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SUFIMARY AND CONCLUSIONS 

The major conclus ion of t h i s  s tudy i s  that,hydropowe'r resources i n  the  Sta te  

of Hawaii a re  subs tan t i a l ,  and they o f f e r  the p o t e n t i a l  f o r  major increases 

i n  hydropower generat ing capaci ty .  Hydropower resources on a l l  i s l ands  t o t a l  

about 50 megawatts o f  po ten t i .a l  generat ing capac i ty .  Combined w i t h  t h e  

,18 megawatts o f  e x i s t i n g  hydropwer. capaci ty ,  hydropower resources p o t e n t i a l l y  

could generate about 307 m i  11 i o n  k i  lowatt,-hours o f  e l e c t r i c  energy annual ly .  

This  represents about 28 percent  oC the present  combined e l e c t r i c i t y  needs 

o f  the  Neighbor Is lands,  Kauai, Molokai, Maui, and the  B i g  Is land.  Kydropower 

resources on Kauai e q u a l 7 2  percent  o f  t h a t  i s l a n d ' s  e l e c t r i c i t y  needs; on 

Molokai , ,  40 percent;  on the  B ig  Is land,  20 percent;  and on Maui, 18 percent.  

The i s l a n d  o f  Oahu, however, has o n l y  smal l  hydropower resources, and cou ld  

on l y  generate a n e g l i g i b l e  p o r t i o n  o f  i t s  e l e c t r i c i t y  needs from t h i s  energy 

source. 

Table 1 i s  a summary of e x i s t i n g  and f u t u r e  ( p o t e n t i a l )  hydropower capac i t i es  

and est imated annual outputs fo r  each i s l and .  Future hydropower f a c i l i t i e s  

a re  subdivided i n t o  two categor ies,  which'show how much o f  the  p o t e n t i a l  

capac i ty  i s  being a c t i v e l y  considered f o r  development, and how much i s  o n l y  

t e n t a t i v e l y  proposed a t '  the  time. 

This  study was in tended o n l y  t o  p rov ide  a gross assessment o f  hydropower 

resources. S p e c i f i c  i n s t i t u t i o n a l  b a r r i e r s  t o  development o f  t he  resource 

were n o t  addressed and the re fo re  the  generat ing c a p a c i t i e s  quoted above a re  

t o  be regarded as the resource p o t e n t i a l .  



"Ac t ive  I n t e r e s t "  means e i t h e r :  

TABLE 1.. SUMMARY OF EXISTING AND POTENTIAL HYDROPOWER DEVELOP~~NI' IN  HAWAII 

1. A prospect ive developer has announced plans t o  pursue development o f  the  s i t e ;  o r  
2. A f e a s i b i l i t y  study has been completed w i t h  p o s i t i v e  resu l ts ;  
.3. The p l a n t  i s  under cons t ruc t ion  o r  i n  an advanced p lanning stage. 

"Po ten t i a l  " s i t e  means a1 1 o the r  undeveloped s i t e s  considered i n  t h i s  study. 

I 
rU 
I 

EXISTING HYDROPOWER FACILITIES 

CAPACITY . ANNUAL OUTPUT 
ISLAND (KW) (MILLION KNH) 

KAUA I 8,400 48.60 

OAHU -0- -0- 

MOLOKAI -0- -0- 

MAU I 5,300 21.75 

HAWAI I 4,150 21.25 

FUTURE (POTENTIAL ) HYDROPOWER FACIL IT1  ES 

ACTIVE INTEREST 

CAPACITY ' ANNUAL !OUTPUT" 
( K!4) (MILLION KWH) 

STATE 17,850 91.6 

POTENT1 AL 

CAPACITY ANNUAL OUTPUT 
(KW) (MILLION KWH) 

.- . -  

3,970 20.7 46,610 195.1 

I 

Note : 

2,900 13.8 22,150 76.4 

-0- -0- 300 1.6 

7 0 0.3 2,960 13.7 

i 
.. 500 2.5 9,540 44.0 

i 

500 4.1 11,660 59.4 



The economics of hydropower a t  s p e c i f i c  s i t e s  were analyzed. The major con- 

c l u s i o n  of  t h i s  ana lys i s  i s  t h a t  hydropower development cos ts  vary w ide ly  
. . 

among the  d i f f e r e n t  s i t e s ,  b u t  t h a t  genera l l y  the  cos t  o f  h y d r o e l e c t r i c  power 

i s  e i t h e r  l e s s  than o r  comparable t o  the  c o s t  o f  o i l - f i r e d  power. 

The study combined the  r e s u l t s  o f  prev ious hydropower surveys w i t h  new map 

reconnaissance t o  i d e n t i f y  a  t o t a l  o f  28 p o t e n t i a l  s i t e s  around the  State.  

The l i s t  o f  s i t e s  (Table 3.1) i s  n o t  an exhaust ive l i s t  o f  a l l  poss ib le  s i t e s .  

There a re  numero,us a d d i t i o n a l  development o p p o r t u n i t i e s  i n  Hawaii, which may 

he i d e n t i f i e d  w i t h  f u r t h e r  study and the  i n p u t  o f  new data. However, con- 
ii 

t a ined  w i t h i n  the l i s t  a re  the  most promising s i t e s  f o r  which f e a s i b i l i t y  

s tud ies  are  warranted; 

Those s i t e s  w i t h  the  p o t e n t i a l  o f  producing a t  l e a s t  5 m i l l i o n  k i l owa t t -hou rs  

, annual ly  were se lec ted  f o r  p re l im ina ry  f i n a n c i a l  ana lys is .  P r o j e c t  cos t  

est imates f o r  these s i t e s  were prepared, and the  breakeven c o s t  per  k i l o w a t t -  

hour of ,  e l e c t r i c  energy was computed us ing  net-present-value techniques. The 

assumptions and procedures used i n  the engineer ing and f i n a n c i a l  analyses have 

been summarized i n  the  Appendices. Two key va r iab les  i n  the ana lys i s  were 

the  i n t e r e s t ,  o r  d iscount  ra te ,  and the r a t e  o f  esca la t i on  o f  energy values. 

Ca lcu la t ions  were performed us ing  s u i t a b l e  ranges of values f o r  these para- 

meters, and the  r e s u l t s  were i n t e r p o l a t e d  t o  produce p r i c e  curves f o r  each 

s i t e .  

The breakeven cos t  i s  s imply the  i n i t i a l  p r i c e  which the  s i t e  developer 

must rece i ve  i n  o rder  t o  j u s t  recover  a l l  o f  h i s  cos ts  over the  economic l i f e  

of t h e  p r o j e c t  (20 years) .  The e f f e c t  o f  energy value esca la t i on  i s  t h a t  the  



i n i t i a l  p r i c e  w i l l  increase a t  some r a t e  every year  according t o  the p r e v a i l -  1 
i n g  market p r i c e s  o f  e l e c t r i c i t y .  

It i s  impor tan t  t o  recognize the  l i m i t a t i o n s  o f  t h i s  reconnaissance-level 

ana lys is .  Technical and fi.nancia1 analyses were done w i thou t  the  bene f i t  of 

d e t a i l e d  s i t e  s tud ies  t o  accura te ly  take i n t o  account a l l  major f ac to rs .  

However, the  advantage o f  the  reconnaissance study i s  t h a t  i t  enables us t o  

e a s i l y  compare a number o f  p rospect ive  s i t e s  and s e l e c t  those which appear 

the  most promis ing f o r  f u r t h e r  study. The breakeven cos t  ana lys i s  i s  o n l y  a 

rough-cut i n d i c a t o r  o f  economic f e a s i b i l i t y .  Also, the  major l e g a l  and en- 

vironmental issues were n o t  r a i s e d  a t  t h i s  stage of hydropower s i t e  develop- 

ment. These issues, however, wouid be addressed i n  the  f e a s i b i l i t y  s tudy fo r  

each s i t e ,  and d u r i n g  the  p r o j e c t  design phase. 

The r e s u l t s  show t h a t  hydropower breakeven cos ts  range from $0.029 t o  $0.086 

per  k i lowat t -hour ,  w i t h  most o f  t he  p r o j e c t s  f a l l i n g  i n  t h e  range o f  $0.03-0.06 

per  k i lowat t -hour .  Therefore, much o f  the developable hydropower i n  the Sta te  

i s  cos t -compet i t i ve  w i t h  e x i s t i n g  o i l - f i r e d  generat ing u n i t s .  

I n  a d d i t i o n  t o  convent ibnal  run -o f - the - r i ve r  hydropower o p p o r t u n i t i e s  i n  Hawaii , 

pumped storage hydropower p o t e n t i a l  e x i s t s .  Excerpts f rom a recent  s i t e  r e -  

connaissance survey r e p o r t  o f  p rospect ive  pumped storage s i t e s  are  inc luded 

i n  Appendix E. The r e p o r t  concluded t h a t  w h i l e  numerous s i t e s  f o r  pumped 

storage development e x i s t s ,  t h i s  technology i s  n o t  y e t  cos t -compet i t i ve  w i t h  

e x i s t i n g  generat ing un i t s .  Pumped storage i s  a means of us ing  water pumped 

u p h i l l  t o  s t o r e  energy f o r  use du r ing  . peak . power per iods.  .The ene,rgy f o r  

pumping cou ld  ' e i  t h e r  come from bare-loaded generat ing p l a n t s  o r  f rom v a r i a b l e  



energy sources, such as wind and solar.  In e i ther  case, the pumped storage 

system allows these systems to be more e f f i c i e ~ t l y  ut i l ized.  

Hydropower resources of fer  the potential for  s ignif icant ly b ~ o s t i n g  the 

Nqighbor Islands' programs fo r  energy self-sufficiency. Therefore, the State  

of Hawaii should encourage and support the expedi.tious development of t h i s  

renewable energy source. 



1. Purpose 

The purpose o f  t h i s  s tudy was t o  develop a  statewide l i s t  o f  promis ing 

hydropower s i t e s ,  perform reconnaissance-level engineer ing and f i n a n c i a l  
. . 

analyses, and make recommendations rega.rding. t he  s i t e s ,  which warrant  

feas ib i  1  i t y  s tud ies .  

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

This r e p o r t  describes the  r e s u l t s  o f  a study t o  i d e n t i f y  t he  most 

promising s i t e s  f o r  hydropower p l a n t s  i n  the  Sta te  o f  Hawaii, which 

warrant d e t a i l e d  f e a s i b i l i t y  ana lys is .  

Hyd roe lec t r i c  power has a t t r a c t e d  a  great  deal o f  renewed i n t e r e s t  w i t h -  

i n  the pas t  decade, as the  developing wor ld  energy s i t u a t i o n  encourages 

us t o  seek domestic, renewable sources o f  power. Because most o f  the  

l a r g e  hydropower s i t e s  i n  the Un i ted  States have a l ready  been developed, 

a t t e n t i o n  i s  focused on small hydropower s i t e s .  I n  Hawaii, where the  

watersheds a r e  r e l a t i v e l y  l i m i t e d  i n  area, a l l  p rospect ive  hydropower 

p r o j e c t s  w i l l  be i n  the  "smal l  hydro" category, which inc ludes i n s t a l -  

l a t i o n s  t h a t  have 30 megawatts o r  l ess  capac i ty  as de f ined by the  Pub- 

l i c  U t i l i t y  Regulatory Pol i ces  Act o f  1978, as amended by t h e  Energy 

Secu r i t y  Ac t  o f  1980. 

Nationwide the re  i s  c u r r e n t l y  some 64,000 megawatts o f  hydropower 

capac i t y  i n  about 1300 i n s t a l l a t i o n s . '  O f  these, o n l y  328 f a c i l i t i e s  

1 ~ .  S. Am~y Corps o f  Engineers. Nat iona l  Hydropower Study. F i n a l  D r a f t  
Report, January, '1981. 



have instal led capacities i n  excess of 25 megawatts. Of the remaining 

roughly 1000 plants, the average s ize  i s  f ive  megawatts, which means tha t  

most existi.ng hydropower f a c i l i t i e s  f a l l - i n t o  the category of "small 

hydropower" plants. In Hawaii, by comparison, hydropower plants range 

in s ize from 0.5 to  4.0 megawatts. 

In general, the smaller hydropower ins ta l la t ions  tend to  be older plants.  

In the past 15 years, about 385 megawatts of hydropower, mostly small 

plants,  have been ret i red from service nationwide. During the same 

period, about 1.4 megawatts1 in Hawaii have been phased out or  

abandoned. However, w i t h  the renewed in teres t  i n  hydropower brought 

about by our State goal of ene,i*gy self-sufficiency, t h i s  trend will 

surely reverse. A number of sugar companies have e i ther  begun o r  in- 

dicated a strong in teres t  i n  developing new hydropower resources, or 

upgrading existing s i t e s .  

The current study represents part  of the State of Hawaii's plan to  aid 

and promote the fur ther  development of hydropower resources i n  Hawaii. 

l ~ l  ternate Energy Sources for  Hawaii. Report of the ~ommi t t ee  on A1 ternate 
Energy Sources for  Hawaii of the State Advisory Task Force on Energy : 

-Pol icy. Hawaii Natural Energy Ins t i tu te ,  and Department of Planning and 
Economic Devel oprnent, State of Hawaii . February, 1975. 



Method and Scope o f  Study 

Publ ished s tud ies  o f  hydropower i n  Hawaii were reviewed t o  o b t a i n  

data on prospect ive  s i t e s .  Add i t i ona l  sources of i n fo rma t ion  and per-  

sons w i t h  expe r t i se  on smal l  hydropower systems were a l so  consulted. 

Those consul ted inc luded members o f  the  sugar i ndus t r y ,  t he  e l e c t r i c  

u t i l i t i e s ,  t he  U.S. Army Corps o f  Engineers (COE), and the  D i v i s i o n  o f  

Water and Land D2ve lop~en t  (DONALD) o f  the  Sta te  Department o f  Land and 

Natural. Resources. These i n t e r e s t s  i n  the  Sta te  o f  Hawaii were repre-  
. .. 

sented on the  Committee on Small Hyd roe lec t r i c  Power Systems. A  l i s t  

of  those consulted, and the  Committee on Small Hyd roe lec t r i c  Power 

Systems, a r e  inc luded i n  Appendix A. 

The in fo rma t ion  c o l l e c t e d  was supplemented by map reconnaissance t o  

develop a  statewide l i s t  o f  p rospect ive  hydropower s i t e s .  Th is  l i s t  i s  

shown i n  Table 3-1. The l i s t  i s  n o t  t o  be construed as an exhaust ive 

l i s t  o f  a l l  poss ib le  s i t e s ,  because o n l y  a  l i m i t e d  amount o f  t ime was 

devoted t o  map reconnaissance. The present  l i s t  does meet the  o b j e c t i v e  

o f  f i n d i n g  the  best  s i t e s  f o r  which f e a s i b i l i t y  s tud ies  a re  warranted. 

For each of t he  s i t e s  i d e n t i f i e d ,  a  p re l im ina ry  resource assessment was 

made, us ing f l o w  du ra t i on  ana lys i s  f o r  those s i t e s  w i t h  s u f f i c i e n t  

streamflow gaging data. The p r i n c i p a l  source o f  f l o w  du ra t i on  data was 

the  Water Resources D i v i s i o n  o f  the  U.S. Geological Survey. Adjustments 

o f  t he  data were made where requi red.  For instance, i f  the  assumed d i -  

vers ion  p o i n t  on a  stream i s  f a r  from a  gage s t a t i o n ,  the  s t a t i o n  data .. 

were cor rec ted  f o r  any s i g n i f i c a n t  d i f ference i n  watershed area between 

- 8- 



Table 3-1. Summary L i s t  o f  Prospec t i ve  Hydropower S i t e s  i n  t h e  S t a t e  o f  Hawaii.  

SITE - 

KAUA I 

1. Wailua R i v e r  

2. Wai n i  ha R i  ve r  

I 3. Lumahai R i v e r  

4. Hanale i  R i v e r  

5. Puts I ~ s a - K o k ~ e  ( ~ i  tan0  Hydro) 

6. Hanale i  Tunnel 

OAHU 

1. Wahiawa Reservo i r  

MOLOKP I 

1. Halawa Stream 

2. Pelekunu Stream 

3. Kualapuu Reservo i r  

MAU I 

1. East  and West W a i l u a i k i  S t r .  

2. Wai hee R i v e r  

3. Hanawi Stream 

4. Kolea 

5. Hoopoi Chute 

6. N a i l  i i 1  i h a e l e  Stream 

7. Kahakuloa Stream 

8. Honokohau (Honol ua) D i t c h  

PGTENTI AL CAPACITY POTENTIAL ANNUAL 
(KW) ENERGY PRODUCTION 

(MILLION ' KWH) -- 



Table, 3-1. (Continued) 

SITE - 

HAWAI I 

1. H o n o l i i  Stream 

2. ~ a i l u k u  R iver  

3. Wai l o a  R iver '  

4. Awini F a l l s  

5. Honokane Nui Stream 

6. U n i o n M i l l  

7. Pohakupuka Stream 

8. Keaiwa-Meyer Reservoirs 

9. A l i a  Stream 

10. Papai kou M i l l  

INSTALLED CAPACITY ESTIMATED ANiiUAL ENERGY 
(KW) PRODUCTION (PIILLION KWH) 

Note: L i s t  does n o t  i nc lude  hydropower s i t e s  under cons t ruc t ion :  Kaumakani, 
Kauai (1250 kw); Hamakua Di tch,  Maui (500 kw). See sec t ions  3.4 and 
5.0. 

References: 

~u . s .  Army Corps o f  Engineers est imate. 

2 ~ s t i m a t e  by Mr .  Sachiyuki Masurnoto, Alexander & Baldwin, Inc.,  Honolulu. J u s t  
p r i o r  t o  pub l i cd t i on ,  t he  est imate wds modi f ied,  t o  1,000 kw capac i ty ,  and 

' 

3.0 m i l l i o n  kwhlyear. 



t he  two p o i n t s .  The power and average ene,rgy p o t e n t i a l s  of  t h e  s i t e  

were then computed u s i n g  s tandard  hydropower e s t i m a t i n g  techniques. A 
. . .  

summary o f  t h e  assumptions used and a sample c a l c u l a t i o n  a r e  i n c l u d e d  

i n  Appendix B. 

I n  o r d e r  t o  avo id  d u p l i c a t i o n  o f  p rev ious  e f f o r t s ,  f o r  those s i t e s  where 

p rev ious  s t u d i e s  had been performed, t h e  o r i g i n a l  analyses were u t i l i z e d .  
. . 

However, t h e  p rev ious  r e s u l t s  were updated where app rop r i a te .  
! 

Environmental  i s s e s  were n o t  addressed i n  t h i s  reconnaissance- leve l  su r -  

vey. Any assessment o f  env i ronmenta l  concerns a t  a g i ven  s i t e  would 

r e q u i r e  cons ide rab l y  more t ime  and e f f o r t  than was a p p r o p r i a t e  f o r  t h i s  

study. These env i ronmenta l  i ssues  should be addressed s p e c i f i c a l l y  i n  

t h e  f e a s i b i l i t y  s tudy  f o r  each proposed s i t e .  

Several  p o t e n t i a l  env i ronmenta l  impacts a r e  assoc ia ted  w i t h  t he  reduc- 

t i o n  o f  stream f l o w  between t h e  p o i n t  o f  water. d i v e r s i o n  and t h e  power- 

p l a n t  d ischarge.  Presen t l y ,  t h e r e  a r e  no minimum stream f l o w  standards 

e s t a b l i s h e d  f o r  Hawaiian streams, and each s t ream would have t o  be con- 

s i d e r e d  on a case-by-case bas is .  Consequently, i n  de te rm in ing  t h e  hy- 

dropower p o t e n t i a l  o f  streams, minimum f l o w s  f o r  env i ronmenta l  p r o t e c t i o n  

were n o t  considered, a l though i n  some cases minimum f l ows  were d i c t a t e d  

by mechanical l i m i t a t i o n s  o f  t h e  t u rb i nes .  

The s i t e s  were ranked acco rd ing  t o  t h e  magnitude o f  t h e i r  p o t e n t i a l  

averags annual energy p roduc t i on .  Th i s  r z n k i n g  was done s e p a r a t e l y  f o r  

each i s l a n d .  The s i t e s  w i t h  energy p o t e n t i a l  i n  excess o f  f i v e  m i l l  i o n  

kwh p e r  yea r  were then  s e l e c t e d  f o r  p r e l  im ina ry  f i n a n c i a l  ana l ys i s .  



The f i n a n c i a l  ana lys i s  consis ted o f  determin ing the "breakeven" hydro 

energy cost,  t h a t  i s ,  the i n i t i a l  c o s t .  per  k i  lowatt-.hour . o f  h y d r ~  e lec-  

t r i c i t y  requ i red  .so t h a t  the costs of . the,hydropower p r o j e c t  equal t he  

revenues received over the l i f e  o f  the  p r o j e c t . "  The ana lys i s  u t i l i z e d  

standard n e t  present  worth techniques. The assumptions used and a 

sample c a l c u l a t i o n  a re  inc luded i n  Appendix C. The key va r iab les  i n  the  

ana lys i s  were the discount,  o r  i n t e r e s t  ra te ,  and the r a t e  o f  increase o f  

hydro energy value. The p r i c e  charged f o r  hydro energy i s  assumed t o  

increase over the economic l i f e  o f  the p r o j e c t .  Energy p r i c e s  c u r r e n t l y  

a re  l i n k e d  w i t h  the  p r i c e  o f  petroleum, and because o f  t he  market i n s t a -  

b i l i t y  o f  t h i s  commodity, no at tempt was made t o . p r e d i c t  long-term energy 

p r i ces .  S i m i l a r l y ,  i n t e r e s t  ra tes  are n o t  f i xed .  Therefore, a range o f  

i n t e r e s t  and p r i c e  esca la t i on  ra tes  were used, so t h a t  the  prospect ive  

hydropower developer us ing the r e s u l t s  of t h i s  ana lys i s  can apply what- 

ever p r o j e c t i o n s  he f e e l s  are the  most r e a l i s t i c  a t  t he  time. A sensi-  

t i v i t y  ana lys is  was performed using d i f f e r e n t  values f o r  these parameters. 

A summary o f  the f i n a n c i a l  ana lys i s  f o r  se lec ted  s i t e s ,  those w i t h  a po- 

t e n t i a l  f o r  a t  l e a s t .  f i v e  m i l l i o n  k i lowat t -hours  per  year,  i s  g iven i n  

Table 3.,2. The breakeven p r i c e s  l i s t e d  i n  Table 3.2 are  t h ~ s e  assuming 

an i n t e r e s t  r a t e  o f  12 percent,  and an energy value esca la t i on  o f  6 per-  
. . 

cent  per  year.  These values were se lec ted  because they a re  i n  t h2  middle 

range o f  a l l  the i n t e r e s t  and energy esca la t i on  r a t e s  considered i n  the  

f i n a n c i a l  ca l cu la t i ons .  For breakeven p r i c e s  assuming o the r  combinations 

o f  these parameters, see Appendix D, where the  breakeven p r i c e s  f o r  the  

se lec ted  s i t e s  are  presented i n  g raph ica l  form, as funct ions of t he  

i n t e r e s t  and e n e r g  esca la t i on  ra tes .  



Table 3.2. Resul ts  o f  F inanc ia l  Ana lys is  o f  se lected1 Hydropower S i tes .  

SITE - 
INSTALLED ANNUAL ENERGY BREAKEVEN ENERGY 
CAPACITY PRODUCT ION FIRST 'COST VALIJE 2 
. (KW) 

. . 
. WKWH) (-MILLION KWH) (MILLION $ )  , 

Wail ua R ive r  Bas-in 11,700 25.2 14.0 0.062 
. . 

