
HYDROELECTRIC 

IN HAWAII 
A RECONNAISSANCE SURVEY 

DEPARTMENT OF PLANNING 
ND ECONOMIC DEVELOPMENT U.S. DEPARTMENT OF ENERGY 



DISCLAIMER 

This report was prepared as an account of work sponsored by an 
agency of the United States Government. Neither the United States 
Government nor any agency Thereof, nor any of their employees, 
makes any warranty, express or implied, or assumes any legal 
liability or responsibility for the accuracy, completeness, or 
usefulness of any information, apparatus, product, or process 
disclosed, or represents that its use would not infringe privately 
owned rights. Reference herein to any specific commercial product, 
process, or service by trade name, trademark, manufacturer, or 
otherwise does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or any 
agency thereof. The views and opinions of authors expressed herein 
do not necessarily state or reflect those of the United States 
Government or any agency thereof. 



DISCLAIMER 

Portions of this document may be illegible in 
electronic image products. Images are produced 
from the best available original document. 



A RECONNAISSANCE SURVEY 

This report  was prepared f o r  the 

Department of Planning and Economic Development 
S t a t e  of Hawaii 

b by 
3 \ W. A. Hirai  €, Associates, Inc. 

Hilo, Hawaii 

and financed i n  par t  by a grant  from t h e  
U. S. Department of Energy 

DEPARTMENT OF PLANNING ' 

AND ECONOMIC DEVELOPMENT 
US. DEPARTMENT OF ENERGY 

FEBRUARY 1981 

1 )  DISCLAIMER I 
This book wa.onwrcd m a n m u n !  of work rpons~red by M merry of the United StaraGovnnmenr 
Neither the Uniled Staler Governmnt mr anv arry rhermf. m r  any of their em~loyeer. m k a a n y  
warranty, exeren or iw l ied.  o. arprme anv legal liabiliw or rerponribili~y lor h e  -w. 
mmvlcrencu. or ur fu lnen o f  any informtion. upwralur. D~O~YFI. w p- dirclo&. or 
r e p r e n t s  (ha its u s  novld mt infringe p r i ~ l c l v  owed  rights Referem herein to any r~er i l ic  
mmmacial pmdun. pocen. or arvicc bv trade mm. tdodcmrt. mnufmurer. or orhawis. d o e  
-I n-rily mnslituie or imply its mdor?emnl. ~ e m m d t i m .  or favoring by the United 
Starm GDuernmnl or any agln~l rherml. The v i m  and opinions 01 authors expreoed herein do mt 
m-ily stale or reflect lhooe of the United Staier Gwernmnt or snv am thereof. 



This  repor t ,  has been cataloged as fo l  1 ows r 
W.A.. H i r a i  and Associates, Inc. 

Hydroelectr'ic power i n  Hawaii; a reconnaissance survey. Prepared f o r  the 
Dept . o f  Planning and Economic Development, State o f  Hawai i . Honol u1.u: 
Dept. o f  Planning & Economic Development, State- o f  Hawaii and U.S. Dept. o f  
Energy, Feb. 1981. 

1. Water'-power e l e c t r i c  p l  ants-Hawai i . I. Hawaii . Department o f  Planning 
and Economic Development. 11. United States. Department o f  Energy. I I I. 

. . 
. T i t l e .  

. ~~1424'.H3W245 .. ."' . . 

Cost of the study: $30,000.00 
U. S. Department o f  Energy Cooperati ve Agreemen.t No. DE-FC-49-80R910031 



E X E C U T I V E  C H A M B E R S  

H O N O L U L U  

GEORGE R .  ARlYOSHl  
G O V E R N O R  

. .  . 

F O R E W O R D  . . . . 
. .. 

, . Hawaii .is .firmly committed to expanding its use of indigenous, renewable 
energy resources to replace imported petroleum. Already w.e. produce substantial . .  
quantities of electrical energy through. the burning of biomass. . . . 

. . 

The year 1981 will see Hawaii .become the second state. in the Nation with on- 
line geothermal electricity. - 

In 1979, Hawaii pioneeredin proving the principal and the efficiency of ocean 
thermal energy conversion. . . > .  

We shall soon have many wind machines generating electricity. . .  . . 
. .  . * 3 .  . . . . 

A l l  these developments, and more, give evidence of our determination to 
. . .become more self-sufficient. in. energy. -. . ' . 

. . 

. . . . 

One proven energy resource is flowing or. falling water. 

On the Mainland, enormous dams produce vast quantities of electricity by this 
. . . .  . means. 

Here in Hawaii, run-of-the-river schemes best suit oljr terrain. Our State has 
needed new information about this potential in light of changing energy and 

a economic conditions. Now, in this' new report prepared. for. our State Department 
of Planning and Economic Development, . we find this basic hydropower resource 
reassessed in terms of potential new sites for hydroelectric generation. 'Such 
studies are critical to  moving in a well planned and systematic manner toward our 
goal. 

I commend the careful assessment of this report to all who have Hawaii's 
future in mind. I hope it will spur increased attention to  our energy needs as well 
as increased action toward achieving our energy objectives. 



