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SECTION I .  SUMMARY AND CONCLUSIONS 

A .  Summary - 

The purpose  o f  t h i s  s t u d y  i s  t o  ana lyze  t h e  f e a s i b i l i t y  o f  

deve lop ing  t h e  power p o t e n t i a l  o f  t h e  I l l i n o i s  R iver  a t  t h e  Lake 
. . 

Frances  Dam f o r  u t i l i z a t i o n  by t h e  c i t y  o f  Si loam S p r i n g s ,  Arkansas .  

Our s t u d y  f i n d s  t h a t  : 

1. The a c t u a l  average  power p o t e n t i a l  o f  t h e  r i v e r  a t  t h i s  

l o c a t i o n  i s  1 ,200  horsepower,  o r  ,894 k i l o w a t t s .  With a 

u t i l i z a t i o n  f a c t o r  o f  51  p e r c e n t ,  t h e  ave r age  annua l  

power p roduc t i on  i s  3.8 megawatt hours:  

2. The c o s t  s a v i n g  produced by t h e  proposed hydropower p r o j e c t  

w i l l  n o t  s u p p o r t  any remedia l  r e h a b i l i t a t i o n  c o s t s  o f  t h e  

e n t i r e  dam s t r u c t u r e  . 
3. Power g e n e r a t e d  can  be r e a d i l y  u t i l i z e d  on t h e  c i t y  of  

Si loam S p r i n g s  ' e l e c t r i c a l  d i s t r i b u t i o n  sys.tem. 

4 .  The c o s t  o f  an  850 k i l o w a t t  hydro-genera t ing  f a c i l i t y  

i s  e s t i m a t e d  t o  b e  $740,000.  

5 .  The annua l  t o t a l  k i l owa t t -hou r  c o s t  t o  produce t h e  power 

a v a i l a b l e  w i l l  v a ry  from 22 m i l l s  t o  18  m i l l s  p e r  k i l o w a t t  

hou r ,  depending on t h e  f i n a n c i n g  c o s t s  f o r  development.  

6 .  The p r o j e c t  i s  n o t  s e l f - l i q u i d a t i n g  a t  t h e  p r e s e n t  

who le sa l e  r a t e  t h a t  t h e  c i t y  pays f o r  power. 

7.  Development and o p e r a t i o n  o f  t h i s  hydropower p r o j e c t  would 

s a v e  nonrenewal t y p e s  o f  energy ,  and,  i f  t h e  c a p i t a l  c o s t  

can  be  ' f i xed  a t  p r e s e n t  day p r i c e s ,  t h e  development w i l l  

become economical ly  f e a s i b l e  when e l e c t r i c  c o s t s  i n c r e a s e  

by 43 p e r c e n t .  



B .  Conclusions - - 

1. Cons t ruc t ion  and o p e r a t i o n  of a  hydropower f a c i l i t y  i n  

t h e  Lake Frances Dam a r e  f e a s i b l e  i f  t h e  fo l lowing  

problems can be solved:  

a .  Addi t iona l  s t u d i e s  w i l l  be r e q u i r e d  i n t o  t h e  dam 

s a f e t y  a s p e c t  of  t h e  p r o j e c t .  These s t u d i e s  w i l l  

de termine t h e  requirements  necessary  t o  make t h e  dam 

s a f e  du r ing  h igh  f low c o n d i t i o n s .  Based on t h e  

f i n d i n g s ,  c o s t  e s t i m a t e s  on t h e  r equ i r ed  remedial  

measures w i l l  be formulated.  A s  t h e  hydropower 

p r o j e c t  cannot  suppor t  any dam s a f e t y  c o r r e c t i v e  

measures, a l t e r n a t e  sources  of  funding w i l l  be 

r e q u i r e d  f o r  c o n s t r u c t i o n  t o  i n s u r e  dam s a f e t y .  

b .  Sources of  funding can be made a v a i l a b l e  s o  t h a t  t h e  

annual  c o s t s  w i l l  n o t  exceed t h e  annual  s av ings .  

2 .  The hydropower f a c i l i t i e s  should be c o n s t r u c t e d ,  owned 

and ope ra t ed  by t h e  c i t y  of  Siloam Spr ings ,  . which has an 

immediate use f o r  t h e  power genera ted  and means t o  f i n a n c e  

a t  l e a s t  a  p o r t i o n  of t h e  p r o j e c t .  

3 .  There w i l l  be no s i g n i f i c a n t  adverse  environmental  impact  

r e s u l t i n g  from e i t h e r  t h e  c o n s t r u c t i o n  o r  o p e r a t i o n  of  t h e  

hydropower f a c i l i t i e s .  





SECTION 11. I N r r ~ O D U C T I O N  -- 
Water power has  been used f o r  c e n t u r i e s  t o  accomplish many 

f u n c t i o n s .  Only du r ing  t h e  l a s t  cen tu ry ,  however, has  wa te r  

power been u t i l i z e d  t o  gene ra t e  e l e c t r i c i t y .  During the e a r l y  

p a r t  o f  t h i s  cen tu ry ,  gene ra t ion  of  e l e c t r i c i t y  u s ing  wate r  power 

was in t roduced  t o  prov ide  power f o r  i s o l a t e d  a r e a s .  

Such has  been t h e  c a s e  w i t h  Lake Frances .  During t h e  e a r l y  

pe r iod  a f t e r  c o n s t r u c t i o n ,  t h e  g e n e r a t o r  i n s t a l l e d  i n t o  . t he  dam 

was used t o  provide power f o r  a  r e s o r t  a r e a  near  t h e  l a k e .  The 

Lake Frances  g e n e r a t o r  f a i l e d  because o f  an over load ,  b u t  many 

power s t a t i o n s  s i m i l a r  t o  t h e  Lake Frances  i n s t a l l a t i o n  were 

abandoned because o f  h igh maintenance c o s t s .  

I n c r e a s i n g  concern of  t h e  a v a i l a b i l i t y  of  energy and i t s  c o s t s  

has  once aga in  made t h e  smal l  hydropower f a c i l i t y  an a t t r a c t i v e  

a l t e r n a t e  source  of  energy.  While power from sma l l  hydropower 

f a c i l i t i e s  i s  t o o  smal l  t o  s o l v e  t h e  n a t i o n ' s  energy porblems, 

such i n s t a l l a t i o n s  can s u b s t a n t i a l l y  supplement f o s s i l  f u e l  power 

p l a n t s  and save nonrenewable t y p e s  of  energy.  

The U .  S .  Department o f  Energy i s  p r e s e n t l y  c o n c e n t r a t i n g  

i t s  e f f o r t s  o n .  r e a c t i v a t i n g  e x i s t i n g  hydropower f a c i l i t i e s  and 

i n c o r p o r a t i n g  new hydropower f a c i l i t i e s  i n t o  e x i s t i n g  impoundments. 

By u t i l i z i n g  e x i s t i n g  impoundments many development problems have 

a l r eady  been so lved .  For example, t h e  land  t h a t  such impoundments 

cover  has  p rev ious ly  been acqu i r ed ,  and t h e  major p o r t i o n  o f  t h e  

c i v i l  s t r u c t u r e s  has  been c o n s t r u c t e d .  

This F e a s i b i l i t y  ~ s s e s s m e n t  w i l l  address :  t h e  s t r u c t u r a l  



i n t e g r i t y  of  t h e  dam, t h e  impact  on wate r  needs of  t h e  a r e a ,  t h e  

marketing p o t e n t i a l  o f  t h e  power produced, an a n a l y s i s  of  t h e  

flows p r e s e n t  i n  t h e  r i v e r ,  t he  system c o n f i g u r a t i o n ,  t h e  

e s t ima ted  development c o s t s  and o p e r a t i n g  expenses ,  and p o s s i b l e  

p r o j e c t  f i nanc ing  programs. 





SECTION 111. - DESCRIPTION AND HISTORY 

The Lake Frances  Dam i s  l o c a t e d  on  t h e  I l l i n o i s  River  

approx imate ly  t h r e e  m i l e s  s o u t h  o f  Si loam S p r i n g s ,  Arkansas ,  

a t  l a t i t u d e  36 degrees  7.7 minu tes ,  l o n g i t u d e  9 4  degrees  33.8 

minutes .  The dam and most o f  t h e  ' lake  a r e  i n  t h e  extreme n o r t h e a s t  

c o r n e r  o f  Adair  County, Oklahoma. F igu re s  1 and 2 show l o c a t i o n .  

Lake Frances  ha s  approximate ly  517 a c r e s  of  s u r f a c e  a r e a  

w i t h  a n  e s t i m a t e d  volume c a p a c i t y  i n  exces s  of  2,000 a c r e - f e e t .  

F i g u r e  3 shows L i ~ e  yene ra l  l a y o u t  of t h e  e x i s t i n g  s t r u c t u r e .  

The dam c o n s i s t s  o f  an  e a r t h f i l l  s e c t i o n  t h a t  i s  approxi-  

mate ly  6,000 f e e t  long ,  a  c o n c r e t e  a r c h  s e c t i o n  68 f e e t  wide,  a 

main s p i l l w a y  1 6 2  f e e t  wide,  and an  a u x i l i a r y  s p i l l w a y  518 f e e t  

wide. The e l e v a t i o n  of  t h e  t o p  o f  t h e  e a r t h  embankment i s  948.5*, 

and t h e  t o p  o f  t h e  a r c h  s e c t i o n  i s  949, w h i l e  t h e  t o p  o f  t h e  main 

s p i l l w a y  i s  936.5. (See photo No. 1.) 

The powerhouse s t r u c t u r e ,  which i s  l o c a t e d  t o  t h e  l e f t  of  

t h e  main sp i l lway  between t h e  main s p i l l w a y  and t h e  c o n c r e t e  a r c h  

s e c t i o n  of  the dam, s t i l l  h a s  o l d  g e n e r a t i n g  equipment i n  p l a c e .  

However, t h e  equipment i s  n o t  s e r v i c e a b l e  and h a s  been abandoned. 

(See photos  No. 2 and 3.) 
. . 

There  i s  a low flow o u t l e t  s t r u c t u r e  l o c a t e d  on  t h e  r i g h t  

s i d e  o f  the main spi1,lway. A motor o p e r a t e d  54 i n c h  s q u a r e  

s l u i c e  g a t e  c o n t r o l s  t h e  f low through t h e  o u t l e t .  S ince  t h i s  

oukleL s t r u c t u r e  i s  i n a c c e s s i b l e  d u r i n g  h igh  f l ows ,  a  c o n t r o l  

dev i ce  was i n s t a l l e d  on t h e  r i g h t  bank o f  t h e  downstream channe l  

* A l l  e l e v a t i o n s  a r e  r e f e r e n c e d  t o  U . S  .G.S. datum. 
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t o  make it p o s s i b l e  t o  open and c l o s e  t h e  o u t l e t  r emote ly .  (See 

pho to  No. 4 . )  

The dam was o r i g i n a l l y  planned and des igned  by V i c t o r  H .  

Cochrane, Consu l t i ng  Engineer ,  Tu l s a ,  Oklahoma. The s t r u c t u r e ,  

w i t h  some m o d i f i c a t i o n s ,  was completed i n  1931. The g e n e r a t i n g  

equipment t h a t  was i n c l u d e d  i n  t h e  s t r u c t u r e  was p u t  on l i n e  and 

o p e r a t e d  f o r  o n l y  abou t  f o u r  y e a r s ,  a s  an  o v e r l o a d  caused  t h e  

equipment t o  f a i l  i n  1935. The g e n e r a t i n g  equipment was 

abandoned a t  t h a t  time. 

I n  May 1943, t h e  e a r t h  embankment s e c t i o n  o f  t h e  dam f a i l e d  

due  t o  h i g h  f lows which a p p a r e n t l y  exceeded t h e  c a p a c i t y  o f  t h e  

s p i l l w a y .  Approximately 700 f e e t  o f  t h e  e a r t h  embankment washed 

o u t .  The U.S.G.S. gaging s t a t i o n  now l o c a t e d  immediately downstream 

was n o t  a c t i v a t e d  u n t i l  1955. The re fo r e ,  t h e r e  i s  no r e c o r d  o f  t h e  

magnitude o f  t h i s  f l o o d .  D e t a i l s  o f  t h e  f a i l u r e  a r e  i n c o n c l u s i v e .  

I n  1954,  t h e  c i t y  o f  Si loam Sp r ings  purchased t h e  dam and 

t h e  a d j a c e n t  l a n d  s o  t h a t  t h e  dam cou ld  b e  r e b u i l t  f o r  use  as a  

w a t e r  supp ly  f o r  t h e  c i t y .  The p l a n s  f o r  t h e  r e c o n s t r u c t i o n  

. p r o j e c t  w e r e  p r epa red  by F e l l  & Wheeler C o n s u l t i n g  Eng inee r s ,  

T u l s a ,  Oklahoma. The e a r t h  embankment was r a i s e d  two and one- 

h a l f  f e e t  and a  200 f o o t  s e c t i o n  o f  s h e e t  p i l i n g  w i t h  a  s m a l l  

c o n c r e t e  c u t o f f  w a l l  w a s  i n c l u d e d  t o  reduce  t h e  p o s s i b i l i t y  o f  

t h e  f a i l u r e  o c c u r r i n g  a g a i n .  The e a r t h  embankment was a l s o  

ex tended  approx imate ly  700 f e e t  s o u t h ,  and t h e  t u r b i n e  h o l e  i n  

t h e  powerhouse was, p lugged w i t h  c o n c r e t e .  F i g u r e  4 shows t h e  

a r e a s  t h a t  were r e c o n s t r u c t e d .  

With t h e  e x c e p t i o n  o f  t h e  powerhouse, t h e  dam h a s  been 
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ope ra t ed  a s  r e b u i l t  s i n c e  1955. 

The normal o p e r a t i o n a l  procedure keeps t h e  pool l e v e l  a t  o r  

nea r  the ,  t o p  e l e v a t i o n  of t h e  main sp i l lway  by means of  wooden 

f l a shboa rds  t h a t  have been i n s t a l l e d  and p e r i o d i c a l l y  mainta ined 

by t h e  c i t y .  With t h e  f l a shboa rds  i n  p l a c e ,  t h e  pool e l e v a t i o n  

i s  9 3 7 . 4 .  During low flow pe r iods  t h e  s l u i c e  g a t e  i s  opened t o  

m a i n t a i n . a  downstream flow. During h igh  f lows,  however, t h e  s l u i c e  

g a t e  i s  c losed  and t h e  sp i l lways  d i scha rge  t h e  wate r  downstream. 

The c i t y ' s  raw water  i n t a k e  s t r u c t u r e  i s  l o c a t e d  on t h e  r i g h t  bank 

o f  t h e  s t ream and d i v e r t s  a vary ing  amount of  wa te r  each day f o r  

t h e  c i t y ' s  po tab le  wate r  needs. 





SECTION I V .  STRUCTURAL'SOUNDNESS OF THE DAM - 

Since  t h e  e x i s t i n g . d a m  and powerhouse a r e  48 y e a r s  o l d ,  t h e  

s t r u c t u r a l  soundness o f  t h e  f a c i l i t y  i s  o f  prime impor tance .  

Hydropower p r o j e c t s  g e n e r a l l y  c anno t  s u p p o r t  major remedia l  

r e h a b i l i t a t i o n  o f  e x i s t i n g  s t r u c t u r e s ;  however, t h e  e x i s t i n g  

s t r u c t u r e  wi .11  be r e q u i r e d  t o  m e e t  dam s a f e t y  s t a n d a r d s  b e f o r e  

power f a c i l i t i e s  can b e  c o n s t r u c t e d .  

The Lake Frances  Dam has  been c l a s s i f i e d  by t h e  Oklahoma Water 

Resources Board (OWRB) a s  a n  i n t e r m e d i a t e  s i z e  dam w i t h  a  h igh  

haza rd  p o t e n t i a l .  The s i z e  c l a s s i f i c a t i o n  i s  due t o  t h e  s t o r a g e  

c a p a c i t y  o f  2,000+ a c r e - f e e t  and a  h e i g h t  o f  48  f e e t .  A h igh  

haza rd  c l a s s i f i c a t i o n ,  a cco rd ing  t o  t h e  OWRB, i s  d e f i n e d  a s  t h a t  

i n  t h e  e v e n t  o f  f a i l u r e ,  more t h a n  a  few peop le  c o u l d  b e  k i l l e d  

and economic l o s s  cou ld  b e  e x c e s s i v e .  

The performance s t a n d a r d s  s e t  by t h e  r u l e s  and r e g u l a t i o n s  

o f  t h e  OWRB f o r  an i n t e r m e d i a t e  s i z e ,  h igh  h a z a r d  dam r e q u i r e  t h a t  

t h e  s p i l l w a y  have t h e  c a p a c i t y  t o  pa s s  t h e  Probab le  Maximum Flood 

(PMF) w i t h  a  f r e e b o a r d  o f  t h r e e  f e e t .  

The dam was i n s p e c t e d  by t h e  OWRB and t h e  Corps o f  Eng ineers  

on  February  15 ,  1978, under  t h e  a u t h o r i t y  o f  t h e  N a t i o n a l  Dam 

I n s p e c t i o n  Act .  A r e p o r t  e n t i t l e d  "Phase I - I n s p e c t i o n  Repor t ,  

N a t i o n a l  Dam S a f e t y  Program, Lake Frances  Dam and Sp i l lway"  sets 

o u t  t h e i r  f i n d i n g s ,  c o n c l u s i o n s  and recommendations. S e c t i o n s  3 ,  

c 4 ,  6 and 7  o f  t h i s  r e p o r t  a r e  i n c l u d e d  h e r e i n  a s  Appendix A . '  

The Corps o f  Eng ineers  e s t i m a t e s  t h e  PMF t o  be  approx imate ly  

555,000 c u b i c  f e e t  p e r  second . .  A t  t h i s  f low t h e  dam would o v e r t o p  
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8 . 1  f e e t ,  which would cause  a f a i l u r e  of  t h e  e a r t h  embankment. 

The Corps o f  Eng ineers  a l s o  estimates t h e  s p i l l w a y  can  s a f e l y  p a s s  

approx imate ly  20 p e r c e n t  o f  t h e  PMF w i t h o u t  ove r topp ing  t h e  e a r t h  

embankment. The maximum f l o o d  a t  t h e  dam s i t e  r e p o r t e d l y  o c c u r r e d '  

i n  1892 and was e s t i m a t e d  a t  84,000 c u b i c  f e e t  p e r  second.  

The c o n c l u s i o n s  reached-  i n  t h i s  Phase I - I n s p e c t i o n  Repor t  

a r e  summarized a s  fo l lows :  

1. P r e l i m i n a r y  computa t ions  i n d i c a t e  t h e  s p i l l w a y  can  p a s s  

o n l y  approximate ly  20 p e r c e n t  o f  t h e  PMF w i t h o u t  over-  

t opp ing  t h e  embankment. 

2.  Under PMF and one-hal f  PMF c o n d i t i o n s ,  t h e  embankment 

would b e  over topped  by 8 .1  f e e t  and 4 . 3  f e e t  of  w a t e r ,  

r e s p e c t i v e l y .  Over topping o f  such magnitude would 

r e s u l t .  i n  f a i l u r e  o f  t h e  dam. 

3 .  Remedial measures would be r e q u i r e d  t o  a s s u r e  t h e  s p i l l -  

way can  s a f e l y  p a s s  t h e  d e s i g n  f l o o d .  

Recommendations set  o u t  i n  t h e  r e p o r t  a r e  a s  f o l l ows :  

1. Determine t h e  s o u r c e  and p o s s i b l e  consequences o f  seep-  

age  downstream o f  t h e  embankment on t h e  s a f e t y  o f  t h e  

s Lruc Lures. 

2.   valuate t h e  p o t e n t i a l  f o r .  and p o s s i b l e  e f f e c t s  o f  

d i f f e r e n t i a l  s e t t l e m e n t ,  c r a c k i n g ,  and p i p i n g  w i t h i n  

t h e  r e c o n s t r u c t e d  p o r t i o n  o f  t h e  e a r t h  embankment a d j a c e n t  

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

3 .  Determine th,e remedia l  measures nece s sa ry  t o  i n s u r e  \ 

t h a t  t h e  s p i l l w a y s  can  s a f e l y  p a s s  t h e  d e s i g n  f l o o d .  

4 .  Eva lua t e  t h e  s t r u c t u r a l  s t a b i l i t y  o f  t h e  cyc lopean  rock 



f i l l e d  sp i l lways .  

5 .  A r o u t i n e  i n s p e c t i o n  and maintenance program needs t o  be  

developed and implemented. 

6 .  Trees and heavy v e g e t a t i o n  should  be removed from t h e  

s l o p e s  o f  t h e  e a r t h  embankment. 

7. The r i p r a p  on t h e  upstream s l o p e  of  t h e  e a r t h  embankment 

should be  r e p a i r e d  and supplemented. 

8. A f t e r  an i n v e s t i g a t i o n  of  any evidence of  d i f f e r e n t i a l  

s e t t l e m e n t  o r  c r ack ing ,  a l l  of  t h e  low a r e a s  on t h e  

c r e s t  of t h e  dam should be r e s t o r e d  wi th  compacted f i l l  

t o  t h e  o r i g i n a l  e l e v a t i o n .  

9 .  The marsh a r e a  near  t h e  downstream t o e  should be c l e a r e d  

and graded t o  d r a i n  t o  a l low measurement and o b s e r v a t i o n  

o f  p o s s i b l e  seepage.  

The r epo r t ed  s a f e t y  hazards  a s s o c i a t e d  w i t h  t h e  dam a r e  

p r e s e n t  whether o r  no t  t h e  dam is' u t i l i z e d  f o r  t h e  - g e n e r a t i o n  of  

e l e c t r i c  power. Therefore ,  t h e  power p r o j e c t  does n o t  i n c l u d e  

c o s t s  f o r  a  major r enova t ion  of t h e  e n t i r e  s t r u c t u r e .  

For t h e  hydropower p r o j e c t  t o  be  f e a s i b l e ,  remedial  measures 

necessary  t o  i n s u r e  dam s a f e t y  du r ing  f lood ing  would have t o  be 

funded from a l t e r n a t e  sou rces .  
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SECTION V.  - PROJECT IMPACT ON WATER NEEDS 

A .  U s e s  o f  Lake Frances  

The c i t y  o f  Si loam S p r i n g s  purchased t h e  dam and t h e  a d j a c e n t  

l a n d  t o  p rov ide  a sou rce  o f  p o t a b l e  w a t e r .  The c u r r e n t  u s e s  o f  

Lhe l a k e  a r e  a  c i t y  w a t e r  supp ly  and a  r e c r e a t i o n a l  f a c i l i t y .  

