n - c i t y  power consumption. The r o u t i n e  w i l l  u se  a s  i ts  

source  d a t a  f o r  p r e d i c t i o n  of t h e  s t reamflow i n t o  t h e  r e s e r v o i r ,  

c u r r e n t  d a t a  r ece ived  from t h e  remote s ens ing  s t a t i o n s  a s  w e l l  a s  

long-term h i s t o r i c a l  d a t a .  The long-term h i s t o r i c a l  d a t a  base  used 

t o  i n i t i a l i z e  t h e  c o n t r o l  model w i l l  be t h a t  of t h i s  f e a s i b i l i t y  

assessment .  The means used f o r  c o r r e l a t i n g  r a i n f a l l  and ground 

mois ture  t o  s t reamflow w i l l  be a  m u l t i v a r i a t e  a n a l y s i s  t echn ique  

r e l a t i n g  t h e  observed c o e f f i c i e n t s  t o  measured s t reamflow 

responses .  However, a s  an  a i d  i n  de te rmin ing  and updat ing t h e  

a p p r o p r i a t e  changes  i n  system c h a r a c t e r i s t i c s  and parameters ,  a 
technique  known a s  a  Kalman f i l t e r  w i l l  be used [Ref. 521. T h i s  

c o n t r o l  method e s t i m a t e s  t h e  s t a t e ,  i n  t h i s  case t h e  s t reamflow,  by 

updat ing t h e  e s t i m a t i o n  of t h e  s t a t e  a t  t h e  p r e v i o u s  t ime frame, 

us ing  a  weighted component of a l l  observed v a r i a b l e s  a t  t h e  c u r r e n t '  

s t a t e .  T h i s  t echnique  le 'nds i t s e l f  q u i t e  r e a d i i y . t o  p r e d i c t i o n  of 

sho r t - t e rm phenomena such a s  a r e  o b s e r v e d . i n  t h e  response of a  s m a l l  

r e s e r v o i r  . to  a  l a r g e  watershed.  The Kalman f i l t e r  t echnique  has  t h e  

added advantage of improving i ts  own accuracy th rough  feedback,  

r e q u i r i n g  minimal computa t iona l  c a p a c i t y .  

Economic C r i t e r i a  

The proposed p r o j e c t  has  a  p r e s e n t  worth n e t  c o s t  of 

$3,099,800. The b e n e f i t  c o s t  r a t i o  is 2.36. The cor responding  

i n t e r n a l  r a t e  of r e t u r n  is 16.24%. Cash f lows  f o r  P r o j e c t  B a r e  

d e p i c t e d  on F i g u r e  58. S i n c e  t h e  ca sh  f lows  d e p i c t e d  use  t h e  

, convent ion  of c a p i t a l  c o s t  shown a s  a lump sum disbursement  r a t h e r  

t h a n  amor t ized , '  a  schedu'le of  r e c e i p t s  and d i sbursements  has  been 

prepared  and is shown on F i g u r e  77. T h i s  schedule  r e p r e s e n t s  a c a s h  

f low summary f o r  a  50-year p e r i o d  f o r  P r o j e c t  B. T h i s  schedule  

d e p i c t s  t h e  c a p i t a l  c o s t  amort ized over  25 y e a r s  u t i l i z i n g  t h e  

expected C i t y  of W a t e r v l i e t  munic ipa l  bonding r a t e  of .6.3%. 

Furt.hermore, t h e  a m o r t i z a t i o n  c a s h  f low is c a l c u l a t e d  us ing  t h e  "50% 

Rule" a s  manda tedby  t h e  New York S t a t e  D i v i s i o n  of Audi t  & C o n t r o l  

f o r  munic ipa l  bonding. 



F u r t h e r  C r i t e r i a  

I t  is. a  m a t t e r . o f  h i s t o r i c a l  p receden t  t h a t  e l e c t r i c  

g e n e r a t i o n  c o n s t r u c t i o n  c o s t s  a r e  sometimes examined on a  b a s i s  of 

c o s t  p e r  k i l o w a t t  i n s t a l l e d .  We would sugges t  t h a t  f o r  a  p r o j e c t  

such a s  P r o j e c t  B ,  o p e r a t i n g  over  a  wide range of load  f a c t o r ,  t h a t  

t h i s  y a r d s t i c k  i s  no t  r e l e v a n t .  However, based upon a  t o t a l  c a p i t a l  

c o s t  of $1,747,000 and wi th  an i n s t a l l e d  - n e t  e l e c t r i c  g e n e r a t i n g  

c a p a c i t y  of 842 k i l o w a t t s ,  t h e  n e t  c o s t  p e r  i n s t a l l e d  k i l o w a t t  is 

$2,075. 

S i m i l a r l y ,  a  u n i t  c o s t  p e r  k i l o w a t t  hour produced is sometimes 

used a s  a  g u i d e l i n e .  I n  t h i s  p a r t i c u l a r  c a s e ,  w i t h  a  unique b e n e f i t  

c o s t  s t r u c t u r e ,  unique c o n s i d e r a t i o n s ,  l abo r - sav ing ,  e t c . ,  it is no t  

f e l t  t h i s  u n i t  p r i c i n g  g u i d e l i n e  i s  an  a c c u r a t e  i n d i c a t i o n  of 

p r o j e c t  f e a s i b i l i t y .  However, t h e  f i r s t  y e a r  o p e r a t i n g  c o s t  (which 

would be expected t o  be t h e  h i g h e s t  o p e r a t i n g  c o s t  due t o  t h e  50% 

a m o r t i z a t i o n  r u l e  on c a p i t a l  c o s t )  would be approximately  $0.041 p e r  

ki1owat.t hour. Other  v a l u e s  f o r  . t h i s  u n i t  p r i c e  . c a l c u l a t e d  f o r  

v a r i o u s  y e a r s  of t h e  expec ted  l i f e  of t h e  f a c i l i t y . a r e  as fol lows:  

Year -. Cost  p e r  K i l o w a t t  Hour 

Year 1 $' 0.041 
Year 1 0 ,  0.023 
Year 20 0.014 
Year 30 +0.103 
Year 40 +O. 228 
Year 50 +O. 484 

I t  is e s t i m a t e d  t h a t  t h e  proposed h y d r o e l e c t r i c  g e n e r a t i n g  

f a c i l i t y  a t  t h e  F r e n c h ' s  M i l l s  s i t e , ' C i t y  of W a t e r v l i e t  Rese rvo i r  

w i l l  r e p l a c e  approximately  6,000 b a r r e l s  of f o r e i g n  o i l  p e r  yea r .  

T h i s  is based upon t h e  assumption t h a t  t h e  marg ina l  power produced 

by t h e  l o c a l  u t i l i t y  is f o r e i g n  o i l  produced and, assumes a  30% 

convers ion  e f f i c i e n c y  wi th  an  o i l  energy e q u i v a l e n t  of 5.8 x  1 0  
6 

BTU p e r  b a r r e l  [Ref. 811. 



Conclusions 

D Based upon technical, environmental and economic feasibility, 

the site owner, the City of Watervliet, New York, should pursue 

implementation of selected Project B for hydroelectric generation at 

the Watervliet Reservoir at French's Mills. 
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