PREFACE 

In t h e  past ,  Hawaii 's  suga r  p lanta t ions  produced hydroelec t r ic i ty  t o  pump 
w a t e r  fo r  c a n e  i r r iga t ion  and t o  power t h e i r  mil ls  because  public  u t i l i t ies  were  e i t h e r  
unavai lab le  or unrel iable.  However,  w i th  t h e  growth  of ex t ens ive  and re l iab le  
e l e c t r i c  g r id s  which provided low-cost power based  o n  oil, hydropower gene ra t ion  by 
t h e  suga r  p lanta t ions  b e c a m e  less  and  less profi table.  A s  a resul t ,  equ ipmen t  was 
poor ly -ma in ta ined  o r  no t  repa i red ,  pens tock  e f f i c i ency  degraded and older  power 
p l an t s  w e r e  abandoned,  resul t ing in d e c r e a s e d  hydro capac i ty  and  increased  
d e p e n d e n c e  upon oil-based u t i l i t ies  for  e lec t r ic i ty .  This  de t e r io ra t ion  of hydro 
c a p a c i t y  co inc ided  wi th  t h e  reduced f luming of c a n e ,  caus ing  t h e  loss  of much of t h e  
ex tens ive  wa te r  t r anspor t a t ion  ne twork  developed ove r  t h e  years. In t h e  l a s t  15 
y e a r s  a lone ,  nea r ly  I-lJ2 m e g a w a t t s  of hydroe lec t r i c  c a p a c i t y  w e r e  l o s t  d u e  t o  t hese  
events .  

However ,  t h i s  t r e n d  h a s  now been  reversed ,  brought  a b o u t  in  p a r t  by t h e  
s t e e p  inc rease  i n  e l e c t r i c i t y  pr ices  d u e  t o  o i l  p r i ce  inc reases  beginning in t h e  mid 
19701s, a n d  pa r t ly  by t h e  a t t r a c t i v e  marke t ing  envi ronment  for  power sa l e s  and 
pu rchases  enunc ia t ed  in t h e  Fede ra l  Publ ic  Ut i l i t ies  Regula tory  Pol ic ies  A c t  (PURPA) 
of 1978. These  t w o  f a c t o r s  neces s i t a t ed  a new look a t  t h e  economics  of hydropower 
i n  Hawaii.  A s  a resul t ,  t h e  consult ing f i rm  of W. A. Hira i  & Associa tes ,  Inc., 
p e r f o r m e d  a s t a t e w i d e  hydropower r econna i s sance  s tudy  fo r  t h e  S t a t e  D e p a r t m e n t  of 
P lanning 'and  Economic  Development--a s tudy par t ly  funded by t h e  U. S. D e p a r t m e n t  
of Energy. This  r epor t  desc r ibes  th i s  study. 

T h e  s t u d y  ,does  n o t  purpor t  t o  b e  comprehens ive  i n  scope  nor in tens ive  for  
e a c h  s i te .  &It t h e  s tudy shows t h a t  m o r e  hydropower resources  e x i s t  h e r e  than  w a s  
previously thought ,  and  t h a t  a number  of s i t e s  on  Kauai,  Maui, and Hawai i  appea r  
economical ly  f eas ib l e  t o  deve lop  now. 

I t  i s  my belief and hope t h a t  t h i s  s tudy  will s t i m u l a t e  new i n t e r e s t  in 
developing  these  resources  by t h e  p r iva t e  s ec to r , .wh ich  con t r ibu ted  g r e a t l y  in making 
t h i s  s tudy  a va luable  r e source  document.  

H ide to  Kono, D i rec to r  - 
c / S t a t e  ~ e ~ a r t m e n t  of Planning 

a n d  Economic  Development  
S t a t e  Energy Resources  Coord ina to r  
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SUMMARY AND CONCLUSIONS 

The major conclus ion o f  t h . i s  study i s  t h a t  hydrbpower resources i n  the Sta te  

o f  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 i n  hydropower generat ing capaci ty .  .Hydropower resources on a1 1 i s l ands  t o t a l  

about 50 megawatts of p o t e n t i a l  generat ing capac i ty .  Combined w i t h  the  

18 megawatts of e x i s t i n g  hydropower capaci t y  , hydropower resources p o t e n t i a l  l y  

cou ld  generate about 307 m i  11 i o n  k i l owa t t -hou rs  o f  e l e c t r i c  energy annual ly .  

This  represents about 28 percent  of the present  combined e l e c t r i c i t y  rleeds 

I o f  t he  Neighbor Islands--Kauai, Molokai, Maui, and the  B ig  Is land.  ~ ~ d r o ~ o w &  

I resources on .Kauai equal 72 percent of t h a t  i . s land ls  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 resource,s, and cou ld  

I 
on l y  generate a n e g l i g i b l e  p o r t i o n  of 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 f o 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. 

I This  s tudy 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  the  resource 

were n o t  'addressed and the re fo re  the  generat ing capac i t i es  quoted above are  

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



TABLE 1. SUMMARY OF EXISTING AND POTENTIAL HYDROPOWER DEVELOPMENT IN HAWAII 

Note : 

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

EXISTING HYDROPOWER FACILITIES 

CAPAC ITY ANNUAL OUTPUT 
ISLAND (K\J) (MILLION KYH) 

KAUA I 7,900 48.613 

OAHU -0- -0- 

MOLOKAI -0- -0- 

MAU I 5,300 21.75 

HAWA I I 4,150 . 21.25 

STATE 17,350 91.6 

.l. A prospec t ive  developer has announced p lans t o  pursue development o f  t he  s i t e ;  o r  
2. A f e a s i b i l i t y  s tudy has been completed w i t h  pos i t i ve '  re.;ults; 

- 3 .  . The p l a n t  i s  under cons t ruc t i on  o r  i n  an advanced p lann ing  stage,. 

" P o t e n t i a l "  s i t e  means a l l  o t h e r  undeveloped s i t e s  considered i n  t h i s  study. 