B.  - P r e s e n t  and P r o j e c t e d  P o p u l a t i o n  and Usage 

According t o  a  s p e c i a l  census  t a k e n  i n  1975, t h e  p o p u l a t i o n  

o f  Si loam Sp r ings  a t  t h a t  t i m e  was 6,454.  The c i t y ' s  p o p u l a t i o n  

ha s  been p r o j e c t e d  t o  be 17,000 by t h e  y e a r  2000. 

The p r e s e n t  average  d a i l y  w a t e r  usage by t h e  c i t y  i s  2.03 

m i l l i o n  g a l l o n s .  Of t h i s  amount, t h r e e  i n d u s t r i e s  use  approxi-  

mate ly  1 .2  m i l l i o n  g a l l o n s  p e r  day. With i n d u s t r i a l  usage sub- 

t r a c t e d  from t o t a l  usage ,  t h e  p e r  c a p i t a  ave r age  d a i l y  domes t i c  

usage i s  t h e r e f o r e  130 g a l l o n s  p e r  day.  Based upon t h e  p r o j e c t e d  

popula t2on,  t h e  average  d a i l y  domes t i c  w a t e r  usage  i n  t h e  y e a r  

2000 can  b e  p r o j e c t e d  t o  be  2.20 m i l l i o n  g a l l o n s .  

Assuming a n  i n d u s t r i a l  growth f a c t o r  o f  25 p e r c e n t ,  t h e  

i n d u s t r i a l  average  d a i l y  w a t e r  consumption i n  t h e  y e a r  2000 would 

be 1.50 m i l l i o n  g a l l o n s .  These two f i g u r e s  added t o g e t h e r  g i v e  a  

t o t a l  average  d a i l y  w a t e r  consumption o f  3 . 7 0  m i l l i o n  g a l l o n s .  

The peak w a t e r  demand f a c t o r  h a s  proven t o  b e  1 . 5  t i m e s  t h e  

ave r ag e  d a i l y  ,consumption r a t e .  The re fo r e ,  t h e  peak day i n  t h e  

y e a r  2000 i s  p r o j e c t e d  t o  be  5.60 m i l l i o n  g a l l o n s .  

The p r o j e c t e d  20 y e a r  peak day o f  5.60 m i l l i o n  g a l l o n s  i s  

o n l y  8.70 c u b i c  f e e t  p e r  second , ( c f s )  . The p r o j e c t e d  peak w a t e r  ' 

usage  by t h e  c i t y  i s  o n l y  1..5 p e r c e n t  o f  the f low r e q u i r e d  t o  

o p e r a t e  t h e  g e n e r a t o r  ( i . e . ,  590 c f s )  . 



C. E f f e c t s  o f  Generator Operat ion 

A s  t h e  c o n t r o l  scheme f o r  o p e r a t i n g  t h e  g e n e r a t o r  w i l l  be 

based on an on- leve l  and an o f f - l e v e l  t h a t  w i l l  be  on ly  s i x  

i nches  a p a r t ,  t h e  gene ra to r  w i l l  n o t  a f f e c t  any b e n e f i t s  . t h a t  a r e  

de r ived  from t h e  l a k e .  

S ince  t h e  gene ra to r  w i l l  use  t h e  t o p  s i x  i nches  of  t h e  l a k e  

f o r  c o n t r o l  f u n c t i o n s ,  t h e  g e n e r a t o r  system w i l l  r e g u l a t e  t h e  

s t r eam f low more than  t h e  p r e s e n t  o p e r a t i o n  does .  A downstream 

r flow w i l l  have t o  be mainta ined a t  a l l  t i m e s ;  t h e r e f o r e ,  any t i m e  

t h e  f a c i l i t y  i s  n o t  gene ra t ing  power and t h e r e  i s  no f low ove r  

t h e  main s p i l l w a y ,  t h e  g a t e  on t h e  low flow condu i t  w i l l  b e  

opened au toma t i ca l ly .  T h i s , p r o c e d u r e  w i l l  a s s u r e  a  -downstream 

f low a t  a l l  t imes .  

D .  Conclusion 

Compared t o  t h e  amount o f  s t r eam flow r e q u i r e d  t o  gene ra t e  

e l e c t r i c i t y ,  t h e  wate r  usage amounts d i v e r t e d  from t h e  s t r eam a r e  

i n s i g n i f i c a n t  t o  t h e  proposed development of  hydropower i n  Lake 

Frances .  

The i n s t a l l a t i o n  of a  hydropower . g e n e r a t i n g  . system i n t o  t h e  

Lake Frances Dam w i i l  c r e a t e  no adverse  impact  on t h e  wa te r  needs 

of  t h e  a r e a ,  nor  w i l l  it a f  f e c t  t h e  r e c r e a t i o n a l  uses  of  t h e  

f a c i l i t y .  





SECTION V I  . ENVIRONMENTAL' ASSESSMENT 

A.  General  

A s i g n i f i c a n t  e lement  o f  p lanning  any p r o j e c t  i s  an a s se s s -  

ment o f  t h e  environmental  a s p e c t s .  The purpose o f  t h i s  assessment  

i s  t o  i n s u r e  t h a t  t h e  advantages  o f  t h e  hydropower development a t  

t h e  Lake Frances Dam w i l l  n o t  be negated by e c o l o g i c a l  damage. To 

h e l p  i n s u r e  t h a t  environmental  f a c t o r s  a r e  no t  over looked,  Fede ra l  

law r e q u i r e s  t h a t  p r i o r  t o  i n i t i a t i o n  of t h e  proposed development, 

a document w i l l  be prepared cover ing  t h e s e  f a c t o r s .  The document 

w i l l  add re s s  (1) t h e  environmental  impact  o f  t h e  proposed develop- 

ment, ( 2 )  any adverse  environmental  e f f e c t s  which cannot  be 

avoided,  (3 )  a l t e r n a t i v e s  t o  t h e  proposed development, . ( 4  ) t h e  

r e l a t i o n s h i p  between l o c a l  shor t - te rm uses  of man's environment 

and t h e  maintenance and enhancement o f  t h e  long-term p r o d u c t i v i t y ,  

and ( 5 )  any i r r e v e r s i b l e  and i r r e t r i e v a b l e  commitments o f  r e sou rces  

which would be r e q u i r e d  i n  t h e  proposed development. 

The i n i t i a l  s t e p  i n  s tudy ing  t h e  e f f e c t s  t h a t  hydropower 

development w i l l  have on t h e  q u a l i t y  o f  t h e  environment i s  t o  make 

a gene ra l i zed  and s u b j e c t i v e  e v a l u a t i o n ,  u s ing  g u i d e l i n e s  

developed from exper ience  a s  . c r i t e r i a .  This s u b j e c t i v e  e v a l u a t i o n ,  

which i s  summarized i n  Table  1, a s s i s t s  i n  determining problem 

a r e a s  t h a t  may r e s u l t  from t h e  proposed hydropower development. 

Based on a "none-sl ight-moderate-severe" r a t i n g  s c a l e ,  t h e r e  

a r e  no a r e a s  which i n d i c a t e  any s i g n i f i c a n t  change i n  t h e  environ-  

ment. 

B .  - Displacement o f  Residences 

S ince  Lake Frances has  e x i s t e d  s i n c e  1931, and s i n c e  t h e  



TABLE 1 

SUMMARY O F  EVALUATION O F  ENVIRONMENTAL EFFECTS 

. 

EFFECTS 

ENVIRONMENTAL C R I T E R I A  
Developrent 

(Short-Term) 

Controversial? Slightly adverse .. Slightly adverse 

Have a significant aesthetic o r  
visual effect? Slightly adverse 

Affect areas of 1~niql.e i n t e ~ ~ g t .  
o r  scenic beauty? None None 

Destroy o r  derogate from important 
recreational areas? None 

Substantially a l t e r  the pattern 
of behavior of - a species? 

Interfere with important wildlife 
breeding, nesting, o r  feeding 
grounds? 

Interfere with k n m  historical  
o r  archeological s i tes? 

Adversely af fec t  the water table 
of the area? 

Displace a siqnifi&t nmker 
of people? 

Divide or  disrupt an established- 
x r n m i . 6 , 7  or divide existing uses? 

Cause excessive congestion on 
existing ground transportation 
faci l i t ies?  

Adversely affect  the land-use 
plan for the m h w ?  

Significantly increase water 
pollution? 

Significantly increase air pollution? 

Noticeably increase the artbient 
noise level for  a significant 
n&r of people? 

None 

None 

None 

None 

None 

None 

None 

None 

None 

None 

Slightly adverse 

None ' 

None 

None 

None 

N O E  

None 

None 

None 

None 

None . 



c i t y  o f  Siloam Spr ings  now owns t h e  l a k e ,  t h e  dam, and t h e  

a d j a c e n t  l and ,  t h e  hydropower development a t  t h e  Lake Frances 

Dam would r e s u l t  i n  no displacement  o f  r e s idences  , o r  persons .  

Also,  no s i g n i f i c a n t  d i s r u p t i o n  of an e s t a b l i s h e d  community 

o r  d i v i s i o n  o f  e x i s t i n g  uses  would be expected t o  r e s u l t  

from t h e  proposed development. 

C .  Water - P o l l u t i o n  

No s i g n i f i c a n t  wate r  p o l l u t i o n  i s  expected t o  r e s u l t  from t h e  

proposed hydropower development. P o l l u t i o n  of  t h e  s t ream i s  

p o s s i b l e  i f  environmental  p r o t e c t i o n ,  r e s t o r a t i o n ,  and 

enhancement a c t i o n s  a r e  no t  c a r e f u l l y  fol lowed dur ing  t h e  

c o n s t r u c t i o n  o f  t h e  development. 

The t h r e e  sources  o f  p o s s i b l e  wa te r  p o l l u t i o n  a r e  domestic 

sewage, i n d u s t r i a l  was te ,  and s to rm d ra inage .  

1. Domestic Sewage. There w i l l  b e  no sou rce  of  domestic 

sewage a f t e r  t h e  hydropower development i s  c o n s t r u c t e d .  

During c o n s t r u c t i o n ,  however, p r o v i s i o n s  w i l l  have t o  be 

made f o r  t h e  d i s p o s a l  of  was tes  from temporary t o i l e t  

f a c i l i t i e s .  

2 .  -- I n d u s t r i a l  Waste. The proposed hydropower development 

does have some p o s s i b l e  sou rces  o f  i n d u s t r i a l  waste .  

The poss ib l ' e  sou rces  du r ing  t h e  c o n s t r u c t i o n  would be 

from maintenance o f  c o n s t r u c t i o n  machinery, metal  working, 

and p a i n t i n g .  P rov i s ions  would have t o  be  made t o  keep 

p o s s i b l e  sources  from becoming e c o l o g i c a l  problems. 

S ince  t h e  occurrence of'  a c c i d e n t a l  l i q u i d  s p i l l s  i s  

i n f r e q u e n t ,  t h e  most e f f e c t i v e  means o f  c o n t r o l l i n g  



water  p o l l u t i o n .  from t h i s  source  i s  t o  en fo rce  a  s t r i c t  

p o l i c y  of immediate c leanup  us ing  absorbent  sweeping 

compounds. 

3 .  - Storm Drainage. The e x i s t i n g  n a t u r a l  and man-made 

s torm dra inage  around t h e  s t r u c t u r e  f lows g e n e r a l l y  

w e s t  a s  does t h e  r i v e r  a t  t h i s  p o i n t .  The n a t u r a l  

d ra inage  would n o t  be a l t e r e d  s i g n i f i c a n t l y  a s  a r e s u l t  

o f  t h e  proposed hydropower development. A l l  a r e a s  t h a t  

were d i s t u r b e d  du r ing  t h e  course  of  c o n s t r u c t i o n  would 

be  r evege ta t ed  w i t h  n a t i v e  g r a s s e s  t o  ho ld  t h e  s o i l  

e r o s i o n  t o  a  minimum. 

D .  Noise 

Noise c r e a t e d  dur ing  t h e  c o n s t r u c t i o n  of t h e  f a c i l i t i e s  would 

be  very s i m i l a r  t o  t h e  no i se  c r e a t e d  i n  t h e  c o n s t r u c t i o n  of a  

l a r g e  b u i l d i n g .  While t h e  n o i s e  c r e a t e d  might be  annoying t o  

nearby r e s i d e n t s ,  it would n o t  be o f .  l o n g  d u r a t i o n .  

E .  Dust 

The r e h a b i l i t a t i o n  o f  t h e  e x i s t i n g  g r a v e l  acces s  road.  might 

c r e a t e  a  d u s t  problem. Therefore  p rov i s ions  would be  made 

t o  keep t h e  roadway w e l l  watered du r ing  dus ty  p e r i o d s .  

F. S a f e t y  

Con t r ac to r s  a r e  r equ i r ed  by Fede ra l  l a w  t o  comply w i t h  t h e  

r e g u l a t i o n s  imposed by t h e  Occupat ional  S a f e t y  and Heal th  

Act o f  1970. ' 

G. Conclusion 

There w i l l  b e  no adverse  environmental  impact  from e i t h e r  t h e  

c o n s t r u c t i o n  o r  o p e r a t i o n  o f  t h e  hydropower development a t  t h e  

Lake Frances Dam. 
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SECTION V I I .  MARKETING POTENTIAL 

The marke t ing  a s p e c t  of  t h i s  hydropower f a c i l i t y  i s  one o f  

i t s  b e s t  b e n e f i t s .  T h i s  b e n e f i t  i s  t h e  e a s e  o f  u t i l i z a t i o n  o f  

t h e  power produced. 

S ince  t h e  c i t y  owns and o p e r a t e s  t h e  e l e c t r i c a l  d i s t r i b u t i o n  

sys tem,  t h e  c i t y  can  be c h a r a c t e r i z e d  a s  a n  e lec t r i c  u t i l i t y .  The 

c i t y  ha s  a  c o n t r a c t  w i t h  Southwestern  E l e c t r i c  Power Company (SWEPCO) 

for purchase  o f  wholesa le  power. S p e c i f i c a l l y ,  t h e  p r e s e n t  demand 

cha rge  i s  $1.50 p e r  k i l o w a t t  f o r  t h e  a c t u a l  measured monthly peak 

demand. The energy charge  on. t h e  f i r s t  1 m i l l i o n  k i l o w a t t  hou r s  

i s  5 m i l l s  p e r  k i l o w a t t  hour .  The n e x t  energy  cha rge  b r a c k e t  i s  

4 m i l l s  p e r  k i l o w a t t  hour .  The f u e l  ad ju s tmen t  v a r i e s ,  b u t  t h e  

average  c o s t  i s  approx imate ly  10 m i l l s  p e r  k i l o w a t t  hour .  The 

p r e s e n t  average  c o s t  o f  power i s  1 4  m i l l s  p e r  k i l o w a t t  hou r ,  n o t  

i n c l u d i n g .  t h e  demand cha rge .  

Because t h e  power from t h e  Lake Frances  g e n e r a t o r  would be  

u t i l i z e d  i n  l i e u  o f  purchased who le sa l e  power, t h e  c i t y  would 

a c t u a l l y  have a  marke t ing  arrangement b e s t  d e s c r i b e d  a s  s a v i n g s  

- p e r  k i l o w a t t  hour .  With a  sav ings -per -k i lowat t -hour  ma rke t i ng  . 

arrangement ,  t h e  p r e s e n t  day s a v i n g s  t o  t h e  c i t y  by u t i l i z i i i g  the 

power g e n e r a t e d  a t  Lake Frances  wou ld . ave rage  1 4  m i l l s  p e r  k i l o w a t t  

hou r .  

The most economical  g e n e r a t o r  cou ld  produce o n l y  approx i -  

mate ly  5 p e r c e n t  o f  t h e  c i t y ' s  power needs .  Consequent ly ,  any 

t i m e  t h e r e  i s  s u f f i c i e n t  s t r e a m  f low,  a l l  o f  t h e  power t h a t  t h e  

g e n e r a t o r  can produce would be used immedia te ly .  
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SECTION VIII . STREAM FLOW ANALYSIS - 

A. Loca t ion  and Flows 

Lake Frances  i s  on t h e  I l l i n o i s  R ive r ,  which i s  i n  t h e  

Arkansas River  Basin'. The l a k e  has  a d r a i n a g e  a r e a  o f  635 squa re  

m i l e s .  Discharge  measurements a r e  g e n e r a l l y  made twice  a month 

w i t h  t h e  computat ions  o f  d a i l y  f low f u r n i s h e d  by t h e  Corps o f  

Engineers .  

-. A t  t h ~  T,akr. ~rances location, t h e  s t r eam flow r e c o r d s  

,are good. The f low d a t a  u t i l i z e d  i n  t h e  a n a l y s i s  w e r e  t aken  from 

t h e  Oklahoma Water-Data Repor ts  t h a t  a r e  p u b l i s h e d  by t h e  U .  S .  

Geolog ica l  Survey. The d a t a  used w e r e  ga the red  a t  gaging s t a t i o n  

07195500, which i s  a t  t h e  U .  S .  Highway 59 b r i d g e  nea r  Wat ts ,  

Oklahoma. Th is  gag ing  s t a t i o n ,  a c t i v a t e d  i n  October ,  1955, i s  

o n l y  0.8 m i l e  downstream from t h e  Lake Frances  Dam. 

For t h e  twenty y e a r s  o f  r eco rd ,  from Water Year 1956 through 

Water Year 1975, t h e  average  f low i s  622 . cub i c  f e e t  p e r  second.  

Tab le  2 i s  a s t a t i s t i c a l  summary o f  t h e  s t r e a m  flow f o r  t h e  

twenty y e a r s  of  r e c o r d .  The t a b l e  shows t h e  f l o w  d u r a t i o n  o f  

t h e  d a i l y  d i s c h a r g e s  f o r  d i f f e r e n t  c l a s s  f low r a t e s .  

B .  Genera t ing  Capac i t y  o f  t h e  River  

The c i t y  o f  Si loam Spr ings  u se s  Lake Frances  a s  a  sou rce  

o f  raw w a t e r .  S i n c e  1957 t h e  c i t y  h a s  been d i v e r t i n g  a s m a l l ,  

v a r y i n g  amount o f  w a t e r  f o r  t h e  c i t y ' s  d a i l y  w a t e r  needs.  A s  

p o i n t e d  o u t  i n  S e c t i o n  V ,  t h e  c i t y ' s  w a t e r  needs w i l l  n o t  
L 

a d v e r s e l y  a f f e c t  t h e  hydropower development a t  t h e  l a k e .  

A s  no ted ,  t h e  twenty y e a r  average  flow of  th'e I l l i n o i s  

River a t  t h e  gaginq s t a t i o n  j u s t  downstream from t h e  dam i s  622 



TABLE 2 . 

Durat ion Table  of Daily Discharge 

Illinois River Near Watts, Oklahoma 

C l a s s  CFS C l a s s  CFS C l a s s  CFS C l a s s  CFS C l a s s  CFS C l a s s .  CFS 
0 0.00 6 34.00 12  150.00 1 8  650.0 24 2900.0 30 12000 
1 10.00 7 44.00 1 3  190.00 19  840.0 25 3700.0 31 16000 
2 13.00 8 56.00 14  240.00 20 1100.0 26 4700.0 3 2 20000 
3 16.00 9 71.00 1 5  310.00 21  1400.0 27 6000 3 3 26000 
4 21.00 10  91.00 1 6  400.00 22 1700.0 2 8 7600 3 4 33000 
5 27.00 11 120.00 17  510.00 23 2200.0 2 9 9800 



c u b i c  f e e t  p e r  second.  With an  e f f e c t i v e  c o n s t a n t  head o f  20 

f e e t ,  t h e  b a s i c  g e n e r a t i n g  c a p a c i t y  t h e  r i v e r  i s  capab l e  o f  

s u p p o r t i n g  i s  1200 horsepower,  o r  894 k i l o w a t t s .  

I f  t h e  g e n e r a t i n g  f a c i l i t i e s  w e r e  a r r anged  t o  o p e r a t e  o n l y  

when t h e  f low exceeds  622 c u b i c  f e e t  p e r  second,  t h e  energy 

p r o d u c t i o n  w i t h  an  894 k i l o w a t t  sys tem would b e  approx imate ly  1 . 8  

m i l l i o n  k i l o w a t t  hou r s  p e r  y e a r .  The f low of  622 c f s  ha s  a n  

exceedance  f a c t o r  o f  o n l y  23 p e r c e n t .  I f  a  sys tem i s  i n s t a l l e d  . 
t o  t a k e  advantage  o f  a  s m a l l  p o r t i o n  o f  t h e  s t o r a g e  c a p a c i t y  o f  

t h e  l a k e ,  t h e  energy p r o d u c t i o n  can  b e  s u b s t a n t i a l l y  i n c r e a s e d .  

C .  Ope ra t i on  and C o n t r o l s  w i t h  F ixed  Blade Turbine  

An o p e r a t i o n  u t i l i z i n g  6  i n c h e s  o f  l a k e  s t o r a g e  would 

r e q u i r e  a  f u l l y  au toma t i c  sys tem t h a t  would s t a r t  o p e r a t i n g  a t  

a n  on -e l eva t i on  o f  9  35.75 and s t o p  o p e r a t i n g  a t  a n  o f f - e l e v a t i o n  

o f  935.25. The c o n s e r v a t i o n  p o o l ,  which i s  ba sed  on e l e v a t i o n  

o f  t h e  main s p i l l w a y  o f  935.75, cove r s  approx imate ly  517 a c r e s .  

The t o p  6 i nches  o f  t h e  l a k e  between e l e v a t i o n s  935.75 and 935.25 

have a  volume o f  a lmos t  11 .3  m i l l i o n  c u b i c  f e e t .  