Wai n i  h3 R i  ver 3,700 17.4 6.1 0.040 

I Lumahai R iver  2,800 14.1 6.2 0.049 

1 Hanalei  R i ve r  2,550 11.5 8.8 0.086 

1 
: Hanalei Tunnel 1,400 8.2 3.7 6.050 

1 Puu Lua- Kokee 1,650 7.3 3.2 0.048 
( K i  tan0 Hydro) 

I 

Halawa Stream 2,100 9.9 3.5 0.040 

E. & Y. Wa i l ua i k i  2,750 15.1 4.3 0.032 
Streams 

Waihee R ive r  1,860 8.5 3.9 01052 

Hoopoi chute3 2,000 5.5 3.5 0. 672 

Hanawi Stream 1,000 5.0 2.4 0.054 

H o n o l i i  Stream 3,900 17.6 4.5 0.029 

Wailuku R iver  1,970 11.1 3.6 0.036 

Wailoa R iver  1,850 ' 10.3 5.8 0.063 

Awini ~ a l l s ~  1,500 7.7 4.0 G. 059 

E. Br. Honokane ~ u i ~  1,100 6.2 4.4 0.080 

l ~ i  t e s  i d e n t i f i e d  which have a t  l e a s t  5 m i l l  i o n  kwh/year hydropower p o t e n t i a l .  

2 ~ t  12% i n t e r e s t  r a t e ,  6% annual hydro p r i c e  esca la t i on .  

3 ~ u s t  p r i o r  t o  p u b l i c a t i o n ,  t he  es t imate  o f  s i t e  p o t e n t i a l  by Alexander & 
Baldwin, Inc.,  was mod i f i ed  t o  1,000 kw capac i ty ,  3.0 m i l l i o n  kwh/year: The 
brcakeven c o s t  est imate, however, i s  based on the  o r i g i n a l  f i g u r e s  s t a t e d  here. 

4 ~ w i n i  F a l l s  and Honokane Nui s i t e s  eould be developed together ,  w i t h  savings 
i n  p r o j e c t  costs ;  combined p r o j e c t  c o s t  i s  $5.7 m i l l i o n ,  breakeven value i s  
$0.045/kwh. 



wai ian i s l ands  combined; about 50 m i l l i o n  k i lowat t -hours  annual ly .  

Add i t i ona l  hydropower p o t e n t i a l  e x i s t s  i n  the great  r i v e r  v a l l e y s  o f  

the  nor thern  and eastern p o r t i o n s  o f  t he  i s l and :  Wainiha, Lumahai, 

@ Hanalei, and Wailua. As Table 3.1 shows, 21 megawatts o f  c u r r e n t l y  

undeveloped hydropower i s  p o t e n t i a l l y  a v a i l a b l e  f rom these f o u r  r i v e r  

basins. 

Extensive d i t c h  systems i n  the  western p a r t  o f  Kauai i r r i g a t e  the  d ry  

land sugarcane f i e l d s .  One o f  these, t he  Kokee Di tch,  feeds t h e  Puu 

Lua Reservoi r  a t  an e leva t i on  o f  about 3,300 fee t ,  before con t i nu ing  

down t o  prov ide  water f o r  i r r i g a t i o n  o f  t he  sugar f i e l d s  o f  Kekaha. 

Th is  area was the sub jec t  o f  a major study i n  t he  19601s, the  Kokee 

Water ~ r o j e c t . '  The p lan  was t o  cons t ruc t  a  l a r g e  r e s e r v o i r  on Kawai k o i  

Stream t o  back waters i n t o  the  A laka i  Swamp. .The p r o j e c t  was never i m -  

plemented because of  the  unavai l a b i  1  i t y  o f  Federal funds f o r  construc-  

t i o n .  Besides p rov id ing  i r r i g a t i o n  water f c r  1500 acres o f  new cane 

land, t he  p r o j e c t  would have prov ided 10,000 k i l o w a t t s  o f  h y d r o e l e c t r i c  

power. 

Hohever, a  s i g n i f i c a n t  hydropower potent.ia1 e x i s t s  w i t h  a  run-o f - the  

d i t c h  system., u t i l i z i n g  Puu Lua Reservoir .  The d i v i s i o n  o f  Water and 

Land Development (DONALD) and Amfac, Inc., a re  i n t e r e s t e d  i n  developing 

t h i s  capaci ty ,  and have i n i t i a t e d  p r e l  im inary  s tudies.  

l ~ o k e e  Water P ro jec t .  Report R22, D i v i s i o n  o f  Water and Land Development, 
Department o f  Land and Natura l  Resources, S ta te  o f  Hawaii, 1964. 

- 14- 



KAUAI 

Figure 3-1. Potent ia l  Hydropower S i tes ,  Kauai . 



The proposed Puu Lua-Kokee P r o j e c t  would c o n s i s t  o f  t h ree  stages. The 

f i r s t  stage would i n v o l  ve the  cons t ruc t i on  o f  a  1600-k i lowat t  hydroplant,  

u t i l i z i n g  ,K i tan0 Reservoi r  as an a f te rbay .  Stage 2  would be a  950- 

k i l o w a t t  hydroplant  w i t h  Puu Opae Reservoir  as the  a f te rbay .  F i n a l l y ,  

Stage 3 would i n v o l v e  the  cons t ruc t i on  o f  a  dam and r e s e r v o i r  on Kawai- 

k o i  Stream, which would be smal le r  than t h a t  contemplated i n  t he  

o r i g i n a l  Kokee Water P r o j e c t  repo r t .  The hydropower p o t e n t i a l  o f  

Stage 3 has n o t  y e t  been determined. 

The Wailua R iver  Basin was the sub jec t  of a  s tudy f o r  a  storage-type 

hydropower p r o j e c t  i n  1978. l  More recent ly ,  t h e  U.S. A n y  Corps o f  

Engineers has an ongoing reconnaissance study o f  the  Wailua R iver  

Basin f o r  run -o f - the - r i ve r  hydropower. The Stage 1 r e p o r t  i s  scheduled 

f o r  complet ion i n  e a r l y  1981. The purpose of the  Stage 1 e f f o r t  i s  t o  

determir~e wt let t~er  d e t a i l e d  feasib.il.i l;y a r ~ a l y s i s  .is wdr - r .~~r~L t i r l .  P r e l i -  

minary r e s u l t s  of t he  study a r e  summarized i n  Tables 3.1 and 3.2. 

Because the Stage 1 r e s u l t s  o f  the  Corps study a re  expected s h o r t l y ,  

thei 'r work on the  Wailua R iver  Basin has no t  been dup l i ca ted  i n  t h i s  . 

study. However, the  r e s u l t s  i n  Tables 3.1 and 3.2 a re  f i r s t - c u t  es- 

t imates only ,  and sub jec t  t o  change i n  the  f i n a l  ana lys is .  

3.2 Oahu 

While the  greates t  demand f o r  e l e c t r i c i t y  i n .Hawa i i  i s  on t h e  i s l a n d  

o f  Oahu, the h y d r o e l e c t r i c  p o t e n t i a l  on Oahu i s  smal l .  The major 

l ~ e l  t, C o l l i n s  & Associates, Waialeale Hydropower Study. D i v i s i o n  o f  
Water and Land Development, Department o f  Land and Natura l  Resources. 
Honolulu, Hawaii, 1978. 



OAHU 
Figure 3-2. P o t e n t i a l  Hydropower S i t e ,  Oahu 

Wahiawa 
Reservoir 



c o n t r i b u t i n g  f a c t o r s  a re  Oahu's small watershed areas, r e l a t i v e l y  smooth 

t e r r a i n  and the ex tens ive  d i ve rs ion  o f  waters f o r  i r r i g a t i o n  and domestic 

uses. 

The small watershed areas do n o t  a l l o w  the  streams t o  ga in  s u f f i c i e n t  

flows before reaching the  lower e leva t ions .  Headwaters are  sca t te red  

among numerous stream branches i n  the steep, upper e leva t ions ,  p a r t i -  

c u l a r l y  on the windward s ide  o f  the Koolau Range. Because the  t e r r a i n  i s  

r e l a t i v e l y . s m o o t h  i n  the  lower e leva t ions ,  the  a v a i l a b l e  heads a re  smal l .  

The extensive d i v e r s i o n  o f  t he  e x i s t i n g  water f o r  i r r i g a t i o n  and domestic 

uses f ~ r t h e r  diminishes the f l o w  a v a i l  ab le f o r  hydropower. 

A  l i t e r a t u r e  search and discussions w i t h  the U.S. Army Corps o f  Engineers 

and the Department o f  Water and Land ~ e v e l o ~ m e n t  (DONALD) have s ing led  

o u t  the Wahiawa Reservoir  as the o n l y  p rospect ive  s i t e ,  a t  t h i s  time, f o r  

the generat ion o f  h y d r o e l e c t r i c  power. ~ e c a u s e  o f  the l i m i t e d  amount of 

map reconnaissance t ime a v a i l a b l e  i t  was n o t  poss ib le  t o  seek a d d i t i o n a l  

p rospect i  ve s i t e s .  

I t  i s  poss ib le  t h a t  small amounts o f  hydropower p o t e n t i a l  may be scat-  

t e r e d  throughout Oahu. Areas w i t h  the  g rea tes t  p o s s i b i l i t i e s  f o r  hy- 

d r o e l e c t r i c  power generat ion a re  the  streams o f  windward Oahu, p a r t i -  

c u l a r l y  i n  the Koola2loa D i s t r i c t  (e.g., Kahana Stream), t he  upper 

Kaukonahua watershed i n  the Wahiawa D i s t r i c t ,  and the i r r i g a t i o n  systems 

o f  Waialua and Oahu Sugar Companies. It i s  recommended t h a t  f u r t h e r  

i n v e s t i g a t i o n s  be made i n  these areas. 



Despite the  genera1 lack of conventional hydropower resources, Oahu has 
. .  . 

s,ignifi.cant potential  f o r  pumped storage hydropower. Although s tud ies  

t o  date have been o f  only a preliminary .nature, four s i t e s  on the  is land 

have been iden t i f i ed  as prospective candidates f o r  pumped storage.  Ap- 

pendix E i s  an excerpt from a recent study of pumped storage potent ia l  

i n  Hawaii. 

3 . 3  Molokai 

The is land of Molokai cons i s t s  of two volcanic domes, East and West 

Molokai. Rainfall is  abundant i n  the windward areas  of East Molokai, 
i. 

b u t  scarce on the pla ins  of West Molokai. Consequently, almost a l l  of 

the  hydropower resources a r e  i n  East Molokai, i n  the windward valleys of 

Waikolu, Pelekunu, Wailau, and Halawa. 

Waikolu Valley waters a r e  current ly  diverted a t  a number of points  f o r  

i r r i ga t i on  and domestic water use. The Molokai I r r iga t ion  System d iver t s  

water a t  e lsvat ions  of 700 and 1000 f e e t  i n  the valley i n to  the Molokai 

Tunnel, and then t o  Kualapuu Reservoir i n  West Molokai. Further down 

the val ley ,  water i's diverted t o  the Kalaupapa set t lement f o r  domestic 
. x. 

use, leaving l i t t l e  water f o r  hydropower us?. However, the waters d i -  

verted by the Molokai I r r iga t ion  System t o  Kualapuu Reservoir contain a 

small amount of developable hydropower. A study done i n  1980' showed 

t h a t ,  given a reasonable s e t  of assumptions about fu tu re  water demand 

i n  West Molokai, about 10 mill ion gallons per day wi l l  need t o  be 

. . 
Ic. Beck. Moloka' i I r r i qa t i on  System Hydroelectric Fea s ib i l i t y  Study. 
Report R60, Division of Water and Land Development, Department of Land 
and Natural Resources, S t a t e  g f  Rawaii, Honolulu, 1980. 



Figure 3-3. P o t e n t i a l  Hydropower S i t e s ,  Molokai 

Key : 

1 Halawa Stream 
2 Pelekunu Stream 
3 Kual apuu Reservoir 



diverted t o  Kualapuu R e s e r v 0 i r . b ~  the  year 1985. With an avai lable  
. .  . . . 

head o f  124 f e e t  a t  the.Reservoir  i n l e t ,  a 90 kilowatt,hydropower plant  
. . 

could be i n s t a l l ed .  Currently, the i n p u t . t o  Kualapuu Reservoir has a 

developable potential  of 70 kilowatts ,  a s  shown i n  Table 3.1. 
. . 

Wailau Val ley was not considered a l i ke ly  prospect f o r  hydropower de- .. 
velopment because of i t s  remote location. Altho,ugh there  i s  about 

1,000 k i  lowatts of resource potent ia l ,  the transmission 1 ine required 
. .  - 

would be 4 to  5 miles long, which would r e su l t  i n  a high cos t  and s ig -  

n i f i c an t  power losses.  
i 

While Pelekunu and Halawa Valleys a re  a l so  remote from e l e c t r i c  demand 

centers ,  they a re  c lose  enough t o  exis t fng transmission l i ne s  t o  merit 

consideration. Together, the two s i t e s  could provide nearly 3,000 kilo- 

watts of i n s t a l l ed  capacity,  and 14 mill ion kilowatt-hours annually, 

about 45% of the current  e l ec t r i c a l  demand on Molokai. Construction 

costs  a re  extremely high f o r  these two s i t e s ,  due t o  t h e i r  remote loca- 

t ions ,  and the  rough t e r r a in .  However, a continued rapid escala t ion of 

e l e c t r i c i t y  ra tes  would make the two projects  economically feas ib le .  

3.4 Maui - 

The island of Maui consis ts  of two volcanic domes, East and West Maui. 

Rainfall and surface water a r e  abundant i n  the  windward areas of both. 

In west Maui, hydropower resource areas include the  great  stream valleys 

o f  Hongkohau, Kahakuloa, and Waihee. Honokohau Valley i s  remote, making 

access f o r  hydropower development d i f f i c u l t ,  but i t s  waters a r e  diverted 

via t h 2  Honokohau, o r  Hocolua, Ditch system t o  the  pineapple and 



Streams 

Figure 3-4. Potent ial  Hydropower Sites , Maui . 



sugarcane f i e l d s  o f  West Kaui.  An o ld ,hydropower s i t e  e x i s t s  a t  Hono- 

kahua V a l l e y  near  t h e  Kapalua Resor t  where. t h e  Honolua D i t c h  crosses t h e  

v a l l e y  i n  a  si.phon. Be fo re . t he .wa te r  en te r s  t h e  siphon, about  45 f ee t  
. .  . 

o f  head i s  a v a i l a b l e .  An o l d  t u r b i n e  and p o r t i o n s  o f  a  penstock remain 

a t  t h e  s i t e ,  b u t  a r e  unusable. The c a p a c i t y  o f  t h i s  s i t e  i s  about  127 

k i l o w a t t s .  

Kahakuloa Strzam t o  t h e  eas t  o f  Honokohau V a l l e y  a l s o  has a  smal l  r e -  

source, about 230 k i l o w a t t s .  Fu r the r  t o  t h e  e a s t  i s  Naihee R iver ,  whose 

waters a r e  d i v e r t e d  v i a  t he  Waihee D i t c h  system t o  sugarcane f i e l d s  i n  

t h e  c e n t r a l  p o r t i o n  o f  Maui. An es t imated  1860 k i l o w a t t s  o f  hydropower 

p o t e n t i a l  a r e  a v a i l a b l e  above t h e  d i v e r s i o n  p o i n t .  Near t h e  town o f  

Wailuku, t h e  Waihee D i t c h  feeds two r e s e r v o i r s  th rough  t h e  Hoopoi Chute. 

The drop i s  about 240 f e e t  i n  e l eva t i on ,  and t h e  hydropower p o t e n t i a l  o f  

t h i s  s i t e  i s  1000 k i l o w a t t s .  

The streams o f  East Maui were t h e  s u b j e c t  o f  a  s tudy  by a  S t a t e  t a s k  

force on hydropower i n  1974. ' Streams w i t h  good hydropower p o t e n t i a l  
, 

i n c l u d e  t h e  East and West Branches o f  W a i l u a i k i  Stream, Hanawi Stream, 

Kolea Stream and N a i l i i l i h a e l e  Stream. Together these s i t e s  have a  

p o t e n t i a l  o f  over  3,200 k i l o w a t t s  o f  capac i ty .  

A lso  i n  East  Maui i s  t h e  Wailoa D i t c h  system which d i v e r t s  waters  f rom 

n e a r l y  eve ry  stream a long  t h e  windward coas t  and t r a n s p o r t s  i t  t o  Cent ra l  

Maui f o r  sugarcane i r r i g a t i o n .  The Wailoa D i t c h  i s  a l r e a d y  t h e  source 

o f  n e a r l y  5,000 k i l o w a t t s  o f  hydropower c a p a c i t y  a t  two s i t e s ,  Paia and 

l ~ e ~ o r t  o f  Hydro E l e c t r i c  Subcomrni t t e e  o f  Gove rno r ' s  Commi t t e e  on A1 t e r n a t e  
Energy Sources f o r  Hawai i .  Robert  T. Chuck, Chairman.' September, 1974. 



Kaheka. A t  Kolea Stream, there  are  ac tua i  l y  two d i tches ,  w i t h  an e leva-  
. . . . 

t i o n  d i f f e r e n c e  o f  about 360 fee t . .  Th.ere was a small  hydropower p l a n t  
. . 

a t  t h i s  s i t e  a t  one time. The waters o f  the  upper d i t c h  cou ld  be dropped 

t o  the lower d i t ch ,  t o  generate a  maximum o f  1,100 k i , lowat ts  o f  power. 

The Wailoa D i t c h  empties i n t o  the Wailoa Forebay near Paia. The forebay 

supp l ies  the two e x i s t i n g  hydropower p l a n t s  a t  Paia and Kaheka. The 

overf low from Wailoa Forebay goes down a  chute d i t c h  t o  the Hamakua 

D i tch .  About 45 f e e t  o f  head are  a v a i l a b l e  a t  t h i s  s i t e ,  and the Ha- 

wai i a n  Commercial and Sugar Company, Ltd. , i s  p lann ing  t o  i n s t a l  l a 60- 

i n c h  diameter penstock and 500-k i lowat t  hydropower p l a n t .  The est imated 

annual ou tpu t  o f  the, p l a n t '  i s  expected t o  be 2.5 m i l l i o n  'k i lowat t -hours.  

3.5 Hawaii 

A1 though r a i n f a l l  i s  abundant i n  many areas o f  the  B i g  I s l a n d  o f  Hawaii, 

geologic  cond i t i ons  do n o t  f avo r  abundant sur face waters . i n  some places. 

The rock s t r a t a  o f  the r e l a t i v e l y  young volcanoes o f  Kilauea, Mauna Loa, 

and Hua la la i ,  a re  very porous, and r a i n f a l l  i s  absorbed r a p i d l y '  i n t o  the  

ground. Most streams f l o w  o n l y  dur ing  per iods o f  heavy r a i n f a l l .  The 

o n l y  perenn ia l  streams are  found i n  Kohala, and a long the  Hamakua Ceast, 
.. . 

where the  o l d e r  s o i l s  a re  somewhst more impervious t o  water, and r a i n -  

f a l l  i s  abundant throughout the  year.  

A small  amount o f  hydropower p o t e n t i a l  i s  found i n  the  Ka'u D i s t r i c t ,  on 

the  leeward f lank o f  Mauna Loa. Numerous water development tunnels have 

been const ruc ted  t o  tap  water perched a t  h igh  e leva t i ons  f o r  i r r i g a t i o n  



1 Honol i i  Stream 
2 Wailuku River  
3 Wailoa R iver  

. 4 Awini F a l l s  
5 Honokane Nui Stream 
6 Union M i l l  
7 Pohakupuka Stream 
8 Keaiwa-Meyer Reservoirs 
9 A l i a  Stream 

10 Papai kou M i l  1 

Figure 3-5. p o t e n t i a l  Hydropower S i t e s ,  B i g  I s l a n d  (Hawaii). 



and domest ic use. The a v a i l a b l e  heads a r e  tremendous, p a r t i a l l y  o f f -  

s e t t i n g  t he  r e l a t i v e l y  low f lows. A t  Ka'u Sugar Company, a  hydropower 
. . 

c a p a c i t y  o f  280 k i l o w a t t s  i.s p o s s i b l e  f r o n  waters  which drop a  t o t a l  o f  

1870 f ee t  i n  e l e v a t i o n  from Keaiwa Reservo i r  t o  t h e  sugar f a c t o r y .  

The Kohala area has been t he  s u b j e c t  o f  a  s tudy  by t h e  S t a t e  t a s k  f o r c e  

on hydropower, m e n t i ~ n e d  i n  t h e  p rev ious  s e c t i o n  on Maui. Wai loa River ,  

Awi n i  Fa1 1  s, and Honokane. Nui Stream have a  combined hydropower poten- 

t i a l  o f  n e a r l y  4,500 k i l o w a t t s .  The Kohala D i t c h  system once f e d  two 

hydropower p l a n t s  w i t h  a  combined c a p a c i t y  o f  800 k i l o w a t t s  near  Hawi. 

The p rospec t  o f  r e s t a r t i n g  these two p l a n t s  has been i n v e s t i g a t e d  by t h e  

Hawaii E l e c t r i c  L i g h t  Company and t he  Army Corps o f  Engineers.  A l though 

t e c h n i c a l l y  f e a s i b l e ,  t he  use o f  water  f r om t h e  Kohala D i t c h  f o r  hydro- 

power i s  t i e d  t o  i t s  use f o r  i r r i g a t i o n ,  which i n  t u r n  depends on i n -  

creased a g r i c u l  t u r a l  dcvalopment i n  Nor th  Kohala. 

The Hamakua D i t c h  System a l s o  has been suggested as a  source o f  wa te r  

f o r  hydropower. Water i s  c o l l e c t e d  f rom t h e  headwaters o f  Waipio Va l ley ,  

and i s  t r a n s ? o r t e d  v i a  two d i t ches ,  t h e  Upper and Lower Hamakua Di tches,  

t o  t h e  Honokaa area, a  d i s t ance  o f  about  t e n  m i l es .  ' I t  i s  t h e  c h i e f  

source o f  wa te r  f o r  t h e  Davies-Hamakua Sugar Company f a c t o r y  i n  Haina. 

Theo. H. Davies & Company, L td .  i s  cons ide r i ng  ways t o  u t i l i z e  Hamakua 

D i t c h  water  t o  i nc rease  t h e  hydropower c a p a c i t y  a t  t h e  Haina m i l l ,  which 

i s  c u r r e n t l y  800 k i l o w a t t s .  

S i m i l a r l y ,  t h e  o l d  Laupahoehoe Sugar Company (now Davies-Hamakua sugar)  

d i t c h  system, once used f o r  cane f l um ing  opera t ions ,  r ep resen ts  an 



oppor tun i t y  f o r  hydropower development. However, a d d i t i o n a l  s tudy i s 
. . .  . . .  . . 

needed to .  assess the  d i tch .  system. 

The Hamakua Coast on t h e  B ig  I s l a n d  o f  Hawai.i s t re tches  from H i l o  t o  

Honokaa, a  d is tance o f  about 40 mi les.  The 20-mile s t r e t c h  from H i l o  

t o  Laupahoehoe i s  the  wet tes t  reg ion  o f  the B i g  Is land,  w i t h  r a i n f a l l  

averaging 300 inches annual ly  a t  the 3000-foot e leva t i on .  R a i n f a l l  

drops o f f  r a p i d l y  between Laupahoehoe and Wonokaa, b u t  i s  s t i l l  as g rea t  
a. . , 

as 75 inches annua l ly  on the slopes above Honokaa. Except f o r  t he  Kohala 

Mountains, t he  Hamakua Cost i s  tbe  on l y  area on the  B ig  I s l a n d  where 

?erennia l  streams reach the  sea. Springs f e d  by perched groundwater . . 
p r o l i f e r a t e  along the  coast between sea l e v e l  and 2000 f e e t  e leva t ion ,  

as shown i n  F igure 3-6. Kost o f  the  l and  up t o  2000 f e e t  e l e v a t i o n  i s  

p lan ted  i n  sugarcane. 