FUTURE (POTENTIAL) HYDROPOWER FACILITIES 

ACTIVE INTEREST 

CAPACITY ANUUAL OUTPUT 
( KW ) (MILLION KWH) 

POTENT1 AL 

CAPACITY ANNUAL OUTPUT 
(KW) (MILLION KWH) 

2,900 13.8 22,150 76.4 

-0- -0- 300 1.6 

7 0 0.3 2,960 13.7 

500 2.5 9,540 44.0 

500 4.1 11,660 59.4 

3,970 20.7 46,610 195.1 



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

The study combined the  r e s u l t s  of 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 r e  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  s tudy and the  i n p u t  of new data. However, con- 

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  a re  warranted. 

Those s i t e s  w i t h  the  p o t e n t i a l  of producing a t  l e a s t  5 m i l l i o n  k i lowat t -hours  

annua l 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 fo r  these s i t e s  were prepared, and the  breakeven cos t  per  k i l o w a t t -  

hour o f  e l e c t r i c  energy was computed us ing  net-present-val  ue 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 o f  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  simply the  i n i t i a l  p r i c e  which the s i t e  developer 

must rece ive  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  

o f  t he '  p r o j e c t  (20 years.). The e f f e c t  of energy value esca la t i on  i s  t h a t  the  



i n l  t i a l  p r i ce  w i l l  increase a t  some r a t e  every year according t o  th.e p reva i l -  

i n g  market pr ices o f  e1ectr ic . i  ty .  

It i s  important t o  recognize the l i m i t a t i o n s  of t h i s  reconnaissance-level 

analysis.  Technical and f i nanc ia l  analyses were done wi thout  the benef i t  g f  

de ta i led  s i t e  studies t o  accurately take i n t o  account a l l  major fac tors .  

However, the advantage of 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  prospective s i t e s  and se lec t  those which appear 

the most promising f o r  fu r the r  study. The breakeven cost  analysis i s  only a 

rough-cu't i nd i ca to r  of economic f e a s i b i l i t y .  Also, the major lega l  and en- 

v i  ronmental issues were no t  ra ised a t  t h i s  stage o f  hydropower s i t e  develops 

ment. These issues, however, would be addressed i n  the f eas ib i l ' i t y  study f o r  

each s i te ,  and dur ing the p ro j ec t  design phase. 

The resu l t s  show t h a t  hydropower breakeven costs range from $0.029 t o  $0.086 

per k i lowatt-hour,  w i t h  most of the p ro jec ts  f a l l i n g  i n  the range o f  $0.03-0.06 
' 

per k i lowatt-hour.  Therefore, much of the developable hydropower. i n  the State 

i s  cost-competi t ive w i t h  ex i s t i ng  o i  1 - f i r e d  generating un i ts .  
, 

I n  addi ti on t o  conventional run-of - the- r i  ver hydropower oppor tun i t ies  i n  Hawai i , 

pumped storage hydropower po ten t ia l  ex is ts .  Excerpts from a recent s i t e  re-  

connaissance survey repor t  o f  prospective pumped storage s i t e s  are included 

i n  Appendix E. The repor t  concluded t h a t  whi le  numer0u.s s i t e s  f o r  pumped 

storage development ex is ts ,  t h i s  technology i s  not  y e t  cost-competi t ive w i t h  

e x i s t i n g  generating un i t s .  Pumped storage i s  a means of using water pumped 

u p h i l l  t o  s tore  energy f o r  use during peak power periods. The energy for  

pumping could e i t h e r  come from base-loaded generating p lants  o r  from var iab le  



energy sources, such as wind and so la r .  I n  e i t h e r  case, t he  pumped storage 

system a l lows these systems t o  be more e f f i c i e n t l y  u t i l i z e d .  

Hydropower resources o f f e r  the p o t e n t i a l  f o r  si,gni f i c a n t l y  boost ing the  

Neighbor I s 1  ands ' programs f o r  energy se l  f - s u f f i  c iency. Therefore, the S ta te  

of Hawaii should encourage and support the  expedi t ious development o f  t h i s  

renewabl e energy source. 



1. Purpose 

The purpose o f  t h i s  study 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 regarding the s i t e s ,  which warrant  

f e a s i b i l 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  descr ibes the r e s u l t s  o f  a  study t o  i d e n t i f y  the  most 

promis ing s i t e s  fo r  hydropower p l a n t s  i n  thc  Sta te  o f  I lawai i ,  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  g rea t  deal o f  renewed i n t e r e s t  w i th -  

i n  t he  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  t he  Un i ted  States have a l ready  been developed, 

a t t . ~ n t i o n  i s  focused on small hydropower s i t e s .  111 Hawaii, where the 

watersheds a re  r e l a t i v e l y  1  i m i  t e d  i n  area, a1 1  prospect 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 e s s  capac i t y  as de f ined by the  Pub- 

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

Secu r i t y  Ac t  o f  1980. 
\ 

Nationwide there  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  

Iu. S. Army Corps o f  Engineers. Nat iona l  Hydropower Study. F i n a l  D r a f t  
Report, January, 1981. 



have i n s t a l l ed  capaci t ies  i n  excess of 25 megawatts. O f  the  remaining 

roughly 1000 plants ,  the  average s i ze  i s  f ive  megawatts, which means t h a t  

most ex i s t ing  hydropower f a c i l i t i e s  f a l l  i n to  the category of "small 

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

i n  s i z e  from 0.5 t o  4.0 megawatts. 

In general,  the smaller hydropower i n s t a l l a t i ons  tend t o  be older  plants.  

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

p lants ,  have been r e t i r ed  from service  nationwide. During the  same 

period, about 1.4 megawatts1 i n  Hawaii have been phased out o r  

,abandoned. Most of these s i t e s  were abandoned i n  the  consolidation of 

sugar mil l s ,  because the  sugar companies did not f ind i t  economical t o  

continue operation of the  hydro plants.  However, w i t h  the  renewed 

in t e r e s t  in hydropower. brought about by our S t a t e  goal of energy s e l f -  

suff ic iency,  t h i s  trend wi l l  surely reverse. A number of sugar companies 

have e i t h e r  begun o r  indicated a strong i n t e r e s t  i n  .developing new hydro- 

power resources, o r  upgrading ex i s t ing  s i t e s .  