The most economical  s i z e  g e n e r a t o r  ( i . e . ,  850 k i l o w a t t s ,  a s  

w i l l  b e  shown i n  S e c t i o n  I X )  r e q u i r e s  a  f low o f  590  c u b i c  f e e t  

p e r  second a t  i t s  r a t e d  o u t p u t .  The re fo r e ,  t h e  t o p  6  i n c h e s  o f  

t h e  l a k e  would be c a p a b l e  o f  runn ing  t h e  g e n e r a t o r  a t  f u l l  

capacity fnr 5 . 3  hou r s  w i t h o u t  any i n f l o w  t o  t h e  l a k e .  The 

u t i l i z a t i o n  o f  even t h i s  s m a l l  amount o f  s t o r a g e  s u b s t a n t i a l l y  

i n c r e a s e s  t h e  power p r o d u c t i o n  o f  a  sys tem.  

The au toma t i c  g e n e r a t i n g  sys tem would a l s o  r e q u i r e  au toma t i c  

c o n t r o l  o f  t h e  s l u i c e  g a t e  t h a t  c o n t r o l s  t h e  f low i n  t h e  low-flow 



c o n d u i t .  While t h e  f a c i l i t y  i s  g e n e r a t i n g  power, 590 c u b i c  

f e e t  of  wa t e r  p e r  second would be  r e l e a s e d  from t h e  l a k e .  During 

g e n e r a t i n g  p e r i o d s ,  t h e  low-flow c o n d u i t  would c l o s e .  On t h e  

o t h e r  hand,  a f t e r  t h e  g e n e r a t i n g  f a c i l i t y  shutdown a t  t h e  low- leve l  

p o i n t ,  t h e  low-flow c o n d u i t  would be  p a r t i a l l y  opened t o  a s s u r e  

a downstream f low a t  a l l  t i m e s .  A g e n e r a t i n g  f a c i l i t y  shutdown 

because  o f  a  low l a k e  l e v e l  would i n d i c a t e  a  r e l a t i v e l y  low l a k e  

i n f l o w  r a t e .  

For  example, a cco rd ing  t o  t h e  Flow Duratkon Tab le ,  Tab le  2, 

a  f l ow  o f  150 c u b i c  f e e t  p e r  second i s  exceeded 72 p e r c e n t  o f  

t h e  t i m e .  The 72 p e r c e n t  f i g u r e  i s  a  20 y e a r  ave r age ,  which 

means t h e  20 y e a r  ave r age  y e a r  h a s  262 days  i n  which t h e  f low 

exceeds  150 c u b i c  f e e t  p e r  second.  I f  t h e r e  w e r e  a n  ex t ended  

p e r i o d  o f  150 c u b i c  f e e t  p e r  second f lows  and t h e  p a r t i a l  open- 

i n g  o f  t h e  s l u i c e  g a t e  cou ld  m a i n t a i n  a downstream f low o f  100 

c u b i c  f e e t  p e r  second,  t h e  l a k e  would have a  n e t  i n f l o w  o f  50 

c u b i c  f e e t  p e r  second.  A t  a r a t e  o f  50 c u b i c  f e e t  p e r  second ,  

it would t a k e  a lmos t  6 3  hou r s  t o  r e f i l l  t h e  6  i n c h  s t o r a g e  s o  

t h a t  t h e  g e n e r a t i n g  f a c i l i t y  cou ld  g e n e r a t e  a n o t h e r  5 . 3  h o u r s .  

Consequent ly ,  d u r i n g  a  p e r i o d  o f  s u s t a i n e d  low f lows ,  even a s  low 

a s  150 c u b i c  f e e t  p e r  second,  t h e  s t o r a g e  can  g r e a t l y  improve t h e  

p r o d u c t i v i t y  o f  t h e  g e n e r a t o r  f a c i l i t y .  

The s t r e a m  f l ow  a n a l y s i s  p r e s e n t e d  h e r e  u t i l i z e s  t h e  6  

i n c h e s  o f  s t o r a g e ,  w i t h  t h e  g e n e r a t o r  c y c l i n g  on and o f f  d u r i n g  

p e r i o d s  when t h e  s t r e a m  f low i s  less t h a n  590 c u b i c  f e e t  p e r  

second.  A f low o f  590 c u b i c  f e e t  p e r  second ha s  an  exceedance  

f a c t o r  o f  o n l y  24 p e r c e n t ,  b u t  combining t h e  f low w i t h  t h e  s m a l l  



amount o f  s t o r a g e ,  t h e  f a c i l i t y  w i l l  be  on l i n e  51 p e r c e n t  o f  

t h e  t i m e .  

D .  Flow Dura t ion  Tab l e s  

The f low d u r a t i o n  t a b l e s  i n c l u d e d  i n  t h i s  s e c t i o n  have been 

used t o  c a l c u l a t e  20 y e a r  ave r age  f low exceedance  f a c t o r s .  The 

second columns o f  Table  3  th rough  Tab le  7  show t h e  ave r age  exceed- 

ance  f a c t o r s  f o r  t h e  same f low c l a s s e s  t h a t  a r e  used i n  Tab le  2. 

The t h i r d  column i s  t h e  p e r c e n t  o f  t h e  t i m e  t h e  f low r a t e  s t a y s  

between the b r a c k e t e d  f l ow  c l a s s e s .  The f o u r t h  column i s  t h e  

number o f  days  d u r i n g  t h e  20 y e a r  average  y e a r  t h a t  t h e  f low r a t e  

s t a y s  w i t h i n  t h e  b r a c k e t e d  f l ow  c l a s s e s .  Fo r  example, a s  shown 

i n  Table  3, t he .  p e r c e n t  o f  t h e  t i m e  t h e  f low i s  between 120 c u b i c  

f e e t  p e r  second and 150. c u b i c  f e e t  p e r  second i s  6.83 p e r c e n t  

( i . e . ,  78.71%-71.88%) . The number o f  days  t h a t  t h e  f low i s  

w i t h i n  t h e s e  two l i m i t s  i s  24.93 days  ( i . e . ,  6.83% x 3 6 5 ) .  

The f i f  t h  column i s  cub ic - fee t -pe r -  second days ,  which i s  

c a l c u l a t e d  by m u l t i p l y i n g  t h e  number o f  days  i n  column f o u r  and 

t h e  cor reponding  f low ( i . e . ,  24.93 x  120) . The s i x t h  column i n  

t h e  f l ow  d u r a t i o n  t a b l e s  i s  t h e  e q u i v a l e n t  f low cub ic - fee t -pe r -  

second days which i s  de te rmined  by d i v i d i n g  t h e  f l ow  r e q u i r e d  t o  

r u n  t h e  g e n e r a t o r  a t  f u l l  c a p a c i t y  i n t o  t h e  cub ic - fee t -pe r - second  

days  i n  column f i v e  ( i . e . ,  2992/347) . 
Table  3  th rough  Tab le  7  show t h e  t o t a l  cub i c - f ee t -pe r -  

second days  and the' t o t a l  number o f  e q u i v a l e n t  cub i c - f ee t -pe r -  

second days f o r  f i v e  d i f f e r e n t  f lows t h a t  would be  r e q u i r e d  t o  

r u n  v a r i o u s  s i z e s  o f  g e n e r a t o r s .  Table  8. i s  a  summariza t ion  

showing t h e  r e q u i r e d  f l ows ,  t h e  co r r e spond ing  g e n e r a t o r  s i z e ,  t h e  



TABLE 3 

Flow Duration - Equivalent Days 
a t  347 Cubic Fee t  Per Second 

1 

W v a l e n t  
317 cfs=Days. 

Flows 
cfs 

TOTALS . . . . . . . . . ,. . . . . . . . 

% Time 
F l m  

wCcat?ii 

73,536 211.92 

'0 Days cf 3.-DzYTc 



TABLE 4 

Flow Duration - Equivalent Days 
a t  451 Cubic Feet Per Second 

Flows 
cts 

120 

150 

190 

240 

31 0 

400 

% Time 
Flow 

mceede8 

78.71 
pp 

71.88 

63.38 

55.06 
PP 

46.56 

A % 

- 140.30 
//////-////I//////////// 

Days 

nmfl/////////////////////H////////////flfl////////fl////M 

I TOTALS . . . . . . . . . . . . . . . . .  

38.44 
38.44 

56,120 - 

w 

124 -43 

cLs=Ddys 

6.83 

8.50 
- -  - 

8.32 

8.50 

8.12 

86,154 

-1 

Eguivalent 
451 c I s -Dc~~s  

2,992 

4,653 

5,770 

7,445 

9,188 
. 

///////////////////II///////////////////// 
24.93 

31.02 
- - 

30.37 

31.02 

29.64 

191.03 

6.63 
---------------- 

10.31 -- 
12.79 -- 
16.50 

20.37 



TABLE 5 

Flow Duration - Equivalent Days 
at 520 Cubic Feet Per Second 

Flows 
cfs 

% Time 
Flow 

E x c l  

120 78.71 - 2,992 5.75 
6.83 24.93 - 

TOTALS . . . . . . . . . . . . . . . . . . 

Equivalent 
520 cfs-nays A B 

98,172 

Dcl'YT~ 

188.79 

of E-Days 



TABLE 6 

Flow Duration - Equiva len t  Days 
a t  590 Cubic F e e t  Per Second 

F l m s  
CIS 

120 

150 

190 

240 

31 0 

400 

510 

650 

TCITALS . . . . . . . . . . . . . . . . .  I 109,399 I 185.42 I 

% Tim? 
Flow 

Ekceedcd 

.78.71 
PP 

71.88 
-- 

63.38 - 

cf s-mys 

2,992 

4,653 

A % 

-, 

Equiva len t  
59n cfs-Days 

5.07 

7.89 

7,445 

Days 

12.62 

5,770 

flMM//MM///MMMM/' 

9.78 

46.56 . , 9,188 

6.83 

8.50 

8.32 

15.57 

24.93 - 
31.02 
- 

30.37 

- 
38.44 - 
29.89 
- 

21.97 

#////////////////M///////////fl///////////fi 

8.12 

8.55 

7.92 

21.97 

29.64 
-- 

31.21 
- 

28.91 - 
80.19 

12,484 21.16 

14 ,'744 24.99 

52,123 88.34 

/////fl//////////////////#//////////////////////////////fl// 



TABLE 7 

Flow Duration - Etmivalent Davs 
at 690 Cubic Feet Per Second 



TABLE 8 

Fixed Blade 
Summarization 

and Annual Production 

Flows 
cfs 

347 

451 

520 

590 

690 

Generator 
Size 

KW 

50 0 

650 

750 

850 

1,000 

Equivalent 
cf s-Days 

211.92 

191.03 

188.79 

185.34 

158.55 

Utilization 
k ' a c t b j f s  

58% 

52% 

52% 

51% 

43% 

20-Year Average 
mW wcx¶uction 

Kwh. 

2,543,040 

2,980,068 

3,398,220 

3,780,936 

3,805,200 



co r r e spond ing  e q u i v a l e n t  cub ic - fee t -pe r - second  days ,  t h e  c o r r e s -  

ponding u t i l i z a t i o n  f a c t o r  of  t h e  sys tem,  and f i n a l l y ,  t h e  

expec t ed  energy p roduc t i on  o f  each  o f  t h e  v a r i o u s  s i z e  sys tems .  

E.' Opera t i on  and C o n t r o l s  w i t h  A d j u s t a b l e  B l ade .Tu rb ine  

The a d j u s t a b l e  b l a d e  t u r b i n e  i s  f u r n i s h e d  w i t h  t h e  n e c e s s a r y  

c o n t r o l  equipment t o  change t h e  p i t c h  on t h e  b l a d e s  o f  t h e  t u r b i n e ,  

which e n a b l e s  t h e  t u r b i n e  t o  ma in t a in  a  h i g h  e f f i c i e n c y  f a c t o r  

r e q a r d l e s s  o f  t h e  f low.  These t u r b i n e s  a r e  s i z e d  a t  an optimum 

f low r a t e ,  b u t  t hey  can a c t u a l l y  g e n e r a t e  power a t  f low r a t e s  of  

between a b o u t  4 0  p e r c e n t  and 100 p e r c e n t  o f  t h e  optimum d e s i g n  

f low.  I n  o t h e r  words,  t h e  a d j u s t a b l e . b l a d e  sys tem can g e n e r a t e  

a l l  t h e  power t h a t  t h e  p r e v a i l i n g  f low can p o s s i b l y  produce.  

A s e q u e n t i a l  c a l c u l a t i o n  o f  p roduc t i on  f o r  each  d a y ' s  f low 
. . 

was t h e  method used t o  f kgu re  t h e  t o t a l  p r o d u c t i o n  f o r  t h e  20 . 

y e a r s  o f  r e c o r d .  

The , s e q u e n t i a l  c a l c u l a t i o n s  w e r e  done f o r  e ach  o f  t h e  f o u r  

d i f f e r e n t  s i z e  a d j u s t a b l e  b l a d e  sys tems .  For  example, t h e  500 

k i l o w a t t  s i z e  r e q u i r e s  a  d e s i g n  f low o f  350 c u b i c  f e e t  p e r  second 

t o  o p e r a t e  t h e  g e n e r a t o r  a t  f u l l  c a p a c i t y .  The sys tem w i l l  

a c t u a l l y  produce power w i t h  f lows o f  from 140 c u b i c  f e e t  p e r  second 

t o  350 c u b i c  f e e t  p e r  second.  . I f  a  d a i l y  f low r a t e  was less t h a n  

140 c u b i c  f e e t  p e r  second,  t h e  g e n e r a t o r  was assumed o f f .  For 

f l o w s  i.n e x c e s s , o f  350 c u b i c  f e e t  p e r  second ,  t h e  g e n e r a t o r  was 

assumed t o  b e  o p e r a t i n g  a t  i t s  r a t e d  c a p a c i t y .  But  a t  f lows  

g r e a t e r  t h a n  140 and less t h a n  350, t h e  a c t u a l  f low r a t e  was used 

t o  f i g u r e  t h a t  p a r t i c u l a r  d a y ' s  p roduc t i on .  The f o l l o w i n g  formula  

was used.  



KVJh = Q x  H x  E x K . x  2 4  hours  

Where: Q = Flow i n  c u b i c  f e e t  p e r  second 

H = Head ( i . e . ,  20 f e e t  a t  Lake Frances )  

E = E f f i c i e n c y  of g e n e r a t o r  sys tem (i .e . ,  85% used)  

K = Cons tan t  d e r i v e d  from (449/3960)x.746 = .08458 

Each o f  t h e  2 0  years .  o f  r e c o r d  were f i g u r e d  s e q u e n t i a l l y  

s e p a r a t e l y ,  then  added t o g e t h e r  t o  produce a  20 y e a r  grand t o t a l ,  

and f i n a l l y  d i v i d e d  by 2U to o b t a f r ~  t11e 20 y e a r  averayc y c a r l y  

p roduc t i on .  Table  9  summarizes t h e  c a l c u l a t i o n s  f o r  each  s i z e  

a d j u s t a b l e  b l ade  sys tem.  

F. - Conclusion 

A s  can be  s e e n  from Tables  8 and 9 ,  e i t h e r  t y p e  hydropower 

sys tem can produce a  r a t h e r  l a r g e  amount o f  power and e i t h e r  t y p e  

o f  f a c i l i t y  w i l l  have an  ample u t i l i z a t i o n  f a c t o r .  The w a t e r  needs 

o f  t h e  a r e a  w i l l  have no adve r se  e f f e c t  on t h e  power p o t e n t i a l  o f  

t h e  r i v e r .  



Adjustable Blade 
Summarization 

and Annual ~roduction 

20-Year Average 
Annual  Production 

K93-l 

2,434,964 

2,656,964 

3,430,182 

3,299,811 

Flow Range 
cfs 

148 to 370 

192 to 480 

252 to 630 

296 to 740 

Days on 
Line 

202 

,170 

167 

137 

Generator 
Size 

KW 

500 

650 

850 

1,000 

Utilization 
Factor 

55% 

47% 

46% 

38% 



SECTION IX 
SYSTEM CONFIGURATION and 
ESTIMATED DEVELOPMENT COSTS 



SECTION I X .  SYSTEM CONFIGURATION AND ESTIMATED DEVELOPMENT COSTS - 

A.  . - I n t r o d u c t i o n  

Th is  F e a s i b i l i t y  Assessment f o r  i n s t a l l i n g  a  hydropower u n i t  

o r  u n i t s  i n t o  t h e  Lake ~ r a n c e s  Dam was t o  add re s s  t h r e e  a l t e r n a t e  

i n s t a l l a t i o n s  : (1) i n s t a l l a t i o n  of  g e n e r a t i n g  equipment i n  t h e  

e x i s t i n g  low-flow c o n d u i t ,  ( 2 )  i n s t a l l a t i o n  o f  g e n e r a t i n g  equip-  

ment i n  both t h e  e x i s t i n g  low-flow c o n d u i t  and t h e  r e h a b i l i t a t e d  

powerhouse, and ( 3 )  t h e  r e h a b i l i t a t i o n  of  t h e  e x i s t i n g  powerhouse. 

A l t e r n a t e  1, t h e  i n s t a l l a t i o n  o f  equipment i n t o  t h e  low-flow 

c o n d u i t ,  i s  n o t  f e a s i b l e  f o r  t h e  fo l l owing  r ea sons .  

1. The low-flow c o n d u i t  i s  o n l y  5 4  i n c h e s  s q u a r e .  Modifi- 

c a t i o n  would have t o  be e x t e n s i v e  t o  accomodate any 

k i n d  o f  i n - ' l i n e  equipment t o  t h e  e x i s t i n g  low-flow 

c o n d u i t  . 
. 2 .  Even i f  t h e  equipment c o u l d  be i n s t a l l e d  e a s i l y  i n t o  t h e  

c o n d u i t ,  t h i s  p o r t i o n  .o f  t h e  dam i s  n o t  a c c e s s i b l e  most 

o f  t h e  t i m e  which would make maintenance ex t remely  

d i f f i c u l t .  

A l t e r n a t e  2, t h e  u t i l i z a t i o n  o f  b o t h  s i tes ,  i s  a l s o  n o t  

f e a s i b l e  because  o f  t h e  problems a s s o c i a t e d  w i t h  A l t e r n a t e  1. 

A l t e r n a t e  3 ,  t h e  r e h a b i l i t a t i o n  o f  t h e  e x i s t i n g  powerhouse, 

j,s the on ly  a l t . a rna tLve  t h a t  has a p o s s i b i l i t y  of  b e i n g  f e a s i b l e .  

The re fo r e ,  t h i s  F e a s i b i l i t y  Assessment o f  t h e  Lake Frances  power 

development w i l l  be  l i m i t e d  p r i n c i p a l l y  t o  t h e  r e h a b i l i t a t i o n  o f  

t h e  e x i s t i n g  powerhouse. 

I n  r e h a b i l i t a t i n g  t h e  e x i s t i n g  powerhouse t h e r e  a r e  two 



hydropower s y s  t e m  conf i g u r a t i o n s  t h a t  w e r e  i n v e s t i g a t e d .  The 

f i r s t  c o n f i g u r a t i o n  i s  t h e  i n c o r p o r a t i o n  o f  a  h o r i z o n t a l  u n i t  

i n t o  t h e  e x i s t i n g  s t r u c t u r e  . F i g u r e s  5  and 6  show a  p l a n  .view 

and a  s e c t i o n a l  view o f  t h e  h o r i z o n t a l  i n s t a l l a t i o n .  .The second 

c o n f i g u r a t i o n  i s  t h e  i n c o r p o r a t i o n  o f  a  v e r t i c a l  open-flume u n i t  

i n t o  t h e  e x i s t i n g  s t r u c t u r e .  F igu re  7  shows a  p l a n  and s e c t i o n a l  

view of  t h e  v e r t i c a l  i n s t a l l a t i o n .  

B.  H o r i z o n t a l  I n s t a l l a t i o n  

The h o r i z o n t a l  i n s t a l l a t i o n  r e q u i r e s  t h e  c o n s t r u c t i o n  o f  

a  new powerhouse immedia te ly  downstream from t h e  e x i s t i n g  . power- 

house .  Minor m o d i f i c a t i o n s  would be made t o  t h e  e x i s t i n g  power- 

house s t r u c t u r e ,  and t h e  s t r u c t u r e  would t h e n  be  u t i l i z e d  a s  an  

i n t a k e  f a c i l i t y  f o r  t h e  i n l e t  t ube .  

The m o d i f i c a t i o n s  r e q u i r e d  would i n c l u d e  t h e  c o n s t r u c t i o n  

o f  a n  abutment w a l l  t o  r e i n f o r c e  t h e  e x i s t i n g  c o n c r e t e  a r c h  

s e c t i o n  o f  t h e  dam; a n  a c c e s s  b r i d g e  a c r o s s  t h e  t o p  o f  t h e  e x i s t i n g  

a r c h  s e c t i o n  o f  t h e  dam; a n  a c c e s s  road  up t o  t h e  b r i d g e ;  a  new 

t r a s h  s c r een ; .  a  new maintenance ga t e ; ,  a  new powerhouse; and a  new 

t a i i r a c e  . 
The p r e s e n t  day (March 1979) es t imate -d  development c o s t  o f  

t h e  r e q u i r e d ,  m o d i f i c a t i o n s  and s t r u c t u r a l  a d d i t i o n s  t o  t h e  e x i s t i n g  

powerhouse, u s i n g  t h e  h o r i z o n t a l  c o n f i g u r a t i o n ,  i s  $665,876. 

The breakdown of  t h e  s t r u c t u r a l .  c o s t  e s t i m a t e  i s  g i v e n  on 

page 1X.-6 .  . 
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E s t i m a t e d  c o s t  - H o r i z o n t a l  C o n f i g u r a t i o n  

2,280 Cu. Yds. C l a s s  A Concre te  @ $135.00 $307,800 

228,000 Pounds R e i n f o r c i n g  S t e e l  @ $0.30 68,400 

667 Sq. Yds. Concre te  S l a b  Roadway @ $28.00 18,676 

4,000 Pounds S t e e l  f o r  Trash  Screen  @ $3.00 12,000 

Lump Sum . I n s t a l l a t i o n  and P a i n t i n g  259,000 

T o t a l  E s t i m a t e d  C o n s t r u c t i o n  C o s t  . . . . . . ,  $665,876 

The s t r u c t u r a l  c o s t s  w i l l  b e  a s s o c i a t e d  w i t h  any s i z e  hor izon-  

t a l  sys tem;  t h e r e f o r e ,  t h e  equipment  c o s t s  and t h e  e n g i n e e r i n g  

c o s t s  a r e  added t o  t h e  s t r u c t u r a l  c o s t s ,  a s  shown i n  Tab le  1 0 ,  

which g i v e s  a  summary o f  t h e  e s t i m a t e d  p r o j e c t  development  c o s t s .  