Because of the  abundant r a i n f a l l ,  numerous springs, and r e l a t i v e l y  easy 

access, the  Hamkua Coast i s  a  good prospect f o r  hydropower development. 

The Wailuku R iver  c u r r e n t l y  i s  the  on l y  Hamakua Coast stream w i t h  oper- 

a t i n g  hydropower p lan ts .  However, a t  l e a s t  f o u r  o t h e r  hydropower p l a n t s  

have been i n  opera t ion  over the years, a t  the  Wainaku, Papaikou, Pepe- 

ekeo, and Hakalau sugar m i l l s .  These p l a n t s  u t i l i z e d  excess water from 

cane f luming operat ions.  Trucking has replaced f luming as a  means o f  

t ranspor t i ng  cane, and a l l  but  the  Pepeekeo m i l l  a re  now closed, a l though 

the  water c o l l e c t i o n  system f o r  the Papaikou hydropower p l a n t  i s  s t i l l  

p a r t i a l l y  i n t a c t .  
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F i g u r e  3-6. Stream Systems of t h e  Hamakua Coast.  

Source: D. Dav is  and G.  Yamanaga. water- - Resources Suml~mary, I s l a n d  -.-- o f  Hawa i i .  
Report  R47, D i v i s i o n  o f  Water and Land Develcpmnent, Department of 
P lann ing  and Economic Development, S t a t e  o f  Hawai i , Honolulu ,  1973. 



Add i t i ona l  hydropower p o t e n t i a l  e x i s t s  on the Wail uku River.  There . . i s  

about 260 f e e t  of head a v a i l a b l e  a t ,  and downstream o f  Pukamaui. F a l l s .  
. .  . ,  

With the  d i ve rs ion  o f  Hookelekele Stream t o  the  top  g f  the  F a l l s ,  about 

2,000 k i l o w a t t s  o f  tiydropower i.s p o t e n t i a l l y  obta inable.  

3.6 Stream Gagi nq Requirements 

The major source o f  streamflow data f o r  hydropower assessment i s  the  
. . , 

Uni ted States Geological Survey (USGS). The USGS annual ly  pub1 ishes 
' .. 

records o f  the 111 cont inuous-record gaging s t a t i o n s  i t  now mainta ins 

around the  State. Records are  a l s o  a v a i l a b l e  f o r  about 420 o the r  USGS 

s ta t i ons ,  now discont inued, w i t h  data extending as f a r  back as 1900. 

Between t h e  years 1900 and 1920, the USGS maintaiced an ex tens ive  ne t -  

work o f  s t a i t o n s  i n  Hawaii record ing  d a i l y  o r  monthly f l o w  data. Exten- 

s i v e  use was made i n  t h i s  study o f  these o l d  records f o r  some s i t e s ,  as 

they were the  o n l y  data ava i l ab le .  However, t h i s  o l d  data may n o t  be 

accurate, and should be checked.by re-measuring the ' s t ream du r ing  the  

feasi b i  1  i t y  study phase. 

USGS water records a r e  supplemented by the  records o f  sugar and p ine-  

apple companies, ranches, and domestic water supply agencies. Despi te 

the g rea t  accumulation o f  data, gaps e x i s t  i n  the  knowledge of stream- 
. . . . 

f l o w  behavior f o r  some areas i n  Hawaii. These data gaps prevent  re -  

l i a b l e  est imates o f  hydropower p o t e n t i a l  f o r  several  impor tan t  streams. 

The USGS performed an i n t e r n a l  eva lua t i on  of i t s  streamflow-data program 

i n  Hawaii e i g h t  years ago,l and po in ted  o u t  areas where new gaging 

16. Yamanaga. Eva lua t ion  o f  the  ' Streamflow-Data Program i n  Hawaii . Open- 
r i l e  Report. Uni ted States Department 07 I n t e r i o r ,  Geological Survey, h a t e r  
Resources D iv i s ion ,  Honolulu, Hawaii , 19?2. . . 
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Table 3.3 Stream Gaging Requirements For  Hydro~ower  Assessment. 

ISLAND GENERAL COMMENTS CANDIDATE STREAMS FOR GAGE STATIONS 

Kauai I n  general ,  data was adequate f o r  reconnais- Lumahai R i v e r  - s i t e  o f  p rev ious  
sance l e v e l  hydropower assessment; USGS s t a t i o n ;  

Kal i h i w a i  R i ve r  
Makaweli R i v e r  ( h i ghe r  e l e v a t i o n s )  
Olokele R i v e r  ( h i g h e r  e l e v a t i o n s )  

Oahu 

Molokai  

Ma u i  

Hawai i 

Unfavorable t e r r a i n  f o r  hydropower, and 
ex tens i ve  stream d i ve rs i ons ,  b u t  some 
a d d i t i o n a l  data ga the r i ng  i s  warranted; 

Data appears adequate a t  t h i s  t ime f o r  
reconnai  ssance- level  hydropower assessment. 

Pn genera l ,  a l though s u f f i c i e n t  da ta  was 
found f o r  reconnaissance- leve l  hydropower 
assessment, much da ta  i s  o l d  (,1910-'1920) 
and may be inaccura te ;  

Hamakua Coast near  H i  l o  appears'.to' have good 
hydropower p o t e n t i a l ,  b u t  t h e r e  i s  a general  
l a c k  o f  data f o r  mos t  streams i n  t h e  area; 

Punal uu Stream ( h i g h e r  e l e v a t i o n s )  
Kahana Stream (h ighe r  e l e v a t i o n s )  

Keanae V a l l e y  - e i t h e r  P i i naau  
Stream o r  Wai okami 1 o Stream; 

Iao  Stream 
Waihee Stream 

Kolekole Stream . 

Kawainui Stream 
Umauma St rmrn  
Kapue Stream 
Waiau Stream 
Wai k a m a l o  Stream 
Nanue Stream 
Hakalau Stream 
Pukihae Stream 



s t a t i o n s  a r e  needed. However, i n  o r d e r  f o r  USGS t o  proper ly  respond t o  
. . . . .  . 

changing S t a t e  needs f o r  streamflow-data f o r  hydropower assessment ,  they 

should be provided w i t h  a d d i t i o n a l  i npu t  from those  i n t e r e s t e d  i n  hydro- 
. . 

power development. 

L imi ta t ions  of t ime and scope o f  this  s tudy d i d  n o t  a l low a sys temat ic  

assessment of  s t a t ewide  s t ream . gaging . needs. However, i n  c e r t a i n  a r e a s  

t h e r e  were obvious needs . . f o r  a3d i t i ona l  da t a  f o r  hydropower resource  
,, - 

assessment.  Our general  observa t ions  r e l a t i n g  t o  s t ream gaging needs 

a r e  summarized i n  Table  3.3. I t  i s  f u r t h e r  recommended t h a t  more s tudy ,  

inc lud ing  f i e l d  work, be i n i t i a t e d  t o  provide a d d i t i o n a l  i n p u t  on s t ream 

gaging needs. 
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4. Previous Hydropower Surveys 

There have been two previous major surveys of hydropower potential in  

Hawaii, both of which were conducted by the U.S. Army Corps of Engineers. 

.In January 1981, the COE completed a final draf t  report, of the Hawaii 

Region portion of the National Hydropower Study. Prior to  t h i s ,  the 

COE had published, i n  October, 1978, i t s  Summary Report on "Hydro- 

e l ec t r i c  Power, State of Hawaii." 

The 1978 study was undertaken under authority of the River and Harbor 

and Flood Control' Act of 1962, and i n  compliance w i t h  the Water Re- 

sources Development Act of 1976. I t s  purpose was t o  establish the 

f eas ib i l i t y ,  and determine the extent of Federal participation in the 

development of hydroelectric power in the State of Hawaii. The study 

involved a reconnaissance level evaluation of hydroelectric faci 1 i t i e s  

and resulted in the identification of seven projects. Six were run-of- 

the-river projects and on'e involved a storage reservoir. (Table 4.1) 

The i n i t i a l  screening of possible s i t e s  was done on generalized tech- 

nical ,  economic and environmental factors.  Those passing the i n i t i a l  

t e s t  were then subjected to s i  te-speci f i c  reconnaissance studies.  

The i n i t i a l  screening was based on general assumptions and c r i t e r i a .  I t  

was assumed that production of hydroelectric power would be the only use 

of the s i t e .  Other uses such as recreation, i r r iga t ion ,  flood control,  and 

water supply were not considered during th i s  screening process but ex- 

i s t ing  water uses were assumed to be continued. 



Table 4.1. Army Corps o f  Engineers Hydropower Study, 1978. 

Net Head 
S i t e  ( f e e t )  

/storage 
Hanalei, Kauai 

Run-of-the-Ri ver  
Wainiha, Kauai 

Lumahai, Kauai 

I Hanalei, Kauai 

1 .  Pelekunu, Molokai 

I Naihee, Maui 

I Wailoa, Hawaii ! 
I (Waipio Va l ley)  : 253 
I 1 

Annual Energy Cost per  Uni 
P lan t  Capaci t y  Generat i o n  Energy 

(kw) ( kwh F i  r s  t Cost m i  1 1 s/  kwh 
Benefi  t/ 
Cost Rat io  

Source: U. S. Army Engineer D i s t r i c t ,  Honolulu, Hawaii 
Summary Report f o r  Hydroe lec t r i c  Power, October 1978. 



. . 

Only those stredms with a base flbw o f  a t  leas t  ten cubic f ee t  per second 

were considered further.  ~ r e a s w i  t h  ~ i ~ n i f i c a n t k n v i  ronmeital sensi t i  - 
vity were identified and elimi'nated from further consideration. 

I t  was also assumed that  the projects would be designed and constructed 

by the U.S. Army Corps of Engineers (COE) so COE c r i t e r i a  were used 

in the engineering and financial determinations. Because of this, 

f a c i l i t i e s  that would have primarily benefited private in te res ts  were 

not consjdered. I t  was also necessary tha t  the financial benefits 
. .. 

outweigh the costs. 

The seven s i t e s  l i s t ed  in Table 4 .1  passed the i n i t i a l  screening and 

were then evaluated according to another s e t  of c r i t e r i a  and assump- 

tions. To evaluate the potential for  each waterway, a plant factor 

of 100 percent was assumed. According to  thSs assumption, the plant 

would operate a t  the minimum, firm (dependable) stream flow level. 

Maintenance of a minimum stream flow of three cubic fee t  per second 

would be required a t  a l l  times for  the preservation of f i sh  and wild- 

1 i fe. 

The cost estimates used to  evaluate the power plants were based on 

prel iminary planning curves developed by the North Pacific Division of 

the C O E ,  updated to July 1977 price levels.  

In the financial analysis i t  was assumed that  the engineering and ad- 

ministrative costs would r u n  a t  twelve per cent of construction costs 

and that  contingencies would be one fourth of the construction costs. 

Operating, maintenance and replacement costs were s e t  a t  0.5 percent 
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- of the f i r s t  cost, excluding engineering and design, for  run-of-the-river 

f a c i l i t i e s  and 0.2 per cent for  storage systems. Financing of projects 

was assumed to correspond to federal financing of major water resource 

projects a t  the then-current ra te  of 6-5/8 per cent over 100 years. 

I The hydroelectric power benefits were assumed to equal the preliminary 

values established by the Federal Energy Regulatory Commission (FERC) 

including the c redi t s  for  dependable capacity as we1 1 as kilowatt-hour 

production, No escalation of energy values war assumed. 

A f inal draf t  report completed by the COE i n  January, 1981,. i s  part  of the 

ongoing National Hydropower Study. The objective was to determine the 

potential for  increasing hydroelectric generation capacity by developing 

new s i t e s ,  and by the addition of generating capacity to  existing water 

resources projects. Also considered i n  the study were the poss ib i l i t ies  

of reactivating hydroelectric plants that  had been deactivated or  

abandoned. 

An inventory of existing dams, hydroelectric fac i l  i t i e s  and undeveloped 

s i t e s  were evaluated. To be included for  fur ther  study, dams had to  

have heads exceeding forty fee t  and 800 acre-feet of storage. Existing 

hydroelectric power f a c i l i t i e s  were retained i f  they had planned in- 

cremental capacity expansion. A1 1 s i t e s  had to  have dependable capaci ty 

of a t  leas t  100 kilowatts. General envi'ronmental and socio-economic 

impacts of the hydroelectric power plant development were also included- 

in the assessment. Si tes  with overriding economic, environmental, social 

o r  inst i tut ional  problems were screened out. 



- A1 though detailed engineering and technical studies were not per- 

formed, cost estimates were developed by the COE based on standard, 

preliminary planning, cost estimating techniques. In the financial 

evaluation, the financing was assumed to  be a t  the FY-1980 Federal dis- 

count rate  of 7-118 per cent for  f i f t y  years. 

Thirteen s i t e s  and f i f teen . projects met the valuation c r i t e r i a  and 

were ranked. (Table 4.2).  These s i t e s  were ranked according t o  the 

magnitude u f  the unit energy costs and environmental considerations. 

The ranking was fur ther  broken into "short term" and "long range" 

categories based on energy marketing considerations. 



Table 4.2. Na t i ona l  Hydropower Study Plan f o r  t h e  Hawaii Region 

Name o f  P r o j e c t  I s l a n d  Owner Rank Incremental  Incrementa l  
Capaci ty  Energy 

Shor t  Term (4 ( m i l l i o n  kwh) 

Hydro Kaumakani Ka ua i  O loke le  Sugar Co. ' 1 
Union Hawaii Kohala Corp. 2 
Hamakua D i  t c h  Ma u i  Hawaiian Conimercial 3  

and Sugar Co. 
Hoopoi Chute Maui Hawa i i an Comme r c i  a  1  4  

and Sugar Co. 
Kualapuu Reservo i r  Molokai  S ta te  o f  Hawaii 5  
Wa i 1  ua Kauai ----- 6  

Long Range 

Wahiawa Reservo i r  Oahu Waialua Sugar Co. 1 
Puul ua Reservo i r  Kauai Kekaha Sugar Co. 2 
Wailoa Hawai i  ----- 3  

Wa i mea 
hfa i hee 

Kauai Kekaha Sugar Co. 4  2.9 
Maui ----- 5  0.73 

Kapaia Re e r v o i r  Kauai f L ihue  P l a n t a t i o n  Co., L td .  6 0.12 0.2 
Waia lea le  Ka ua i ----- 7  7.8 42.7 
Hanale i  Ka ua i ----- 8  4.5 16.5 

KO kee Kauai ----- 

Type o f  P r o j e c t  

E x i s t i n g  P l a n t  
R e h a b i l i t a t i o n  
New s i t e  ( r u n  o f  

r i v e r )  
New s i  t e  ( r un  o f  

( r i v e r )  
E x i s t i n g  r e s e r v o i r  
New s i t e  ( r u n  o f  

r i v e r )  

E x i s t i n g  r e s e r v o i r  
E x i s t i n g  r e s e r v o i r  
New s i t e  ( r u n  o f  

r i v e r )  
E x i s t i n g  p l a n t  
New s i t e  ( r u n  o f  

r i v e r )  
E x i s t i n g '  r e s e r v o i r  
New s i t e  (s to rage)  
New s i t e  ( r u n  o f  

r i v e r )  
New s i t e  (s to rage)  

Source: ' U. S. Army Corps of Engineers, P a c i f i c  Ocean D i v i s i o n ,  Na t i ona l  Hydropower StQdy, Hawai i Regign, 
F i n a l  D r a f t  Report, January, 1981. 

l ~ e l e t e d  i n  f i n a l  . t a b u l a t i o n  (Wai lua was se lec ted  f o r  development i n  t h e  c o i n c i d e n t  dra inage area) .  



5. E x i s t i n g  ~ydropower  Systems 

Numerous surveys o f  ex is t i .ng  hydropower p l a n t s  i n  Hawaii have been 
' \  

made.1929394 A data summary o f  these p l a n t s  i s  g iven i n  Table 5.1. 5 

A number o f  hydropower p l a n t  owners a re  i n v e s t i g a t i n g  o r  implement- 

i n g  plans t o  upgrade e x i s t i n g  s i t e s .  

Upgrading o f  e x i s t i n g  s i t e s  i s  poss ib le  i n  the  f o l l o w i n g  ways: 

1 )  ' E f f i c i e n c y  increases by the  replacement o f  o l d e r  turbine/gene- 

r a t o r s  w i t h  modern equipment. 

2) Replacement o f  the  e x i s t i n g  penstock w i t h  a  l a r g e r  penstock, t o  

reduce f r i c t i o n  losses, o r  a d d i t i o n  o f  another penstock. 

3) D ivers ion  o f  a d d i t i o n a l  f l o w  from a  stream, and i n s t a l l a t i o n  o f  

a d d i t i o n a l  generat ing capac i ty  t o  u t i l i z e  the f low.  

4 )  Repair o f  tunnel  and d i t c h  systems t o  remove s i l t ,  gravel  , and 

obs t ruc t ions ,  and t o  reduce leaks. 

5) Relocat ion o f  tu rb ine /genera tor  o r  penstock t o  increase the  

a v a i l a b l e  head. 

Not a l l  o f  these a r e  app l i cab le  t o  any g iven s i t e .  The improvements 

poss ib le  i n  the  energy outputs o f  t he  s i t e s  a l s o  w i l l  vary cons iderab ly  

depending on the  s p e c i f i c  s i t e  circumstances. 

l ~ l  terna te  Energy Sources f o r  Hawaii. Report o f  t he  Committee on A1 te rna te  
Energy Sources For Hawaii o f  the  Sta te  Advisory Task Force on Energy Po l icy .  
~awai ;  Natura l  Energy I n s t i t u t e ,  and ~ e p a r t m e n t  o f  . Planning . and Economic 
Development', State' o f  Hawaii , February, 1975.' 

Z ~ y d r o e l e c t r i c  Power, Plan o f  Study. U.S. Army Engineer D i s t r i c t ,  Honolulu, 1977. 
. . 

3 ~ .  Murata. Energy Inventory  f o r  Hawaii Sugar Factories--1978. Hawaiian 
P lan te rs '  , Record 59, #8 (1980): Hawaiian Sugar . . P lan te rs '  Associat ion,  Honolulu. 

4 ~ .  Su l l i van .  P re l im ina ry '  Report ori Hyd roe lec t r i c  Powe'r" i n  'Hawaii. Hawaii 
Natura l  Energy I n s t i t u t e ,  Honolulu, May, 1980. . . 

. . 

5~ommuni ca t i  ons w i  t h  hydropower p l a n t  owners, 1980. 
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Table 5.1. Summary of Ex is t ing  Hydroelectr ic  Plants - December 1980. 

L No o f  I n s t a l  l ed  Avg. Annual 
I s land  & Location Uni ts Stream Owner Capacity (kw) Energy (gwh) Up-Grade Plans 

HAWAII : 
- Puueo 
- Waiau 
- Haina 

2 Wai 1 uku HELCO 
2 Wai 1 uku HELCO 
1 .Lower Hamakua DHSC 

D i tch  
5 

14.0 Under study. 
6.5 Under study. 
0.75 Under study. 

SUBTOTAL, HAWAI I 

MAUI : 
- Kauaula 
- Paia 
- Kaheka 

1 Kauaula PMC 
1 Wailoa Di tch  HCSC 
3 Wailoa Di tch  HCSC 

0.75 Under study. 
3 .0  I n  planning. 

18.0 500 kw add i t i on  on 
Hama kua Di t c  h, 1981. 

21.75 SUBTOTAL, MAU I 

I 
KAUAI : 

P 
c-. 

- Waiawa 1 
- Waimea 2 
- Wai n i  ha 2 
- Kaumakani 1 

Kekaha D i t ch  
Waimea 
Waini ha 
Ma kawe 1 i 

KSC 500 
KSC 1,000; 500 
MSC 1,800; 1,800 
OSC 500 

Under study. 
Under study. 
Under study. 
Replace w i t h  1,250 kw, 
generate 6.5 gwh, 1981. 
Under study. MSC 1,000 - Alexander Res. 1 

- Lower L i  hue 1 
- - 

N. Wailua. and 
I l i i l i u l a  D i tch  

N. Wailua and 
I l i i l i u l a  D i tch  

LPC 800 Under study. . . 

- Upper Lihue. 1 
Under study. LPC 500 

SUBTOTAL, KAUAI !J 

TOTAL, STATE 19 
. ., I$ 
.. . .: lsource of Data : Communicaf ions w i t h  hydropower p lan t  owners, 1980. 

Key: HELCO - Hawaii E l e c t r i c  L i gh t  Company, Inc. KSC - Ka'u Sugar Company, In td .  
DHSC - Davies Hamakua Sugar Company MSC - McBryde Sugar Company, Ltd. 
PMC - Pioneer M i l  1 Company, Ltd. OSC - Olokele Sugar Company, Ltd. 
HCSC - Hawaiian Commercial & Sugar Company LPC - Lihue P lanta t ion Company, Ltd. 



On the B ig  I s l a n d  o f  Hawaii, Hawaii E l e c t r i c  L i g h t  Company (HELCO) i s  
. . . . 

s tudy ing  the  poss ib le  addi , t ion o f  capac i ty  a t  t h e i r  e x i s t i n g  p l a n t s  a t  
. . 

Waiau and Puueo. The p resen t l y  i .ns ta l led  penstocks are  capable of 

hand1 i n g  a d d i t i o n a l  flows, enough t o  more than double the present  i n -  

s t a l l e d  capac i t i es  o f  1,100 and 2,250 k i l o w a t t s ,  respec t i ve l y .  The 

e x i s t i n g  d i ve rs ion  works would need t o  be upgraded, and a d d i t i o n a l  s tudy 

i s  needed t o  determine the  e f f e c t  o f  a d d i t i o n a l  removal of water f rom the 

Wailuku r i v e r  a t  these d i ve rs ion  po in ts .  

HELCO has a l so  looked i n t o  the  prospect of r e s t a r t i n g  the  o l d  Union M i l l  

h y d r o e l e c t r i c  p l a n t  (500 k i l o w a t t s ) ,  b u t  so f a r  has n o t  been ab le  to, g e t  

a  commitment fo r  a  f i r m  water supply from Kohala Corporat ion, which owns 

the Kohala D i t c h  system. 

Davies Hamakua Sugar Company i s  i n t e r e s t e d  i n  u t i l i z i n g  the e f f l u e n t  

water from t h e i r  sugar f a c t o r y  a t  Haina f o r  hydropower generat ion. The 

e f f l u e n t ,  amounting t o  about e i g h t  m i l l i o n  ga l l ons  pe r  day, i s  c u r r e n t l y  

dumped t o  a  gulch below the fac to ry .  The a v a i l a b l e  head i s  about 300 

feet, g i v i n g  a  hydropower p o t e n t i a l  o f  about 250 k i l o w a t t s .  

C, Brewer and Company has looked i n t o  the p o s s i b i l i t y  o f  r e s t a r t i n g  o r  

r e l o c a t i n g  i t s  hydroplant  a t  the  o l d  Papaikou M i l l .  However, the  equip- 

ment i s  i n  poor cond i t ion ,  t he  water system i s  no longer  i n t a c t ,  and the  

present  l o c a t i o n  i s  sub jec t  t o  f looding.  C. Brewer the re fo re  has no 

p lans a t  the  present  t ime t o  r e a c t i v a t e  it. A  new d i v e r s i o n  system on 

Hono l i i ,  Pahoehoe, and Kapue Streams cou ld  increase the  capac i ty  of the  

s i t e .  Add i t i ona l  f i e l d  work would be requ i red  t o  determine the  water 

ava i l ab le .  

-42- 



On Maui, both Pioneer M i l l  and Hawaiian Commercial & Sugar (H C & S) a re  
. . - .  . 

l ook ing  i n t o  replacement g f  t h e i r  01 d . t u rb ines  (pre-1920) w i t h  newer,' 
. . .  

more e f f i c i e n t  un i t s ,  and poss ib ly .add i t ' iona1 capaci ty .  H C' & S i..s pro-  

ceeding w i t h  plans t o  add 500 k i l o w a t t s  of addi t i o n a l  capac i ty  on the  

Haniakua D i t c h  i n  1981. They a re  a l so  s tudy ing  the  o l d  Kolea hydropower 

s i t e  f o r  poss ib le  redevelopment. 