The current  study represents par t  of the  S t a t e  of Hawaii ' s  plan t o  a id  

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

l ~ l  t e rna te  Energy Sources fo r  Hawaii . Report of the  Commi t t e e  on A1 te rna te  
Energy Sources f o r  Hawaii of the S ta te  Advisory Task Force on Energy 
Pol icy. Hawaii Natural Energy In s t i t u t e ,  and Department of Planning and 
Economic Development, S t a t e  of Hawaii. February, 1975. 



Method and scope o f  Study 

Pub1 i shed studies of hydropower1 -23i n Hawai i were rev1 ewed t o  obtain data 

on s i tes .  ' Addi t ional  souFces o f  i n f o m a t i o n  and persons w i t h  

exper t ise on small hydropower systems were a1 so consulted. Those consulted 

included members of the sugar industry, the e l e c t r i c  u t i l i t i e s ,  the U.S. 

Amy Corps o f  Engineers (COE), and the D iv is ion  of Water and Land Develop- 
. . 

ment (DOWAU)) o f  the State Department o f  Land and Natural Resources. ~ h e s e  

fn te res ts  i n  the ' s t a t e  o f  Hawaii we& represented on the Corni t tee on Small 

~ y d r o e l k t r i c  Power systems. A l i s t  o f  those"consulted, and the Comnittee 
I .  ' 

on Small Hydroelectr ic  'power Systems; are included i n  Appendix A.' 

The i riformation co l lec ted  was suppl'emented by map reconnaissance t o  develop 

a statewide 1 i s t  o f  prospective hydropower s i tes.  This 1 i s t  i s  shown ' i n  

Table 3-1. '.The l i s t  i s  'not t o  be construed as an exhaustive l i s t  o f  a l l  

possible s i tes ,  because only a 1 ini ted amount of time was. devoted t o  nap, 

reconnaissance. With the exception of. Wahiawa Reservoir on Oahu and . . ' 

Kualapuu Reservoir on Molokai, a l l  s i t e s  involve the construct ion o f  low . 

d i ve rs ion  dams ( less than 10 feet high) on streams fo r  run-of-the-river . 

bdropower operations. W l  th the exception o f  Kual apuu Reservoir, a1 1 s i t e s  

invo l  ve the const ruct ion of a penstock for hydropower production. The 
. . +  . . 

present l i s t  does meet the ob ject ive of f inding the best s i t e s  for  which 

feas ib i  1 i t y  studies are warranted. 

For each of  the s i t e s  i d e n t i f i e d ,  a prel iminary resources assessment was 

made, using f low durat ion analysis for  those s i t e s  w i t h  su f f i c ien t  

streamfl ow gaging data. The ~ r i  ncipal  source o f  f low durat ion data was the 

~a te r f t esou rces  D iv is ion  of the U.S. Geological S:urvey., Adjustments of .  the 

data were made where required..' For instance, if the a-ssumed d ivers ion 

po in t  on a stream i s  f a r  from a gage stat ion,  the s ta t i on  data were 

corrected f o r  any s i gn i f i can t  d i f ference i n  watershed area between 

- 8 -  



Table 3-1. Summary L i s t  o f  Prospect ive Hydropower S i tes  i n  the  Sta te  o f  Hawaii. 

SITE 

KAUA I 

1. Wai 1 ua River  

2. Wainiha River  

3. Lutwhai River  

4. Hanalei River  

POTENTIAL CAPACITY POTENTIAL ANNUAL 
(KW) ENERGY PRODUCTION 

(MILLION ' KWH) 

5. Puu Lua-Kokee (Kl tano Hydro) 1,650 

6. Hanalei Tunnel 1,400 

OAHU 

1. Wahiawa Reservoir 300 1.6 

MOLOKA I 

1. Halawa Stream 

2. Pelekunu Stream 

3. Kualapuu Reservoir 

MAU I . . 

2,750 1. East and west Wai lua ik i  S t r .  15.1 

2. Waihee River  1,860 8.5 

3. Hanawi Stream 

4. Kolea 

5. Hoopoi Chute 

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

7. Kahakuloa Stream 

8. Honokohau (Honol ua) D i t ch  130 0.8 



Table 3-1. (Continued) 

SITE 

HAWAI I 

1. H o n o l i i  Stream 

2. Wailuku R iver  

3. Wailoa R iver  

4. Awini F a l l s  

5. Honokane Nui Stream 

6. U n i o n M i l l  

7 .  Pnhak~rpl~ka  Stream 

8. ~ e a i w a - ~ e ~ e r  Reservoirs 

9. A l i a  stream 

10. Papaikou M i l l  

INSTALLED CAPACITY ESTIMATED ANNUAL ENERGY 
(KW) 

Note: L i s t  does no t  i nc lude  hydropower s i t e s  under cons t ruc t ion :  Kaumakani , 
Kauai (1250 kw); Hamakua  itch, 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 Masumoto, Alexander & Baldwin, Inc .  , Honolulu. Jus t  
p r i o r  t o  pub l i cd t i on ,  the  est imate'wds modif ied, t o  1,000 kw capaci ty ,  and 
3.0 m i l l i o n  kwh/year. 



the two po in ts .  The power and average energy p o t e n t i a l s  o f  the  s i t e  

were then computed us ing standard hydropower es t ima t ing  techniques. A 

summary of  t he  assumptions used and a sample c a l c u l a t i o n  are  inc luded 

i n  Appendix B. 