The equipment  c o s t s  shown i n  t h e  t a b l e  w e r e  o b t a i n e d  from A l l i s -  

Chalmers , York, P e n n s y l v a n i a .  

C .  V e r t i c a l  - I n s t a l l a t i o n  

The v e r t i c a l  open-flume i n s t a l l a t i o n  a l s o  r e q u i r e s  t h e  con- 

s t r u c t i o n  o f  a  new powerhouse, b u t  it can b e  b u i l t  on  t o p  o f  t h e  

. e x i s t i n g  s t r u c t u r e . .  A s  t h e  e x i s t i n g  s t r u c t u r e  once  housed a  

v e r t i c a l  hydropower u n i t ,  o n l y  minor m o d i f i c a t i o n s  would be 

r e q u i r e d .  

A s  shown i n  F i g u r e  7, some o f  t h e  same m o d i f i c a t i o n s  would 

b e  r e q u i r e d  f o r -  t h e  v e r t i c a l  u n i t  a s  s e t  o u t  f o r  t h e  h o r i z o n t a l  

u n i t .  The m o d i f i c a t i o n s  would i n c l u d e  t h e  c o n s t r u c t i o n  o f  a n  

abutment  w a l l  t o  r e i n f o r c e  t h e  e x i s t i n g  c o n c r e t e  a r c h  s e c t i o n  of  

t h e  dam; a n  a c c e s s  b r i d g e  a c r o s s  t h e  t o p  o f  t h e  a r c h e s ;  a n  a c c e s s  



TABLE 1 0  

Sunanary of Estimated P r o j e c t  Costs  
fo r 'Hor izon ta l  M i u s t a b l e  Blade Svstem 

S i z e  

500 

650 

850 

1,000 

wpyJlc 
Cost 

$495,000 

582,000 

627,000 

640,000 

Structbl;~al 
Costs 

$665,876 

665,876 

665,876 

665,876 

Fhgi neering 
Costs  

$116,087 

124,787 

129,287 

130,587 

.' Tota l  , , 

Project Cost 

$1,276,963 

1,372,663 

1,422,163 

1,436,463 

Cost  1 
Perm 

$2,553 . 

2,111 

1,673 

1,436 



r oad  up t o  t h e  b r i d g e ;  a  new t r a s h  s c r e e n ;  a  c o n t r o l  g a t e ;  a  new 

powerhouse; and a  new t a i l r a c e .  

Again,  t h e  p r e s e n t  day (March 19 79) e s t i m a t e d  development 

c o s t  o f  t h e  r e q u i r e d  m o d i f i c a t i o n s  and s t r u c t u r a l  a d d i t i o n s  t o  t h e  

e x i s t i n g  powerhouse, u s i n g  t h e  v e r t i c a l  open-flume c o n f i g u r a t i o n ,  

i s  $342,776.  

The breakdown o f  t h e  s t r u c t u r a l  c o s t  e s t i m a t e  i s  a s  f o l l o w s .  

Es t imated  - Cos t  - V e r t i c a l  C o n f i g u r a t i o n  

1 ,020 Cu. Yds. C l a s s  A Concre te  @ $135.00 $137,70,0 

102,000 Pounds R e i n f o r c i n g  S t e e l  @ $0.30 30,600 

667 Sq. Yds. Concre te  S l a b  Roadway @ $28.00 18,676 

4,000 Pounds S t e e l  f o r  Trash  Sc reen  @ $3.00 12,000 

Lump Sum I n s t a l l a t i o n  and P a i n t i n g  133,000 

400 Sq. .F t .  Masonry B u i l d i n g  @ $27.00 

T o t a l  Es t imated  C o n s t r u c t i o n  C o s t s  . . . . . . $342,776 

The s t r u c t u r a l  c o s t s  w i l l  b e  a s s o c i a t e d  w i t h  any s i z e  v e r t i c a l  

system; t h e r e f o r e ,  t h e  c o s t s  f o r  equipment,  i n s t a l l a t i o n ,  and 

e n g i n e e r i n g  a r e  summarized i n  Table  11. The equipment p r i c e s  f o r  

t h e  d i f f e r e n t  s i z e s  o f  g e n e r a t o r s  w e r e  r e c e i v e d  from BOFORS-NOHAB, 

I n d . ,   rollh hat tan, Sweden, w i t h  o f f i c e s  i n  t h e  World Trade C e n t e r ,  

New York C i t y ,  New York. 

Both Al l i s -Chalmers  and BOFORS-NOHAB quo t ed  t o t a 1 , e q u i p m e n t  

p r i c e s  f o r  each  s i z e  o f  g e n e r a t o r .  The q u o t a t i o n s  i n c l u d e d  t h e  

g e n e r a t o r ,  t r a n s f o r m e r ,  c i r c u i t  b r e a k e r ,  c o n t r o l  equipment ,  gearbox,  

t u r b i n e ,  i n t a k e  g a t e ,  se rvomotors ,  o i l  p r e s s u r e  u n i t ,  and the f l o a t  

c o n t r o l  equipment.  



TABLE 11 

Sumnary of Est imated P r o j e c t  Cos ts  

f o r  V e r t i c a l  Open Flume System 

Cost  
Perm 

$1,295 

1,113 

979 

870 

809 

. mta1 
P r o j e c t  Cost  

$647,653 

723,553 

734,553 

740,053 

809,114 

Size 

+ 500 

650 

750 

850 

1,000 

3 la-uctm-al. 
Cos t s  

$342,776 

342,776 

342,776 

342,776 

342,776 

iqLlip11wst 
Cost  

$246,000 

315,000 

325,000 

330,000 

392,782 

mginoaw 
Costs  

$58,877 

65,777 

66,777 . 

67,277 

73,556 



D. %stem S e l e c t i o n  

Development c o s t s  f o r  t h e  h o r i z o n t a l  and t h e  v e r t i c a l  con- 

f i g u r a t i o n s  have been d i scussed  f o r  s e v e r a l  d i f f e r e n t  s i z e s  o f  

g e n e r a t o r  systems.  I n  S e c t i o n  V I I I  of  t h i s  assessment ,  t h e  

produc t ion  c a p a b i l i t i e s  o f  each d i f f e r e n t  s i z e  system were given 

i n  d e t a i l .  The system s e l e c t i o n  i s  based on t h e  comparison of 

p roduc t ion  c a p a b i l i t i e s  v e r s u s  c a p i t a l  investment  r e q u i r e d .  

Because of  t h e  e x t e n s i v e  c i v i l  works t h a t  would be r e q u i r e d  

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

equipment, t h e  h o r i z o n t a l  system c o n f i g u r a t i o n  i s  n o t  f e a s i b l e  f o r  

t h e  Lake Frances Dam hydropower development. Therefore ,  t h e  

h o r i z o n t a l  c o n f i g u r a t i o n  has  been e l i m i n a t e d  on t h e  b a s i s  of i t s  

h igh  t o t a l  p r o j e c t  c o s t .  

A comparison o f  t h e  d i f f e r e n t  v e r t i c a l  open-f lume s y s  tems 

i s  p re sen ted  i n  Table 1 2 .  Th i s  t a b l e  shows comparative power 

produc t ion  c a p a b i l i t i e s  and t h e  i n c r e a s e  i n  power produc t ion  a s  

g e n e r a t o r  s i z e  i n c r e a s e s .  The t a b l e  a l s o  shows t h e  comparative 

t o t a l  system c o s t s  and t h e  i nc reased '  cos t s '  r e s u l t i n g  from use of  

s u c c e s s i v e l y  l a r g e r  systems.  Turbi'ne s i z e s  r e q u i r e d  f o r  each 

d i f f e r e n t  s i z e  gene ra to r  a r e  a l s o  s e t  o u t .  The t u r b i n e  s i z e s  

a r e  s i g n i f i c a n t  because t h e  c o s t  o f  t h e  t u r b i n e  i s  a  l a r g e  p o r t i o n  

o f  t h e  t o t a l  c o s t .  

A s  can be  s een  from t h e  t a b l e ,  t h e  i n c r e a s e s  i n  power pro- 

duc t ion  a r e  s u b s t a n t i a l  from a  g e n e r a t o r  s i z e  o f  500 k i l o w a t t  

. s i z e  t o  t h e  850 k i l o w a t t  g e n e r a t o r  s i z e ;  b u t  t h e  power produc t ion  

i n c r e a s e  from t h e  850 k i l o w a t t  t o  t h e  1,000 k i l o w a t t  s i z e  system 

i s  minimal. 



TABLE 12 

Production/Ca~i.tal Cost 
comparison Table 



Development c o s t s ,  because  o f  i n c r e a s e d  t u r b i n e  s i z e s ,  a r e  

a l s o  shown on t h e  t a b l e .  There i s  a  l a r g e  c o s t  i n c r e a s e  from 

t h e  500 k i l o w a t t  s i z e  t o  t h e  650 . k i l o w a t t  s i z e  due t o  i n c r e a s e d  

t u r b i n e  s i z e .  When i n c r e a s i n g  t h e  sys tem s i z e  from t h e  650 . . 

k i l o w a t t  s i z e  th rough  t h e  ,850 k i l o w a t t  s i z e ,  however, t h e r e  a r e  

o n l y  smal l .  c o s t  i n c r e a s e s  because  each  o f  t h e s e  sys tems u t i l i z e  

t h e  same t u r b i n e  s i z e .  But  t h e r e  i s  a n o t h e r  l a r g e  c o s t  i n c r e a s e  

when i r i u r & a s 1 1 1 ~  tile sysLela s i z e  f r o m  050 k i l o w a t t o  t o  1 ,000 

k i l o w a t t s ,  which a g a i n  i s  due . t o  a n  i n c r e a s e  i n  t u r b i n e  s i z e .  

The 1 ,000 k i l o w a t t  sys tem has  t h e  h i g h e s t  y e a r l y  p roduc t i on ;  

however, t h e  sys tem p roduc t i on  i s  o n l y  24,000 k i l o w a t t  h o u r s  

more t h a n  t h e  850 k i l o w a t t  sys tem.  The s m a l l  a d d i t i o n a l  pro-  

d u c t i o n  does  n o t  w a r r a n t  t h e  a d d i t i o n a l  $69,000 c a p i t a l  i nves tmen t .  

The re fo r e ,  t h e  most c o s t - e f f e c t i v e  sys tem i s  an  850 k i l o w a t t  

hydropower sys tem.  

E . Conclus ion 

The a d j u s t a b l e  b l a d e  h o r i z o n t a l - t y p e  t u r b i n e  cou ld  u t i l i z e  a  

wide range  o f  f lows w i t h o u t  u s i n g  any o f  t h e  l a k e  s t o r a g e .  The 

. c o n t r o l  of t h i s  t y p e  t u r b i n e ,  however, is  somewhat compl ica ted  

and c o s t s  c o n s i d e r a b l y  more t h a n  t h e  v e r t i c a l  t y p e .  A l so ,  t h e  

h o r i z o n t a l  u n i t  would r e q u i r e  t h e  c o n s t r u c t i o n  o f  e x t e n s i v e  q u i t e  

c o s t l y  c i v i l  works downstream. 

Consequent ly ,  t h e  most f e a s i b l e  approach t o  t h e  hydropower 

development i n  t h e  Lake F rances  Dam i s  t h e  v e r t i c a l  open-flume 

sys tem.  The ' sys tem equipment is  less c o s t l y ;  t h e  c i v i l  s t r u c t u r a l  

c o n s t r u c t i o n  r equ i r emen t s  a r e  f a r  less c o s t l y  ; and f i n a l l y ,  t h e  

IX-12 



. . 

c o n t r o l  scheme, which would b e  b a s e d  on  t h e  level  o f  t h e  head- 

w a t e r ,  makes t h e  s y s t e m  much e a s i e r  t o  o p e r a t e  and m a i n t a i n .  

The most c o s t - e f f e c t i v e  s i z e  open-flume sys tem i s  850 

k i l o w a t t s .  
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SECTION X.  ESTIMATED - OPERATING EXPENSES 

According t o  manufac tu re r s  o f  hydropower g e n e r a t i n g  equipment,  

t h e  t y p i c a l  l i f e  span  of  a  low-head hydropower p l a n t  i s  50 y e a r s .  

There a r e  o p e r a t i n g  and maintenance expenses  a s s o c i a t e d  w i t h  any 

mechanical  i n s t a l l a t i o n .  I f  t h e  u n i t  i s  t o  remain i n  good o p e r a t -  

i n g  c o n d i t i o n  f o r  50 y e a r s ,  r o u t i n e  maintenance i s  a  n e c e s s i t y .  

Ope ra t i ng  and maintenance f o r  t h e  850 k i l o w a t t  sys tem i s  

e s t i m a t e d  t o  be $11,700 a n n ~ ~ a l l y .  These c o s t s  a r e  broken down a s  

f o l l o w s .  

Ope ra t i ons  and Maintenance Es t ima t e  

I t e m s  and Un i t  Cos t s  Annual C o s t  

S t a t i o n  Logging and S u p p l i e s  @ $200 p e r  month $ 2,400 

Telephone and Leased Te lemete r ing  L ine s  @ $50 p e r  month 600 

Dai ly  Trash  Screen  Clean ing  @ $10 a  day 3,650 

Equipment and S u p p l i e s  @ $250 p e r  y e a r  2 50 

P r e v e n t a t i v e  Maintenance and M a t e r i a l s  @ $100 p e r  month 1,200 

Supe rv i s i on  @ $200 p e r  month 2,400 

Trouble  C a l l s  @ $100 p e r  month 1 ,200 

T o t a l  Annual Cos t s  . . . . . . . . . . . . . . .  $11,700 

Although t h e  dam w i l l  have t o  be  main ta ined ,  w i t h  r e s u l t a n t  

maintenance c o s t s ,  t h e s e  c o s t s  have  n o t  been i n c l u d e d  i n  t h e  power 

sys tem o p e r a t i o n  and maintenance c o s t s .  A s  such c o s t s  w i l l  b e  

i n c u r r e d  whe ther  o r  n o t  t h e  hydropower sys tem i s  i n s t a l l e d ,  dam 

mnintcnanac costs have been o m i  t.t.ed from t h e  e s t i m a t e d  o p e r a t i n g  

and maintenance expe'nses o f  t h e  hydropower p l a n t .  
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SECTION X I .  PROJECT - FINANCING 

A.  - I n t r o d u c t i o n  

F inanc ing  w i l l  be needed f o r  i n i t i a l  c o n s t r u c t i o n ,  equipment 

a c q u i s i t i o n  and o p e r a t i n g  expenses  d u r i n g  t h e  development p e r i o d  

o f  t h e  p r o j e c t .  The major p o r t i o n  o f  t h e  funds  w i l l  be r e q u i r e d  

f o r  c o n s t r u c t i o n  and equipment.  

A s  s e t  o u t  i n  Table  11, S e c t i o n  I X ,  t h e  t o t a l  c o s t  f o r  t h e  

850 k i l o w a t t  hydropower sys tem a t  p r e s e n t  day (March 1979) p r i c e s  

,B. F inanc ing  Programs. 

There a r e  s e v e r a l  p o s s i b l e  fund ing  s o u r c e s  t h a t  may be ,  o r  

may become, a v a i l a b l e  f o r  t h e  f i n a n c i n g  o f  t h e  c o n s t r u c t i o n  of t h e  

hydropower g e n e r a t i o n  f a c i l i t y .  

1. Revenue Bonds 

The c i t y  o f  Si loam Spr ings  cou ld  i s s u e  revenue bonds on 

i t s  power sys tem.  These revenue bonds c a n  be i s s u e d  

w i t h  va ry ing  t e r m s .  The . l o n g e s t  t e r m  t h e  c i t y  cou ld  

o b t a i n  on t h e  commercial bond market ,  however, p robab ly  

would n o t  exceed 25 y e a r s .  

Under T i t l e  I V  o f  P u b l i c  Law 95-617, t h e  Department o f  
,- 

Energy i s  a u t h o r i z e d  t o  make l o a n s  o f  up t o  75 p e r c e n t  

of  t h e  t o t a l  p r o j e c t  c o s t s  of  a  sma l l  h y d r o e l e c t r i c  power 

f a c i l i t y .  The t e r m  of  t h e s e  l o a n s  i s  30 y e a r s .  

2 .  Grants  

I n  t h e  p a s t ,  t h e  Department of  Energy h a s  r e q u e s t e d  pro- 

p o s a l s  f o r  low-head h y d r o e l e c t r i c '  power demons t ra t ion  

p r o j e c t s  w i t h  up t o  50 percent DOE p a r t i c i p a t i o n .  I f  DOE 



i s s u e s  another  Program Opportuni ty  Not ice ,  g r a n t  funds  

might be  made a v a i l a b l e  f o r  a  demonstra t ion p r o j e c t  a t  . 

Lake Frances .  

3 .  General Ob l iga t ion  Bonds 

Amendment 1 3  t o  t h e  Arkansas C o n s t i t u t i o n  a u t h o r i z e s  

t h e  c i t y  t o  i s s u e  gene ra l  o b l i g a t i o n  bonds up t o  1 0  m i l l s  

f o r  e l e c t r i c a l  system c o n s t r u c t i o n .  However, t h i s  t ype  of  

bond does r e q u i r e  a  vo te  of  t h e  people .  

Even though g r a n t  funds  may become a v a i l a b l e ,  t h i s  F e a s i b i l i t y  

Assessment addresses  t h e  use  of revenue bonds only  a s  t h e  sou rce  

o f  funding t h e  hydropower development a t  Lake Frances .  . 

Table 1 3  shows fou r  t h e o r e t i c a l  revenue bond i s s u e s ,  w i th  . t h e  

p r i n c i p a l  and t h e  i n t e r e s t  r a t e  remaining c o n s t a n t  f o r  each bond. 

The term o f  each bond i s  t h e  va ry ing  f a c t o r .  

C . - Conclusion 

S ince  t h e  c i t y  has a p p r o p r i a t e  , c o l l a t e r a l  and owns and 

o p e r a t e s  i t s  own power d i s t r i b u t i o n  system, t h e  p r o j e c t  cou ld  be 

f inanced .  



TABLE 1 3  

Theoret ica l  F i n a n c k  Proarams 

XI- 3 

P r v a m  

A 
Revenue Bonds 

100% man 

B 
Revenue Bands 

100% Loan 

C 
Revenue Bonds 

100% L~an  

D 
Revenue Borids 

100% Ulan 

P r i n c i p a l  

$740,053 

740,053 

740,05.3 

740,053 

I n t e r e s t  
%.tte 

7 % 

7 % 

7 % 

7 % 

Term 
(Yews) 

2 0 

25 

3 0 

4 0 

Annual 
Payment 

$69,855 

63,504 

59,638 

55,510 

Total 
A m r t i z a t i o n  Cost 

$1,397,116 

1,587,609 

1,789,143 

2,220,433 
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SECTION X I I .  - ESTIMATED ANNUAL BUDGET 

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

This  s e c t i o n  w i l l  d i s c u s s  t h e  t o t a l  annual  budget  f a c t o r s  

r e l a t i n g  t o  t h e  hydropower development a t  t h e  Lake ~ r a n c e s  Dam. 

B .  Budget 

The annual  payment w i l l  vary  depending on t h e  t ype  f inanc-  

i n g  t h a t  i s  ob ta ined .  A s  s e t  o u t  i n  Sec t ion  X ,  t h e  o p e r a t i n g  

and main.tenance expenses a r e  e s t ima ted  t o  be  $11,700 annua l ly .  

I n  Table 1 4 ,  t h e  annual  l oan  payment i s  combined w i t h  t h e  

o p e r a t i o n s  and maintenance c o s t s  f o r  t h e  t o t a l  annual  c o s t s .  The 

produc t ion  c a p a b i l i t y  of  t h e  850 k i l o w a t t '  system i s  shown t o  be 

t h e  most c o s t - e f f e c t i v e  i n  S e c t i o n  I X .  The produc t ion  c o s t  pe r  

k i l o w a t t  hour can be c a l c u l a t e d  by d i v i d i n g  t h e  t o t a l  annual  c o s t  

by t h e  annual  p roduc t ion  r a t e .  
0 

A s  can be s een  from Table  1 4 ,  t h e  c o s t  t o  produce t h e  power 

ranges  from a  high o f  2 2  m i l l s  p e r  k i l o w a t t  hour to. a  low o f  1 8  

m i l l s  p e r  k i l o w a t t  hour .  

C . Conclusion 

Regardless  of  t h e  f i n a n c i n g  program u t i l i z e d  t o  c o n s t r u c t  t h e  

hydropower gene ra t ing  f a c i l i t y ,  t h e  produc t ion  c o s t  exceeds t h e  

average 1 4  m i l l  wholesale  r a t e  t h a t  t h a t  t h e  ci ty.!now pays .  

S ince  t h e r e  i s  no sav ing  t o  t h e  c i t y  over  t h e  c u r r e n t  whole- 

s a l e  p r i c e ,  t h e  hydropower f a c i l i t y  i s  n o t  a t  p r e s e n t  economically 

f e a s i b l e .  



TABLE 1 4  

Cost  o f  Production Summarization 

Total 
P m d G s s t s  

$81,555 

75,204 

71,338 

67,210 

20-Year Average 
Yearl l rRcdi . ic t inn 

3,780,936 

3,780,936 

3,780,936 

3,780,936 

Term 
0fI-loa.n 

20 years 

25 y e a r s  

30 y e a r s  

40 y e a r s  

I 

Production Cost  
Pr Kwh 

22 m i l l s  

20 m i l l s  

19  mills 

1 8  mills 

Annual 
I?a,mcnt 

$69,855 

63,504 

59,638 

55,510 

Annual 
OL14 

$11,700 

11,700 

11,700 

11,700 
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SECTION X I 1 1  . PROJECT - FEASIBILITY 

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

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

of  hydropower development i n  t h e  Lake Frances  Dam. The f i r s t  

f a c t o r  i s  t h e  dam s a f e t y  requi rements ,  and t h e  second i s  t h e  

wholesale  power r a t e .  