On Kauai, most o f  the e x i s t i n g  hydropower p l a n t s  are under study f o r  up- 

grading. The two Lihue p lan ts  could ga in  a d d i t i o n a l  energy ou tput  from 

r e p a i r  o f  e x i s t i n g  tunnel  and d i t c h  systems, which are  be l ieved t o  have 

l o s t  some capac i ty  over the  years from the  accumulation o f  s i l t  and 

gravel ,  and increased leakage. The Waiawa t u r b i n e  a t  Kekaha Sugar Co. i s  

very o ld,  and needs replacement by a more e f f i c i e n t  u n i t .  ~ s t i m a t e s  by 

Amfac are  t h a t  the ou tput  o f  these th ree  p l a n t s  cou ld  be increased by 

about SO%, a l though f u r t h e r  f i c l d  i n v e s t i g a t i o n s . o f  t unne l -d i t ch  systems ' 

a re  needed t o  e s t a b l i s h  t h i s .  A small e f f i c i e n c y  increase may a l so  be 

poss ib le  a t  the  Waimea Canyon p lan t ,  which i s  under s tudy a t  t h i s  t ime. 

The hydropower p l a n t  i n  Waini ha Val l e y  c u r r e n t l y  generates 3,600 k i l o -  

wat ts .  Alexander and Baldwin, Inc.,  t he  parent  company o f  t he  McBryde 

Sugar Company which operates the  p lan t ,  i s  s tudy ing  the  f e a s i b i l i t y  o f  

upgrading the  d ivers ions  and t u n n e l - d i t c h  system which feed the  p l a n t  i n  

order  t o  increase output.  

Olokele Sugar Company i s  proceeding w i t h  plans t o  rep lace i t s  500 k i l o -  

w a t t  Kaumakani t u r b i n e  w i t h  a 1,250 k i l o w a t t  u n i t  t h a t  w i l l  double t h e  

present  annual energy ou tput  o f  the  s i t e .  The o l d  500 k i l o w a t t  u n i t  w i l l  

be r e t a i n e d  as a spare, t o  generate a d d i t i o n a l  e l e c t r i c i t y  du r ing  h i g h  f lows.  
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6. Small Hydropower Project Implementation Schedules 

The typical timetable between the decision to  develop a small hydro 
. . . .  

project and i t s  operation i s  about forty (40)  months. This includes the 

time for  studies,  obtaining permi t s  , securing funding, negotiating w i t h  

purchasers, and construction and test ing of the plant. (F,igure 6-1). 

Before any decision can be made to develop a hydro plant, the f eas ib i l i t y  
. . 

of such a project must he determined. The f i r s t  step  would be the recon- 

naissance study of the project. This wouqd be done to  jus t i fy  a detailed 

f eas ib i l i t y  study of the project. The reconnaissance study, requiring 

two to four weeks and about one-half of one percent of the total  project 

cost ,  should be a cursory evaluation of the proposed project t o  determine 

the attractiveness of pursuing' the project and' to  delineate some of the 

problems to be encountered i n  such a pursuit. The present study serves 

as a reconnaissance-level investigation for  s i t e s  of prime in teres t ,  

those with a potential of a t  leas t  f ive million kilowatt-hours per year. 

A favorable determination i n ,  the reconnaissance study would require an 

in-depth f eas ib i l i t y  study of the project. Consulting engineers would be 

retained a t  t h i s  time as well as financial and legal consultants. A de- 

ta i led  f eas ib i l i t y  study would require three to  s ix  months fo r  comple- 

tion. Cost o f  such a study would be about two to  f ive per cent of the 

total  project cost. 

Only a f t e r  the completion of the f eas ib i l i t y  study would there be a 

decision to  implement the plans for  the development of the project. 

This decision would be more than s ix  months a f t e r  the f i r s t  move on 
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the  p r o j e c t  i s  made. With the  dec is ion  t o  implement the p r o j e c t ,  f i -  

i n a n c i a l  and l e g a l  advice becomes imperat ive.  The advice i s  impor tan t  

n o t  on l y  t o  the f i n a n c i a l  planni.,ng t h a t  must be done b u t  a l s o  t o  a i d  i n  
. . 

ob ta in ing  the requ i red  l icenses,  permi t s  and approvals from the  var ious 

agencies i n  the federa l ,  s t a t e  and l o c a l  governments. 

The development o f  f i n a n c i a l  p lans requ i res  about n ine  months. U n t i l  

these.p lans are  made f i nanc ing  f o r  t he  p r o j e c t  cannot be obtained. The 

f i n a n c i a l  plans i nc lude  the amount and t i m i n g  o f  c a p i t a l  requi red.  Short 

term f i nanc ing  would be requ i red  f o r  t he 'p re -cons t ruc t i on  phase and long- 

term f i nanc ing  arrangements must be made f o r  the  cons t ruc t i on  and s t a r t -  

up phases. 
I 
\ 

Implementation o f  plans t o  develop 'hydro power requ i res  approval from a1 1 
I 

l e v e l s  of government i n  the  forms o f  l i censes  and permi ts .  CompletSng 

the  Federal Energy Regulatory Commission's (FERC) requirements alone 

would take about one year. The Energy Secu r i t y  Act  o f  1980, however, 

prov ides f o r  exemptions from FERC l i c e n s i n g  o f  smal l  hydropower p r o j e c t s  

w i t h  an i n s t a l l e d  capac i ty  o f  f i v e  megawatts o r  less .  Wi th the  except ion 

o f  the Wailua R iver  Basin, a l l  o f  the  hydropower p r o j e c t s  i d e n t i f i e d  i n  

Hawaii meet t h i s  c r i t e r i o n  fo r  exemption. The FERC r u l e s  f u r t h e r  pro-  

v ide  f o r  an automatic g ran t i ng  o f  a l i c e n s i n g  exemption i f  FERC f a i l s  t o  

a c t  w i t h i n  120 days o f  r e c e i v i n g  an exemption appl i c a t i o n .  

I f  funding i s  t o  be through pub1 i c  equ i ty ,  t he  S e c u r i t i e s  Exchange Com- 

miss ion (SEC) may become invo l ved  and t ime should be a l lowed f o r  the  

development and r e g i s t r a t i o n  o f  the prospectus and rev iew by the  SEC. 



Federal, s t a t e  and local governments have each developed the i r  body of 
. .  ' 

requirements t h a t  must be met. Envi ronmental consideration i.s required 

a t  a11 levels. Local uti.li ty regulations must be met as must local 

requirements such as zoning, shoreline management, e tc .  associated w i t h  

the project. 

Purchasers for  the pmer must be sought. "Letters of Intent" to  purch-ase 

the power generated should be signed a t  about the time that  the short  

term financing arrangements .are being made. Nego'tia'tions for  tile power 

purchase agreements should be conducted while long-term financing i s  

being secured. 

Once the short-term financing and the "Letter of Intent" are secured, a t  

about the f i f teenth month into the project,  f i e ld  surveys, subsurface 

investigations and engineering design can be s tar ted.  About a year 

should be a l lo t ted  for  th is  phase. Three quarters of the way through 

t h i s  phase, once the long-term financing i s  secured and the power purchase 

contract i s  executed; bids for  the equipment can be opened. 

Actual construction of c iv i l  works, jnstal la t ion of equipment, and t e s t -  

i n g  would take about 12 to 14 months. Actual operation would begin a 

l i t t l e  more than three years a f t e r  the i n i t i a l  studies are implemented. 
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Appendix B. Engineering Analysis and Sample Calculations 

The purpose of the engineeri,ng analysis i s  to  se lec t  a configuration for  the 

hydropower project, cal.culate the power potential of the s i t e ,  s ize  the major 

equipment components and s i t e  factors for  the subsequent cost analysis, and 

determine the average annual energy production of the plant. 

Topographic map reconnaissance was used to  determine the locations o f  di- 

version and intake works, penstock path, powerplant s i t e ,  and transmission 

l ine  route. Streamflow data .were obtained from water resource reports of the 

U.S. Geological Survey. The local Honolulu off ice of the Water Resources 

Division of the USGS provided preliminary flow duration curve parameters for  

many of the s i t e s .  For some s i t e s ,  particularly those fo r  which flow data 

extend back only a few years, no s t a t i s t i c s  were available,  and flow duration 

parameters were calculated using a limited amount of daily flow data. The 

flow duration curves were adjusted where necessary from the gaging s tat ion 

s i t e  to the intake s i t e .  

Turbines were sized using the assumed flow duration curves. The low flow was 

established, usually a t  the 85-percentile point of the flow duration curve. 

Nainly, th i s  point i s  determined by the mechanical l imitations of the tur- 

bines, which operate e f f ic ien t ly  only over a limited range of flows. The 

low flow used i s  not intended to  represent an environmental l imitation on 

water diversion. Environmental considerations would be addressed in the 

feasi b i  1 i ty  study and during the permit process. 



The opera t ing  f low range o f  a  t u r b i n e  was assumed t o  be 40% t o  100% of design 

(maximum) f low.  A second tu rb ine  was added whose minimum f l o w  i s  eoual t o  

t he  design f l o w  o f  t he  f i r , s t  t u r b i n e  i f  t h i s  f l o w  i s  equaled o r  exceeded 

a t  l e a s t  40% o f  the year.  For some s i t e s ,  i t  was poss ib le  t o  add a  t h i r d  

t u r b i n e  i n  t h i s  way. Other con f i gu ra t i ons  a re  possib le,  as d i f f e r e n t  types 

of tu rb ines  have d i f f e r e n t  opera t ing  ranges. Several a l t e r n a t i v e s  f o r  a  

s i t e  would be evaluated and compared i n  the f e a s i b i l i t y  study t o  f i n d  the  

one t h a t  i s  t he  most economical. 

I 

The power capac i t i es  of t h e  tu rb ines  were then computed us ing  the  f o l l o w i n g  , 

equat ion: 

(1) P = 0.085 x Qmax x Heff x e  

Where P = power i n  k i l o w a t t s  (kw) 

I 
Qma x  = design (maximum) f l o w  through the  t u r b i n e  

I 
Heff = the  e f f e c t i v e  head a t  a  f l o w  o f  Qmax 

e  = the  e f f i c i e n c y  o f  the turb ine/generator  

I 
I . . The e f f i c i e n c y  e  was assumed t o  be 85% i n  the  ca l cu la t i ons .  

The procedure' i s  i l l u s t r a t e d  i n  F igure  B-1, f o r  the  example case o f .  

H o n o l i i  Stream. I n  t h i s  case, two tu rb ines  w i t h  the  assumed opera t ing  

range are used. A t h i r d '  t u r b i n e  might  be added t o  u t i l i z e  the '  extreme 

h igh  f lows, b u t  i t  can be seen from the curve t h a t  i t  would have a  .very 

low capac i ty  f ac to r .  Further,  dur ing  very h igh  f lows the  stream i s  

t u r b u l e n t  and f u l l  o f  debr is ,  and the  p l a n t  may n o t  be ab le  t o  

operate. 



To ob ta in  the  average annual energy product ion,  t he  curve was numeri- 

c a l l y  i n teg ra ted  between the  l i m i t s  o f  QMIN and QPAAX, u s i y  the  fo l l ow ing  

equat ion: 

(2 )  E = C p i  X &p i  x 8766 
i 100 

Where E = average annual e l e c t r i c i t y  product ion, kwh 

A pi = increments along the  p e r c e n t i l e  scale; normal ly,  APi 
. was taken as 5% increments, o r  about 438 hours. 

Pi = t h e  average power ou tput  i n  the  percent  increment A p i ,  

as determined by an equat ion s i m i l a r  t o  (1).  

8766 i s  the number o f  hours i n  an average yea r  ( inc ludes  24 

ex t ra  hours i n  leap years.)  

I n  determin ing the  power outputs i n  each increment, the  head l o s s  due t o  

f r i c t i o n  was determined as a f u n c t i o n  o f  penstock f l o w  us ing  the  Hazen- 

Wi l l iams equation, assuming a C- fac tor  o f  120. The C-factor  i s  a parameter 

which i n d i c a t e s  the  r e l a t i v e  smoothness o f  a pipe, t h a t  i s ,  i t s  f r i c t i o n a l  

res is tance t o  f l u i d  f low. 

A c e r t a i n  amount o f  downtime i s  expected, both scheduled and unscheduled. 

Scheduled downtime i s  f o r  r o u t i n e  maintenance and might  r e q u i r e  f rom 10 t o  

15 days per  year .  It i s  assumed t h a t  r o u t i n e  maintenance can be scheduled 

dur ing  low f l o w  per iods when the p l a n t  i s  shut  down o r  a t  minimum output .  

Unscheduled outages a re  n o t  taken i n t o  account i n  the  ca l cu la t i ons ,  however. 

The energy c a l c u l a t i o n s  were f a c i l i t a t e d  by the  use o f  a computer program. 

A sample ou tput  f o r  the  case o f  ~ o n o l i i  Stream fo l lows.  



Figure B - 1 .  Sizing of Turbines, Sample Calculation. 

250  

PERIOD OF RECORD 8 1912, 
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- HOMOLII STREAM 
USGS STATION 16717000 
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Table B-1. Sample Program Output  of  Annual Energy Calculation. 

I HYDRO S I T E  
. . . . . . . .  

HONOLII STREAM 

. . . .  . - - ......... 36-INCH PENSTOCK 83G0 F E E T  LONG . . . . . . . . . . . . .  - 

. .... -- ..... E I N  # 
FLOW 

. ( C F S )  
FRACT. 
OCCUR. 

F R I C T I O N  
HES/YR LOSS ( F T )  

NET HEAD POWER 
....... ( F T ]  ( K W )  

TOTALS 7451.1 1 7 6 3 3 5 2 8  





Appendix C. Hydropower Project Financial Analysis 

A project cost estimate was made for  e,ach selected hydr~power . . s i t e .  The 

capital cost items were di.vi.ded i.nto two categori.es, . 
. 

electr~mechanical .. . 

features and civi 1 construction work. Included in the electromechanical 

features category were the turbine/generators, s ta t ion electr ical  equipment, 

miscellaneous power plant equipment, and transmission 1 ines. 

The c iv i l  construction costs included s i t e  preparation work, powerhouse con- 

struction, valves and miscel laneous p i p i n g ,  pensto.ck, and access roads. The 

s i t e  preparation work was further divided into drainage systems, erosion con- 

t r o l ,  f inal  grading, and environmental controls. Included i n  the powerhouse 

construction costs were structural work excavations, foundation, and ski'tch- 

yard c iv i l  construction costs. The cost of the diversion works and intake 

screens were not delineated i n  separate categories, b u t  included as miscel- 

laneous equipment. 

Except for  the penstock, access roads, structural work, and excavation, a l l  

costs were estimated using standardized planning and cost estimating curves 

of the U.S. Army Corps of Engineers (coE). '  The cost estimates fo r  the tur-. 

bine!generators were based on the instal  lation of horizontal Franci s-type 

turbines. The COE cost estimating curves are based on July 1978 cost levels.  

These costs were escalated by a factor  of 1.18 according to  the increase i n  

the E N R  construction cost index to October 1980. Civil construction costs 

only were fur ther  escalated by a factor of 1.3, to  r e f l ec t  increased construc- 

tion costs over mainland-based estimates. 

l ~ e a s i  bil i ty Studies For Small Scale Hydropower Additions, A Guide Manual. 
Hydrologic Engine.ering Center, and Ins t i tu te  For Water Resources. U.S. 
Army Corps of Engineers, July, 1979. 



1. Penstock cos ts  were est imated assuming- the use 9f cement-mortar l i n e d  and 

coated s t e e l  p ipe  (pr "concrete c y l i n d e r  p ipe" ) .  Penstock i s  assumed t o  

be bu r ied  because o f  the p o t e n t i a l  f o r  vandalism. However, t h i s  may n o t  
. . 

be a  problem i n  some cases, and s i g n i f i c a n t  cos t  savings are  poss ib le  

w i t h  sur face i n s t a l l a t i o n .  

2. Access roads are  assumed t o  be 12 f e e t  wide, w i t h  crushed rock o r  co ra l  

surface course, a t  a  cos t  o f  $30 per  l i n e a r  f o o t .  I n  some areas, i t  may 

be s u f f i c i e n t  t o  cons t ruc t  a  lower q u a l i t y . r o a d  a t  l e a s t  p a r t  o f  the way, 

o r  t o  u t i l i z e  e x i s t i n g  d i r t  roads, w i t h  consequent c o s t  savings. 

3. S t r u c t u r a l  work - $100 per  square f o o t  o f  p l a n t  area. 

4. Excavations - $30 per  cubic yard, assuming t h a t  a  s i g n i f i c a n t  p o r t i o n  o f  

the  excavations w i l l  be i n  rock o r  rocky s o i l s .  

5. D ivers ion  works, i n take  screen - lump sum, $150,000. 

6. Contingencies - 20% of the t o t a l  equipment and cons t ruc t i on  costs.  Con- 

t ingenc ies  inc lude an a1 lowance o f  10% f o r  i n t e r e s t  dur ing  cons t ruc t ion ,  

assuming a  cons t ruc t i on  p e r i o d  of about one year .  

7. I n d i r e c t  Costs - 20% o f  the t o t a l  equipment and cons t ruc t i on  cos ts  and 

cont ingencies. Approximate breakdown o f  i n d i r e c t  cos ts  inc ludes:  

o  F e a s i b i l i t y s t u d y - 2 %  

o License and/or permi t  a p p l i c a t i o n s  - 2% 

o Engineering and design - 10% 

o Construct ion management - 5% 

o Admin i s t ra t i on  - 1% 

The t o t a l  p r o j e c t  cos t  was i n p u t  t o  a  computer program t o  f i n d  t h e  breakeven 

p r i c e  o f  the hydropower. The breakeven p r i c e  was determined t o  be the  p r i c e  



per kilowatt-hour a t  which the present value of the sa le  of e l ec t r i c i ty ,  over 

the economic l i f e  of the plant, .would be equal t o  the present value of the 
- 

cost of constructing and maintaining the plant over the same peri-od. The 

analysis used standard net present value techniques. ,The major assumptions 

used were the following: 

o Economic l i f e  of project - 20 years. This i s  merely the period 

assumed i n  order to  recover the i n i t i a l  capital  investment. Addi- 

tional time will be required to  gain a return-on-investment. How- 

ever, for  th i s  study, no ROI was assumed. The physical l i f e  of the 

plant will be much longer, typically 50 years or  more. 
. , 

o Annual operating and maintenance costs - 1.2% of the total  project 

cost, the f i r s t  year, of operation; for  each subsequent year, 0 & M 

costs are assumed to escalate 6% per year. 

There were two.variable parameters i n  the analysis, the in t e res t  ra te  and 

the rate of escalation of the value' of the e l ec t r i c i ty  produced by the hy- 

droplant. 

The following values for  these parameters were used: 

o Interest  ra te  - 8%, 12%, 16% 

o Energy value escalation ra te  - 0%, lo%, 20% (per year) 

The resul ts  were interpolated to  produce continuous graphs showing the break- 

even cost versus energy value escalation for  the three different  in te res t  

rates.  These graphs are included i n  Appendix D. 

A sample computer output follows for  the case of Honolii Stream, project cost 

$4.5 million, in te res t  ra te  of 12%, and 6% energy value escalation. The 

breakeven point was determined to be $0.029 per kilowatt-hour. 
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The breakeven p r i c e  f o r  hydropower i s  the  i n i t i a l  p r i c e  f o r  the  power. I n  

o rder  t o  r e c w e r  a l l  p r o j e c t  costs, the  i n i t i a l  p r i c e  must esca la te  a t  the  
. I 

assumed r a t e  .over the l i f e  o f . t h e  p ro jec t ,  i n  t h i s  case 20 years. 

Thus, f o r  the Hono l i i  example, the  i n i t i a l  p r i c e  o f  $0.029 per  kwh would 
. .  . 

increase a t  6% per  year,  reaching $0.093 a f t e r  20 years. The average p r i c e  

over 20 years would be $0.055 per  kwh. This  ana lys i s  does n o t  address the  

energy p r i c e  a f t e r  20 years. The hydropower p l a n t  i s  l i k e l y  t o  l a s t  we l l  

beyond i t s  economi c 1 i fe,  g iven proper maintenance. Many i n s t a l l a t i o n s  have 

been opera t ing  f o r  more than 60 years. 

This  breakeven ana lys i s  a l s o  does n o t  address the  p r o f i t s  t o  be requ i red  by 

hydropower developers. Return-on-investment (ROI ) t a r g e t s  w i  11 d i f f e r  among 

companies, and t h i s  parameter must be inc luded i n  f i n a n c i a l  ' ca l cu la t i ons  i n  

the  f e a s i b i l i t y  study, when the  developer i s  i d e n t i f i e d .  

As an i n d i c a t o r  o f  whether the  computed costs j u s t i f y  proceeding w i t h  a pro-  

j e c t  t o  the f e a s i b i l i t y  study stage, these can be compaed t o  cu r ren t  avoided 

costs o f  u t i l i t y  e l e c t r i c i t y .  These were est imated t o  be:' 

o Kauai - $0. 045/kh1h 
. . 

o Molokai - $0.065/kwh 

o Maui - $0.065/kwh 

o Hawai i - $C.060/ kwh 

The Sta te  Pub l i c  U t i l i t i e s  Commission i s  t o  determine the  r a t e  s t r u c t u r e  f o r  

small power producers under the  Federal PURPA regu la t i ons .  These ra tes ,  . . .. 

expected t o  be es tab l i shed  e a r l y  i n  1981, a re  t o  r e f l e c t  the avoided cos ts  of 

u t i l i t i e s .  

l ~ s t i m a t e s  by the Committee on Small Hyd roe lec t r i c  Power Systems. Oahu n o t  
inc luded s ince no s i t e s  were i d e n t i f i e d  f o r  the  f i n a n c i a l  ana lys is .  
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Table C-1. Sample Program Output, Net Present  Worth Ana lys is .  

HONOLl l STREAM FYDRO 

INTEREST FATE 1 2 , O J  
Q & Y  COSTS ESCALATION 6 .0% 
ENEPGY VALUE ESCALATION 6.0 % 

CAPITAL PRESENT 
YF PWP. COSTS WORTH 

R E C U R R  PRESENT RECUFR PRESENT 
COSTS WORTH BENEFITS WORTH 

TOTAL PFES 
WORTH 





APPENDIX D 
TABLE OF CONTENTS 

SITE . SITE . PAGE 

ISLAND OF KAUAI 

. . . . . . . . . . . . . . . . . . . . . . . . . . . .  Wailua R i v e r  Bas in  D.1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Wain ihaSt ream D-4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Lumahai R i v e r  D.9 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Hanale i  R i v e r  D.14 
. . . . . . . . . . . . . . . . . .  Puu Lua.Kokee, Phase 1 ( K i  tan0  Hydro) D-19 . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Hanale i  Tunnel D.24 

ISLAND OF UAHU 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Wahiawa Reservoi r D-29 

ISLAND OF MOLOKAI 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Halawa Stream D.31 . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Pelekunu Stream D.36 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Kual apuu Reservo i r  D-39 

ISLAND OF MAUI 

. . . . . . . . . . . . . . . . . . . . . . . .  E . & W . W a i l u a i k i  Streams D-42 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Wai hee Stream D-48 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Hanawi Stream D-53 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Kolea D-58 
Hoopoi Chute . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  D-61 . . . . . . . . . . . . . . . . . . . . . . . . . .  N a i l i i l i h a e l e  Stream D.65 . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Kahakuloa Stream D.68 . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Hanokohau D i t c h  .D-71 

ISLAND OF HAWAII 

. . . . . . . . . . . . . . . . . . . . . . . . . . . .  Honol i i Stream . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  'Wailuku R i v e r  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Wailoa R i v e r  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Awini  F a l l s  . . . . . . . . . . . . . . . . . . . .  East Branch Honokane Nvi  Stream . . . . . . . . . . . . . . .  Combined Awin i  Falls/Honokane Nui Stream . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Union M i l l  . . . . . . . . . . . . . . . . . . . . . . . . . . .  Pohakupuka Stream . . . . . . . . . . . . . . . . . . . . . . . .  Keaiwa-Meyer Reservo i rs  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  A l i a  Stream 



Table D-1. TECHNICAL DATA SUMMARY 

PROJECT SITE Wailua R iver  Basin, Kauai 

P l  an t  Capaci t y  

S t a t i c  Head 

Penstock Length 

Average Gradient  

Stream Gage o f  Record 

Streamflow parameters 

360 ft 

20,000 ft 

0.015 ft/ft 

USGS # 16060000 

Average Flow 116 c f s  

Turbine/Gcnerator Capaci t ies 1. 3200 kw 
2. 8500 kw 

Average Annual Energy Product ion 25,200,000 kwh 

Overal l  P l a n t  Factor  25 % 

Miscel1aneous: Ongoing study i s  being performed by the  U.S. Army Corps 
o f  Engineers. A p re l im ina ry  r e p o r t  i s  expected i n  e a r l y  
1981, and a d d i t i o n a l  data w i l l  be ava i lab le .  