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

previous s tud ies  had been performed, the  o r i g i n a l  analyses were u t i l i z e d .  

However, the prev ious r e s u l t s  were updated where appropr iate.  

Environmental issues were n o t  addressed i n  t h i s  reconnaissance-level sur-  

vey. Any assessment o f  environmental concerns a t  a given s i t e  would 

. . 
r e q u i r e  considerably more t ime and e f f o r t  than was appropr ia te  f o r  t h i s  

study. These environmental issues should be addressed s p e c i f i c a l l y  i n  

the  f e a s i b i l i t y  study f o r  each proposed s i t e .  

Several p o t e n t i a l  environmental impacts are  associated w i t h  the reduc- 

t i o n  o f  stream f l o w  between the  p o i n t  o f  water d i ve rs ion  and the  power- 

p l a n t  discharge. Present ly ,  there  are no minimum stream f l ow  standards 

es tab l ished f o r  Hawaiian streams, and each stream would have t o  be con- 

s idered on a case-by-case basis.  Consequently, i n  determin ing the  hy- 

dropower p o t e n t i a l  o f  streams, minimum f lows f o r  environmental p r o t e c t i o n  

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

by mechanical l i m i t a t i o n s  o f  the  tu rb ines .  

The s i t e s  were ranked according t o  the magnitude o f  t h e i r  p o t e n t i a l  

average annual energy product ion.  This  r znk ing  was done separate ly  f o r  

each i s l and .  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 per  year  were then se lec ted  f o r  p r e l i m i n a r y  f i n a n c i a l  ana lys is .  



The f i n a n c i a l  a n a l y s i s  cons i s ted  o f  de te rmin ing  t h e  "breakeven" hydro 

energy cos t ,  t h a t  i s ,  t he  i n i t i a l  c o s t  p e r  k i l o w a t t -  hour o f  hydro e l ec -  

t r i c i t y  r e q u i r e d  so t h a t  t he  cos t s  o f  t he  hydropower p r o j e c t  equal t he  

revenues rece i ved  over  the  l i f e  o f  the  p r o j e c t .  The a n a l y s i s  u t i l i z e d  

s tandard  n e t  p resen t  wor th  techniques.  The assumptions used and a  

sample c a l c u l a t i o n  a re  i nc l uded  i n  Appendix C. The key v a r i a b l e s  i n  t he  

a n a l y s i s  were t he  d iscoun t ,  o r  i n t e r e s t  r a t e ,  and the r a t e  o f  inc rease  o f  

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

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

b i l  i ty  o f  t h i s  commodity, no a t tempt  was made t o  p r e d l c t  long- term erlerTyy 

p r i c e s .  S i m i l a r l y ,  i n t e r e s t  r a t e s  a re  n o t  f i x e d .  Therefare,  a  range of 

i n t e r e s t  and p r i c e  e s c a l a t i o n  r a t e s  were used, so t h a t  t he  p rospec t i ve  

hydropower developer  us ing  the  r e s u l t s  o f  t h i s  a n a l y s i s  can app ly  what- 

eve r  p r o j e c t i o n s  he f e e l s  a re  t h e  most r e a l i s t i c  a t  t he  t ime. A sens i -  

t i v i t y  a n a l y s i s  was performed us ing  d i f f e r e n t  values f o r  these parameters. 

A  summary o f  t h e  f i n a n c i a l  ana . l ys is  f o r  se lec ted  s i t e s ,  those wl 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 l owa t t - hou rs  p e r  year ,  i s  g i ven  i n  

Table 3.2. The breakeven p r i c e s  l i s t e d  i n  Table 3.2 a r e  those assuming 

an i n t e r e s t  r a t e  o f  12 percen t ,  and an energy va lue  e s c a l a t i o n  o f  6 per -  

c e n t  p e r  year.  These va lues were se lec ted  because they  a r e  i n  t he  midd le  

range o f  a l l  t he  i n t e r e s t  and energy e s c a l a t i o n  r a t e s  cons idered  i n  t h e  

f i n a n c i a l  c a l c u l a t i o n s .  For  breakeven p r i c e s  assuming o t h e r  combinat ions 

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

se lec ted  s i t e s  a r e  presented i n  g raph i ca l  form, as f u n c t i o n s  o f  t h e  

i n t e r e s t  and energy e s c a l a t i o n  r a t e s .  



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

INSTALLED ANNUAL ENERGY BREAKEVEN ENERGY 
. . CAPACITY PRODUClION FIRST COST 

SITE (KW) (,MILLION KWH) (MILLION $ )  

Wailua R iver  Basin 11,700 25.2 '14.0 0.062 

Wai n i  h3 R i  ver 3,700 

Lumahai d i v e r .  2,800 

Hanalei  R i  ver  2,550 

Hanal e i  Tunnel 1,400 

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

Halawa Stream 2,100 

i. & id. Wa i l ua i k i  2,750 
S t  reams 

Wai hee R ive r  1,860 8.5 3.9 0.052 

Hoopoi chute3 2,000 5.5 3.5 0.672 

Hanawi Stream 1,000 5.0 2.4 0.054 

Honol i i' stream 3,900 17.6 4.5 0.029 

Wai 1 uku Ri.ver 1,970 11.1 3.6 0.036 

Wailoa R iver  1,850 10.3 5.8 0.063 

E. Br. ~ o n o k i n e  ~ d ' 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  kwhlyear hydropower p o t e n t i a l .  

2At 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 
br2akeven c o s t  est imate, however, i s  .based on t h e  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  Fa1 1s and Honokane Nui s i t e s  c o u l d  be develo ed together ,  w i t h  a 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 i o n ,  breakeven value i s  
$0.045/kwh. 