B .  Dam Sa fe ty  Requirements 

According t o  t h e  Corps of Engineers ,  t h e  ex ' i s t i ng  s p i l l w a y s  

can pas s  only  20 pe rcen t  o f  t h e  probable  maximum f lood .  The 

s i z e  and hazard  c l a s s i f i c a t i o n  d i c t a t e  t h a t  t h e  s p i l l w a y s  be a b l e  

t o  pass  1 0 0  p e r c e n t  o f  t h e  probable  maximum f lood .  There.fore,  

remedial  measures w i l l  be r e q u i r e d  t o  i n s u r e  t h a t  t h e  dam w i l l  be  

s a f e  du r ing  p e r i o d s  of extremely h igh  f lows.  

Add i t i ona l  sp i l lway  c a p a c i t y  i s  i n d i c a t e d ,  which w i l l  be 

q u i t e  expensive.  The hydropower development w i l l  no t  gene ra t e  

enough sav ings  t o  de f r ay  expenses i n c u r r e d  from any c o n s t r u c t i o n  

r e q u i r e d  t o  Lnsure dam s a f e t y .  

The s a f e t y  hazards  a s s o c i a t e d  wi th  t h e  dam a r e  p r e s e n t  whether 

o r '  n o t  t h e  dam i s  u t i l i z e d  f o r  t h e  gene ra t ion  of  e l e c t r i c  power. 

The s a f e t y  problems a s s o c i a t e d  w i t h  t h e  s t r u c t u r e  w i l l  have t o  be  

c o r r e c t e d ,  b u t  remedial  c o n s t r u c t i o n  w i l l  have t o  be funded from 

o t h e r  sou rces .  

C .  Wholesale - Power Rate 

The c i t y ' s  p r e s e n t  wholesa le  power r a t e  averages  1 4  m i l l s .  

The most c o s t - e f f e c t i v e  gene ra to r  system (i . e . ,  850 k i l o w a t t s )  

w i l l  g ene ra t e  approximately 3.8 megawatt hours  annua l ly .  A t  t h e  
' .  

p r e s e n t  1 4  m i l l  wholesa le  r a t e  t h e  hydropower f a c i l i t y  w i l l  g e n e r a t e  

$52,9 33  . o f '  power annua l ly .  This  amount i s  l e s s  than  t h e  t o t a l  



annual  c o s t s  w i th  any o f  t h e  f i n a n c i n g  programs given.  

The c i t y ' s  c o n t r a c t  f o r  power was executed on May 28, 1972, 

w i t h  t h e  i n i t i a l  pe r iod  of  t h e  c o n t r a c t  be ing  f i v e  y e a r s .  . A f t e r  

t h i s  f i v e  y e a r  pe r iod ,  t h e  c o n t r a c t  may be te rmina ted  a t  ' t h e  o p t i o n  
, 

of e i t h e r  t h e ,  c i t y  o r  SWEPCO. I f  t h e  c o n t r a c t  i s  n o t  t e rmina ted  

it i s  au toma t i ca l ly  renewed f o r  ano the r  y e a r .  

A s  p r i c e s  o f  a l l  t ypes  of  energy a r e  i n c r e a s i n g  f r e q u e n t l y ,  

t h e  c l t y i s  exf sc ing  c u r i t r ~ ~ c l  IUL power i s  eerkclin t o  bo re- 

nego t i a t ed .  With , t h e  i n e v i t a b i l i t y  of  h i g h e r  wholesa le  e l e c t r i c  

r a t e s ,  t h e  hydropower development i n  t h e  Lake Frances Dam becomes 

more a t t r a c t i v e .  

Table 1 5  shows t h e  impact  o f  t h e  e l e c t r i c  r a t e s  on t h e  hydro- 

power p r o j e c t  a s  e l e c t r i c  r a t e s  i n c r e a s e .  A s  can be s een  from t h e  

t a b l e ,  t h e  p r o j e c t  i s  no t  f e a s i b l e  a t  t h e  p r e s e n t  wholesa le  e l e c t r i c  

r a t e  o f  1 4  m i l l s .  The hydropower p r o j e c t  does become f e a s i b l e ,  

however, a t  about  20 m i l l s .  And a s  t h e  r a t e s  cont inue  t o  r i s e ,  t h e  

hydropower f a c i l i t i e s  would gene ra t e  s u b s t a n t i a l  sav ings  . fo r  t he  

' c i t y .  

D .  Conclusion 

I t  i s  i n e v i t a b l e  t h a t  energy r a t e s  w i l l  i n c r e a s e .  I f  t h e  

Lake Frances Dam can be improved s o  t h a t  it can s a f e l y  pass  high 

f lows,  and i f  t h e  hydropower p o t e n t i a l  i s  developed,  t h e  c i t y  of 

Siloam Spr ings  has  a v a i l a b l e  a  p r a c t i c a l  supplemental  energy source  

a s  i t s  e l e c t r i c  r a t e s  i n c r e a s e .  



TABLE 1 5  

E l e c t r i c  Rate Impact 
on Project  Feas ib i l i t y  

Rate is base energy charge p lu s  f u e l  adjustmmt charge. 
Fourteen mills is the c i t y ' s  present wholesale power rate. 
Total annual cost is based on 25-year financing. 

 ate I 
Mills 

1 4 ~  

18 

2 0 

22 

2 4 

20-year Average 
Annual Yearly Production 

3,780,936 

3,780,936 

3,780,936 

3,780,936 

3,780,936 

Annual 
Gross Savings 

$52,933 

68,056 

75,618 

83,180 

90,742 

'lotdl 
Annual cost3 

$75,204 

75,204 

75,204 

75,204 

75,204 

Annual 
N e t  Savings 

$ -22,270 

- 7,147 

+ 414 

+ 7,976 

1 
+15,538 





SECTION XIV. DEVELOP-PENT PLAN 

A. . Plan 

This feasibility st.udy recommends that the city of Siloam 

Springs should sponsor the development of hydropower generation in 

the Lake Frances Dam. Briefly, the major steps in the plan are as 

follows : 

1. The city should be the sponsoring agency, with the city 

electrical department responsible far the operatiur~ d~iCl 

maintenance of the facility. 

2. The city should continue its studies further of the dam 

safety program so the remedial measures required to make 

the dam safe can be formulated. 

3. The city should investigate alternate funding for the 

dam safety requirements once these requirements have been 

determined. 

4. Once the structural integrity of the dam is assured, the 

city should retain financial consultants and initiate 

financial planning for the hydropower project. 

5. Concurrently with the financial planning, applications 

should be filed with the Federal Energy Regulatory 

Commission so that the appropriate licenses can be issued. 

6. When financing has been secured, consulting engineers 

should be retained to do the field surveys, subsurface 

investigation, and the engineering design for the hydro- 

power facilities. 

7. After the plans and specifications have been prepared by 

the engineers, construction bids would be received on the- 



project. 

8. The equipment could then be ordered and manufactured. The 

civil works could be constructed and the equipment installed 

into the structure. 

9. Concurrently with the contracted portion of the work, the 

city electrical department would build the power line from 

the new powerhouse to the city's raw water pump station 

where the generator systenl wlll Le Lied i n t o  the city'c 

power grid. Only a short distance of new power line would 

be required to connect the generator to the power system. 

10. After most of the construction work has been completed, 

representatives of the equipment manufacturer would be 

called in to test the unit, ,make the final adjustments, 

and instruct the operating personnel on the proper operation 

of the equipment. 

1 .  After all tests and adjustments have been completed, the' 

unit would then be put into'operation. 

It is estimated that the project would take about three years 

to complete, 

B. Key Decision Points 

The three key decision points on whether to proceed with the 

plan are implementation, dam safety,, and financing. 

1. Implementation., The decision to implement the hydropower 

project will be based on the findings of the Feasibility 

Assessment. This ~easibility .%ssessment concludes that if 

certain problems are remedied, then hydropower development 



i s  a  p o s s i b l e  a l t e r n a t e  sou rce  of  supplemental  energy 

f o r  t h e  c i t y  of  Siloam Spr ings .  

2 .  Dam S a f e t y .  I n v e s t i g a t i o n s  by t h e  c i t y  a r e  now under 

way t o  determine t h e  dam s a f e t y  a s p e c t  of  t h e  development. 

I f  t h e  s a f e t y  problems can be remedied, then t h e  hydro- 

power development should proceed.  On t h e  o t h e r  hand, i f  

a l t e r n a t e  funding cannot  be  secured  f o r  t he  dam s a f e t y ,  

i t  w i l l  not bc  wice t o  i n c o r p o s a t ~  generating equipment. 

3. - Financing.  Adequate f i n a n c i n g  w i l l  be necessary f o r  

c o n s t r u c t i o n  of t h i s  hydropower p r o j e c t .  The c i t y  can 

i s s u e  revenue bonds, and seek  supplemental  g r a n t  funds ,  

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

C .  Conclusion 

The conc lus ion  o f  t h i s  F e a s i b i l i t y  Assessment i s  t h a t ,  w i th  

dam s a f e t y  and f inanc ing  a s su red ,  t h e  hydropower development i n  t h e  

Lake Frances Dam should be  s e r i o u s l y  cons idered .  
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Excerpts from 

PHASE I 

INSPECTION REPORT 

NA'1'1UNA.L UAM 

SAFETY PROGRAM 

Lake Frances - Dam and Spillway 

Section 3, . Visual Inspection 
Section 4. Operational Procedures 
Section 6. Structural Stability 
Section 7. Assessment/Remedial Measures 



SECTIOX 3: VISUAL INSPECTION 

3.1 FINDINGS 

a. General - On 15 February 1978, Engineers from the  0klahoma 
LTater Resources Board and t h e  Corps of Engineers met t h e  water  
p l an t  superintendent  f o r  S i loan  .spr ings,  Arkansas, and made a 
v i s u a l  inspec t ion  of the  Siloam Springs Dam (Lake Frances)  and 

. appurtenant s t r u c t u r e s .  The people present  f o r  t h e  i n s p e c t i o n  
were: 

(1') Dennis Uanlels,  Water P lanc  SuperinLrr~rlrr l~,  Siluaiu S p i a g s ,  
Arkansas. 

. . .  

(2) Terry Thurman, Chief ,  Engineering Div is ion ,  OLXU3. 

(3) Ceci l  Bearden, Engineer, OWRB. 

. . (4)  , Joe Glenn, Foundations and Elater ials  Branch, Corps o f -  
Engineers,  Tulsa 

(5) Tom Horner, Chief,  Hydraulic Design, Corps. of Engineers ,  
Tulsa 

(6) Reggie Kikugava, Design Branch, Corps of Engineers ,  Tulsa 

(7) Larry Dearing, Construct ion Divis ion,  Corps of Engineers ,  
Tulsa 

(8) Gary D i t t y ,  Foundations L Mate r i a l s  Branch, Corps of 
Engineers,  Tulsa  

Resul t s  of t he  v i s u a l  i n spec t ion  a r e  summarized below: 

Photographs taken dur ing  t h e  in syec t ion  a r e  included i n  Appendix 
"B" . 
b. 'Ear th  Dam - The earth.embankment is  approximately 6 , 0 0 0 . f e e t  

long and v a r i e s  from appros ioa te ly  10  f e e t '  t o  40 f e e t  i n  
he ight .  The major po r t ion  of t h e  e a r t h  embanlaent is on t h e  
l e f t  side of t h e  s p i l - l w a y  vi.th a s h o r t  s e c t i o n  (25% f e e t )  
connecting t h e  a u x i l i a r y  sp i l lway with the  r i g h t  abutm&nt: 

The c r e s t  is seven f e e t  wide according t o  a v a i l a b l e  c o n s t r u c t i o n  
plans.  It was not  p o s s i b l e  t o  o b t a i n  a  c e n t e r l i n e  p r o f i l e  o r  
t o  determine t h e  exact  c r e s t  width during t h e  i n s p e c t i o n  
because of extremely h c a w  vege ta t ion  and snowy weather .  Some 
a r e a s  of minor e ros ion  and p o s s i b l e  s e t t l emen t  were n o t i c e d  on 
the  c r e s t  near  t h e  junc t ion  of t he  e a r t h f i l l  and double  
concre te  a rch ,  but. no evidence of overtopping o r  unusual  



se t t l emen t  was not iczd .  The m a t e r i a l  observed on t h e  c r e s t  
appeared t o  be p r e d o ~ i n a n t l y  lean  c l a y  with poss ib ly  sone' 
sandy and s i l t y  c l ay .  

The upstream s l o p e  on t h e  l e f t  e a r t h  ercbanhent was g e n e r a l l y  
1 V  and 2H and 1 V  on 2-112~.  The upstream s l o p e  seemed t o ' v a r y  
sonewhat along t h e  1ength.and i n  some a reas  t h e  s l o p s  appeared 
t o  be s t eepe r  than  1 V  on 2H. The upstream s l o p e  had r i p r a p  
extending t o  t h e  c r e s t  f o r  a  d i s t a n c e  of about 2,000 f e e t  s o u t h  

' ,  

from t h e  sp i l lway.  For t h e  next  2,000-!- f e e t  t h e  r i p r a p  
extended about halfway up t h e  s lope  abzve t h e  water  sur face .  
The remaining po r t ion  of t h e  embankment did n o t  have s lope  
protection. Tha conditisn of tha a x i c t i n g  l imcotonc r i p r a p  
was gene ra l ly  good; t h e  rock was i n t a c t  and w e l l  graded w i t h  
no s i g n  of breakup o r  d e t e r i o r a t i o n .  A two t o  t h ree  foot  
v e r t i c a l  slough e x i s t e d  throughout t h e  ex t en t  of t h e  r i p r a p  
near  pool  l e v e l .  The s lough had exposed t h e  embanhent  
m a t e r i a l  and no bedding m a t e r i a l  was observed. The upstream 
s lope  had many smal l  t o  medium t r e e s  growing near  t h e  w a t e r l i n e  
and on o the r  a r e a s .  

The dovmstream s l o p e  of t h e  l e f t  embankment was gene ra l ly  1V 
on 2H wi th  no major v a r i a t i o n s .  Heavy vege ta t ion  i n  t he  form 
of smal l  t o  medium t r e e s  and g r a s s  was p re sen t  a long t h e  f i r s t  
4,OOCi- f e e t .  The downstream a s  w e l l  as the  upstream s lope  was 
gene ra l ly  f r e e  of t r e e s  and brush f o r  t h e  l a s t  2,000f f e e t -  
Evidence of s u r f a c e  e ros ion  was observed i n  s e v e r a l  l o c a t i o n s  
i n  t b i  fom of s n a l l  d i t c h e s .  The snow covering and v e g e t a t i o n  
prevented a thorough i n s p e c t i o n  of t h e  s lope.  

Evidence of seepage was noted along t h e  downstream toe .  T h e r e  
was a small  d i t c h  running almost p a r a l l e l  t o  t h e  embankment 
f o r  t h e  e n t i r e  l eng th  of t h e  embankment. Flow i n  t h e  d i t c h  
was es t imated  t o  vary from.25-50 gpm a t  d i f f e r e n t  l o c a t i o n s .  
It was not  p o s s i b l e  t o  determine t h e  o r i g i n  of t h i s  water 
because, of clle Ileiivj; vegeLa~iu11 and s i iui~ cuverizlg, Z~owrver, i L  
.is be l ieved  t h a t  p a r t  of t h i s  water was s u r f a c e  runoff  from a 
r e c e n t  r a i n f a l l  and snowmelt. A heav i ly  vege ta t ed  marsh area 
e x i s t s  near  t he  doxmstream t o e  about 3,000+_ f e e t  sou th  of t h e  
double concre te  arch.  

The junc t ion  of t h e  e a r t h  e n b a n b e n t  and double conc re t e  a r c h  
show:~ed evidence of e ros ion  and p o s s i b l e  s e t t l emen t .  A 
10W f o o t  s e c t i o n  ad jacen t  t o  t h e  concre te  s t r u c t u r e  was a b o u t  
3 f e e t  lower than  the  top  of concre te .  The downstream s l o p e  
i n  t h i s  a rea  was q u i t e  rough bu t  ther 'e was no evidence of 
s l i d e s .  



The l e f t  abu tnen t  of t h e  e a r t h  ernbanbent  was i c s p e c t e d  and no 
s i g n  of l eakage  o r  e r o s i o n  was observed.  A f i v e - f o o t - d i a m e t e r  
p i p e  which ex tends  through t h e  emban?aeiit was observed  n e a r  
t h e  l e f t  abutment. Th i s  p i p e  has  a f l a p  g a t e  on t h e  r e s e r v o i r  
s i d e  and t h e  wa te r  l e v e l  w a s  approximately one  f o o t  b e l o w - t h e  

. t o p  of t h e  p ipe .  On t h e  dormstream end a  s m a l l  p o o l  o f  w a t e r  
was observed.  Apparent ly  t h e  p i p e  i s , ' a  d r a i n a g e  p i p e  f o r  a n  
a d j a c e n t  r a i l r o a d  f i l l  and surrounding a r e a  b u t  o n l y . t h e n  t h e  
r e s e r v o i r  i s  low would d r a i n a g e  occur .  It a p p e a r s  t h a t  t h e  
p i p e  may have been i ~ p r o p e r l y  i n s t a l l e d  and a c t u a l l y  d r a i n s  i n  
t h e  o p p o s i t e  d i r e c t i o n  due t o  l eakage  around t h e  f l a p  g a t e .  
T h i s  may e x p l a i n  t h e  ponded a r e a  d o ~ n s t r e a m .  

There  was no i n d i c a t i o n '  o f  any t y p e  o f  i n s t r u m e n t a t i o n  p r e s e n t .  
i n  e i t h e r  t h e  e a r t h f i l l  o r  c o n c r e t e  p o r t i o n  of t h e  s t r u c t u r e .  

The r i g h t  e a r t h  embankment was i n s p e c t e d  and appeared  t o  b e  i n  
good c o n d i t i o n  v ~ i t h  no problems o r  d e f i c i e n c i e s  n o t e d ,  

c .  Arch Dam - Two, 15-foot r a d i u s ,  c o n c r e t e  a r c h  d a m  e x i s t  
b e t s e e n  t h e  main s p i l l w a y  and t h e  e a r t h  emban'kment. T h e r e  
were s e v e r a l  c r a c k s  noted i n  both  s e c t i o n s  on t h e  downstream 

. f a c e .  Seepage t h r u  v e r t i c a l  c o n s t r u c t i o n  j o i n t s  was e s t i m a t e d  
a t  20-25 gpn i n  t h e  s e c t i o n  a d j a c e n t  t o  t h e  main s p i l l v ~ a y  and  
pov,erhouse. The s e c t i o n  a d j a c e n t  t o  t h e  e a r t h  embankment had 
a tuc - foo t  s e c t i o n  added t o  i t  a t  some t ime and w a s  h i g h e r  t h a n  
t h e .  o t h e r  s e c t i o n .  

d .  S p P i l l x ~ ~ a y s  - The s p i l l v a y  s t r u c t u r e s  c o n s i s t  of a  162- foo t  
u n c o n t r o l l e d  o g e e  wei r  main s p i l l ~ a a y  and a  518-foot u n c o n t r o l l e d  
ogee  w e i r  a u x i l i a r y  s p i l l w a y .  Wooden f l a s h b o a r d s  have  been  
added t o  k o t h  s p i l l v a y s  t o  r a i s e  t h e  c r e s t  e l e v a t i o n  1 4  i n c h e s .  
On t h e  day of t h e  i n s p e c t i o n  wate r  was f l o ~ . ~ i n g  .over t h e  
a u x i l i a r y  s p i l l v a y  c r e s t .  approximately  4 i n c h e s  deep.  T h e r e f o r e  
only a cursory i n s p e c t i o n  o f  the  .spillway s t r u c t u r e s  w a s  . 

p o s s i b l e .  The wooden f l a s h b o a r d s  were q u i t e  i r r e g u l a r  and 
p r o b a b l y  i n  bad c o n d i t i o n .  The c o n d i t i o n  of t h e  c o n c r e t e  i n  
t h e  s p i l l w a y s  was n c t  determined. 

e. Appurtenant  S t r u c t u r e s  '- The a p p u r t e n a n t  s t r u c t u r e s  c o n s i s t  o f  
, a powerhouse l o c a t e d  on t h e  l e f t  s i d e  of t h e  main s p i l l w a y  and  

a s l u i c c  gate o u t l c t  ~ t r u c t u r c  o n . t h c  ~ i g h t  3 i d c  of e h c  main 
s p i l l w a y .  The powerhouse h a s  remnants of a  s i n g l e  t u r b i n e  
which i s  i n o p e r a b l e  and appeared t o  have been abandoned f o r  
some t i n e .  P a r t  of t h e  t r a s h  r a c k  i s  miss ing  and t h e  d r a f t  
t u b e  h a s  been plugged. Although t h e  po\.~erhouse h a s  been  
abandoned no s e v e r e  s t r u c t u r a l  d e f i c i e n c i e s  w e r e  n o t e d  t h z t  
might  a E f e c t  t h e  s a f e t y  o f  t h e  s t r u c t u r e .  A p o s s i b i l i t y  o f  
a p p r o s i m a t e l y  6 i n c h e s  o f  d i f f e r e n t i a l  s e t t l e m e n t  between t h e  



po~rerhouse and t h e  ad jacent  concrete  a rch  dam was noted .  . This  
i s  not supported by o ther  observa t ions  and i t  i s  f e l t  t h a t  i t  
may have been a  cons t ruc t ion  e r r o r .  

The s l u i c e  g a t e  o u t l e t  s t r u c t u r e  was n o t  a c c e s s i b l e  f o r  . 

inspec t ion  because of t h e  flow over t he  sp i l lways .  A 
2-1/2-foot by 5-foot p i e r  which suppor ts  a pe r sonne l  b r i d g e  
znd houses t h e  stem of t h e  s l u i c e  g a t e  was c racked .  Two s t e e l  
s t r a p s  around t h e  perimeter of t h e  pier.  t o  p r e v e n t  f u r t h e r  
d e t e r i o r a t i o n  were noted. . . 

f . . Dovmstream Channel - The charne l  immediately downstream of t h e  
Jau apped~ed Lo be abouc 206 leer - 300 f e e r  w i d e  and r e l a t i v e l y  
f r e e  from r e s t r i c t i o n s .  A highway b r idge  and a r a i l r o a d  b r i d g e  
c ros ses  the  channel about one-half mi le  downstream. 