Q~ i s  the  stream f l o w  which i s  equaled o r  exceeded N percent  o f  t h e  
t i  llle . 



t 

W I. 'yl 

. . 
Figure D-1. Prospect ive tiydropower S i te ,  Wailua 

. River  Basin,. Kauai . .. 

Sou:rce : Wai a1 ea l  e ~ ~ d r o ~ o w e r  Study, 
DONALD, 1978. 

USGS STREAM GAGE LOCATl ON 
AND NUMBER 
L lHUE PLANTATION DITCH GAGE 
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ENERGY VALUE ESCALATION ( %YR) 

Figure D-2. Breakeven Hydropower Price as a Function of Interest Rate 
and Energy Value Escalation Rate, Wailua River, Kauai. 
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Table D-2. TECHNICAL DATA SUMMARY 

PROJECT SITE Wainiha Stream, Kauai 

Plant  Capaci.ty 

S t a t i c  Head 

Penstock Length 

Average Gradient 

Stream Gage of Record 

Streamflow Parameters 

USGS # 16108000 
i 

Average Flow 139 c f s  

460 79 c f s l  

495 55 c f s l .  

Turbi ne/Generator Capacit ies 1. 1600 kw 

2. 2100 kw 

Average Annual Energy Production 17,400,000 kwh 

Overall Plant  Factor 54 % 

Miscellaneous: 

QN i s  the  stream flow which i s  equaled o r  exceeded N percent of t he  
. time. 
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Figure D-3. Prospective Hydropower S i t e ,  Wailiiha R iver ,  Kauai 

Scale: 1 i n .  = 2000 ft. 



PERCENT OF TIME FLOW EQUALED .OR EXCEEDED 

Figure  0-4. Flow Durat ion Curve, Wainiha River,  Kauai. 
(Based on U. S. G. S. Water Resources D i v i s i o n  Stream Gage Data) 
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Table D-3. HYDROPOWER PROJECT COST SUMMARY 

PROJECT: Waini ha River,  Kauai 
. . 

Turbi  ne/Genera t o r s  

S t a t i o n  E l e c t r i c a l  Equipment 

Penstock 

S i  tework 

Powerhouse C i v i  1  

Access Road 

Transmission L ine  

Miscellaneous Equipment 

SUBTOTAL 

cont ingencies2 

I n d i  r e c t  costs3 

TOTAL 

l c o s t  data as o f  October 1980. 

2a t  2 0 X o f  cons t ruc t i on  costs; inc ludes  a1 lowance f o r  i n t e r e s t  du r ing  
cons t ruc t i on . ( l  year) ,  

3a t  20% o f  cons t ruc t i on  cos ts  + cont ingencies;  inc ludes  cos ts  o f  f e a s i b i l i t y  
' I 

study, l i c e n s e  and permi t  app l i ca t i ons ,  engineer ing and design, c o n s t r u c t i o n  
management, and admin is t ra t ion .  



- 

r 
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WAlNlHA R IVER,  KAUAl 

INTEREST RATE 

ENERGY V A L U E  ESCALATION ( %/YR)  

Figure D-5. B.reakeven Hydropower Price as a Function of Interest Rate and 
Energy Val tie Escalation Rate, Waini ha River, Kauai. 



Table D-4. TECHNICAL DATA SUFIMARY 

PROJECT S I T E  Lumahai River ,  Kauai 

P l a n t  Capac i ty  

S t a t i c  Head 

Penstock Length 

Average Grad ien t  

Stream Gage o f  Record 

Streamflow Parameters 

USGS # 16106000 

Average Flow 120 c f s  

Turb ine/Generator  Capac i t i es  1. 1500 kw 

2. 1300 kw 

Average Annual Energy Produc t ion  . 14,100,000 kwh 

Ove ra l l  P l a n t  Fac to r  57 % 

Misce l laneous:  

1 QN i s  t he  stream f l o w  which i s  equaled or. exceeded N pe rcen t  o f  t h e  
t in ie.  
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Scale: 1 i n .  = 2000 ft. 

Figure D-6. Prospective Hydropower S i t e ,  Lumahai R i  v e r y  Kauai . 



PERCENT OF TIME FLOW EQUALED OR EXCEEDED 

Figure 9-7. F l o w  Gurat ion Curve, Luniahri River ,  Kauai. 
(Based on U. S. G.S. Water Resources. Di y i  s i o n  Stream Gage Data) 



Table D-5. HYDROPOWER PROJECT COST SUMMARY' 

PROJECT: Lumahai River, Kauai 

. Turbi ne/Generators 

Station Electrical Equipment 

Penstock 

Si t.ework 

Powerhouse Civil 

Access Road 

Transmission Line 

Miscellaneous Equipment 

SUBTOTAL 

tontingencies2 

Indi rect  costs3 

TOTAL 

lcost data as of October 1980. 

2at 20% of construction costs;  includes allowance o f  10% for  in t e res t  during 
construction (1 year). 

3at 20% of construction costs  + contingencies; includes costs of feasi  b i  1 i t y  
study, 1 icense and permit applications, engineering and design, construction 
management, and administration. 



ENERGY V A L U E  E S C A L A T I O N  ( % / Y R )  
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Figure D-8. Breakeven Hydropower Price as a Function o f  Interest Rate 
and Energy Value Escalation Rate, Lumahai River, Kauai. 
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Table D-6. TECHNICAL DATA SUMMARY 

PROJECT S I T E  Hanal e i  River,  Kauai 

P l  an t  Capacity 

S t a t i c  Head 

Penstock Length 

Average Gradient  

Stream Gage of Record 

Streamf l  ow Parameters 

2,550 

360 

20,000 

0.018 

USGS # 

Average F l  ow 87 

Q15. 117 

Q50 4 9 

Q95 16 cfs l  

Turbine/Generator Capaci t ies 1. 1200 kw 

2. 1350 kw 

Average Annual Energy Product ion 11,460,000 kwh 

Overa l l  P l a n t  Factor  51  % 

M i  sce l  1 aneous: 

Q,,, i s  the  stream f low which i s  equaled o r  exceeded N percent  o f  t he  
t i  me . 
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~ Table D-7.. HYDROPOWER PROJECT COST SUMMARY l 

PROJECT: Hanalei River, Kauai 

Turbi ne/Generators 

S ta t ion  E lec t r i ca l  Equipment 

Penstock 

S i  tework 

Powerhouse C i v i  1 

Access Road 

Transmission Line 

Miscellaneous Equipment 

SUBTOTAL 

cont i  ngenciesZ 

I n d i  r e c t  costs3 

TOTAL 

l cos t  data as of October 1980. 

Zat 20% o f  const ruct ion costs; includes a1 lowance o f  10% fo r  i n t e r e s t  dur ing 
construct ion (1 year). 

3at 20% o f  const ruct ion costs + cgntingencies; includes costs of f e a s i b i l i t y  
study, 1 icense and permi t appl ica t ions,  engineering and desi,gn, const ruct ion 
management, and administrat ion.  





Table D-8. TECHNICAL DATA SUMMARY 

PROJECT SITE Puu Lua-Kokee, Phase I .  (Kitano Hydro), Kauai 

P l  an t  Capaci t y  1,650 kw 

S t a t i c  Head 800 f t  

Penstock Length 9,000 ft 

Average Gradient  0.089 ft/ft 

Stream Gage o f  ~ e c o r d  USGS # 16014000 

Streamflow Parameters Average Flow 16,9 c f s  

Turb i  ne/Generator Capaci t ies 1. 700 kw 
t 

2. 950 kw 

Average Annual Energy Product ion 7,350,000 kwh 

Overal l  P l a n t  Factor  51  % 

Miscellaneous: The p r o j e c t  name i s  t he  same one g iven t o  t h i s  s i t e  by 
Amfac and DOWALD, who a r e  j o i n t l y  i n v e s t i g a t i n g  hydro- 
power development o p p o r t u n i t i e s  i n  Kokee. The Arnfacl 
DOWALD approach and the  approach used i n  t h i s  s tudy are  
s i m i l a r  and o b t a i n  s i m i l a r  r e s u l t s .  However, i n  the  
Anlfac/DOWALD version, a s i n g l e  1600-ki l o w a t t  Pel t on  
t u r b i n e  i s  assumed, w i t h  an est imated 7.0 m i l l i o n  kwh 
product ion  per  year.  

Q,,, i s  the  stream f l o w  which i s  equaled o r  exceeded N percent  o f  t he  
t i  nie. 



Figure D-12. Prospective Hydropower S i t e ,  Puu Lua-Kokee, Phase 1 

Scale: 1 i n .  = 2000 ft. 
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i g u r e  D-13. Flow Du ra t i on  Curve, Puu Lua-Kokee, K i t ano  Hydro (Kokee 
(Based on U.S. G. S. Water Resources D i v i s i o n  Stream Gage 



Table D-9. HYDROPOWER PROJECT COST SUMMARY 

PROJECT: Puu Lua/Kokee, Kauai 
(Phase I - Ki tano Hydro) 

Turb i  ne/Generators 

S t a t i o n  E l e c t r i c a l  Equipment 

Penstock 

S i  tework 

Powerhouse C i v i  1  

Access Road 

Transmission L ine  

Miscellaneous Equipnlent 

SUBTOTAL 

cont ingenciesZ 

I n d i  r e c t  costs' 

TOTAL 

l c o s t  data as o f  October 1980. 

2a t  20% o f  c o n s t r u c t i o n  costs;  inc ludes  allowance o f  10% f o r  i n t e r e s t  du r ing  
cons t ruc t i on  ( 1  year) .  

3a t  20% o f  c o n s t r u c t i o n  cos ts  + cont ingencies; inc ludes  cos ts  of  f e a s i b i l i t y  
study, 1 icense and pe rm i t  appl i c a t i o n s  , engineer ing and design, cons t ruc t i on  
management, and admin is t ra t ion .  



ENERGY VALUE ESCALATION ( %/YR)  

- 

Figure D-14. 'Breakeven Hydrcjpower P r i c e  as a Function o f  I n t e r e s t  Rate and 
Energy Value Escalat ion Rate, puu Lua-Kokee, Phase 1 (Kitano 
~ y d r o ) ,  Kauai. 
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Table D-10. TECHNICAL DATA SUMMARY 

PROJECT SITE Hanalei  Tunnel, Kauai 

P l  an t  Capaci ty 1,400 kw 

S t a t i c  Head 510 f t  

Penstock Length 8,000 ft 

Average Gradient  0.064 ft/ft 

Stream Gage o f  Record USGS # 16100000 

Streamflow Parameters Average Flow 27.3 c f s  

Q15 33.1 cfsl 

Q50 28.5 cfsl 

Turb i  ne/Generator Capaci t ies 
1400 kw 

Average Annual Energy Product ion 8,200,000 kwh 

Overa l l  P l a n t  Factor  67 % 

Miscel laneous: 

ON i s  the stream f l o w  which i s  equaled o r  exceeded N percent  o f  t h e  
t ime. 

D-24 



Scale: 1 in. = 2000 ft. 
Figure D-15. Prospective Hydropower Site ,  Hanalei Tunnel, Kauai . 
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HANALEI TUNNEL;, KAUAI 
USGS STATION 16100000 
ELEVATION 1 1 2 1 0  FT. 
PERIOD OF RE CORD 1 1977-1979 

J - 

PERCENT OF TIME FLOW EQUALED OR EXCEEDED 

Figure D-16. Flow Duration Curve, Hanalei  Tunnel, Kauai . 
(Based on U.S.G.S. Water Resources D i v i s i o n  Stream Gage Data) 



Table D-11. HYDROPOWER PROJECT COST SUMFURY 

PROJECT: Hanal e i  Tunnel, Kauai 

Turbi ne/Genera tors  255,000 

Station Electrical Equipment 285,000 

Penstock 

Si tework 

Powerhouse Civil 

Access Road 

Transmission Line 

Miscellaneous Equipment 

SUBTOTAL 

conti nge"cies2 

Indi rect  costs3 

TOTAL 

lcost data as -of October 1980. 

2at 20% of construction costs;  includes .a1 lowance of 10% fo r  in t e res t  during 
construction ( 1  year).  

3at 20% of construction costs + contingencies; includes costs of feasi bi 1 i t y  
study, 1 icense and permit appl i cations, engineering and design, construction 
managenlent, and administration. 



ENERGY VALUE ESCALATION ( % / Y R )  

Figure 0-17. Breakeven Hydropower Price as a Function of Interest Rate and 
Energy Value Escalation , . Rate, Hanalei Tunnel, Yauaf. 



Table D-12. TECHNICAL DATA SUMMARY 

PROJECT SITE Wahiawa Reservoir, Oahu 

P lan t  Capacity 

S t a t i c  Head 

Penstock Length 

Average Gradient 

Stream Gage o f  Record 

Streamflow Parameters 

300 kw 

40 f t 

1,400 ft 

0.029 ft/ft 

USGS # N/A 

Average Flow N/A c f s  

Qso 75 c f s l  

2o c f s l  

Turbine/Generator Capaci t ies 1. . 150 kw 

2. 150 kw 

Average Annual Energy Product ion 1,650,000 kwh 

Overal l  P lan t  Factor  63 % 

M i  scel  1 aneous: 

Streamflow parameters i n  t h i s  case represent  the  ou t f l ow  from 

Wahiawa Reservoir. There i s  no USGS s ta t i on ;  the  f l o w  parameters 

are  est imated from data provided by Waialua Sugar Company. 

QN i s  the stream f l o w  which i s  equaled o r  exceeded N percent  o f  t he  
time. 



Figure D-18. Prospective Hydropower S i t e , .  Wahiawa Reservoir, Oahu. 



Table D-13. .TECHNICAL DATA SUMMARY 

PROJECT SITE Halawa Stream, Molokai 
. . 

P l  an t  Capaci ty . ,2100 kw 

S t a t i c  Head 1000 ft 

Penstock Length 3000 f t  

Average Gradient  .333 ft/ft 

Stream Gage o f  Record USGS # 16400000 

Streamflow Parameters ' Average Flow 29.0 c f s  

Q15 45 c f s l  

Q50 14 cfsl 

Q95 4 . c fs?  

Turbine/Generator Capac i t ies  1. 990 kw 

2. 1110 kw 

Average Annual Energy Product ion 9,917,000 kwh 

Overa l l  P l a n t  Factor  54 % 

M i  scel  1 aneous : 

QN i s  the  stream f l o w  which i s  equaled o r  exceeded N percent  of t h e  
. t ime. .  
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HALAWA STREAM, MOLOKAI 
USGS STATION 16400000 
ELEVATION: 210 FT. 
PERIOD OF RECORD 8 1917-1932 
1937 -1979 

\ 

PERCENT OF TIME FLOW EQUALED OR EXCEEDED 

Figure  D-20. Flow Durat ion Curve, Halawa Stream, Molokai. 
(Based on .U. S. G. S. Water Resources D i v i s i o n  Stream Gage Data) 
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Table D-14. HYDROPOWER PROJECT COST SUMMARY' 

PROJECT: Halawa Stream, Molokai 

Turbi  ne/Generators 

S t a t i o n  E l e c t r i c a l  Equipment 

Penstock 

S i  tework 

Powerhouse C i v i l  

Access Road 

Transmission L i n e  

Miscellaneous Equipment 

SUBTOTAL 

cont ingencies2 

I n d i  r e c t  cos t s 3  

TOTAL 

l c o s t  data as o f  October 1980. 

2a t  20% of cons t ruc t i on  costs; inc ludes  allowance o f  10% fir i n t e r e s t  du r ing  
cons t ruc t i on  ( 1  year ) .  

3at  20% o f  c o n s t r u c t i o n  cos ts  + cont ingencies;  inc ludes  cos ts  o f  f e a s i  b i  1  i t y  
study, 1 icense and pe rm i t  appl i c a t i o n s ,  engineer ing and design, cons t ruc t i on  
management, and admin is t ra t ion .  

D- 34 
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F.igure D-21. Breakeven Hydropower P r i c e  as a Function o f  I n t e r e s t  Rate and 
Ene,rgy Value Escalat ion Rate, Malawa Stream, Molokai . 
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HALAWA STREAM,  MOLOKAI 



Table D-15. TECHNICAL DATA SUMMARY 
. .  . 

PROJECT SITE Pelekunu Stream, Molokai 

P l  ant  Capacity 

S t a t i c  Head 

Penstock Length 

Average Gradient 

Stream G a g e  o f  Record USGS 1 16404000 

Streamflow Parameters Average Flow 16.4 cfs 

Q15 24.3 cfsl 

Q50 9.3 c f s l  

Q95 4 c f s l  

Turbine/Generator Capacit ies 1. 380 kw 

2. 480 kw 

Average Annual Energy Production 3,798,000 kwh 

Overal l  P lant  Factor 50% % 

M i  scel 1 aneous: 

Q~ i s  the stream f low which i s  equaled o r  exceeded N percent of the 
. time. 



Figure D-22. Prospect ive,  Hydropower S i t e ,  Pelekunu Stream, Molokai . 
Scale: 1 i n .  = 2000 ft. 

D-37 ' 



PERCENT OF TIME FLOW EQUALED OR EXCEEDED 

Figure D-23. Flow, Duration Curve, Pelekunu Stream, Molokai. 
(Based on U. S. G. S. Water Resources D i v i s i o n  Stream Gage Data).  

D- 38 



Table D-16. TECHNICAL DATA SUllMARY 

PROJECT S I T E  Kualapuu Reservo i r ,  Molokai  ... 

P l a n t  Capac i ty  

S t a t i c  Head 

Penstock Length 

Average Grad ien t  

Stream Gage o f  Record 

Streamflow Parameters 

USGS # 16405300 

Average Flow 5.3 c f s  

Qls 7 c f s l  

Q50 4 cfsl 

Q95 2.4 cfsl 

Turb ine/Generator  Capac i t i es  70 k w 

Average Annual Energy Produc t ion  293,000 kwh 

Ove ra l l  P l a n t  Fac to r  48 % 

M i  s c e l  1 aneous : 

I n f l o w  t o  r e s e r v o i r  i s  v i a  a 30" p i p e l i n e  from t h e  Molokai  

Tunnel West P o r t a l  ( f l o w  d u r a t i o n  curve, n e x t  page). Powerplant i s  

a t  t h e  r e s e r v o i r  i n l e t .  Hydro c a l c u l a t i o n s  took  i n t o  account f l o w  

added t o  p i p e l i n e  by Kalua .Kci Corporat ion,  and f l o w  removed by 

Del Monte Corporat ion.  

QN i s  t h e  stream f l o w  which i s  equaled o r  exceeded N pe rcen t  o f  t h e  
ttme. 





MOLOKAI TUNNEL W. PORTAL 
USGS STATION 16405300 
ELEVATION 970 FT. 
PERIOD OF RECORD t 1965- 1979 
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Figure D-25. Flow Duration Curve, Kualapuu Reservoi r, Mol okai . 
(Based on U.S.G.S. Water Resources D i v i s i o n  Stream Gage Data) 



Table 0-17. TECHNICAL DATA SUMMARY 

PROJECT S I T E  East & West Wa i l ua i k i  Streams, Maui 

P lan t  Capacity 

S t a t i c '  Head 

Penstock Length 

Average Gradient  

Stream Gage o f  R ~ c o r r l  

Strearnf I ow Parameters 

USGS # 1651700 East Br. 
1651800 West Br. 

Average Flow 69.8 c f s  

Turb i  ne/Generator Capac i t ies  I. 1250 kw 

2. 1500 kw 

Average Annual Energy Product ion . 15,080,000 kwh 

Overa l l  P l a n t  Factor  63 % 

Miscellaneous: 

Water d i v e r t e d  a t  h igh  e l e v a t i o n  from East and West Branches o f  

stream i n t o  s i n g l e  pokerhouse. 

QN i s  the  st ream f l o w  which i s  equaled o r  exceeded N percent  o f  the  
t ime. 



Figure 0-26. Prospective Hydropower S i t e ,  East & West Wai lua ik i  Streams, Maui. 
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Figure 0 - 2 7 .  Flow Duration Curve, East Branch, Wail ua i  k i  Stream, Maui . 
' (Based on U.S.G.S. Water Resources D i v i s i on  Stream Gage Data) 

EAST BR. WAlLUAlKl STR,, MAUl 
USGS STATION 16517000 
ELEVATION 1350 FT 
PERIOD OF RECORD 8 1913-1917, 
1922 - 1958 



F igu re  D '28. 'Flow Du ra t i on  Curve, Nest  Branch, Wa i lua i  k i  Stream, Maui . 
' (Based on U.S.G,S. Water Resources D i v i s i o n  Stream Gage Data) 

D-45 

d 

WEST BR. WAILUAIKI STR,, MAUl 
USGS STATION 16518000 
ELEVATION 1343 FT. 
PERIOD OF RECORD1 1914-1917, 
1921 -1979 
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Table D-18. HYDROPOWER PROJECT COST SUMMARY~ 

PROJECT: East and West Wai luaik i  Streams, Maui 

Jurb i  ne/Genera t o r s  

S ta t ion  E l e c t r i c a l  Equipment 

Penstock 

S i  tework 

Powerhouse C i v i  1 

Access Road 

Transmission L ine 

Miscellaneous Equipment 

SUBTOTAL 

con t i  ngencies2 

I n d i  r e c t  cos t s3  

TOTAL 

l c o s t  data as of October 1980. 

?at  20% o f  const ruc t ion costs; includes allowance o f  10% f o r  i n t e r e s t  dur ing 
const ruc t ion ( 1  year).  

3at  20% o f  const ruc t ion costs + contingencies; inc ludes costs o f  f e a s i b i l i t y  
study, 1 icense and permi t appl ica t ions,  engineering and design, const ruc t ion 
management, and administ rat ion.  



ENERGY V A L U E  ESCALATION ( % / Y R )  
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Figure D-29. Breakeven Hydropower p r ice  as a Function of I n t e r e s t  Rate and 
Energy Value . Escalation .. Rate, East & West Wai luaiki  Streams, Maui. 

E. 8 W. WAlLUAlKl STRMS., MAUl 

. a .  I I .  1 . 1  1 1 1 ,  



Table D-19. TECHNICAL DATA SUMMARY 

PROJECT SITE Waihee Stream, Maui 

' P l a n t  Capac i ty  

S t a t i c  Head 

Penstock Length 

Average Grad ien t  

Stream Gage o f  Recurd. 