F 



Kauai c u r r e n t l y  produces more h y d r o e l e c t r i c i t y  than a l l  the  o the r  Ha- 

wa i i an  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 g rea t  r i v e r  va l  l e y s  o f  

the  nor thern  and eas tern  p o r t i o n s  o f  the  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 four r i v e r  

basins. 
. . 

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

l a n d  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 l e v a t i o n  o f  about 3,300 feet,  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  the  sugar f i e l d s  o f  Kekaha. 

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

Water p ro jec 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 ko 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 o f  t he  unavai l a b i  1  i ty  o f  Federal funds f o r  construc-  . . 

t i o n .  Besides p r o v i d i n g  i r r i g a t i o n  water f c r  1500 acres o f  new cane 

land, the  p r o j e c t  would have prov ided 10,000,k i lowat ts  o f  h y d r o e l e c t r i c  
. . 

power. 

However, a  s i g n i f i c a n t  hydropower p o t e n t i a l  e x i s t s  w i t h  a run-of- the 

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

Land Development (DOWALD) and Anfac, Inc.  , are  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 i m i n a r y  s tud ies .  

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



KAUAI 

Figure 3-1. P o t e n t i a l  Hydropower S i t e s ,  Kauai . 



The proposed Puu Lua-Kokee Pro jec t  would cons is t  o f  th ree stages. The 

f i r s t  stage would i nvo lve  the  cons t ruc t i on  o f  a  16'00-ki l o w a t t  hydroplant,  

u t i l i z i n g  Ki tano Reservoir 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  afterbay. F i n a l l y ,  

Stage 3 would i nvo lve  the  cons t ruc t i on  o f  a dam and r e s e r v o i r  on Kawal- 

k o i  Stream, which would be smal ler  than t h a t  contemplated i n  the  

o r i g i n a l  Kokee Water P ro jec t  repor 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 River  Basin was the sub jec t  of a  study f o r  a  storage-type 

hydropower p r o j e c t  i n  1978.' More recent ly ,  t he  U.S. Army Corps o f  

Engineers has an ongoing reconnaissance study o f  t he  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  

determine whether d e t a i l e d  feas i  b i  1  i ty ana lys is  i s  warranted. Pre l  i - 
minary r e s u l t s  o f  t he  study a re  summarized i n  Tables 3.1 and 3.2. 

Because t h e  Stage 1 r e s u l t s  o f  t he  Corps study are expected sho r t l y ,  

t h e i r  work on the  Wailua R iver  Basin has no t  been dup l ica 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 are 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  analys is .  

Oahu 

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

of Oahu, t h e  hyd roe lec t r i c  p o t e n t i a l  on Oahu i s  small .  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  of 
Water and Land Develo~ment, De~ar tment  o f  Land and Natura l  Resources. 
Honol u l  u, Hawai i , 1978. 



Wahiawa 
Reservoir 

OAHU 
Figure 3-2. Potent i  a1 Hydropower S i t e ,  Oahu 



c o n t r i b u t i n g  f a c t o r s  are  Oahu' s  small watershed areas, 1  ow avai 1  ab le  

heads and the  extensive 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 ow  the  streams t o  gain s u f f i c i e n t  

flows before reaching the  lower e levat ions .  Headwaters are  scat te red 

among numerous stream branches, in  the steep, upper e levat 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 ' s  

s lope i s  r e l a t i v e l y  gen t le  i n  the  lower e levat ion ,  t h e  a v a i l a b l e  heads a re  small. 

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 u r t h e r  diminishes the  f l o w  avai 1  able f o r  hydropower. 
, . 

A  l i t e r a t u r e  searc.h and discussions w i t h  the  U.S. Army Corps of Eng,ineers 

and the Department o f  Water and Land Development (DONALD) have s ing led  

o u t  the  Wahiawa Reservoir as the on ly  prospect ive  s i t e ,  a t  t h i s  t ime, f o r  

t h e  generat ion o f  hyd roe lec t r i c  power. Because 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  

pr 'ospect i  ve s i t e s .  

It 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 are  the  streams o f  windward Oahu, p a r t i -  

c u l a r l y  i n  the Koolauloa D i s t r i c t  (e.g., Kahana Stream), the  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  general l ack  o f  conventional hydropower resources, Oahu has 

s i g n i f i c a n t  p o t e n t i a l  f o r  pumped storage hydropower. A1 though s tud ies  

t o  date have been o f  on l y  a p re l im ina ry  nature, f o u r  s i t e s  on the  i s l a n d  

have been i d e n t j f i e d  as prospect ive  candidates fo r  pumpe2 storage. Ap- 

pendix E i s  an excerpt  from a recent  study o f  pumped storage p o t e n t i a l  

i n  Hawaii. 

3.3 Molokai 

The i s l a n d  o f  Molokai cons is ts  of two volcanic domes, East and West 

Molokai. R a i n f a l l  i s  abundant i n  the  windward areas o f  East Molokai, 

bu t  scarce on the p l a i n s  o f  West Molokai. Consequently, almost a l l  o f  

t he  hydtopower resources are  i n  East Molokai, i n  the windward va l l eys  o f  

Waikolu, Pelekunu, Wailau, and Halawa. 