3.2 EVALUATION 
. .. . 

. . 
~ e s u l t s  of t he  v i s u a l  i n spec t ion  were somewhat i n c o n c l u s i v e  f o r  t h e  
following reasons: (1) The main s t r u c t u r a l  p o r t i o n s  of t h e  
sp i l lways  could not  be  inspected f o r  d e f i c i e n c i e s  d u e  t o  h i g h  f lows.  
It was not  poss ib le  t o ' d e t e c t  any cracks  o r  leakage  which could 
i n d i c a t e  severe s t r u c t u r a l  de fec t s ;  (2 )  The i n s p e c r i o n  was conducted 
on a  day when moderate snowfal l  was occurking c o n t i n u a l l y .  Th i s  
reduced t h e  a b i l i t y  t o  de t ec t  problems which may have  been p r e s e n t  
wi th  the  e a r t h f i l l  embankment; (3) t h e  heavy v e g e t a t i o n  a l s o  

.' r e s t r i c t e d  the  a b i l i t y  t o  nake a  thorough i n s p e c t i o n  of t h e  
enbanben t ;  and (4) The zdverse vea ther  made i t  i n p o s s i b l e  t o  
reeva lua te  the downstream hazard p o t e n t i a l .  Roads were impassable  
and only 'one dwelling loca ted  near ' t h e  main highway was observed 
which may be  endangered should the  dam f a i l .  



SECTION 4: OPERATIOXAL PROCEDURES 

4.1 PROCEDURES 

Procedures  for '  m a i n t a i n i n g  r e s e r v o i r  l e v e l s  are d e s c r i b e d  i n  . 

S e c t i o n  1, paragraph 1 . 2  h. No o t h e r . i n f o r m a t i o n  concern ing  
r o u t i n e  o p e r a t i o n a l  procedures  was a v a i l a b l e .  

. . 

Bfost d e f i c i e n c i e s  no ted  d u r i n g  t h e  v i s u a l  i n s p e c t i o n  were  due t o  a . 

l a c k  of p roper  and t i m e l y  maintenance.  These i n c l u d e d  s u c h  i t e m s  
a3 heavy V C ~ ~ L ~ L ~ U L I  iiud Crees grav ing  on t h e  dam, p o o r l y  d r a i n e d  
a r e a s  a t  t h e  downstream t o e  of dam, c o n d i t i o n  of r i p r a p  on 
upstream s l o p e ,  e t c .  

4 . 3  EIAIXTENAKCE OF ' ~ P U R T E X A X T  S T R U C T U ~ S  

The double  c o n c r e t e  a r c h  dam had s e v e r a l  l a r g e  c r a c k s  w i t h  l e a k a g e  
coming through them. The powerhouse and equipment were i n o p e r a b l e  
and d i d  n o t  appear  t o  have been used f o r  some t i n e ,  The s p i l l w a y s  
were imposs ib le  t o  i n s p e c t  because  of t h e  h i g h  f low,  h o ~ ~ e v e r ,  t h e  
f l a s h b o a r d s  appeared t o  be  q u i t e  i r r e g u . l a r .  Based on c o n v e r s a t i o n  
w i t h  t h e  w a t e r  p l a n t  s u p e r i n t e n d e n t  and o t h e r  i n f o r m a t i o n ,  i t  
a p p e a r s  t h a t  t h e  m a j o r i t y  of t h e  maintenance h a s  been t o  r e p a i r  
and r e p l a c e  t h e  wooden ' f l a shboards  used t o  r a i s e  t h e  c r e s t  of t h e  
s p i l l t r a y s .  

To our  knovledge t h z r e  a r e  no emergency a c t i o n  p l a n s  o r  warning 
s y s t e m  c u r r e n t l y  i n  e f f e c t  f o r  t h e  p r o j e c t .  

4,5 EVALUATION 

T h e  maintenance on S i l o a n  S p r i n g s  Dzm and a p p u r t e n a n t  s t r u c t u r e s  
h a s  e s s e n t i a l l y  been n o n e x i s t a n t .  A r o u t i n e  and p roper  
maintenance program i s  i n p o r t a n t  on a  s t r u c t u r e  of t h i s  s i z e  and 
should be i n c o r p o r a t e d  immediately. 



SECTICS 6: STRUCTUUL STABILITY 

6.1 EVALUATIOX OF STRUCTLRAL STABILITY 

a. V i s u a l  Observat ions  - A s  i n d i c a t e d  i n  pa ragraph  3 .2 ,  r e s u l t s  of 
t h e  v i s u a l  i n s p e c t i o n  were sonewhat i n c o n c l u s i v e  d u e  t o  f l o w s  
over  t h e  s p i l l w a y s ,  snow cover ,  and heavy v e g e t a t i o n  on t h e  
embankment. The m a j o r i t y  of d e f i c i e n c i e s  t h a t  were  observed  
were due t o  a l a c k  of p roper  and t i m e l y  maintenance.  

Evidence of seepage was observed,  a l o n g  t h e  downstream t o e  of . , 

t h e  enbankinent. The s o u r c e  and p o s s i b l e  consequences  of t h i s  
seepage could n o t  be determined d u r i n g  t h e , v i s u a l  fnspecrion. 
A d d i t i o n a l  i n v e s t i g a t i o n s  w i l l  be  n e c e s s a r y  t o  e v a l u a t e  t h i s  
c o n d i t i o n .  

b. O r i g i n a l  P r o j e c t  - Design, C o n s t r u c t i o n  and Opera t ing  Data  - 
Data f o r  t h e  o r i g i n a l  p r o j e c t  c o n s i s t e d  of f o u r  (4) s h e e t s  o f  
p l a n s  as shown i n  Appendix "D". The o r i g i n a l  p r o j e c t ,  
completed i n  1931, f a i l e d  i n  1943 when t h e  e a r t h  d i k e  washed 
o u t  a d j a c e n t  t o  t h e  a r c h  dam p o r t i o n  of t h e  s t r u c t u r e .  
According t o  a v a i l a b l e  d a t a ,  ,18-inch f l a s h b o a r d s  were i n  p l a c e  
a t o p  t h e  s p i l l w a y  p r i o r  t o  t h e  f a i l u r e .  The f l a s h b o a r d s  
reduced t h e  s p i l l w a y  c a p a c i t y  from 64,000 c f s  t o  51,000 c f  s. 
Flow d u r i n g  t h e  t ime  of  f a i l u r e  was estimated a t  62,000 c f s .  
A twenty-five-foot h i g h  s t e e l  s h e e t  p i l e  w a l l  was connec ted  t o  
t h e  a r c h  dain and extended through t h e  l o v e r  p o r t i o n  of t h e  
e n b a n k ~ e n t  f o r  a  d i s t a n c e  of 200 f e e t .  \!?ether t h e  dam 
a c t u a l l y  f a i l e d  as a  r e s u l t  of over topp ing  o r  a s  a r e s u l t  of 
seepage and p i p i n g  a long  t h e  a r c h  dam - embankmat  c o n t a c t  i s  
unknown. The p r o j e c t  a p p a r e n t l y  was n o t  r e p a i r e d  o r  u t i l i z e d  
between 1943 and 1954. 

The s p i l l v ~ a y s  c o n s i s t  of cyclopean masonry c o r e s  w i t h  o u t e r  
f a c i n g s  of c o n c r e t e .  The cyclopean c o r e  c o n s i s t s  o f  l a r g e  
hand placed s t o n e  (12 i n c h e s  o r  more). T h i s  t y p e  o f  
c o n s t r u c t i o n  was e v i d e n t l y  used d u r i n g  t h e  d e p r e s s i o n  y e a r s  t o  
s a v e  money but  would n o t  be  used today because  of t h e  
p o s s i b i l i t y  of v o i d s  i n  t h e  c o n c r e t e .  S t a b i l i t y  a n a l y s e s  o f  
t h e  s p i l l r ~ ~ a y s  were n o t  a v a i l a b l e  f o r  review. 

c. Pos t  C o n s t r u c t i o n  Changes - I n  1954, t h e  c i t y  o f  S i loam 
Spr ings  r e p a i r e d  t h 2  dam t o  p rov ide  a wate r  s u p p l y  r e s e r v o i r .  - -  - 
p13nS-of t h e  r e p a i r s ,  shown i n  Appendix "En,  c o n s i s t e d  o f  
r a i s i n g  t h e  embankment 2.5 f e e t  and p r o v i d i n g  a s m a l l  
200-foot-long c o n c r e t e  c u t o f f  w a l l  a c r o s s  t h e  e x i s t i n g  c h a n n e l .  
The embankment was r a i s e d  s o  t h e  s p i l l w a y  c a p a c i t y  would b e  
i n c r e a s e d  t o  85,000 c f s  (maximum f l o o d  of r e c o r d  84,000 c f s )  
wi thou t  over topp ing  t h e  embankment. Apparent ly ,  t h e  small 



c o n c r e t e  w a l l  was i n s t a l l e d  t o  i n t e r c e p t  s e e p a g e  a l o n g  t h e  
embankiient-foundation c o n t a c t .  

A s  shorvin Oi l  s h e e t  1, Appendix "E", t h e  a r e a  e r o d e d  o r  washed'  
o u t  i n  1943 covered s e v e r a l  a r e a s  w i t h i n  a 700-foot  d i s t a n c e  
of the .  a r c h  dam. I f  t h e  enbanlanent was r e c o n s t r u c t e d  between 
t h e  peaks oE t h e  eroded a r e a s ,  d i f f e r e n t i a l  s e t t l e m e n t  and 
c r a c k s  c o u l d . d e v e l o p  w i t h i n  t h e  embankment. The c o n c r e t e  
c u t o f f  w a l l  i n s t a l l e d  i n t o  r o c k  cou ld  a l s o  r e s u l t  i n  
d i f f e r e n t i a l  s e t t l e m e n t  and c rack ing ,  of t h e  emban'ment. F o r  a 
d i s c u s s i o n  on development of such  c r a c k s ,  s e e  Appendix "I". 
Infermatiol-I  was i ~ o t  a v a i l a b l e  t o  e v a l u a t e  these cond i t i o i l s  or 
t o  determine d e s i g n  o r  c o n s t r u c t i o n  t e c h n i q u e s  u s e d  t o  c o n t r o l  . 

seepage  and s e t t l e m e n t  throughout  t h i s  r e a c h ,  Apparen t  . 

s e t t l e m e n t  was observed i n  t h i s  a r e a  of t h e  r e c o n s t r u c t e d  
embankment c r e s t  d u r i n g . o u r  v i s u a l  i n s p e c t i o n .  A d d i t i o n a l  
i n v e s t i g a t i o n s  w i l l  be r e q u i r e d  ' to  e v a l u a t e  t h e  s t r u c t u r a l  
s t a b i l i t y  of t h e  embankment w i t h i n  t h i s  area. 

P r e l i m i n a r y  computat ions  i n d i c a t e  t h e  p r o j e c , t ,  as. r e c o n s t r u c t e d  
i n  1954, w i l l  n o t  meet t h e  h y d r a u l i c  c o n s i d e r a t i o n s  i n c l u d e d  i n  
t h e  "Guidelines" o r  r e q u i r e d  by Rules  and R e g u l a t i o n s  o f  t h e  
OWRB. These computat ions  i n d i c a t e  t h e  embankxent would be  
over topped by 8 . 1  f e e t  o f  w a t e r  under PPF c o n d i t i o n s  and 
4 .3  f e e t  under 112 P?F c o n d i t i o n s .  An e a r t h  embanlment t h e  
s i z e  and c o n f i g u r a t i o n  of t h e -  Lake F r a n c e s  Dan c a n n o t  w i t h s t a n d  
such  over topp ing  w i t h o u t  f a i l u r e .  A d d i t i o c a l  i ~ v e s t i g a t i o n s  . 
w i l l  b e  r e q u i r e d  t o  deve lop  r e m e d i a l  measures  n z c e s s a r y  t o  
modify t h 2  p r o j e c t  t o  s a f e l y  p a s s  t h e  d e s i g n  f l o o d .  

d .  Seismic  S t a b i l i t y  - D e t a i l e d  i n v e s t i g a t i o n s  w e r e  n o t  made t o  
de te rmine  t h e  s e i s m i c  a c t i v i t y  i n  t h e  a r e a  o r  the r e s p o n s e  o f  
t h e  s t r u c t u r e s  t o  p a s t  ea r thquakes .  The p r o j e c t  i s  l o c a t e d  
w i t h i n  a n  a r e a  which h a s  a Zone 1 s e i s m i c  p r o b a b i l i t y  
c l a s s i f i c a t i o n .  It i s  assuned t h a t  p r o j e c t s  l o c a t e d  i n  Zone 1 
p r e s e n t  no hazard  from e a r t h q u a k e s  p rov ided  s t a t i c  s t a b i l i t y  
c o n d i t i o n s  a r e  s a t i s f a c t o r y .  



SECTION 7 : ASSESS?!EXT/RZfEDIPL lIEc\SURES . 

Based upon r e s u l t s  of t h e  v i s u a l  i n s p e c t i o n ;  a rev iew o f  t h e  
h i s t o r y  of t h e  p r o j e c t  and a v a i l a b l e  des ign ,  c o n s t r u c t i o n  o r  
o p e r a t i o n a l  d a t a ;  and p r e l i m i n a r y  computat ions ,  t h e  f o l l o w i n g  i s  
a n  assessment  of Siloam S p r i n g s  (Lake Frances)  dam and s p i l l w a y .  

a. S a f e t y  - I n  1943, t h e  p r o j e c t  f a i l e d  by "washing o u t "  t h e  
embankiient a d j a c e n t  t o  t h e  c o n c r e t e  a r c h  dam. The e x a c t  c a u s e  
o f  t h i s  f a i l u r e  is  unknom. In format ion  a v a i l a b l e  on  
r e c o n s t r u c t i o n  of t h e  embankment i n  t h e  f a i l u r e  a r e a  was no t  
s u f f i c i e n t  t o  a s s e s s  t h e  s a f e t y  of t h e  p r o j e c t .  The p l a n s  do 
i n d i c a t e  c o n d i t i o n s  which cou ld  p o s s i b l y  r e s u l t  i n  d i f f e r e n t i a l  
s e t t l e m e n t ,  c r a c k i n g  and subsequent  p i p i n g  through t h e  
embankment a d j a c e n t  t o  t h e  a rch 'dam.  A d d i t i o n a l  i n f o r m a t i o n  
and i n v e s t i g a t i o n s  w i l l  b e  n e c e s s a r y  t o  p r o p e r l y  assess t h e s e  
c o n d i t i o n s .  

Apparent seepage  was observed a t  s e v e r a l  l o c a t i o n s '  downstream 
of  t h e  e a r t h  dam: A d d i t i o n a l  i n v e s t i g a t i o n s  w i l l  a l s o  b e  
r e q u i r e d  t o  d e t e r n i n e  t h e  s o u r c e  and p o s s i b l e  consequences  of 
t h i s  seepage on t h e  s a f e t y  o f  t h e  p r o j e c t .  

P r e l i m i n a r y  computat ions  i n d i c a t e  t h e  embankment t ~ i l l  b e  
over toppzd by 8 . 1  f e e t .  o f  wa te r  under PPF c o n d i t i o n s .  To o u r  
knowledge, a n  e a r t h  dam or' t h e  s i z e  and c o n f i g u r a t i o n  of t h e  ' 

Lake Frances  embankment could  n o t  wi ths tand  such o v e r t o p p i n g  
w i t h o u t  f a i l u r e .  A d d i t i o n a l  i n v e s t i g a t i o n s  would b e  n e c e s s a r y  
t o  de te rmine  r e m e d i a l  measures  necessa ry  t o  i n s u r e  t h e  p r o j e c t  
c a n  s a f e l y  p a s s  t h e  d e s i g n  f l o o d .  

b. Adequacy of I n f o r m a t i o n  - As i n d i c a t e d  i n  p a r a g r a p h  6 . 1  a ,  
results of th,? vjc.11~31 i n s p e c t i o n  were somewhat i n c o n c l u s i v e  due  

. t o  snow cover ,  heavy growth o f  t r e e s  and v e g e t a t i o n  on t h e  
embankment, and f lows  o v e r  t h e  s p i l l w a y s .  I n  a d d i t i o n ,  
a v a i l a b l e  d e s i g n ,  c o n s t r u c t i o n  o r  o p e r a t i o n s  d a t a  was n o t  
s u f f i c i e n t  t o  p r o p e r l y  e v a l u a t e  and a s s e s s  t h e  s a f e t y  o f  t h e  
p r o  j e c  t .  

c. N e c e s s i t y  f o r  Phase  T I  - Phase  11 i n v c s t i g s t i o n s ,  by t h e  ormer, 
a re  r e q u i r e d  t o :  

(1) Determine t h e  s o u r c e  and p o s s i b l e  consequences  of s e e p a g e  
dor.mstream of t h e  embankment on t h e  s a f e t y  of t h e  p r o j e c t .  

(2) Evalua te  t h e  p o t e n t i a l  f o r  and p o s s i b l e  e f f e c t s  o f  
d i f f e r e n t i a l  s e t t l e m e n t ,  c r a c k i n g ,  and p i p i n g  w i t h i n  t h e  



r e c o n s t r u c t e d  p o r t i o n  of t h e  e a r t h  embankment a d j a c e n t  t o  
t h e  c o n c r e t e  a r c h  dan. 

(3) Determine r e n e d i a l  measures necessa ry  t o  i n s u r e  t h e  
p r o j e c t  can s a f e l y  p a s s  t h e  a p p r o p r i a t e  d e s i g n  f l o o d ;  

( 4 )  Detern ine  t h e  s t r u c t u r a l  soundness o f  t h e  cyc lopean  
masonry c o r e  spil lvray s e c t i o n s .  

. . 

7 - 2  REFIEDIAL PIEASURES 

To minimize t h e  p o s s i b i l i t y  of l o s s  of l i f e  and p r o p e r t y  and t o  
a s s u r e  conr inued o p e r a t i o n  o f  t h e  p r o j  e c t ,  t h e  f  olloi-l ing a c ' t i o n s  

. a r e  necessa ry .  These a c t i o n s  f a l l  i n t o  t h r e e  b a s i c  c a t e g o r i e s  : 
(1) Addi t iona l  i n v e s t i g a t i o n s  necessa ry  t o  f u r t h e r  e v a l u a t e  and 
a s s u r e  t h e  s a f e t y  and o p e r a t i o n a l  adequacy c f  t h e  p r o j e c t ,  (2) 
a d d i t i o n s  t o  c u r r e n t  o p e r a t i n g  procedures ,  and (3 )  r o u t i n e '  
o p e r a t i o n  and maintenance r e a s u r e s  t o  rensdy a n d / o r  p r e v e n t  
d e t e r i o r a t i o n  of t h e  p r o j e c t .  

a. A d d i t i o n a l  I n v e s t i g a t i o n s  

(1) I n v e s t i g a t e  and e v a l u a t e  t h e  p o t e n t i a l  f o r  and p o s s i b l e  
e f f e c t s  of d i f f e r e n t i a l  s e t t l e m e n t ,  c r a c k i n g  and  p i p i n g  
w i t h i n  t h e  r e c o n s t r u c t e d  700-foot p o r t i o n  of t h e  

. embanlnent a d j a c e n t  t o  t h e  a r c h  dab. It is  recomnended 
t h a t  t h e  i n i i z i a l  i n v e s t i g a t i o n  c o n s i s t  of a n o t h e r  v i s u a l  
inspec t ' ion  undcr n o r 2  f a v o r a b l e  c o n d i t i o n s  s o  t h a t  t h e  
e x i s t e n c e  o f  any d i f f e r e n t i a l  s e t t l e m e n t  o r  c r a c k i n g  
could  more r e a d i l y  b e  determined. A s e a r c h  and e v a l u a t i o n  
o f  any a d d i t i o n a l  d e s i g n  and c o n s t r u c t i o n  d a t a  f o r  t h e  
a r e a  may a l s o  p rov ide  i n f o r m a t i o n  r e g a r d i n g  t h e  p o s s i b i l i t y  
of c rack ing .  Should t r a n s v e r s e  c r a c k s  be  observed  i n  t h e  
embanknent ; t h e  poo l  shou ld  be  lotrered and r e n e d i a l  
measures provided t o  .prevent  p ip ing .  

(2) Determine t h 2  s o u r c e  and p o s s i b l e  cons&quences o f  s e e p a g e  
observed dotmstrearn oE t h e  embankment. 

(3) Determine r e r e d i a l  measures  necessa ry  t o  i n s u r e  t h e  
p r o j e c t  can saEely  p a s s  t h e  a p p r o p r i a t e  d e s i ~ n  f l o o d .  

. ( 4 )  A seepage and s t a b i l i t y  a n a l y s i s  f o r  t h e  e a r t h  entbanSment 
and a s t a b i l i t y  a n a l y s i s  f o r  t h e  cyclopean masonry c o r e  
s p i l l w a y s  should be  a  p a r t  of t h e  r e c o r d  f o r  t h e  p r o j e c t .  

h.  Additions t o  Opera t ing  Procedures  

(1) A warning system and emergency a c t i o n  p l a n  s h o u l d  b e  
dpvizloped Eor t h e  project. Discuss ion  of such  a  p l a n  j.s 



p r e s e n t e d  i n  ASCE.pub l i ca t ion ,  "The E v a l u a t i o n  of Dam 
S a f e t y , "  page 4 6 3 .  See Appendix "J". 

(2) A r o u t i n e  i n s p e c t i o n  and maint 'enance program should  b e  
developed and implemented,  

( 3 )  Any f u t u r e  m o d i f i c a t i o n  t o  t h e  s t r u c t u r e  such  a s  
. f l a s h b o a r d s  which does  n o t  r e d u c e  t h e  p o t e n t i a l  f o r  
o v e r t o p p i n g  o r .  embankment f a i l u r e  shou ld  n o t  b e  p e r m i t t e d .  

c'. ' O p e r a t i o n  and Maintenance Pleasures 

(1)  To p r e v e n t  t h e  development of  p o t e n t i a l  seepage  p a t h s  
a l o n g  r o o t  sys tems  and t o  p r o v i d e  a r e a s  t h a t  can b e  
a d e q u a t e l y  i n s p e c t e d  f o r  ev idence  of d i s t r e s s ,  t r e e s a n d  
heavy v e g e t a t i o n  shou ld  b e  removed from t h e  s l o p e s  and 
c r e s t  of t h e  e a r ' t h  embankments. 