Streamflow Parameters 

1,860 kw 

240 ft 

4,400 ft 

0.055 ft/ft 

USGS # 16612000 

Average Flow 100 c f s  

415 150 c f s l  

450 74 c f s l  

Q95 42 c f s l  

Turbine/Generator Capac i t i es  1. . 810 kw 

2. 1050 kw 

Average Annual Energy P roduc t i on  8,486,000 kwh 

Ove ra l l  P l a n t  Fac to r  52 % 

Misce l laneous:  

I n t a k e  i s  assumed upstream o f  gaging s t a t i o n .  Ac tua l  f lows 

a v a i l a b l e  a r e  somewhat l e s s  than  i n d i c a t e d  above, because o f  t h e  

sma l l e r  watershed area a t  t h e  i n take .  

1 
QN i~ the stream f l o w  which i s  equaled o r  exceeded N pe rcen t  o f  t h e  

t ime.  



Figure 0-30. Prospective Hydropower S i t e ,  Wai hee Stream, Maui . 



WAlHEE STREAM, MAUl \ 1 USGS STATION 16612000 . 1 
1 I ELEVATION 600 FT. I 

PERCENT OF TIME FLOW EQUALED OR EXCEEDED 

Figure D-31. .Flow Durat ion Curve, Waihee Stream, Maui.. , 

(Based on U.S.'G.S. Water Resources D iv i s ion  Stream Gage Data) 
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Table D-?O. HYDROPOWER PROJECT COST SUMF~ARY~ 

PROJECT: Waihee .Stream, ,t.laui 

Turb i  ne/Genera t o r s  

S t a t i o n  E l e c t r i c a l  Equipment 

Penstock 

S i  tework 

Powerhouse C i  v i  1 

Access Road 

Transmission L ine  

Miscellaneous Equipment 

SUBTOTAL 

cont ingencies2 

I n d i  r e c t  costs3 

TOTAL 

l c o s t  data as of October 1980. 

2a t  202 of cons t ruc t i on  costs; inc ludes  allowance o f  10% f o r  i n t e r e s t  du r ing  
cons t ruc t i on  ( 1  year ) .  

3a t  20% o f  cons t ruc t i on  cos ts  + cont ingencies; inc ludes  cos ts  o f  f e a s i b i l i t y  
study, 1 icense and pe rm i t  app l i ca t i ons ,  engineer ing and design, c o n s t r u c t i o n  
management, and admin i s t ra t i on .  



ENERGY VALUE ESCALATION ( %/YR)  
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Figure D-32. Breakeven Hydropower Pr ice  as a Function of I n t e res t  Rate and 
Energy Value Escalat ion.  Rate, Wai hee Stream, Maui . 
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Table D-21. TECHNICAL DATA SUMMARY 

PROJECT S I T E  Hanawi Stream, Maui 

1000 kw P lan t  Capacity 

S t a t i c  Head 990 ft 

Penstock Length 7,000 ft 

Average Gradient  0.141 ft/ft 

Stream Gage o f  Record USGS # 16508000 

Streamflow Parameters Average Flow 22.5 c f s  

~ i 5  29.6 cfsl 

460 7.2 c f s l  

Q95 2.5 cfsl. 

Turbine/Generator Capac i t ies  1. 420 kw 

2. 580 kw 

Average Annual Energy Product ion 5,026,000 kwh 

Overa l l  P l a n t  Factor  57% % 

Miscel laneous: 

QN i s  the  stream f l o w  which i s  equaled o r  exceeded N percent  of t h e  
time. 



Figure D-33. Prospective Hydropower S i te ,  . . iianawi Stream, Maui . 
D-54 ' 
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HANAWI STREAM, MAUl 
USGS STATION 16508000 
ELEVATION 1318 FT. 
PERIOD OF RECORD 1 1914-1916, 
1921 - 1979 
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0-34. Flow Du ra t i on  Curve, Hanawi Stream, Maui. 
.(Based on U. S. G. S. Water Resolirces D i v i  s io r l  Streanl Gage 

. . . . 
Data) 



Table D-22. HYDROPOWER PROJECT COST SUMMARY 

PROJECT: Hanawi Stream, Maui 

Turbi ne/Generators 

S ta t ion  E l e c t r i c a l  Equipment 

Penstock 

S i  tework  

Powerhouse C i v i l  . 

Access Road 

Transmission L ine 

Miscellaneous Equipment 

SUBTOTAL 

~ o n t i n ~ c n c i e s z  

I n d i r e c t  costs3 

TOTAL 

l c o s t  data as of October 1980. 

2at 20% o f  const ruc t ion costs; includes allowance o f  10% f o r  i n t e r e s t  dur ing 
const ruc t ion (1 year).  

3at 20% o f  const ruc t ion costs + contingencies; includes costs o f  feasi b i  1 i t y  
study, 1 icense and permi t appl i ca t ions ,  engineering and design, const ruc t ion 
management, and administ rat ion.  



ENERGY VALUE ESCALATION ( % / Y R )  
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Figure 0-35. Breakeven Hydropower P r i c e  as a Function o f  I n t e r e s t  Rate and 
Energy . . Value Escalat ion Rate, Hanawi Stream, Maui. 
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Table D-23. TECHNICAL DATA SUMMARY 

PROJECT S I T E  Kol'ea, Maui 

P I  an t  Capaci t y  

S t a t i c  Head 

Penstock Length 

Average Gradient  

Stream Gage o f  Record 

Streamflow parameters 

USGS # 16538000 

Average Flow 29.3 c f s  

16 c f s l  

Turbine/Generator Capac i t ies  1. . 200 kw 
2. 300 kw 
3, 600 kw 

Average Annual Energy Product ion . 4,459,000 kwh 

Overa l l  P l a n t  Factor  46 % 

Miscel laneous: 

QN i s  the  stream f l o w  which i s  equaled o r  exceeded N percent  o f  the  
t ime. 



Figure D-36. Prospective Hydropower S i t e ,  Kolea, Maui . 
Scale: 1 in. = ZUUU ft. 



PERCENT OF TIME FLOW EQUALED OR EXCEEDED 

SPRECKELS DITCH, MAUl 
USGS STATION 16538000 
ELEVATION 1471 FT. 
PERIOD OF RECORD : 1922-1979 

Figure  D-37. Flow Dura t ion  .Curve, Kolea, Maui Gprecke ls  D i tch) .  
(Based on U.S.'G. S .  Water Resources D i v i s i o n  Stream Gage Data) 
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Table D-24. 
. . .  

TECHNICAL DATA SUMMARY 

PROJECT SITE Hoopoi Chute, Maui 

P l  an t  Capaci ty 

S t a t i c  Head 

Penstock Length' 

Average Gradient  

Stream Gage of Record 

2,390 kw 

240 f t  

5,500 ft 

0.044 ft/ft 

USGS # N/A 

Streamf 1 ow Parameters Average Flow N/A cfs  

415 N/A cfsl 

Q50 N/A c f s l  

Q95 N/A cfsl 

Turb i  ne/Generator Capaci t ies . 1. 1000 kw 

2. 1000 kw 

Average Annual Energy Product ion 5,500,000 kwh 

Overa l l  P l a n t  Factor  31 % 

M i  sce l  1 aneous : 

Most o f  the data and ana lys i s  were prov ided by Alexander and 

Baldwin, Inc. Flow du ra t i on  data were n o t  ava i l ab le .  J u s t  p r i o r  t o  

pub l i ca t i on ,  est imate was modi f ied t o  1,000 kw capaci ty ,  3.0 m i l l i o n  

kwh per  year. F inanc ia l  analys is ,  however, i s  based on 2,000 kw, 

5.5 m i l l i o n  kwh per  year.  

QN i s  the  stream f l o w  which i s  equaled o r  exceeded N percent  o f  t h e  
t ime. 



Figure D-38. Prospective Hydropower S i t e ,  Hoopoi Chute, Mayi . 
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Table 0-25. HYDROPOWER PROJECT COST SUMMARY l 

PROJECT: Hoopoi Chute, Maui 

Turbi ne/Genera to rs  

Sta t ion E lec t r i ca l  Equipment 

Penstock 

S i  tework 

Powerhouse C i v i  1 

Access Road 

Transmission Line 

Miscellaneous Equipment 

SUBTOTAL 

con t i  ngencies2 

I nd i  r e c t  costs3 

TOTAL 

l cos t  data as of October 1980. 

2at  20% of construct ion costs: includes allowance o f  10% f o r  i n t e r e s t  dur ing 
construct ion (1 year). 

3at 20% o f  construct ion costs + contingencies; includes costs of f e a s i b i l i t y  
study, 1 icense and permit  appl icat ions,  engineering and design, construct ion 
management, and administrat ion.  * 



ENERGY VALUE ESCALATION ( O/o/YR) 

Figure D-39. Breakeven Hydropower Pri.ce as a F u n c t i ~ n  o f  I n t e r e s t  Rate and 
Energy Value Escalat ion Rate, . Hoopoi . Chute, Maul. 



Table D-26. ' . TECHNICAL DATA SUMMARY - 

PROJECT SITE N a i l  i i 1 i haele Stream, Maui 

P lan t  Capaci t y  

S t a t i c  Head 

Penstock Length 

Average Gradient  

Stream Gage of Record 

Streamflow Parameters 

0.165 

USGS # 

Average Flow 35.1 

c f s l  

c f s l  

Turbine/Generator Capac i t ies  1. . 200 kw 

2. 270 kw 

Average Annual Energy Product ion - 3,000,000 kwh 

Overa l l  P l a n t  Factor  73 % 

M i  sce l  1 aneous : 

QN i s  the  stream f l o w  which i s  equaled o r  exceeded N percent  o f  t he  
t ime. 



Figure 0-40. Prospective Hydropower S i t e ,  Nai 1 i i 1 i haele Stream, Maui . 
Scale: 1 in. = 2000 ft. 
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PERCENT OF TIME FLOW EQUALED OR EXCEEDED 

* 

\ 

F igu re  D-41. Flow Du ra t i on  Curve, ' Nai 1 i il i hae le  Stream, Maui . 
(Based on U.S .G.S .  Water Resources D i v i s i o n  Stream Gage Data) 

. . 
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Table .D-27. 
. . .  . ._ - 

TECHNICAL DATA SUMMARY 
. . 

PROJECT SITE Kahakuloa Stream, Maui 

PI ant Capact ty  

S t a t i c  Head 

penstock Length 

Average Gradient 

Stream Gage o f  Record 

Streamfl ow Parameters 

233 kw 

335 ft 

7000 ft 

0.048 ft/ft 

. USGS # 16618000 

Average Flow 16-8 cfs 

415 24.0 cfsl. 

460 8.9 cfsl 

Q95 4.8 cfsl 

Turbine/Generator Capacit ies : 233 kw 

Average Annual Energy Production 1,594,000 kwh 

Overal l  P lant  Factor 78 % 

.Mi scel  1 aneous: 

qN i s  the stream f low which i s  equaled or exceeded N percent of the 
time. 
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KAHAKULOA STREAM, MAUl 
USGS STATION 1668000 
ELEVATION 330 FT. 
PERIOD OF RECORD: 1939-1943, 
1947-1970, 1975 - 1979 

\ 

. 
PERCENT OF TIME FLOW EQUALED OR EXCEEDED 

Figure D-43. Flow Durat ior,  Curve, Kahakuloa Stream, Maui . 
(Based on U .  S. G.S. Water Resources D i v i s i o n  Stream Gage Data) 



Table D-28. 

PROJECT S I T E  Honokohau Di tch,  Maui 

P lan t  Capacity 

S t a t i c  Head 

Penstock Length 

Average Gradient  

Stream Gage o f  Record 

Streamflow Parameters Average Flow N/A c f s  

Q15 38 cfsl  

Q50 20 cfs l  

Q95 8 c f s l  

Turb i  ne/Generator Capaci t ies 130 kw 

Average Annual Energy Product ion 830,000 kwh 

Overa l l  P l a n t  Factor  73 % 

Miscel laneous: 

Thi s  s i t e  was p rev ious l y  developed, then abandoned. Powerhouse 

foundation and o l d  t u r b i n e  (no t  salvageable) remain. S i t e  i s  a t  t h e  

i n t a k e  t o  a  siphon which t ranspor ts  Honokohau ( o r  Honolua) D i t c h  water 

across gulch. There i s  a  drop o f  46 feet  f rom the  tunnel  e x i t  t o  t h e  

siphon in take.  Flow data was supp l ied  by Amfac, Inc. 

QN i s  t he  stream f l o w  which i s  equaled o r  exceeded N percent  o f  t he  
t ime. 





FLOW 
(CFS) 

PERCENT OF TIME FLOW EXCEEDED 

Figure D-45. Flow Durat ion Curve, Honokohau Ditch, Maui . 
(Based on data o f  Amfac, Inc.) 



Table D-29. 
. .  , 

TECHNICAL . . DATA SUMMARY 

PROJECT S I T E  Honol i i Stream, Hawai i 

PI ant  Capacity 

S t a t i c  Head 

Penstock Length 

Average Gradient 

Stream Gage o f  Record 

Streamf 1 ow Parameters 

3900 kw 

680 ft 

8300 ft 

0.082 ft/ft 

USGS # 16717000 

Average Flow 125 c f s  

415 164 cfsl 

450 36 cfsl 

Turbi ne/Generator Capacit ies 1. 2000 kw 

2. 1903 kw 

Average Annual Energy Production 17,572,000 kwh 

Overal l  P lant  Factor 52 % 

M i  scel  laneous: 

QN i s  the stream f l ~ w  which i s  equaled o r  exceeded N percent of the 
time. 



F i  gure D-46. Prospecti ve Hydropower Site , Honol i i Stream, Hawai i 
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PERCENT OF TIME FLOWS ARE EQUALED OR EXCEEDED 

Figure D-47. Flow Duration Curve, Honol i i  Stream, Hawaii .  
- (Based on U.S.G.S. Water Resources . D i v i s i o n  . Stream Gage Data) 



Table D-30. 

PROJECT: Honol i i Stream, Hawaii 

Turbi ne/Generators 

Sta t ion E l e c t r i c a l  Equipment 

Penstock 

S i  tework 

Powerhouse C i v i l  

Access Road 

Transmission Line 

Miscellaneous Equipment 

SUBTOTAL 

con t i  ngencies2 

I n d i r e c t  costs3 

TOTAL 

l cos t  data as o f  October 1980. 

2at 20% of construct ion costs; includes allowance o f  10% f o r  i n t e r e s t  dur ing 
construct ion ( 1  year). 

3at 20% o f  construct ion costs +-contingencies; includes costs o f  feasi b i  1 i t y  
study, 1 icense and permit appl ica t ions,  engineering and design, construct ion 
management, and administrat ion. 



HONOLI I STRE AM, HAWAII 
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INTEREST RATE 
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Figure D-48. Breakeven Hydropower Price as a Function of Interest Rate 
and Ene,rgy Value EscalatSon Rate, Honol i i Stream, Hawaii. 



Table D-31. TECHNICAL DATA SUMMARY 

PROJECT SITE Wai 1 uku River,  Hawaii 

P l  an t  Capaci ty 

S t a t i c  Head 

Penstock Length 

Average Gradient  0.087 ft/ft 

Strcam Gage o f  Record USGS # 16704000 

Streamflow Parameters Average Flow 286 cfs  

415 380 cfs l  

Q50 82 cfs l  

Q95 14 cfsl 

TurbineIGenerator Capaci t ies 1. . 800 kw 

2. 1,200 kw 

Average Annual Energy Product ion . 11,070,000 kwh 

Overa l l  P l a n t  Factor  64 % 

Miscellaneous: 

S i t e  i s  upstream o f  the  e x i s t i n g  i n t a k e  o f  t he  Waiau hydro p lan t .  

A d i t c h  i s  requ i red  t o  d i v e r t  water from a Wailuku R iver  t r i b u t a r y  t o  

a forebay j u s t  upstream o f  Pukamaui F a l l s .  

QN i s  the stream f l o w  which i s  equaled o r  exceeded N percent  o f  t he  
t inie. 



Figure 0-49. Prospective Hydropower S i t e ,  Wai 1 uku R i  vcr,  Hawai i . 



PERCENT OF TIME FLOW EQUALED OR EXCEEDED 

Figure D-50. . Flow' Duration Curve, Wail uku River ,  Hawaii. 
(Based on U .  S.G.S.  Water Resources D i v i s i o n  Stream Gage Data) 



Table D-32. 

PROJECT: Wail uku River, Hawai i 

Turbi ne/Genera t o r s  

S t a t i o n  E l e c t r i c a l  Equipment 

Penstock 

S i  tework 

Powerhouse C i v i l  

Access Road 

Transmission L ine  

Miscellaneous Equipment 

SUBTOTAL 

cont ingencies2 

I n d i r e c t  costs3 

TOTAL 

l c o s t  data as o f  October 1980. 

2a t  20% of cons t ruc t i on  costs; inc ludes  allowance o f  10% f o r  i n t e r e s t  du r ing  
cons t ruc t i on  ( 1  year) .  

3a t  20% of  c o n s t r u c t i o n  cos ts  + cont ingencies; inc ludes  cos ts  o f  f e a s i b i l i t y  
study, 1 icense and permi t  appl i c a t i o n s  , engineer ing and design, . cons t ruc t i on  
management, and admin is t ra t ion .  
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Figure D-51 

ENERGY VALUE ESCALATION ( %/YR)  

Breakeven Hydropower P r i c e  as a .Funct ion of I n t e r e s t  Rate 
and Energy Value Esca la t ion  Rate, Wai 1 uku River,  Hawai. i . 



Table D-33. TECHNICAL DATA SUMMARY 

PROJECT S I T E  Wailoa River, Hawaii 

P l  ant  Capacity 

S t a t i c  Head 

Penstock Length 

Average Gradient 

Stream Gage o f  Record 

Streamf 1 ow Parameters 

1850 kw 

300 f t  

11,000 f t  

0.027 ft/ft 

USGS # 16732200 

Average Flow 73.5 C ~ S  

415 l o o  c f s l  

Q50 51 cfsl 

TurbineIGenerator Capacit ies 1850 kw 

Average Annual Energy Production 

Overal l  P lant  Factor 

M i  scel 1 aneous: 

10,292,000 kwh 

64 % 

i s  the stream f l ow  which i s  equaled o r  exceeded N percent of the QN 
time. 



Scale: 1 i n .  = ZUUU tt. 
Figure D-52. Prospective Hydropower S i t e ,  Wailoa R iver ,  Hawaii. 
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WAILOA RIVER,  HAWAII 
USGS STATION 16732200 
ELEVATION 360 FT 
PERIOD O F  RECORD: 1901 - 1902, 
191 1- 1912, 1964-1969 

- -- -. 

Figure D-53. Flow Durat ion Curve, Wailoa River,  Hawaii . 
(Based on U.S.G.S. Water Resources D i v i s i o n  Stream Gage ~ a t a )  
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Table D-34. HYDROPOWER PROJECT COST SUMMARY~ 

PROJECT: Wai 1 oa River, Hawai i 

Turbi ne/Genera t o r s  

S ta t i on  E l e c t r i c a l  Equipment 

Penstock 

S i  tework 

Powerhouse C i v i  1 

Access Road 

Transmission L ine  

Miscellaneous Equipment 

SUBTOTAL 

c o n t i  ngencies2 

I n d i r e c t  costs3 

TOTAL 

l c o s t  data as of October 1980. 

2a t  20% of cons t ruc t i on  costs: inc ludes allowance of 10% fo r  i n t e r e s t  dur ing  
cons t ruc t i on  ( 1  year) .  

3a t  20% of cons t ruc t i on  cos ts  + cont ingencies; inc ludes cos ts  of f e a s i b i l i t y  
study, 1 icense and permi t  app l ica t ions ,  engineer ing and design, cons t ruc t i on  
management, and admin is t ra t ion .  



ENERGY V A L U E  E S C A L A T I O N  ( %/YR)  
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. 

Figure .D-54..  Breakeven Hydropower P r i c e  as a Function .o f  ~ n t e r e s t  Rate and 
: Energy Value Esca la t ion  Rate, Wailoa R iver ,  Hawaii .  
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Table D-35. TECHNICAL DATA SUMMARY 
. . .  - 

PROJECT SITE Awini Fa l l s ,  Hawaii 

P lan t  Capacity 

S t a t i c  Head 

Penstock Length 

Average Gradient  

Stream Gage o f  Record 

Streamflow Parameters Average Flow 16.6 c f s  

415 31.3 c f s l  

Q50 18.3 cfsl 

Q95 2 c f s f  

~ u r b i n e / ~ e n e r a t o r  Capac i t ies  1. 250 kw 
2. 560 kw 
3. 690 kw 

Average Annual Energy Product ion 7,675,000 kwh 

Overa l l  P l a n t  Factor  58 % 

'Miscel laneous: 

QN i s  the  stream f l g w  which i s  equaled o r  exceeded N percent  of t he  
. t ime..  



Scale: 1 i n .  = ZUUU tt. 

Figure D-55. Prospective Hydropower S i t e ,  Awini F a l l s ,  Hawaii. 
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Table D-36. HYDROPOWER PROJECT COST SUMMARY' 

PROJECT: Awini Fa l l s ,  Hawaii 

Turbi ne/Generators 

S ta t ion  ~ l e c t r i c a l  Equipment 

Penstock 

Si  tework 

Powerhouse C i v i  1 

Access Road 

Transmission Line 

Miscellaneous Equipment 

SUBTOTAL 

con t i  ngencies2 

I n d i r e c t  costs3 675,000 

TOTAL 

l c o s t  data as o f  October 1980. 

2at  20% of const ruc t ion costs; inc ludes allowance o f  10% f o r  i n t e r e s t  dur ing 
const ruc t ion ( 1  year).  

3at  20% o f  const ruc t ion costs + contingencies; includes costs of f e a s i b i l i t y  
study, l i cense  and permi t  app l ica t ions,  engineering and design, const ruc t ion 
management, and administ rat ion.  



ENERGY VALUE ESCALATION ( %/YR)  

- 

. 

Figure 0-57. Breakeven Hydropower P r i c e  as a Function of I n t e r e s t  Rate and 
Ene,rgy Value Escalat ion Rate, Awini Fa1 1 s; Hawai i . 
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Table D-37. TECHNICAL DATA SUMMARY 

PROJECT SITE East Br. Honokane Nui Stream, Hawaii 

P lan t  Capacity 

S t a t i c  Head 

Penstock Length 

Average Gradient  

Sl r t ta~n  Gayt! o f  Record 

Streamflow Parameters 

1,100 kw 

435 ft 

7,500 ft 

.0.058 ft/ft 

USGS # 16747500 

Average Flow 25.7 c f s  

915 '40.8 cfs l  

Q95 16 cfS1 

Turbine/Generator Capac i t ies  1100 kw 

. . 

Average Annual Energy Product ion 6,194,000 kwh 

Overa l l  P l a n t  Factor  64 % 

M i  sce l  1 aneous : 

P lan t  s i t e  i s  same as Awini F a l l s ,  b u t  has a d i f f e r e n t  i n t a k e  

and penstock arrangement. Co-development o f  bo th  s i t e s  would a l l o w  

shar ing o f  f a c i l i t i e s  (powerhouse, switchyard, t ransmiss ion l i n e ,  

access road) and would r e s u l t  i n  s i g n i f i c a n t  cos t  reduct ions.  

QN i s  the stream f low which i s  equaled o r  exceeded N percent  o f  t he  
t ime. 
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Figure D-58. . 'Prospective Hydropower S i t e ,  East Branch Honokane Nui 
Stream, Hawaii. . 

Scale: 1 in .  = 2000 ft. 
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\ EAST BR. HONOKANE STR., HAWAII 
USGS STATION 16747500 
ELEVATION 1080 FT 
PERIOD OF RECORD: 1963-1969 

- - . 
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PERCENT OF TIME FLOW EQUALED OR EXCEEDED 

Figure  D-59. Flow Durat ion Curve, E .  Br. Honokane Nui Stream, Hawaii. 
. (B.ased o n  U. S. G.  S. Water Resources . 