Waieolu Va l ley  waters are c u r r e n t l y  d i v e r t e d  a t  .a number o f  p o i n t s  f o r  

i r r i g a t i o n  and domestic water use. The Molokai I r r i g a t i o n  System d i v e r t s  

water it e lzva t ions  o f  700 and 1000 fee t  i n  the  v a l l e y  i n t o  the  Molokai 

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

the va l l ey ,  water i s  d i v e r t e d  t o  the  Kalaupapa set t lement  f o r  domestic 

use, l eav ing  l i t t l e  water f o r  hydropower use. However, the  waters d i -  

ver ted by the  Molokai I r r i g a t i o n  System t o  ~ u a l a ~ u u  ' ~ e s e r v o i  r conta in  a 

small amount o f  developable hydropower. A study done : i n  1 9 8 0 ~  showed 

tha t ,  g iven a reasonable s e t  o f  assumptions about f u t u r e  water demand 

i n  West Molokai , about 10 m i l l  i o n  ga l lons  per  day w i l l  need t o  be 

Ic. Beck. Moloka' i  I r r i g a t i o n  System Hydroe lec t r ic  F e a s i b i l i t y  Study. 
R e ~ o r t  R60, D i v i s i o n  o f  Water and Land Development, Department o f  Land 
and ~ a t u r a l  Resources, S ta te  o f  Hawai i , ~ o n o l  u l  u, 1980. 
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Figure 3-3. Po ten t ia l  Hydropower Si tes,Molokai  



d i v e r t e d  t o  Kualapuu Reservo i r  by t h e  yea r  1985. Wi th  an ava i ' l ab le  

head of 124 f e e t  a t  th.e Reservo i r  i n l e t ,  a  90 k i l o w a t t  hydropower p l a n t  

c o u l d  be i n s t a l l e d .  Cu r ren t l y ,  t he  i n p u t  t o  Kualapuu Reservo i r  has a  

developable p o t e n t i a l  o f  70 k i l o w a t t s ,  as shown i n  Table 3.1. 

1 

Wailau V a l l e y  was n o t  cons idered a  l i k e l y  p rospec t  f o r  hydropower de- 

velopment because o f  i t s  remote l o c a t i o n .  A l though t h e r e  i s  about 

1,000 k i l o w a t t s  o f  resource p o t e n t i a l ,  t he  t r a n s m i s s i o n - l i n e  r e q u i r e d  
. . 

would be 4 t o  5 m i l e s  long, which would r e s u l t  i n  a  h i g h  c o s t  and s i g -  

n i  f i c a n t  power losses.  

Whi le Pelekunu and Halawa Va l l eys  a r e  a l s o  remote f rom e l e c t r i c  demand 

centers ,  they  a re  c l o s e  enough t o  e x i s t i n g  t ransmiss ion  l i n e s  t o  m e r i t  

cons ide ra t i on .  Together, t h e  two s i t e s  c o u l d  p rov ide  n e a r l y  3,000 k i l o -  

wa t t s  of  i n s t a l l e d  capac i t y ,  and 14 m i l l i o n  k i l o w a t t - h o u r s  a ~ n u a l l y ,  

about 45% o f  t h e  c u r r e n t  e l e c t r i c a l  demand on Molokai .  Cons t ruc t i on  

cos t s  a r e  ext remely  h i g h  f o r  these two s i t e s ,  due t o  t h e i r  remote loca-  

t i o n s ,  and t h e  rough t e r r a i n .  However, a  con t inued  r a p i d  e s c a l a t i o n  of  

. e l e c t r i c i t y  r a t e s  would make t h e  two p r o j e c t s  economical ly f e a s i b l e .  
. . 
. * 

3.4 Maui 

The i s l a n d  o f  Maui c o n s i s t s  o f  two vo i can i c  domes, East  and West Maui. 

R a i n f a l l  and sur face  water  a r e  abundant . in  t h e  windward areas o f  both.  

I n  wes.t. Maui , hydropower resource areas i n c l  ude t he  g r e a t  stream va l  l e y s  

of  Honokohau, Kshakuloa, and Waihee. Honokohau V a l l e y  i s  remote, making 

access or hydropower development d i f f i c u l t ,  b u t  i t s  waters a r e  d i v e r t e d  

v i a  t h 2  Honokohau, o r  H o ~ o l u a ,  D i t c h  system t o  t h e  p ineapp le  and 
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Figure 3-4. Potent ia l  Hydropower S i t e s  , Maui . 



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

kahua Va l ley  near the  Kapalua Resort where the Honolua D i t c h  crosses the  

v a l l e y  i n  a siphon. Before. the 'water  en ters  the  siphon, about 45 f e e t  

of head i s  ava i l ab le .  An o l d  tu rb ine  and po r t i ons  of a penstock remain 

a t  t h e  s i t e ,  bu t  a re  unusable. The capac i ty  o f  t h i s  s i t e  i s  about 127 

k i l o w a t t s .  
. . 

Kahakuloa Strcam t o  the  east o f  Honokohair v a l l e y  a l so  has a small re -  

source, about 230 k i l owa t t s .  Fur ther  t o  the  east  i s  k'aihee River,  whose 

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

the  c e n t r a l  o f  Maui . An est imated 1860 k i l o w a t t s  o f  hydropower 

p o t e n t i a l  a re  a v a i l a b l e  above the  d i ve rs ion  po in t .  Near the  town o f  

Wailuku, the  Wai hee D i t ch  feeds two rese rvo i r s  through the  Hoopoi Chute. 

The drop i s  about 240 f e e t  i n  e levat ion ,  and the  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 ~ a u i  were the  sub jec t  of a study by a Sta te  task '  

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

inc lude the  East and West Branches o f  Wailuai k i  Stream, Hanawi Stream, 

Kolea stream and N a i l i i l  i hae le  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  capaci ty .  