(2)  To p r o v i d e  p r o t e c t i o n  a g a i n s t  e r o s i o n  of t h e  upst ream 
s l o p e ,  t h e  s loughed a r e a  s h o u l d  b e  r e p a i r e d  and adequa te  
s l o p e  p r o t e c t i o n  p rov ided .  

(3 )  A f t e r  t h e  embankment h a s  been c a r e f u l l y  i n s p e c t e d  and 
e v a l u a t e d  f o r  e v i d e n c e  of d i f f e r e n t i a l  s e t t l e m e n t  o r  
c r a c k i n g ,  a l l  low a r e a s  on t h e  c r e s t  of t h e  dam shou ld  b e  
r e s t o r e d  t o  o r i g i n a l  g r a d e  w i t h  compacted f i l l .  

( 4 )  The marsh a r e a  n e a r  t h e  downstream t o e  shou ld  b e  c l e a r e d  
and graded t o  d r a i n  t o  a l l o w  measurement and o b s e r v a t i o n  
of seepage .  
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an Oklahoma Corporation 

FIIXD: Y ~ ~ C L A P O Y  8thp 195; $P; SO:C)O AnMb 
Book 9 2 - ~ ~ y y - r q - .  P 

G O W S ~ ~ R A T I O N :  $3~,000,00 

PIESCRIP TIOW : 

QUITCLAIM, GRAPFT, BARGAIIq, SELL ARD CONVEY a l l  - 3 . t ~  r J . g h t ,  tf Lle, 
ir~terest and e s t a t e ,  both st 1 .aw and In equity, In thts f o l . l o w i r ~  
descrFbed real es ta te ,  t o - w l t :  

.P,tte'st: (SXAI,] ILLIN619 WAmR'  DEVJZLOPMT COMRAJB. 

.A, T. Bourne 
By: &s. James W. Slo0.n. 

P ~ e a i d e n t  

f l  P.CRNOWIEDOED: Baiore Vera Nichols, %tary Public in ond for ~ ~ i l ~ s c  
1 Counby, Oklahoma, by %sea Jams W, Sloan, us hDpersSdenb of earn 

C O ~ O P B ~ ~ O X ~ ;  Dacember 1954.0 SWl, , . 
j Commission expires " e p b m b e ~  7th,  1957, 
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' All of Lots 3 and I! Sec t i s r l  9 ,  and tho N> of  Dect i :~n  I.?; arid 9: of 
Sec t ion  17 l y i n g  andbejn:: s i t u a t e d  E u s t  of the r~igllt-of-,sii;.; o f  trle 
Kansas City "011 thern  i ~ u i l w a v ,  i n  Town.shly:, 19 '''ort!l, lraneje 26 &r,-.t; A n d  

~ 1 1  t h a t  p a r t  of NP of ::E; of I?B:- of .%ct,ion l e ,  ' fornship  19 i i c r th ,  
Range 26 Las t ,  i!? A d a i r  h u n t v ,  Oklahoma, lvirrg Eas t  of '  Okla.Pro.u!a S t a t e  
highway 17, i t  being a  strip about t w e l v e  f e e t  . w i d e ;  ar.d 

it11 tho land Iyiinp, Sou th  and . E a s t  ,7f t h e  right-of-way o f  tihe sansas 
C i t y  Southern ALail.way C o m p a ~ y  i n  SecLio21 19, and i ior th  o f  -the N o . ~ & h  
bank of B a l l a r d  Creek and West of the Wes-t' Sec t ion  f ine  o f  Suction l Z ,  
being more pe . r t i~=u . l a r lg  d e s c r i b e d  as follows: B oba;inn.J:r..g at; a p-ofnt 
on t h e  West sect : lon, . l ine of Sec:tion 20, Townohip  I9 N!2rth., H U ~ _ Q ; F P  26 
East of t h o  Indian  d e r i d i a n ,  where tlic ~ lght - -of - .way !>f t h e  Kan3ss 

" City So thsrn Railroad i n t e r s e c t s  sa:Ld West Sectfor.  l i n e ;  tbenc3 
Southwester ly along the E a s t  l i n e  o f  s a i d  r i sh t -of - (wav t o  n pofnt; 
where s a i d  Kanaa:: C j  by %uthern b a l  lway rlght-of-way i n t e r s e c t s  the 
Mor.th bank of 3aIllsr-d Creek fn t h e  Southwest cor..neT nf t he  s!:J* of'  
sE$ ,of 3 2 $  o f  S e c t ~ o r ~  19; thence i n  a g n s r a l  Southengtn- ly  and ' 

'\ Nor theas te r ly  d i r ~ e c t i o n  alone; the bank of' s a i d  Elsll .a~.*d Creek 30 .tho 
14 !Ve3st l i n e  of Sectign 20, Township 9:C) o r t h ,  ".ange 2!; &as.b o f  ti113 ln t l ian 

Meridian; thence luorth along s n i d  " e r t  Sect i r ,n  l i n  of '   sect;^ qn 20 to 
t he  p o i n t  o r  place of' l e g i n n i n g ,  a n d  ~f of >I$ and r S i -  of v;;$))nnd, N o r t h  
11.58 a c r e s  o f  Lcat 2 o f  S e c t i o n  20, ' omsh i?  '19 NortiI:, Mange 26 "'asi;: 
alaD 
Begincing a t  a p o i n t  on the  i'iest l i n e  o f  Sec t ion  20, '.'ownshl.p 13 I~?or.?t.h 
Range 26 F a s t ,  376.8 f e e t  .Luorlth of t h e  liorthrvest corsr,.2r of  tlie SVI .~  of 
<.I? ddk* L ol' SVJz of s a i d  Sect;ion 20; thence South 31" 30 E'8s.t a d i s t a r l k e  cf '  
243.4 f ee t ' ;  thence South 77' E a s t ,  t-i d i s t a n c e  u$ 207.4. f e e t ;  therice 
Korth 53' 3 3 '  East;, a d i s t a n c e  of 265.6 feet; thence North hbO 3 T 1  . 
3 a s t  a distance o r  635.2 f e e t * .  thence South b60 o L ~  L a s t ,  n d i s t n n c a  
of  106.1 f e e t ;  ghence South 14' 28'  E a s t ,  a distance of 2Cl9.1 feet; 
thence South 2G Bas t  a  d i s t a n c e  o f  5113 f e e t ;  thnncq south j4.10 1-1 
E a s t  a d i s t ance  m i  A%~?~~..$-?s,,&wI& 
o f  $61 f i s t ;  th.mcc South L5 m s t a n c a  of nbnut ? j O  T o a t  
t o  1nt;ersection wi th  tfls s o u t h  l i u e  of said Sec- t ion  20; thence contin- 
uing 0 ~ 1  the same course a d i s t a n c e  of about 760 f e e t  $0 an :?..r.ltarsection 

, with the i iorth an?. Sou th c e n t e r  l i n e  of L e c t i o n  23 ; thence i lo r th  a long 
.said Morth and South c e n t e r  l i n e  a d l s t a n c a  of abc,u.t k30 f'sc3.l; t o  are 
i n t u r s e c t l u n  with the Sou th  U n a  of  s o c t i o r ~  20 ( ~ n c l u d i n g  3 E*T:T~RS, 
ulor-e OP l e s s  i n  the  ?JX$ of  YJE$ of o f  & c t i o n  2 9 )  ; thoncc 
about  5 ? f  along. 'the S o i ~ t h  l i n e  of  kct ti or! 20 t o  the  Illinois R9:vei-; 
thence ~ o r t h s e s t e r l g  a long  s a i d  r i v e r  t o  p o i n t  o f  i n  t o r s e i c t f  on WL Lh the 
E a s t  nnd iuest center l i n e  of S e c t i o n  20: thence l e s i :  nlnn_g E n s t  e:ld. 
li'est c e n t e r  l i n e  of S e c t i o n  20 to lint,arssct;.lon n i t h  :;l?e nnqtnrly 
r-imt-of-way l i n e  o f  the ~ a n a G s  City aouthcrn Ra!. lronr.3; thence S~12i;h- 
~ e s t e r l . y a l o n g  s 3 J d  ~ i p h t - o f - m y  l i n e  t o  int.er!sectlor? salt E e s t u r l y  
7igh.t-of-vm:r l i n e  w i  t h  t h e  lie ~t l l n e  of Se c t i n n  2 5  ; t;llonce a l u t h  ri2orlg 

C:' t he  F ies t  line of u e c t i o n  20 . t o  p o i n t  o f  beq inn inm AID 

A l l  o f  Lot I. i n  Secticrn 2'2, l y i n g  i lor th  of b1.uf.f ?on<,- s t ~ r t , i n g  cJri 
Ja -kmsas  l i n e  a t  Soct ion 20 and 29, going I.';esi; 1.300 f e e t :  Sot.~.i;h 13[.)5 
f e a t ,  running with .tho bluff' roc32 i n  a S ~ u t h ~ a n t e l * l v  d i - e c t f o n  r2(3_? 
f e e t . t o  where road i n t e r s e c t s  Ar8kansvs l i n e ;  t,hence Lio-tkl 1293 f e e t  
on Artkansus line; A139 

A l l  t h ~ t   art of '  Lot;= 2, 3 and li, l y i n z  South  und b o j t .  of the T l l f r r c f e .  . .  
. . -- -. Uiva? In - sec t ion  20, lournship 19 "orth, 26 iost. . . .. .. . -  h 



I- , -; '3 

,,,':.. ' /' ,,;g-f:.~ ,- ..JS .;I:DGT;IRE, Ha30 t h i s  (.<> (3 s:: pf 'c' f t s ; ~ : ~ . h ~ !  y , 

1955, botwesfi TI= C I E  0' SILOAbI SFRI';<GB, AE%hKL.i,S, a 1!1.r:i c-ln I 

c o + p o r e t i ~ n ,  Pei*ty of the  F!.ys b P a r t ,  end 'J:L181i<(!.t'S ':Y:t'C:Il . 

DlW!TLOFL!E<'l' COYTAMY, I l J C  o ,  s n  Oklrhoma corpc r o  t i.:)ri, F ~ Y * G > -  of k:? 

Second P a ~ t  . 
W I T H 9 S S E T I I :  

Thnt sn i?  PurQ of the  F i r s t  Fart;, lr. r:onsldr~.:et:.?r~ 

consicisl-n ti?r.s, t o  It  d u l y  pnid,  ruce :.pi: vii?oroc.i' IN he::~;,o;: 

'i ., . I  ..I;?.:! ,, convey unto ~ h o  s s i d  Par ty  o f  t'he Second t'ar.1; e.i?d 1 t s  . . . - ' c "  

a l l  i t s  r l ~ : h c ,  t i f i e ,  i n t o r o s t  and e s t n t e ,  tot,!. n t  I n 7  :\nd .1ri 

s q u l t y ,  o f ,  in 9r.a t o ,  tho Pollcwing Cerrcrlksd ;*tbnl 4 s t , ? k 2  

. A l l .  of  .&to 3 alld 4 Sect;.fo::. 8, a;?O  ti.,^ !:.% 3 f  I Ssctror, 1 7 ;  and S& of Soc t.;.s?? 1'/, I-fj i~r:  snd !!:~ir:r: 
6 : ~ : ; ~ a t n d  Eqgt .o!' the r i ~ : i ; t - o f - ~ i ~ . y  oi' -;l:c: :(zr..3;!2 

CZ :J 3cu thern Finllwsy, In ?.'o;~;r:.?h 11: 18 I;c,rt;.kL, 
R.xj:.~e 26 E 9 s  t 

AND 

Al:. t:?c ?and l y : ' . ~  Soafh an3 Faa t  cf :he rir:t:t.ri!:- 
, na:~ of t;he K a r ~ y  n s  City Southor?; Rnl.l-r.i>~ (:smgnri.i- I .-": *> 

Sot t i o n  le, orld iJortil of t i l t 3  b;orLk! bu:l;r or !3~I.:r:~?:il 
C:r~aok 6.112 Bast nf the 'flos t 3ec t i  3s 11.15 o f  SRI: l.i[,?'i 
20, being more  p a r t i c ~ a l n ~ l y  d s s c r i h o d  aa f u l l r r : : ~ :  
Gal? , in~ ing  at; u po1r.t 02 l.53 Kou t S~ct;!.or. 1.ic0 ::'i' 
St3c t i o ~ ? .  20, 'Po:vnship 19 E!ol-tti, :!rr;~,e, :?5 E z o t  c ?  
tho Xndi an !4er*iit fan, .whers tho ;*i~;t,t-!.>f-ray c f  
th:? Kansns 2 1 0  So!ithern !?a:tl?*s~rl int..?rl?e: L's ':?uL!i:l 
w e a t  S s c t l o n  l i n e ;  thenco 30ut?:vruator.';r al.anj7 i ? : o  
En3t 13.119 0% s9:f.d y i g h t - o f - W U ~  t 3  n p:>'i,!t :a?.ero 
s a l d  K R I I S ~ Y  City S o u t l ~ e r n  Nullxuy rl~ii!;-.o>-.w~. 
1r.far.socts t h o  i:orth Sank ?f t ' a l l c r d  ::weir 11: 
S ~ I I  thsoat; cn"r1u.T of t h s  SWq oi' SF$ 0:' !SZ$ of 
S3q t i c s  19; tLai .~cc i n  s ger:oraL' 8ou.:h~~aa t ~ r l y  ,.:.tlC 
Na~tk..ar\z t e r l y  il!.r*c t i o n  nlo1-1~ tfhs ken;: t , f .  s s i d  
a a l l a r d  Creek t o  the  Weof l l l l a  of Suc':l.cin 23, 
?o7nsTl.p 19 Sor~;h, Rnngo 26 8t.1~: cS tl:? I C d i : ~ n  
h!9:?cl,fa:-I; thonco Kort11, alcng h n l d  li.'arr: :let t i c n  
li7.e o f  Sac t i o n  20 t o  the polr; l. o r .  ? ?  't:O-. 

"glnni.rg,  ~1x1  I!& of t;g 9h O T  XP!:'t;. R:-IT~ i,J:>~t!: 
l l c 5 @  acres  oi. 3;ot 2 of 3ect:cn 2C, ?'n'vi.:ar.:p I? 
No:%tt:, 3nr;ge 26 East. 



B?cinn111~: a t  e p93.nt on thn  'iT.!?!s3t: I1r.e o;.' .3ot:t?.;rt 
2 ~ ,  Townshi7 1 9  I:o~t'n, Rn;..,go 2.: .Tse t ,  :1'<6.F: fs;:!; 
Nvr'th. o f  t h e  For*thwes t corr.ero sf t h o  ?)I);:: o r  :;:.v-.:: 
of  S?l$ o f  s.sfd S e c t i o n  20; tfis . ,~cs Sou::.!! 31" .',.?' 
Sja.qt;, 6 d i s t a r . ~ ~  of  24305 f ' e s t ;  thancc-* Soi.lfh 
'?'iO E a s t ,  a d iu temce o f  207.4 .?oat ;  tl.q,oitcu Xcjr.!..t, 
5:5O 3:5' I n s t ,  r d i s t a n c e  of 2 6 5 , C  f'zel-; tj.if);+~c~t 
North 66" 37' E a s t  a d i s t e n t o  o f  E35.3 fsot:  
t h e m e  s o u t h  4 ~ "  C4 '  E a s t ,  a d ! . c % e ? . ~ e  of lC):i,:L 
f e e t ;  thome S o u t h  12' 28' Zau:, P .51:-:.~.a.-~ c;f' 
209*1 f a e t ;  t t o i i ~ e  So1:th 24" E'.lc%, s c1.:~t:.jn.,~ i : f  

5 1 A  fuel;; thorcit  South 41' 11' & ? t i ,  r. d ! . i . t a r ~ ~ . f >  
o f  (161 f e e t ;  tyanco 3fiutn CS' A?@' .3s?.sl ,, a d i u -  
trlnco c-l" ahnut  2:s f a o t  t o  i r t t a r , ? e > t l c x  a1L6:1 6+5! 
S o u t h  i i n a  o f  sc~id S e c t i o n  2C'; the::i:e i.o',?i;irluirg 
on t he  e m s  C O I ~ : . ~  e d l s t a n c e  nf a t~cu t :  7%) C~!J% 
t o  qr. i ; ~ t e r s e c t J . o n  w i t h  t h e  !To.?t.h nrtd 4c.u'l;h 
center .  1.lna of Sec t lo r .  29; ttlancu .Y?r? l ;  3 l u r 1 ~ :  
sa3d Iycr'th and C;out!l c e n t e r  lSne  a Si":.c;?cs cf 
at)ot.~t 400 f e e t  :.o a n  S n t o r s e c  t.?-on v t  t:?. t!xt oTc~.~tk!. 
I ? i n ~  or JectLor. 20 .  ( ~ n e l u d i n p ,  J acre$,  : ~ ; ~ . I P F I  o r  
1 6 ~ 3  ST? th9 NE+ of KZ+ of  ~ T Y &  of  S,et!c,r. 30) ;  
tk:erlctr Xe3t abca t 553' a l o n ~  'the Sou.tf: Il.:.~e o Q  
S e c t l o n  20 t o  t tAe I l l i n o 1 . s  Rlv'a?;  f h e r c o  f;.~:*t;'l~- 
VCIY t e r e l ~  a l o n g  said r i v e r  t o  pol.;?t of !c:rgrsuct: cn 
with t h o  Gss t  o:.d V h 3 t  canter .  S h e  g f  Se??;Ir~n 2.10; 
t l icncn I'lost e lcr -g  Es3t  and Tiesr; co:;ter Ifria of' 
Suc t l o n  28 to S r : t o r s o c t i s n  r r i t h  chs Er.1 t ~ : : * I y  
1-f ght-of-way l1r:a o f  the Karisar Cf Y;! Sc~~:''f:er?r~ 
R c i l r o a d ;  tt.encs Sa~~th.?ieu t e r l y  a 1 o . q ~  ?nit9 ~ ? g ' k ~ t . - .  
01'-'say l i x e  to . I . n t a r soc t io r~  of said Fi?stn:.iy 
right-so:-way 1%:-,e ~ 1 1 t h  tho  Rest :i..L:?e n?' Tocl;ior! 
20; tl-.eenco Soutk a l o n g  tho %"st; l l : ? s  .nC S:jnctic.n 
20 t o  po in t  o f  t e g l n n i n g .  

A 1 1  of' Lot 1 i n  S e c t i o n  29, l y i n p  fort.!? of T-1c.i.t 
R c ~ n d ,  8 t ; s r t i n g  c n  Arkenass lira rit Se:r?or. 2C 
arri 29, gcir:g Vli? a t  1ZOO : P o e t ; .  Yout':~ ESP1 .Teat, 
n!r;?ir.g s'f th t h e  b l u f f  road  Sn o ar)ut%oscltorl:,' 
2 j . r . , ~ c t l o n  1293 foe? t o  xf?.lor.s r cad  Pz t s ; sa r tu  
,411l:sny.as lice; tizo:?c a lCo!?th 12C5 f,?e t cn 1?.r1;61:.st19 
ll.,xs . 
it Y c j i n ~ ,  the in :snt ion t o  t r a ~ ~ q f a r  t o  i'rs?l;y c;' rhs 

Seco-,il ? a r t  n:.l o f  t h e  pr:>~~)?.tj .  oaned by Pr.x.1;;~ 3i %he F i r s t  :P.;:n!; 

I n  Bdnir  Coc.nL7, Oklahoma, n k o t h e r  h e r u t n  h . ~ ~ ~ i . f l ~ i i ? . . l j  Cur-. 

ance  o f  t k 3  p!~rehnue ~ r l c o  o f  ssi? r e a l  u s : , & c ~ 8 ,  13 here?.y 

I n t e r o e t  , p s ~ 3 h I . e  t o  g r a n t o r  and sl.c,ned Ly g!->ntao, 

T c K , ~  t h a r  w'L t h  a l l  nnd :jlngul.al. t1.e ! ~ o p ~ e d  l:;,?me!:t~ ~,!!.1 

nppurtonnr.'3on t h o r o l ~ n t ; ~  'co longlr![(. To hnvr, ai.?d !.is Il\>id !,;:r~ 

and i t 3  a s g l h n s ,  



t o  be oignod by its Xayo?, a t tas tod  by it9 R o c v ~ l ~ r ,  . . awi  ltt 

meal to  he af'f'lxad t h i s  day o f ' & ~ & ~ i * ~ ~  1955. 

THE CITY QP SILCAM S?RTSGS. 
ARUIfBAS, a Hunlcipil Corpora tior., 

B ~ f o r e  me, a l;otary Public ir ana if,? z a l d  Co~ln$y 
I *:% and State, ?;n this  .4 .. t day of Sapl:eniSer, 1%E, por~ox?c?-lg 

appeared J .  Pi. We, t o  me haam to bo the ido7:icsl  psyson 

who subscribed t3e Tiam0 of the mhkels to  the f c 1 ~ 9 ~ o L ~ g  ln3*;,-?-- 

Tnent as  it43 Mayor, and acknowledged t o  me irhat; he erecutcd the 

name as  his Ereu and vok~nfary act arid deet' mnr? ??a tke frth? 

nn6 volu.nkaty act  and d ~ e d  of such cor~orat2or:, for ti13 us?? 

and purposes therein set fcrth. 

WITIQSS qy hnrd an6 official seai tlls .lay and ysnl* 

l a s t  above =It ten. . . 

-- 
1dy" cosnie s ion expire 8 

I :  .re 
' 1' !<? - - *--/ ; .,;. *! j ,:-r. , .,; ,[,9 ,, 

,- I - / .  



of  Oklahonln, ?lit3 it's o f f l s e  a t  S t i l w o l l , .  Gk?.~.hnwa, f e r ? . j  9.r 

tho  F i r s t  P a r t ,  3 r d  AU3T:CM FEEXSTE3, Y. .?, fi,F:l2:- and Ek5L 

PEILLIFS, as  'Trns{;ees f o r  the C i t y  of Si:l.srn Sl;rlings, i3n::ton 

County, 81*kanl:as, Pe r  t r e s  .>f tha Second F s r t  ,, 

\Yl,TWFSSETP: 

T t a k  P o r k -  of' tk.0 F i r s t  Por t ,  I n  ~nns : t .~ las . s t ioc  o?  t?i .  