. 
D i v i s i o n  Stream Gage Data) 



Table D-38. HYDROPOWER PROJECT COST SUMMARY~ 

PROJECT: East Branch Honokane Nui Stream, Hawaii 
. . 

1 Turbi  ne/Genera t o r s  2.20,OOO 

S t a t i o n  E l e c t r i c a l  Equipment 340,000 

Penstock 750,000 

1 S i  tework 

Powerhouse C i v i  1  

Access Road 

Transmission L ine  

M i  scel  laneous Equipment 

SUBTOTAL 

~ o n t . i n c j e i l c i e s ~  

I n d i  r e c t  costs3 

TOTAL 

l c o s t  data as o f  October 1980. 

2a t  2 0 m f  cons t ruc t i on  costs; inc ludes  allowance o f  10% f o r  i n t e r e s t  du r ing  
cons t ruc t i on  (1 year ) .  

3a t  20% o f  cons t ruc t i on  cos ts  + cont ingencies; i n c l  udes cos ts  o f  f e a s i  b i  1  i t y  
study, l i c e n s e  and permi t  app l i ca t i ons ,  engineer ing and design, cons t ruc t i on  
managenlent, and admin is t ra t ion .  
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ENERGY VALUE ESCALATION ( %/YR)  

Figure D-60. Breakeven Hydropower P r i c e  as a Function , o f  I n t e r e s t  Rate and 
Ene,rgy Value Escalat ion Rate, .E. 'Br. Honokane Nui Stream, Hawaii. 



Table D-39. HYDROPOWER PROJECT COST SUMMARY~ 

PROJECT: Combination of Awini Falls-Honokane N u i  Stream, Hawaii 
. . .  . 

Turbi  ne/Genera t o r s  

S t a t i o n  E l e c t r i c a l  Equipment 

Penstock 

S i  tework 

Powerhouse C i v i  1  

Access Road 

Transmission L ine  

M i  scel  laneous Equipment 

SUBTOTAL 

~ o n t i ' n ~ e n c i  es2 

I n d i r e c t  costs3 

TOTAL 

l c o s t  data as o f  October 1980. 

2a t  20% of cons t ruc t i on  costs; inc ludes  allowance o f  10% f o r  i n t e r e s t  du r ing  
cons t ruc t i on  (1  year ) .  

3a t  202 o f  cons t ruc t i on  cos ts  + cont ingencies; inc ludes  cos ts  o f  f e a s i b i  1 i t y  
study, 1 icense and pe rm i t  appl i c a t i o n s ,  engineer ing and design, cons t ruc t i on  
management, and admin is t ra t ion .  





Table D-40. TECHNICAL DATA SUMMARY 

1 PROJECT SITE Union M i l l ,  Hawaii 

P lan t ,  Capacity 500 

S t a t i c  Head 580 

Penstock Length 8,700 

Average Gradient  0.067 

Stream Gage o f  Record USGS # 
;z 

Streamf 1 ow Parameters Average Flow 40.8 

Q15 6 0 

Q50 3 7 

Q95 20 c f s l  

Turbine/Generator Capaci t ies : 500 kw 

Average Annual Energy Product ion 4,600,000 kwh 

Overa l l  P l a n t  Factor  94 % 

Miscel laneous: 

Analys is  performed by U.S. Army Corps o f  Engineers. 

QN i s  the  stream f l o w  which i s  equaled o r  exceeded N percent  o f  t he  
t ime. 



Figure 0-62. Prospect ive  Hydropower S i t e ,  Union M i l  1.9 Hawaii 
. . . . 
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Table D-41. 
. . .  

TECHNI CAL DATA SUMMARY 
. .  . 

PROJECT SITE Pohakupuka Stream, Hawaii 

P lan t  Capacity 

S t a t i c  Head 

Penstock Length 

Average Gradient  

Stream Gage o f  Record USGS # 16717800 

Streamflow Parameters Average Flow 27.1 c f s  

Q15 37.5 c f s l  

Q50 7.7 c f s l  

Q95 1.3 c f s ?  

Turbine/Generator Capaci t ies 1. 250 kw 

2. 350 kw 
. .  

Average Annual Energy Product ion 2,303,000 kwh 

Overal l  P l a n t  Factor  44 % 

Miscellaneous: 

QN i s  t he  stream f l o w  which i s  equaled or exceeded N percent  of t he  
. t ime. 
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POHAKUPUKA STREAM, HAWAl l 
USGS STATION 16717800 
ELEVATION 2 5 0  FT. 

60 PERIOD OF RECORD~1962-1979 
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PERCENT OF TIME FLOW EQUALED OR EXCEEDED 

Figure  D-65. . 'Flow Dura t ion  Curve, Pohakupuka Stream, Hawaii . 
(Based on U . S .  G;S. Water  Resource D i v i s i o n  Stream Gage Data) 
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Table D-42. TECHNICAL DATA SUMMARY 

PROJECT SITE Keaiwa-Meyer Reservoirs , Ka' u Sugar Compa.ny , Hawai i 
. . .  . . . . .  

P lan t  Capacity 280 

S t a t i c  Head 1,300, 570 

Penstock Length 8,600, 7400 

Average Gradient  0.151, 0.077 

Stream Gage o f  Record USGS # 
B 

Streamflow Parameters Average Flow N/A 

Q15 2.3 

Q50 1.8 c f s l  

.7 c f s l  

Turbine/Generator Capaci t ies 1. 200 kw 

2. 8 0 k H  

Average Annual Energy Product ion 1,650,000 kwh 

Overa l l  P lan t  Factor  67 f 

Miscellaneous: 

Water i s  developed from tunnels and t ranspor ted  v i a  a d i t c h  t o  

Keaiwa Reservoir. Turbine #1 would be l oca ted  a t  Meyer Reservoir ,  

downstream o f  Keiawa (1,300 ft. head. ). Turbine #2 would be l oca ted  

a t  the fac to ry ,  u t i l i z i n g  the  570-foot drop from Meyer Reservoir .  Flow 

data prov ided by Ka' u Sugar Company. 

QN i s  the  stream f l o w  which i s  equaled o r  exceeded N percent  o f  the 
t i me. 
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scale:  I i n .  = ~ u v u  TL. 

Figure D-66. Prospective Hydropower S i t e ,  Keaiwa-Meyer Reservoirs,  
Ka'u Sugar Company, Hawaii. . . 



PERCENT OF TIME FLOW EQUALED OR EXCEEDED 

F i g u r e  D-67. Flow Du ra t i on  Curve, Keaiwa Reservo i r .  (Based on 
Ka'u Sugar . . Company Data].  
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Figure 0-68. . Flow Duration ' Curve, Meyer Reservoir.  (Based on 
Ka'u Sugar Company Data).  
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Table D-43. 
. . .. TECHNICAL DATA SUMMARY 

PROJECT SITE A1 i a  Stream a t  Pepeekeo, Hawaii. 

P lan t  Capacity : 330 kw 

S t a t i c  Head 210 ft 

Penstock Length 3,000 ft 

Average Gradient  "0:07 ft/ft 

Stream Gage o f  Record USGS# 167176 

Streamf 1 ow Parameters Average Flow 12.9 c f s  

415 .'18.9 cfsl 

450 12 c f s l  

Q95 4.0 cfsl 

T u r L i r ~ e / G e r ~ e r ' d L ~ r ; C d p d ~ i t i e ~  1.. 180 kw 

2. 150 kw 

Average Annual Energy Product ion 1,542,000 kwh 

Overa l l  P l a n t  Factor  53 % 

M i  sce l  1 aneous : 

1 
QN is the stream f l o w  which i s  equaled o r  exceeded N percent  o f  t he  

t ime. 



Figure 0-69. Prospective Hydropower S i t e ,  A1 i a  Stream, Hzwai i. 



ALlA STREAM, HAWAII 
USGS STATION 16717600 
ELEVATION 490 FT. 
PERIOD OF RECORD 1 1962-1972 
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PERCENT OF TIME FLOW EQUALED OR EXCEEDED 

Figure D-70. F l o w D u r a t i o n  Curve, A l i a  Stream, Hawaii. 
. .  (Based on .U.S..G;S. Water Resources D i v i s i o n  Stream 

Gage Data); ' 
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ABSTRACT 

A brief survey of prospective pumped storage hydrolectric s i t e s  in the 

State of Hawaii has been performed. Pumped storage i s  a method of providing . . 

energy storage for  u t i l i t y  load-leveling. I t  u t i l izes  the potential ene,rgy 

difference of water. reservoirs a t  different  elevations. Besides load-level- 

ing, pumped storage i s  also useful for  smoothing out the energy output flue- 
- .. 

tuations of variable-energy sources, such .as wind turbines or  photovoltaic 

arrays. Twelve. s i t e s  throughout the State were identified in th i s  survey as  

prospective pumped storage s i t e s .  The s i t e s  were chosen according to  a number 

of general c r i t e r i a ,  including high s t a t i c  head, short penstock length, use of 

existing reservoirs, favorable location near e l ec t r i c  load centers, and good 

s i t e  accessi bi l i  ty. Included in the l i s t  of twelve were four s i t e s  on .Oahu, 

three on Molokai, two each on Maui and the Big Island, and one s i t e  on Kauai. 

Five s i t e s  were'chosen from the l i s t  of twelve for  a rough-cut economic 

analysis. Construction cost estimates were made for  these five s i t e s .  The 

construction cost was amortized over the l i f e  of the project. The annual 

amortization costs and operation and maintenance costs were summed to obtain 

an overall annual cost of the pumped storage project. Then, using the ex- 
. . 

pected hydroelectric energy output of the f a c i l i t y ,  a per-kilowatt-hour cost 

of pumped storage energy was computed. This cost was compared w i t h  the cur- 

rent cost of peak e l ec t r i c  energy using o i l - f i red  units. 

the resul ts  show that  pumped storage power i s  currently much more ex- 

pensive than power from oi l - f i red  units,  and costs $0.16-0.23 per kilowatt- 

hour. However, pumped storage could become economical by the 1990's i f  the 

price of o i l  continues to  escalate as i t  has during the 19701s, and the 

development of a l ternate  energy systems resul ts  in unit energy prices that  

are significantly less  tha,n those from oi l - f i red  u n i t ? .  



PUMPED STORAGE IN HAWAII: A STATEWIDE SITE SURVEY 

PRELIMINARY REPORT 

W.A. H i r a i  and Associates, Inc. 
Consul t ing Engineers 

H i l o ,  Hawaii 

30 September, 1980 

1.0 Purpose and Scope o f  This  Study 

The purpose o f  t h i s  s tudy i s  t o  perform a b r i e f  survey o f  p r m p e c t i v e  

s i t e s  f o r  pumped storage h y d r o e l e c t r i c  p l a n t s  i n  t he  Sta te  o f  Hawaii. A 

l i s t  o f  s i t e s ,  t h e i r  power p o t e n t i a l ,  and o the r  t echn ica l  parameters was 

prepared. I d e n t i f i c a t i o n  o f  prospect ive s i t e s  was c a r r i e d  ou t  by: 1 )  re -  

viewing previous studies;  2 )  seeking exper t  opin ions from the  engineer ing 

community; and 3) a broad map reconnaissance us ing a s e t  o f  s i t e  s e l e c t i o n  

c r i t e r i a .  For each s i t e  which appears p a r t i c u l a r l y  promising from a tech- 

n i c a l  standpoint,  a rough-cut economic ana lys i s  was performed t o  determine 

whether the  econon6cs o f  the  s i t e  a re  s u f f i c i e n t l y  encouraging t o  warrant 

f u r t h e r  d e t a i l e d  engineer ing studies.  It i s  n o t  in tended t h a t  t h i s  survey 

be exhaustive. It i s  a f i r s t  a t tempt t o  i d e n t i f y  promis ing s i t e s  statewide. 

The s i t e s  i d e n t i f i e d  i n  t h i s  survey undoubtedly a re  n o t  t he  o n l y  poss ib le  

s i t e s ,  and i n  f a c t  they may n o t  even be the  best  s i t e s .  The i n t e r e s t e d  

reader o f  t h i s  r e p o r t  may wish t o  add o the r  promis ing s i t e s  t o  the  l i s t ,  

and i s  encouraged t o  do so. 

2.0 I n t r o d u c t i o n  t o  Pumped Storage Concepts 

P lan ts  generat ing e l e c t r i c i t y  work more e f f i c i e n t l y  when producing 

power a t  a constant  l e v e l '  r a t h e r  than t r y i n g  t o  meet f l u c t u a t i n g  demands. 

The normal usage p a t t e r n  f o r  e l e c t r i c i t y  shows peaks o f  h igh  demand a t  cer -  

t a i n  hours o f  t he  day and troughs o f  much l e s s  demand a t  others.  



- I f  a generat ing p l a n t  were t o  p rov ide  constant  power a t  the  peak 

load demand the re  would be excess energy product ion du r ing  the  times of 

lower demand. On the o the r  hand, a constant p roduct ion  o f  anyth ing l e s s  

than the  peak demand would r e s u l t  i n  a d e f i c i t  du r i ng  peak l oad  hours. 

To a l l ow  a u t i l i t y  t o  base-load i t s  most e f f i c i e n t  generat ing u n i t s ,  

wh i l e  meeting the  f l u c t u a t i n g  demands throughout the day, an energy storage 

system can be employed. A storage system would he lp  l e v e l  the  load faced 

by the generat ing p lan t .  When product ion  o f  power exceeds demand, t he  

excess energy would be s to red  w i t h i n  the system t o  be discha.rged when de- 

mand exceeded product ion. 

A pumped hyd roe lec t r i c  storage system i s  a v i a b l e  method o f  p rov id ing  

energy storage f o r  . u t i l i t y  l oad  l e v e l i n g .  A w e l l  developed, mature tech- 

nology, the  pumped hydro storage concept has been app l i ed  i n  many i n s t a l -  

l t i o n s  world-wide. 

A pu111pecl hydr..~ s lurage systerii i ~ r v u l v e s  two bodies o f  water a t  J i f ,Ter-  

en t  e leva t ions  connected by a penstock (see Figure 1). When energy pro- 

duc t ion  exceeds demand, t h e  excess energy i s  used t o  pump water from the  

lower r e s e r v o i r  t o  the  h igher  one. During times o f  peak demands, water i s  

released from the upper r e s e r v o i r  t o  f l o w  through tu rb ines ,  producing hy- 

d r o e l e c t r i c  power, i n t o  the  lower rese rvo i r .  The h y d r o e l e c t r i c  power would 

he lp  the product ion  p l a n t  meet t he  demand load. 

The amount o f  energy t h a t  cou ld  be generated would depend upon the  

e l e v a t i o n  d i f f e r e n c e  between the  two reservo i rs ,  and the  l eng th  and d ia -  

meter o f  the  penstock. 

The l e v e l  and du ra t i on  o f  h y d r o e l e c t r i c  power produced can be regu- _ .. 
l a t e d  by the amount o f  water re leased from the  h igher  rese rvo i r .  Several 

con f i gu ra t i ons  cou ld  be designed t o  meet the  s p e c i f i c  needs o f  the  u t i l i t y .  



1 URBlNE AND PUMP 

Figure 1. Pumped Storage Schematic 



For example the power leve l  could be steady o r  variable; the durat ion o f  

power generation could be a  f i xed  number o f  hours per day o r  only when the 

demand exceeded a pre-determined leve l .  

Some energy i s  l o s t  i n  the storage process which must be weighed 

against the benef i ts  o f .  the base load generating p lant .  

U t i l i z a t i o n  o f  pumped hydro storage systems i s  not  l i m i t e d  t o  base 

loaded generating p lants  but  may serve .to help l eve l  the loads o f  a l t e r -  

nate energy producing devices such as wind turbines o r  so la r  devices. 

These a l te rna te  energy devices have a f l u c tua t i ng  pat tern  o f  production 

which may no t  coincide w i t h  the energy demand pattern. A pumped hydro 

energy storage system can help t o  match the production t o  the demand much 

i n  the same manner as w i t h  a  base loaded plant .  

The power ipotent ia l  pumped storage system i s  taken t o  be the capacity 

o f  the hydroe lect r ic  f a c i l i t y ,  and not  inc lud ing the capacity of the pump- 

ing  energy source. The capacity of the hydroe lect r ic  p lan t  i s  determined 

by the equation: 

(1 P = 0.085 Q H e  

where P = power i n  k i l owat ts  (kw) 

G = f low i n  cubic feet per second (cfs)  

H = net  head i n  feet ( f t )  

e  = e f f i c i ency  o f  turbinelgenerator  p l an t  

I n  t h i s  formula, the net  head i s  determined by: 

where Hs = s t a t i c  head, equal t o  the d i f ference i n  

e levat ion between the upper and lower 

reservoirs,  i n  f ee t  ( f t )  

hf = f r i c t i o n  losses i n  the penstock, and in take,  

i n  feet ( f t )  



I t  i s  assumed t h a t  hf = 0.15 Hs, so there fore :  

H = 0.85 Hs 

Assuming t h a t  the  e f f i c i e n c y ,  e = 0.85, then equat ion (1)  becomes: 

(2 )  P = 0.061 Q HS ( h y d r o e l e c t r i c  p l a n t )  

An equat ion s i m i l a r  t o  equat ion (2 )  can be developed f o r  the  pumping 

power requi red.  However, f o r  t he  pump: 

where 

hours per  day o f  h y d r o e l e c t r i c  opera t ion  
C = hours per  day o f  pumping 

and H  = Hs + hf 

For purposes o f  t h i s  repo r t ,  i t  i s  assumed t h a t  t he  h y d r o e l e c t r i c  p l a n t  

w i l l  operate i n  a  peaking opera t ion  f o r  j u s t  s i x  hours per  day, and pump- 

i n g  w i l l  occur the  remaining 18 hours per  day, so t h a t  C = 6/18 = 1/3. 

Furthermore' i n  pumping, s i n c c c  i s  l ess  than 1.0, t he  f l ow  iba.te 1l.lr-uuyh the 

penstock w i l l  be s l i g h t l y  l e s s  than i n  the h y d r o e l e c t r i c  mode, t he re fo re  

f r i c t i o n  losses w i l l  be somewhat less .  It i s  the re fo re  assumed t h a t  

hf = 0.03 HS, so the n e t  head i s :  

H = 1.03 HS 

Assuming a pump e f f i c i e n c y  o f  e  = 0.80, equat ion (3)  becomes: 

(4) P = 0.036 Q Hs (pumping p l a n t )  

Equations ( 2 )  and ( 4 )  are  approximate formulas f o r  rough-cut est imates o f  

power p o t e n t i a l .  I f  the  penstock diameter, length,  and cons t ruc t i on  are 

known, t he  f r i c t i o n  l o s s  hf can be computed more exac t l y .  
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3.0 U t i l i t i e s '  Needs For Peakinq Power 

I n  s i z i n g  pumped storage f a c i l i t i e s ,  t he  needs o f  the u t i l i t y  system 

must be considered. Each u t i l i t y  i n  the  Sta te  has i t s  own unique d a i l y  

system load p r o f i l e ,  i n t o  which the  ou tput  o f  the  pumped storage hydro- 

e l e c t r i c  u n i t  must be in tegra ted .  ~ ~ p i c a l  system l o a d  p r o f i l e s  f o r  each 

o f  the  major u t i l i t i e s  i n  Hawaii a re  inc luded i n  Appendix B. I n  each case, 

t he  system load  i s  smal les t  i n  t he  e a r l y  morning hours and, g rea tes t  i n  t he  

e a r l y  evening hours ea'ch day. Typ i ca l l y ,  t h e  load r i s e s  r a p i d l y  t o  a 

"shoulder" l e v e l  by mid-morning, where i t  remains r e l a t i v e l y  constant . 

u n t i l  mid-afternoon. The load then again increases r a p i d l y  toward a narrow 

peak, u s u a l l y  between s i x  o ' c l o c k  and e i g h t  o ' c l o c k  i n  the  evening, then - 
dec l ines t o  the n igh t t ime  low. Some u t i l i t i e s ,  na tab l y  Kauai and Molokai, 

experience l oad  peaks on some days which a re  unpronounced, t h a t  i s ,  they . .. 

r i s e  on l y  s l i g h t l y  above the  shoulder. 

To ob ta in  an idea o f  the "window" fo r  pumped s tnrge peaking power, 

one can examine the d i f fe rence between the u t i l i t y  system's shoulder and 

peak power loads. Thus, f o r  each is land,  the maximum p r a c t i c a l  s i z e  o f  a 

pumped storage peaking u n i t  i s  est imated t o  be: 

Oahu -- 150 megawatts 

Hawaii -- 15 megawatts 

Maui -- 15 megawatts 

Kauai -- 5 megawatts 

Molokai -- 1.5 megawatts 

4.0 Method o f  Study 

Three bas ic  methods were used i n  the  s i t e  reconnaissance. The f i r s t  

method was t o r e v i e w  the  prev ious s tud ies  o f  pumped storage i n  Hawaii. I f  

the  conclusions were found t o  be s t i l l  v a l i d ,  the  power p o t e n t i a l  and 



cos t  est imate were mod i f ied  according t o  the  assumptions used i n  t h i s  

study. The second method i nvo l ved  seeking exper t  opin ions f rom persons 

i n  Hawaii who have expe r t i se  i n  h y d r o e l e c t r i c  systems, water resources, o r  

o the r  areas p e r t a i n i n g  t o  pumped storage technology. A l i s t  o f  persons 

who have been contacted i n  t h i s  regard i s  inc luded i n  Appendix C. The 

t h i r d  method was a  map reconnaissance us ing  topographic maps o f  t he  U.S. 

Geological Survey, w i t h  supplementary data from S ta te  water resources 

repo r t s  and repo r t s  o f  the  Army Corps o f  Engineers. 

I n  performing the map reconnaissance f o r  prospect ive s i t e s ,  t he  f o l -  

lowing general s e l e c t i o n  c r i t e r i a  were used: 

(1 )  S i t e s  were sought a t  which two e x i s t i n g  r e s e r v o i r s  were s i t u a t e d  

i n  t h e  same v i c i n i t y ,  genera l l y  w i t h i n  about 3.0 m i l es  o f  each other ,  b u t  

p r e f e r a b l y  c loser .  The e leva t i on  d i f f e r e n c e  between the  two rese rvo i r s  

should be appreciable, a t  l e a s t  200 f e e t  b u t  p r e f e r a b l y  i n  t he  range o f  

500-2000 feet,  The low-head sites are  acceptable if the  rese rvo i r s  have 

s u f f i c i e n t l y  l a r g e  capaci ty .  A t  high-head s i t e s ,  r e s e r v o i r s  as small as 

5  t o  10 m i l l i o n  ga l lons  were considered, b u t  a t  low-head s i t e s  the  capaci-  

t i e s  should be a t  l e a s t  300 m i l l i o n  gal lons.  There a re  twelve r e s e r v o i r s  

i n  the  Sta te  which are  o f  about 300 m i l l i o n  ga l l ons  o r  more capaci ty .  

These a re  l i s t e d  i n  Table 1. 

(2) S i t e s  t h a t  have j u s t  one r e s e r v o i r  i n  p lace  were acceptable i f  

the  r e s e r v o i r  had a  l a r g e  storage capaci ty ,  o r  t he  a v a i l a b l e  head was 

extremely favorable,  e tc .  

( 3 )  S i t e s  t h a t  have no e x i s t i n g  r e s e r v o i r s  were acceptable i f  the  

a v a i l a b l e  head was except ional ,  i .e., a t  l e a s t  500 f e e t  b u t  sometimes up 

t o  2000 fee t .  Also, the  r a t i o  o f  s t a t i c  head t o  penstock l e n g t h  should 

be la rge ,  p r e f e r a b l y  g rea te r  than about 0.10. 