SM of One ar?d no/.L0~ 9 o ' i l e s  ($l0(?0),  t ,k : .~  rt.ee2.i>:. c f  w'..lc:? j.:: 

hereby acknowledged, does Sy these  prosefits k;!:ranh, barvgz'iri, 

s s l l  end convny Iln;o :rnicl F a r t i e s  of the Q E C C T ~  .?.'l::t# tt??:? 

succoesorfl at12 as.si&ns,, t i1 . l  the  f o l l m i n [ {  Ce~c;r4.>!)2 rosZ O S G H C F  

s i t u a t e  i n  A d a i r  Countj-, S t a t e  o f  Okiab.m!a, to-wl  t : 

A l l .  that; ps;-2 of t h o  34. ef t h e  IT:!+ oi' ;.s::f ion 2C: 
Tc::r,shfp 19 Yort':i, ?:ango 25 Zo.ci;, 15'l.n;; 2nd hr-1;-g 
~ i t ; . ~ ~ a t s d  Ens: of t h 3  r; .ght;-af-~ag c t t '  '~:..3 Kar~css 
Citr Sout ;ho~n h t l ~ ~ y ,  c o n t s i ~ l x q  :if,cu: azrcs ,  
nor3 o r  10~s.. 

306;!.nni~?g s i t  a p q i n t  or. fhg ;:'izt Z.ne Set t.:o:~ 
20, Tom.;hi> 19 !Torth, I i ~ n q o  2 4  E: f i s t ,  '3'75,,F! fzt!i: 
Nor!;& of the  Northwest c o m s r  c r  t?:o ST!! rf 
o f  said SectSol; M: thgnco Sotr~rl 3;." S3.I Eas t  a 
dlrtance o f  243.5 f e e t ;  thence Soc!t 77" Enst,, 
a d!.stanze o f  207.4 f e e t ;  t:?el?co Nc.pt ;k~ 55' 53s 
East;, o S l s t n n e e  or' 2C5.6 f e o t ;  t;hc.r;co .:Jor.t:t 66' 
37' E a s t ,  e d1;lt;snce o f  635.2 l'uet; th:>?lce 201:th 
46" Oi l1  E a s t ,  :I d i s t a s c a  o f  10t:*1 f e e i ;  ttsr.ce 
Sout;h J.9O 2s' IEaat, a d.iotcnze of' l 'eat ;  
.,thonee Soritb 281" E a s t ,  a d l s  tar:cs c ~ f  513 i '0c.t;  
thence Ssrith 41" 11' z e s t ,  o d.jrtar..ce 21% 451 
f e u t i ;  thance Sciuth 45" 40' Ensl;, 3 c!ci~:l!lce of 
a b o l t  293 f o n t  t o  i n t o r a e c t i ~ i ?  rri  tt. 1;11? Fe:.o:~Bh 
l2r.s o f  salti Soc t l o n  23; tilar~ctj cor.ti;l'~i~~g cn 
t h o  same o o u r n o  B cilst.?.r.cs af &box+; 7ijrI  !.'&st .;yo 
en l n t c r n s c t i o n  lirith the Narth nr;d So1:it1:1 c$r.tt.'? 
l i n ! ~  of S?jctloli 23;. t h n c ~  l lo~*i .h  a:!.o:?q  id ~i~::!:!.! 

' and  sour;!^ centul-  1 1 ~ ; ~  a drstacco of' a?)~! ! .  L C 3  
feut. t o  An i n t u r s e c t i o n  141th t't:.o SrcSIi 1!.1-..9 of 
SOC t l o n  20, ,,.(Fit l . ~ d : . ~ g  3 ncrao, YI~?.'? c;T 3 . ~ . 3 ?  ..! n 
t f ;o  IF!$ af , ~ C J ~  ? ? / / ~  of 3uct,lt.:ii 2S1) ; f'a.snoe i i o n t  
~ _ b o n t  553' a'2oltg t h e  cCou~h lint: cf ::of:, L l.i.,~n 3 3  
tp.8 Ill%rs.o1s Rfiqep'; thane3 1 ~ c ; r ~ t t ~ s ~ : s : ~ l : r  slcn,? 
s o f d  r f v j y  tc po:nt of 11\ter:i0c. f i 01: ~75.7,!1 the 
Ncrth qn3 Soiltk c e ~ t t e r  l l n c  of ~cc.\:l.cr.i '?? 13t 5i:r 
Nopt;hsast; cornup of t h e  SE$ 3:' ST<<. c f  'Z5':.15 of 
o n i d  .lect;lon 2 0 ;  thalrcs Wor';t: #.\lox~:: u:+Lsl c e z t a ~ '  

l i n e  tc  c o n t o r  cf : s c c i c ~ :  29, an-,s!>tlr.,y 
I 2  a c r e s ,  zore o r  l e s s ,  ~ y i i ~ g  Znef o f  t,'t!,r: I l l l c a i n  
Xfvsr, thonce l ' s s t  nlcng East  cnt .  h a : :  :f!r.ter Li:t3 
of S e c t l o n  20 t o  I n t o r e o c t i o n  ,:ith t h l ~  Yrst?ri:[ 



r?.gkt-of-woy l.ln'e o f  t h s  iinnxao C!.'.;- :;niltl-.e?a 
Rr-.llronrl; thun,:6 90uthvo:~ tcjrl.v a10.r:~: ;in12 r'i oh:.. 
of-way l i n e  .to ir.ter,oecS!.on c.1- ycj.ci T;-.3:.tar.l-.- 
r ight-cf-wey l l r la  vrich tl!e :4~;:3t 1 :;lo 3!'  Sari, t.l.cn 
23; thsnce Sl,ui;h ~ l c n g  tho  it;a3t. I . l m  at' SBC t11~?7 
23 t o  polnt  of' boql.;mlnc, n l i .  J.n 'J'cr:.?:+rlip 19 
N?rth, Rar!fie 26 Zast ,  c o r ~ r ; e i ~ : i r ~ g  i2'i.:?. sc.r's, 
mare or l a s s o  

A l l  ti19 Lard 1;rirv; South an6 Ee3r 51' 5!:e rj.::t)?;.- 
of-wag of  tho Xansns C i  ty Swt: -e?. -~:  lI.li?.\ray <o:1?cil;. 
i n  S e c t i o n  9, a:i6 Narth of Khs I,ici.i.'l Yerrk c:' 
i lnl lar5 Cree!< nnd Wost of tht.! Vlfa::t. S . 1 : f : j @ ~  ?.:In0 
of S e c t i o n  20, being more parti:r:.l.sr~Zy c?s:c-r81:?s.2 
as follovt. :  Caginrling a t  s ~;oZ.nt or1 tt:e 7:ezf 
S o c t l o n  Llze a,P Soct3.0:: 20 ,  'I'o%~L~hi:j L O  ?:crkb, 
Hnngo 26 Sas?; of t h e  Ir~dPan ;.'.urIr':ar~, x k a r ?  shu 
rlgllt-nf-way of the  Kensas C;ty >.:c;~lCh,i:.r. ?.aJ l?ocC 
Sntorsnc t  s suid West Suc t inn  l l n c ;  i;bu;ics Sou5!.1- 
wostez.?y &l.o~:g tba hsi-  1 2 x 0  of '  :zefcl :-.!.g3?-O;-:.qi1',! 
t o  a poini; m!la~e s a l d  1Cans.s t:1@ Suylt?.en, F(oil:r&:- 
r ight-of-s~e.y in t ' s reec  t u  tl?s :i!oi'tlr ba-rti: cf B.; il!t:*3 
Cyeek i n  t h e  Sou Wvrest collr,e:* o f  :::nr., :3:?* cf SY; 
01' S o c t i o ~ ,  10; tllence $n a poncrt.3. S?ut.k..sestor.:-. 
and Worthea.st;rly d f ~ . o o t i o n  ,~.lc.nc; tl:3 ?tn!c of sn:? 
% l i a r 3  Creel: t o  the  West lii*,a 0;' Se!:tlcn Zi), 
Tom.sSilp 19 North, R.ang.8 26 Fnot of t :~c I ~ d i h "  
Xlsrid isn; thorice Xor t h  a I . c ~ g  !3c_iit 'X09 : Bec.tLcn - 
1Y.no o f  Soct.1a.n 20 t o  ';he p o l n t  vr pl.rce of 3s- 
gi.m~lx;g,  sa id  tract conta:ti.L~:.g 11: a:: Bt' 3c??as, 
m3r9 O r  3 . ~ 3 3 . ~  

A3.1 o f  Lot 1 fl;. Sec t ion  29, ? 'orn~:hZ~) 10 1;ori.'- .I; ., 
1 y l r i ~  XorS'n of b l u f f  roaA, s f a r t l n ~  ::n Prkar;srlo 
I5.r.e a t  Soc t!..5n 20 and 29, gc?!.r:.q VA:I t j.30 .?ar?< J 
Snutn 665 f'es't., running wit ; i  t ; ? ~  blrlf:' r og3  :LC 2 

S o ~ ' ; n . ~ r s t e r l y  , J I r e c  t i o n  1293 feet: t;o :7he:*s :cge:I 
i n t o r s e c t 3  A r k m  s a s  l i a e ;  t:;?nce !.!o~t:? 1 %C3 .t'es: 
o t ~  irr1tsnsn.s l i n e  contalnj.ny: 34.45 RC?YP  sit::^ 1;~i:;l 
~ I I  b d a l r  Counl;y, Oklahoma, 

A l l  t k c t  port; ~f tilo E; of s%.$ ol:' Soc "::n 7 ,  5'1;-17... 

311%: 19 Ilm th ,  Rznys 26 Enst;, k.d~l.ir c ' x r t ? ;  
Oirlnnmia, ly?.?~;; w i t h i n  t h e  f 4 > l l r l ~ ; 5 . r 1 ~  1iet)~.:~-i:,:3d k1:.~5::, 
to-;~I:: Eocir,r:ing a t  an lro;-: p in  wh!.ck, I s  1134 ;?fi*::t 

q . .  moro c r  l a j s  WaoL and 723 f a s t ,  mnro 91- l e g 3  ii~s.r+'.. 
of t h e  SE co.~::oy of s a i d  :r;?t; '..l~sncq> ?@rt;-, 4.7'' 
10' E . z ~ t  219 f.3et !;o rn iror, p in ;  tharlce .ii?r.ti: 
25O 22' Eas t  237 feo t  t o  an !?on pin; 1:;:sncs ~1?11k!,, 

64C 3PY E a s t  ?:I0 feot  t o  n;? 1.1-c.n ;)ln; t!?onc 5 5i;.!.tB!i 
2:jo 2cq West 237 feet to nn ?.?on j i r l ;  :;;!t.ncr~ di.:ltl., 
4 3 O  16' \Yost 219 feet t;o an t x : n  ;> i r i ;  -l.!,or,c.s i.;,?rd!... 
64O 3?P Most L.jO f o o t ,  nor,? nr lc:19 to rain: o r  
bugill-lng, con t a i n l n g  .183.4 o,c.res,, n ~ n r ~ ~  o r  1.: su . 
~ 1 1  plui; .)f M& of 1*1:5* ci: z:E?: o.C :3ocSior. '13, 
Toy?ng!;fp 19 Ho.pt;h, Ran20 26 Fnat ,  I n  ASS:?. ~.<>r.i;p ., 
Ol:lnl~'I"I'n~r, Igln:? East  of 0:rlsi~cnla Stti :s Kl.gh-;ay 17, 
1: h33ng n s t r l p  about t n o l v r  i e r , t  w l d t ~ ,  an5  R L ~ C J  
the f e l l  .win:< !u.~ct.it1ed ln:75, tkn '60r:;i: o1.o: 211 
~ : 1 d  5~/100 ~ C I , ? Z  of IJot 2, 5rc:;ir;n 2 ~ 3 ,  ?onrl:?!.? 
19 No-fh, .3anys 26 & s t .  

.- 

.'\>I o r  Tat 3 ~ r ~ d  d o r  3 ~ c t i 3 ? l i , ~ ,  ~ n d  a:.] o f  ti'!!l 
:i-2 ct' Sjct.\on 1.7. nnd ?'Ji of  Ytc6 S4. 3 f  % c t . l e ? ~ ~  1. ' . 
lyir?t? Znst, o f  'K.C.S.Ey, r l~'rr i ;-cf-~it ; ;v, .r.d n'l.?. c:' 
sa of SectLon 20, l g . 1 n ~  X n s t  of' 11.C.3 .::ye r< :~,!lt- 
of-no-r, an.4 ~ 1 1 ' ~  llo;*tk 11.55 :,ere!: o f  I,z? 2,' 
Sac t ion  20, 'l'ox'nqhip 19 Noy:;L, 9ar:fig Zi: ?us!.. 



Second ? a r t ,  the l ie  succeconrs  an3  assign.;, t c g o  t,?.%;1 -4i l .h n i?  

and s i r .gu la r  t h e  t s n e ~ ~ a n t o ,  k s r e d i t ~ n e n t s  nno ar.~i::r~t.?nqncr?r; 

zhoreunfc b o l o n g l i : ~  ord In any w l s e  ap~er";.?.nlr!t;, ccr .?vsr :  

PROL'IUdD kI;YY'AYS, and these  gruse.r,ts e1.o ::!:sn ti,:!.;; c>.- 

?ress  co?.diti.cn, t h a t  ahoreou, 803.6 Il?.:cois %'at.s?: Ua'oo;.ar:r.e)~t 

Conpeny, I n c a ,  hsu t;biu Sla:; executod and ~ B ~ ~ v c T ? : !  t 3  ti.1:) F~.:.:.l.:es 

of the Secon.3 Part orle cnrca i r .  p r ~ n i s o o r ; ~  n o t s  1r. ~v~it::~:, p y -  

- &?-e t o  ,tke P e r t l o 9  of tho Sacond Part; I n  the s t -m r?z" $35,~!>0.?\3, 

dlia f ' fvs  ytrarY a f t e r  Ze tn ,  without  i n t e r c a t ,  gncl !;be Far:y of 

tho Z ' l rs t  P a r t  a ~ p s o s  t h n t  In case  of d o f a u l t  i n  f;!?e pa:p:cent 

of s a i d  no te  and n rrui't kc; f o r e c l o c e  thi.3 1t'.01~t,yc,sy 13 bro-~gl?1:, 

then the  Par ty  of the  ?ir$:t Fn?lt shs1L pnp a s  3 c r t  of  tZ.3 c o s t s  

cf s a l 6  proceudlng,  an at;t;arncy13 f c o  of' $~',c;Jo.,L'~). 

IJct,r, i f  t h o  Pawt:j of the F l r s  t PCP: si?.c-;l. call:.? k d  1.9 

caSd to  tho P u r t l a s  of  tho Second P a r t ,  *,'lolr. sus.::esscr; CJ? 

a s s i g r , ~ ,  said. s u a  c f  none-j i n  the above i rsscr. :Snd m t e  ~.?r: ' ; ior.c.J,  

~ c c o r Z i n ~  ';o the kerns  nncl tonor  of tila omto, tihsrr t h i s  ?:ort?:r..i;a 

s h a l l  be ~ril~o l l y  3f zcknrgsd on9 voicl; an6 ~ l ; h h ~ v : t ~ ~ ~  ~ h t l l i  :-~L:!S':.;: 

In  D13.1 foi*c,a an3 eP3ect.  Brit i f  scid sum a!.' mnnoy, o r  zily 

pa r t  thereof ,  i s  :..ot ps id  IJ?IC]II 52.10 orno 1s d110, .>Ir if t1:3 t 2x.s: 

ead l e v i a d  e.gni.rst; s a i l  l a r d s ,  o r  ar:g p a r t  t ??nrs - f ,  az-o -;nb C?:!C 

when the sans  a r e  by lav  mado duo and psyctl! ,  i;:-.3 tshol? of s..!?.~:. 

o r  a.snigns, shal.1 c s  s n t i f  i od  t o  the  possseu,'~on c f  oaLd p=e~n?c:;:!s 

And sriid P a l * t ~  of  tin9 F i r s t -  P a r t ,  fcr  sn.id cvnsL2s?st:011,, r1oe:l 

hereby ma:va opyralsunrant of sa id  ~ l 2 6 1 .  C S t ~ t u  G i . 2  f ~ t '  ?j€t~e,;;'?.t .>.? 

the  homes 69uZ exunrp tlorl  and s tny l n . ~ s  o f  the  3 t c  :.te o f  01:!.3'ncal,?, 

I!: 'ilI'i'::E;SS i't1GRE'OF ss:d ?art,g of  ti;!^ '?lr*j: ?a?t hns 

here,~!-.to c a ~ i t a d  l t s  na;se t o  be oignud by Pks  Prt:illtin: ?rt.:! l t . 3  



Sl7AT"J (IF dXi.';l':S!:$ j 
i ss. 

C31i?.i'iY OF L1iEB1OX ) ,, .. , ,;,.,::' 
I , ' I .  

pqfcye I=+; , I : .". . i .. . ...' ' . a ,---. '. -,-, , Z  t ! ~ l t ? . ~ j  F l2> l . !  c 

I r. : 

1.n and f a r  se.LE C C U I L ~ T  snd S t n t e ,  on t n i s  i -,,- i--- 6 . n ~  o f  / j ..: . .> 
1 . , .",', ,?I. , L.;'.' ., , 1.S55, .?ersor~al!.y. ,npp-a?-ec? BCi.IiS?. HYIiTilG, >s . ... 

ma 1cno~;n be the idcn:icn'l pa r son  abo ~ . . I ~ . S C Y I S C : ~  t h o  :lai.iq o r  

the mnke:. thersof t o  tho io?ei;oing I.ns tr:nr~onl; es :L t.? P?ct:~:!dnn!. , 

an3 'T. ?, STAET,, ss Sscrat;n.?y, and each fr,r !1!.!2.30.L? ~ c ~ c x o : I I I : ~ ~ ? ~ ~ ' ~  

t o  me eint th,sg e x e c ~ t e d  kho 3air.o a x  :Izoir free en.:! v ~ i u r c a : , q  

a c t  and deed and as tho frao and . v o ~ u ? - . ~ ~ I T ~  act ~ 1 1 ~ 1  d a l d  or' ?;.!.c7r. 

ccrporat l .on fo- ths u s s s  &nd p11rp03es theral:.l pet  i ' o ~ t h ~  

W1TiWSS ;ny hal?d and o f ? l a i a l  zea?.', kk...> d & j  nnii .j'anr; 

first above wr!.tton. 

313 c o m l g   ion e x p i r e s  



RELEASE 0' FlGRTGAGE 

KNGA ALL EiEI'i P,'! ThESi @RESENTS: 

\OiEREAS, on thr! 1 3 t h  rlay 0:: October.  1955, a cer c z i ~  
mortgage \vd; executed b,y tio%er B;nu:il, Pres' iar?nt,  I 1  i ir!o i s  
;dater Deve lop~~ len t  Co i l~n~r ly ,  I n c . ,  Ho r tq3go r ,  t o  r l u s t i n  Ft?cn? tel', 
:.i. P. Kee ly  an6 E a r l  P h i l i i p s  as ' r r us tees  fo i -  t hc  C'it)' of: 
Si loar i l  Spr ings ,  Bentsn County, At.kansas, N c r t g a g ~ . ? ,  i ' o r  thr? sl~ii l  

. o f  $35,000.00 on lancls I n  A d a i r  County, Okialionia, l o c s t c d  i'l:. 

~ e ~ t i ~ n ~ ' 7 . ,  17., i8, 16, 20 and 29, a l l  i n " i a w ~ ~ s h i ~  I ?  ;ior:h, 
Range 25  East,  .:  . . 

wh i ch  was f i l c d  f o r  r e c o r d  gn nc.;ober 14, 1955, i n  Dook 05 ilt. Paaes 5g1-2 L:' 
t h e  Mor tyage Recol3ds o f  A d a i r  Ccunty ,  S t a t e  o f  Oklatiocla; 3n:l 

Irl'rlEREAS, t h e  n o t e  secured by s a i d  nicirtgaqc! has hecn p ? i d  I n  i ' u l ' f .  
, . 

Fii)W, THEREFORE, we, Robert: E. Kn igh t ,  ~ a j o ! - , '  and I t e l en  i t l?un i ,  Ci t~ C;t?i 'd,  

o f  t h e  C i t y  o f  5i;oat;i Sp r i ngs ,  E m t o n  County, 41-l:ansa:, do her5b.y t , cmise ,  I.E.~ 5;15e 
and f o r e v e r  q u i t - c l a i m  a l l  r . i gb t ,  t i t l e  and in tc r r :s t  .in and t.o r h e  aci:ve !I;f:ntifl:~etl 
p r c p e r t y  t h a t  t h e  Ci:y o f  Si.loam Spr ings  way have acquires by v i r t u e  of t a l c  abll ' lc '  
nazed mortgage. . . 

. * .  _ . . 

Be fo re  me, t h e  u n d e r s i ~ r e d , ' a  N s t a r y  P u b l i c ,  i n  and f o r  s 3 i i i  Cci;~t.) dntl 5;:ct 
on t h i s  ,K/. day o f .  December, !977, pe rsona l  i y  appeal-ed H0UEP.T E .  hl'iiGiI7 d o i  t.~:!.;. 
tlLLU'4. t o  rii? w e l l  knolwn. r e s ' p e c t i v e i y ,  as t h e  Ma:ror aild Ci r:y C'leri: of t l ~ c ;  Ci::y c n f  
S j i oam Spr ings ,  Centor1 COIJII~Y, Arkansas, d u l y  aucno r i zed  cr, ?K1?CsJi;i- th? l 'or?!jcir lg 
Release o f  Mortgage a ~ l d  acknot l ledgcd t o  rnc t hey  ?xecuf:cd rllc?, r.dn:.I . ~ s  t'li:?r i i-&<: 
ar,d v o l u n t a r y  a c t  and deed f o r  t h e  uses and purpsses .~;he1:1?:n:ri~p.t~.~1i1?;j:;lr:d . . s2.r. 
f o r t h .  

I . . 
Given under  my hand and zea l  of o f f i c e  thc? d3y and ,!/car l a s i  ;\Sov? . w r i  . .. ;tc!~i. 

. . . .. . . . . 
.- . Ky Commission e x p i r e s :  i 

,!I->.= --.- 
. I 

1. .. ' .  : . r  : .  
I . .  . .  ,' # - . . - 
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' \ . . 

. . 

i-l Cs:i:,cn fz i.u::r ('cr; 

Da;c 5,;O 
.c,conm :;p! ktc3, hi?- "2i"A . , . 