Table 1. - E x i s t i n g  Larqe 'Reservo i rs  i n  t h e  S t a t e  o f  Hawai i  

Reservo i r  - Capaci ty  ( m i l l i o n  g a l l o n s )  

Oahu: - 
Kaneohe-Kai 1 ua 800 

Ku Tree 320 

Nuuanu 1400 

Wahiawa 3000 

Kauai : 

A1 exander 

Kapa i a 

Kol oko 

Puu Lua 

Wai 1 ua 

Wai t a  

Hawaii : 

Puukapu 

Molokai  : 

Kualapuu 



- ( 4 )  Miscellaneous, favorable s i t e  c r i t e r i a  included: good s i t e  ac- 

cess ib i l i ty ,  low degree of construction d i f f icu l ty ,  ava i lab i l i ty  of make- 

up water, proximity to  existing u t i l i t y  transmission l ines  and load centers, 

and location in sparsely-populated areas. 

Si tes  that  were considered favorable according to  the above general 

c r i t e r i a  were further evaluated by determini,ng the pumped storage potential 

of the s i t e .  The power potential of a given s i t e  depends on many factors ,  

including: 

(1) The available head 

( 2 )  The available water supply 

( 3 )  The amount of available reservoir space 

( 4 )  The length of penstock required 

(5) The source of the pumping power 

(6) The need for  peaking power in the area 

The nature of the energy source fo r  the supply of power for  pumping 

the water to  the upper reservoir affects  the potential capacity of a given 

s i t e ,  because i t  determines how eff ic ient ly  the reservoir storage space 

can be ut i l ized:  Generally, energy sources may be divided into the follow- 

ing categories: 

(1) Base-load, or  dependable, energy sources, which supply a rela- 

t ively constant amount of power with high r e l i ab i l i t y .  These sources 

include thermal power plants fueled by f o s s i l ,  nuclear, o r  biomass fuels ,  

geothermal power plants, o r  OTEC plants. 

( 2 )  Variable energy sources, such as wind and solar  energy, in which 

the amount of power supplied i s  unpredictable over short time periods,. 

b u t  whose long-term average may be f a i r l y  well established. 



For va r iab le  energy sources, a d d i t i o n a l  storage space must be inc luded 

i n  the r e s e r v o i r s  t o  cover shor t - te rm shor tages,o f  pumping power due"to, 

f o r  example, calm-wind per iods o r  sky overcast.  O r ,  l ook ing  a t  t h i s  

another way, f o r  a, g iven r e s e r v o i r  s ize, t he  hydroe l 'ec t r i c  capac i ty  o f  a  

pumped storage s i t e  must be downgraded somewhat t o  take i n t o  account power 

shortages, i f  t h e  system i s  t o  main ta in  a  s a t i s f a c t o r y  degree o f  r e l i a b i -  

l i t y .  The degree t o  which the  capac i ty  must be downgraded depends on 

s i t e - s p e c i f i c  fac tors ,  such as the  h i s t o r i c a l  windspeed o r  overcast  beha- 

v i  o r  trends. 

For example, suppose t h a t  f o r  a  hypothet ica l  s i t e ,  i t  i s  known , t h a t  

the a v a i l a b l e  head i s  500 fee t .  It i s  des i red  t o  design a  pumped'storage 
'. 

system t o  prov ide  3,000 k i l o w a t t s  o f  h y d r o e l e c t r i c  power f o r  s i x  hours 
. . 

each day. Using Equation ( Z ) ,  i t  i s  found t h a t  a  f l o w  o f  100 cubic f e e t  

per  second ( c f s )  w i l l  s u f f i c e .  The capac i ty  o f  t he  rese rvo i r s  requ i red  t o  

con ta in  100 c f s ' f o r  s i x  hours i s  thus about 16 m i l l i o n  gal lons.  Th is  

represents the  capac i ty  requ i red  i f  a  r e l i a b l e  base-loaded energy source 

i s  a v a i l a b l e  f o r  pumping. Now, suppose t h a t  wind tu rb ines  are  t o  be used 

t o  pump the water t o  the upper rese rvo i r ,  and t h a t  occasional wind l u l l s  

o f  up t o  f o u r  days' du ra t i on  are expected i n  the area. I t  i s  then neces- 

sary t h a t  both r e s e r v o i r s  have s u f f i c i e n t  capac i ty  so t h a t  the  hydroelec- 

t r i c  generator can cont inue t o  f u n c t i o n  through a  four-day pe r iod  w i thout  

any pumping. Thus, they must be s i zed  a t  64 m i l l i o n  ga l lons  capaci ty .  

A l t e r n a t i v e l y ,  i f  the  s i z e  of the rese rvo i r s  i s  f i x e d  a t  16 m i l l i o n  ga l -  

lons, t he  capac i ty  o f  the  h y d r o e l e c t r i c  generator must be f o u r  t imes 

smal ler,  o r  750 k i l owa t t s ,  i f  wind tu rb ines  are  used. Or ,  i f  the  system 

i s  f i x e d  a t  16 m i l l i o n  gal lons,  3,000 k i l owa t t s ,  then the  h y d r o e l e c t r i c  

generator can o n l y  operate f o r  1% hours per  day du r ing  a  four-day wind 

l u l l .  



I t  i s  important  t o  keep these considerat ions i n  mind when rev iewing 

the s i t e s  inc luded i n  t h i s  reconnaissance survey. It i s  assumed f o r  these 

s i t e s  t h a t  a re l . iab le ,  base-load pumping energy source i s  us6d. No ad jus t -  

ment i s  made f o r  the poss ib le  use o f  var iable-energy sources, such as wind 

tu rb ines  o r  pho tovo l ta i c  generators, because these r e q u i r e  f u r t h e r  d e t a i l e d  

study a t  s p e c i f i c  s i t e s  t o  determine t h e i r  a v a i l a b i l i t y  f ac to rs .  

The eva lua t i on  o f  power p o t e n t i a l  f o r  each s i t e  was accompl ished us ing  

formulas s i m i l a r  t o  Equations (2)  and (4) ,  b u t  w i t h  f r i c t i o n  l o s s  hf com- 

puted by the  well-known Hazen-Williams formula, one form o f  which i s :  

where hf = f r i c t i o n  head loss ,  i n  f e e t  

L = l eng th  o f  penstock, i n  f e e t  

d = diameter of penstock, i n  f e e t  

Q = average f low,  i n  cubic f e e t  pe r  second 

C = a constant  which depends on the  roughness 

o f  t he  p ipe  (assume C = 120 i n  t h i s  ana lys i s )  

The penstock o f  diameter, d, was ad jus ted  u n t i l  a value o f  hf approx- 

imat ing  15% o f  the  t o t a l  s t a t i c  head was obtained. The. average f low, Q, 

was constra ined by e i t h e r  o f  two factors:  

1) For smal l  a g r i c u l t u r a l .  r ese rvo i r s ,  the max5mum a1 lowable pumped 

storage a l l o c a t i o n  was' 25% o f  the  r e s e r v o i r ' s  t o t a l  capaci ty .  . :  

2) For most o the r  cases, t he  f low was l i m i t e d  t o  keep the  penstock 

diameter down t o  a reasonable s i z e  so t h a t  the  penstock cos t  would ,not  ,be 

excessive. 



5.0 Util ization of Existing Agricultural'Reservoirs for  Pumped Storaqe 

Because of the existing potential storage capacity of agricultural  

reservoirs, these are logical prospects for  pumped storage. Indeed, some 

of larger agricultural reservoirs in Hawaii are, good prospects for  t h i s  

concept. However, i t  must be recognized that  the primary use of these 

reservoirs, for i r r igat ion,  confl ic ts  with the i r  use for  energy storage, 

so that any consideration of these reservoirs for  'pumped storage must take 

into account i r r igat ion patterns below the reservoir, and the supply of 

i r r igat ion water. Most agricultural reservoirs are  owned and used by 

sugar companies. 

Hawaii's agricultural reservoirs could be classif ied into categories 

of "large" and "small," although the distinction between these two i s  

fuzzy a t  best. Large reservoirs as defined here are  those which are i n -  

tended to store water on a seasonal or long-term cycle, as opposed to  small 

reservoirs, which may be f i l l e d  and drained in cycles of a day or  a week 

duration only. Neglecting complicating factors ,  we can a rb i t r a r i ly  clas- 

s i fy  a reservoir as large i f  i t  has a capacity in excess of about 900 acre- 

fee t ,  o r  about 300 million gallons. The large agricultural  reservoirs of 

Hawaii are  included i n  the l i s t  of the largest  reservoirs in the State,  

Table 1. 

Generally, a large reservoir can bet ter  tolerate  concurrent i r r i  ga- 

tion and pumped storage operations than a small reservoir. The pumped 

storage system only "borrows" a small portion of the water contained in 

the reservoir and returns i t  to  the reservoir each day. Normally, the 

large reservoir has suff ic ient  reserve to  be able to  spare a small quantity 

of water each day without impacting i r r igat ion needs. I n  time of severe 

drought, however, such as those which occur with a frequency of about 



once per decade, water levels in the reservoir may f a l l  so low that  a con- 

f l i c t  could ar i se  as to  the use of the l a s t  few million gallons remaining. 

I t  could e i ther  be released to  the f ie lds  below in a last-ditch e f fo r t  t o  

save the crop '(in which case there may be peak power shortages), or the . .  

pumped storage system could continue to  operate in the hope that  normal 

rains will soon return. In e i ther  case, the financial losses could be 

substantial ,  and th i s  question must be addressed on a , s i te -spec i f ic  basis. 

A solution could be that  the instal la t ion of a pumped storage system a t  an 

existing reservoir should include provisions for  an emergency supply of 

water in time of shortage, equal to  the amount to ' be  ut i l ized by the sys- 

tem for power generation. 

Smaller reservoirs are a more d i f f i cu l t  problem when incorporating 

pumped storage. Many of these are f i l l e d  and drained completely over a 

24-hour cycle, and i n  water-short areas the i r  capacity i s  not considered 

adequate just  for  i r r igat ion purposes, l e t  alone fo r  pumped storage. J r r i -  

gation operations might have to  cease completely for  some reservoirs during 

the hydroelectric phase, which would probably be four to  s ix  hours per 

day in the l a t e  afternoon and ear ly evening hours. These problems are  not 

necessarily insurmountable, however the sugar companies will be extremely 

reluctant to  allow use of the i r  small reservoirs for  pumped storage unless 

these concerns are completely sa t i s f ied .  The capacity of an existing 

reservoir could be increased to  accommodate pumped storage, and separate 

intake and out le t  f a c i l i t i e s  for  i r r igat ion and energy production ut i l ized.  

The reservoir, i f  leaky, could be lined to cut leakage of i r r iga t ion  

water. These modifications, of course, will increase the cost of the 

pumped storage system, and decrease the advantage of using an existing 

reservoir over developing a new s i t e .  



- In t h i s  study, wherever the use of a small agr icul tura l  reservoir  i s  

proposed, i t  i s  a r b i t r a r i l y  -assumed tha t  only 25% of the feservoir  capacity 

i s  t o  be u t i l i zed  f o r  pumped storage. 

.... :. . . . .s,Cir.... ..... . .: .. ... .. . , . .. . . , . . , , . . 



6.0 - Descr ip t ions  of  Candidate ---- S i t e s  

Table 2 i s  a  l i s t  o f  the  prospect ive  pumped storage s i t e s  considered 

i n  t h i s  survey. There are  a  t o t a l  o f  twelve s i t e s  i n  the  l i s t .  Descrip- 

t i o n s  and l o c a t i o n  maps o f  these s i t e s  a re  g iven i n  the f o l l o w i n g  sect ions.  

In fo rmat ion  i s  g iven concerni,ng the  a v a i l a b l e  head, conceptual penstock 

arrangement and s i z e  parameters, power p o t e n t i a l ,  and storage requirements. 

Also inc luded a re  in format ion on s i t e  access, p rox im i t y  t o  e l e c t r i c  l oad  

centers, spec ia l  cons t ruc t i on  requ i  rernents, and any s i g n j f i c a n t  envi ron-  

mental o r  safety concerns. The s i t e s  are  n o t  i n  any p a r t i c u l a r  o rder  o f  

preference, bu t  a re  arranged i s l a n d  3. by is land,  s t a r t i n g  w i t h  Kauai and 

working eastward through Oahu, Molokai, Maui, and the  B ig  Is land.  However, 

the two s i t e s  i n v o l v i n g  pumped storage o f  seawater a re  presented a t  t he  

end, a f t e r  a b r i e f  d iscussion o f  t h i s  concept. 

From the l i s t  of twelve s i t e s ,  f i v e  were se lec ted  f o r  an economic 

ana lys is ,  which w i l l  be described in a l a t e r  sect ion.  
. . 

Because o f  the  l i m i t e d  scope and broad assumptions used, t h i s  survey 

can on l y  be considered as h i g h l y  p re l im ina ry .  The s i t e s  which have been 

i d e n t i f i e d  are  no t  necessar i l y  the  bes t  s i t e s  i n  t he  State,  bu t  r a t h e r  

represent  the  most obvious prospect ive  s i t e s  fo r  f u r t h e r  study o f  pumped 

storage development. Other s i t e s  undoubtedly awai t  i d e n t i f i c a t i o n  i n  

f u t u r e  surveys. 



Table 2. Summarv o f  P r o s ~ e c t i v e  Purn~ed Storaae S i t e s  I d e n t i f i e d  i n  Th i s  Survev 

.'. S t a t i c  Penstock R a t i o  . Hydropower 
Head ( f t )  Length ( f t ) '  HeadILength Output (kw) Reservo i rs  S i t e  

A1 exander Reservo i r1  
E l  ua Reservo i r  (2 )  E x i s t i n g  

Nuuanu Reservo i r /  
Kaneohe-Kai 1 ua Reservo i r  ( 2 )  E x i s t i n g  

Ku Tree Reservo i r /  
Wahi awa Reservo i r  ( 2 )  E x i s t i n g  

Kaau Crater/Maunawi.l i 
Val l e y  (2 )  Required 

( 1 )  Required Puu Nana Reservo i r1  Mahana 

Kualapuu Reservo i r1  
Puu Anoano (1)  Required 

Kahorna Reservo i r /  
C ra te r  Reservoi  r (2 )  E x i s t i n g  

(2 )  Required Puu Moel Maalaea 

Waipio V a l l e y  Rim/ 
Wailoa Stream (1)  Required 

(2 )  Required Kauku Cone/ A l a l a  Cone 

D i  arnond Head C ra te r /  
P a c i f i c  Ocean (1 )  Required 

(1 )  Required KapaleIMirnino Gulches 



7.0 Pumped Storage Using Seawater 

There are two major advantages to  using seawater. i n  a pumped 

storage appl ication: 

(1) One avoids the need to  construct a lower reservoir; 

(2) The supply of makeup water (as we1 1 as the water required 

i n i t i a l l y  to  "charge" the system) i s ,  for  a l l  practical purposes, in- 

f in i t e ly  1 arge. However,' there a re  major disadvantages as we1 1 : 

(1) Seawater i s  more corrosive to turbomachinery materials than 

fresh water. 

( 2 )  Leakage or  catastrophic escape of seawater from the upper 

reservoir can cause environmental harm, particularly, to  fresh ground- 

water suppl i es. 

There a re  ways to  avoid or  a l lev ia te  these disadvantages. More 

corrosion-resistant materials or  coatings can be used i n  the equipment, 

although this .wil1 increase the overall cost of the system. Leakase 

can be eliminated by a suitable lining of the reservoir, as well as by 

careful s i t e  selection for  suitable so i l  conditions. Similarly, ca- 

tastrophic e f fec ts  can be avoided by careful s i t i ng  of the reservoir 

away from populated areas and s ignif icant  potable water sources. Care- 

ful design can resul t  in the safe ,  environmentally sound use of sea- 

water fo r  pumped storage, b u t  the increased costs must be weighed 

against the advantages l i s t ed  above. 

Two s i t e s  were identified as prospective candidates for  seawater 

pumped storage s i t e s ,  one on Oahu and one on Molokai. These a re  des- 

cribed in more de ta i l .  in the following sections. 



8.0 Economic A n a l e  ---- 

From the l i s t  o f  prospect ive pumped storage s i t es ,  f i v e  s i t e s , w e r e  

se lec ted  f o r  f u r t h e r  ana lys is  o f  costs. The f i v e  se lec ted  were the  ones 

which appeard t o  be the  most promising, and, except f o r  the s i t e  on Molo- 

ka i ,  they i n v o l v e  the use o f  e x i s t i n g  rese rvo i r s .  Thus, the  cons t ruc t i on  

costs and environmental impacts are  b e t t e r  de f ined a t  t h i s  stage than the  

s i t e s  fo r  which new development i s  requi red.  The remaining s i t e s ,  there-  

fo re ,  a re  n o t  being re jec ted  o u t r i g h t ,  b u t  a d d i t i o n a l  study o f  these s i t e s  

i s  needed before even a rough-cut cos t  es t ima te  i s  made. 

Construct ion costs were d i v ided  i n t o  the  f o l l o w i n g  categor ies:  

o  Powerplant 

o  Penstock 

o  Reservoirs 

o  Embankments 

o  Intakes and Out le ts  

These c o s f  components were est imated us ing  standard cos t  curves o f  

the Army Corps o f  Engineers, and from date developed independently by the 

Consul t a n t .  

The costs o f  access roa'ds and t ransmiss ion l i n e s  were inc luded i n  a  

contingency amount, assumed t o  be 20% o f  t he  equip~iient costs.  Engineering 

and overhead were est imated us ing  15% o f  the  p r o j e c t  cost .  I n t e r e s t  du r ing  

cons t ruc t i on  was est imated us ing a  two-year cons t ruc t i on  t ime and 7% i n -  

t e res t .  The cons t ruc t i on  cos t  was assumed t o  be amort ized over  50 years 

a t  7% i n t e r e s t ,  which corresponds t o  the  c u r r e n t  Federal d iscount  r a t e .  

Annual opera t ing  and maintenance cos ts  were assumed t o  be $0.003 per  k i l o -  

watt-hour o f  h y d r o e l e c t r i c  energy produced. 



The source of the pumping ene,rgy i s  not expl ic i t ly  defined, but i t  i s  

assumed that a rel iable  source i s  available a t  a cost of $0..05/kwh. T h i s  

i.s based on the energy cost of diesel fueled-generators a t  current petroleum 

prices. The cos t , . ava i lab i l i ty ,  and r e l i ab i l i t y  of the pumping energy source 

i s  a c r i t i c a l  factor i.n pumped storage viabi l i ty .  In i t s  role as an o i l -  

saver, pumped storage must necessarily draw on al ternate  energy sources, 

for  which cost information i s  inadequate a t  thi.s time. I t  i s  apparent, how- 

ever, that  the cost of a l ternate  energy sources must eventually become sub- 

s tan t ia l ly  less  expensive than o i l  i f  the economics of pumped storage are 

to  be realized. 

The annual amortization, 0 & M ,  and pumping costs were summed to obtain 

a total  annual project cost,  and then a per-kilowatt-hour cost of hydroelec- 

t r i c  energy was computed using the annual hydroelectric production.. 

Not included in th i s  rough-cut analysis are the following factors: 

o Other economic benefits nht.ainr?d from ml~lt iple  uses of the reser- 

voirs, such as i r r igat ion,  flood control, or recreation. This i s  not a fac- 

tor  for  s i t e s  where both reservoirs are existing, but could be a significant 

factor where a new re$ervoir i s  constructed. 

o Additional hydroelectric power that may be obtainable a t  s i t e s  

where the upper reservoir col lects  surface water from ditches . o r  . 
streams, 

which can be released to  the lower reservoir for  subsequent i r r iga t ion  use. 

o Additional energy produced by a variable pumping . . energy source 

such as a wind turbine, which i s  continuously fed into the u t i l i t y  grid even 

during the hydroelectric phase of the pumped storage cycle. 

o Strategic value of petroleum saved by the use of a l ternate  energy 

sources for  peaking power. 



o Higher i n t e r e s t  costs i f  the p r o j e c t  i s  ' p r i v a t e l y  f inanced, b u t  

a l so  investment and ene,rgy t a x  c r e d i t s  a v a i l a b l e  t o  p r i v a t e  developers. 

I n  any s i t e - s p e c i f i c  study o f  pumped storage, these fac tors  would have 

t o  be taken i n t o  account i n  determining the  economic' f e a s i b i l i t y  o f  the 

pumped storage sys tem. 

The r e s u l t s  f o r  t h e  s i x  s i t e s  are  shown i n  Table 3. It was found t h a t  

pumped storage hyd roe lec t r i c  cos ts  va r ied  c ~ n s i d e r a b l y  amo"g s i t es ,  ranging 

from about $0.16 per  k i l owa t t -hou r  t o  about' $0.23. Since the pumped storage 

system i s  intended t o  p rov ide  a f i r m  source o f  peaking power, these costs 

may be compared t o  the  c u r r e n t  worth o f  peaking power based on .the avoided 
- .  . - 

costs o f  d iese l  u n i t s .  These cos t  a re  approximately: 

o  $0.05-0.06 per  k i lowat t -hour  f u e l  costs, based on $30 per  b a r r e l  

petroleum pr ices .  

o $0.02-0.03 per  k i l owa t t -hou r  f o r  opera t ing  . . and maintenance, d i s -  

t r i b u t i o n ,  and overhead costs. 

Thus, peaking power i s  worth $0.07-0.09 per  k i l owa t t -hou r  a t  t h e  present 

t ime, about ha l f  o f  what a pumped storage system would cost .  P ro jec t i ng  

the p r i c e  o f  o i l  t o  $50/barrel  i n  1985 and $90/barrel  i n  1990 would g i ve  the  

f o l l o w i n g  fuel  costs:  

Thus, puniped storage systems could begin t o  be economical i n  t he  1990ts, 

bu t  o n l y  i f  the eggs o f  a l t e r n a t e e n e r g y  sources fo r  pumping do n o t  r i s e  

r a p i d l y  with. the  p r i c e  of o i l ,  - b u t  r a t h e r  approach the 1980 p r i c e  l e v e l  f o r  

o i l .  The prospects f o r  t h i s  depend on the f o l l o w i n g  factors:  

o Success o f  i n d u s t r y  research and development e f f o r t s  t o  lower the  

c a p i t a l  cos ts  associated w i th ,  fo r  example, photovol t a i c  ma te r i a i s  and wind 
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Table 3. Summary of Results o f  Economic Analysis For F ive  S i tes  

S i t e  

A1 exander Res. / 
Elua Res. 

Nuuanu Res. / . 

Kaneohe-Kai 1 ua Res. 

Wahiawa Res. / 
Ku Tree Res. 

Puu Nana Res./ 
Ma hana 

Kahoma Res./ 
Crater  Res. 

P ro jec t  Cost Annual Energy Annual Energy Costs Per Ki lowatt-Hour ( $ )  
($1,000,000) Output (rnwh) Inpu t  (mwh) Hydro . Pumping Tota l  



turbines, through be t t e r  production methods and development o f  a mass 

market. 

o Regulation o r  l e g i s l a t i o n  t o  discourage the l i n k i n g  o f  a l te rna te  

energy p r i ces  t o  petroleum pr ices.  

I n  summary, then, i t  could be sa id  t h a t  whi le pumped storage i s  not  

economic today, i t  cannot be r u l ed  out  a t  t h i s  time as a f u t u re  p o s s i b i l i t y ,  

pending near-term developments i n  the o i l - p r i c e  s i t u a t i o n  and the a l te rna te  

energy . . f ie lds .  



Appendix C Lis t  of Persons Consulted In This Study 

Persons contacted i n  t h i s  study, regarding hydroelectric power and 

pumped storage s i t e s :  

Mr. E.  W. Broadbent, Amfac, Inc. 

Mr. Richard Cox, Alexander & Baldwin, Honolulu 

Mr. W. D. Jo.hnston, Hawaiian Elect r ic  Company, Honolulu 

Mr. Paul Mizue, Army Corps of Engineers, Honolulu 

Dr. Byrne Perry, University of Hawaii, Honolulu 

Mr. James Yoshimoto, Division of Water and Land Development, 

Sta te  of Hawaii , Honolulu 

Special thanks t o  these persons fo r  t h e i r  help and cooperation. 