Also i n  East Maui i s  t he  Wailoa D i t c h  system which d i v e r t s  waters from 

near ly  every stream along the  windward coast and t ranspor t s  i t  t o  Central  

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 ready the  source 

of nea r l y  5,000 k i l o w a t t s  o f  hydropower capac i ty  a t  two s i tes ,  Paia and 

l ~ e ~ o r t  of Hydro E l e c t r i c  Subconmi t t e e  o f  Governor's Comni t t e e  on A1 te rna te  
Energy Sources f o r  Hawaii . Robert T. Chuck, Chairman. September, 1974. 



Kaheka. A t  Kolea Stream, t h e r e  a re  ac tua i  l y  two d i t ches ,  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 f e e t .  There was a  smal l  hydropower p l a n t  

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

t o  t he  lower  d i t c h ,  t o  generate a  maximum o f  1,100 k i l o w a t t s  o f  power. 

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

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

o v e r f l o w  f rom Wai l o a  Forebay goes down a  chute d i t c h  t o  the  Hamakua 

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

w a i i a n  Commercial and Sugar Company, L td . ,  i s  p l ann ing  t o  i n s t a l l  a  60- 

i nch d iameter  penstock and 500-ki  1  owa t t  hydropower p l a n t .  t h e  es t i rnated 

annual ou tpu t  o f  t he  p l a n t  i s  expected t o  be 2.5 m i l l i o n  k i l owa t t - hou rs .  

3.5 Hawaii 

A l though r a i n f a l l  i s  abundant i n  many areas o f  t he  B i g  I s l a n d  o f  Hawai i ,  

geo log i c  c o n d i t i o n s  do n o t  f a v o r  abundant su r f ace  waters  i n  some p laces.  

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  K i lauea,  Mauna Loa, 

and H u a l a l a 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  t h e  

ground. Most streams f l o w  on,ly d u r i n g  perSiods of  heavy r a i n f a l l .  The 

o n l y  pe renn ia l  streams a r e  found i n  Kohala, and a long  t he  Hamakua Coast, 

where t h e  o l d e r  s o i l s  a r e  somewhat more imperv ious t o  water, and r a i n -  

f a l l  i s  abundant throughout  t h e  year .  

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

t h e  leeward f l ank  of  Mauna Loa. Numerous wate r  development t unne l s  have 

been cons t ruc ted  t o ' t a p  wate r  perched a t  h i g h  e l e v a t i o n s  f o r  i r r i g a t i o n  
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6 Union M i l l  
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Figure 3-5. P o t e n t i a l  Hydropower S i t e s ,  Big I s l a n d  (Hawai i ) . 



and domestic use. The ava i lab le  heads are tremendous, p a r t i a l l y  o f f -  

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

capaci ty of 280 k i l owa t t s  i s  possib le from waters which drop a t o t a l  o f  

1870 f e e t  i n  e leva t ion  f r o m  Keaiwa Reservoir t o  the sugar factory. 

The Kohal a area has been the subject  o f  a study by the State task force on 

hydropower, mentioned i n  the previous sect ion on Maul. wai l  oa River, 

Awini Fa l ls ,  and Honokane Nui Stream have a combined bdropower po ten t ia l  

of near ly  4,500 k i lowat ts .  The Kohala   itch :system once fed two hydro- 

power p l  ants w i t h  a combined capaci ty o f  800 k i  lowat ts  near Hawi . The 

prospect o f  r es ta r t i ng  these two p lants  has been invest igated by the 

Hawaii E l e c t r i c  L i gh t  Compaw and the Army Corps of Engineers. Since the 

cessat ion o f  sugar.* operations i n 197.5, there i s on ly  1 i m i  t ed  i r r i g a t i o n  o f  

t ruck farms i n  the area. The Kohala D i t ch  has deter iora ted s i g n i f i c a n t l y  

so t h a t  major repa i rs-would  be needed t o  res tore  f low t o  the Union M i l l .  

hydro. Continued maintenance o f  the Kohala D i  tch  would be feas ib le  only 

i f  the Di tch water were so ld  f o r  i r r i g a t i o n  use as we1 1 as f o r  hydropower 

use. The cur ren t  owner i s  unw i l l i ng  t o  commit water f o r  hydropower 

devel opment wi thout  concurrent irri gat ion demand. 

The Hamakua Di tch System a lso has been suggested as a source o f  water f o r  

hydropower. Water i s co l l ec ted  from the headwaters o f  Waipio Val ley,  and 

i s  t ransported v i a  two ditches, the Upper and Lower Hamakua Ditches, t o  

the Honokaa area, a distance o f  about ten  miles. It i s  the c h i e f  soune  

o f  water f o r  the Davies-Hamakua Sugar Company fac to ry  i n  Haina. Theo H. 

Davies & Compary, Ltd., i s  consider ing ways t o  u t i l i z e  Hamakua Di tch water 

t o  increase- the hydropower capaci ty a t  the Haina mjl.1, which i s  cu r ren t l y  
. a 

800 k i lowat ts .  

S im i l a r l y  , the o l d  Laupahoehoe Sugar Cornpaw (now Davi es-Hamakua Sugar 1. 

d i t c h  system, once used f o r  cane fl umi ng operations, represents an 



o p p o r t u n i t y  f o r  hydropower development. The c u r r e n t  owner has expressed 

an i n t e r e s t  i n  assess ing i t s  hydropower p o t e n t i a l .  

The Hamakua Coast on t he  g i g  I s l a n d  o f  Hawaii s t r e t c h e s  f rom H i l o  t o  

Honokaa, a  d i s t ance  o f  about  40 m i l es .  The 20-mi le s t r e t c h  f rom H i l o  

t o  ~ a u ~ a h o e h o e  i s  t he  w e t t e s t  r e g i o n  o f  t he  B i g  I s l and ,  w i t h  r a i n f a l l  

averag ing  300 inches annua l l y  a t  t h e  3000- foot  e l e v a t i o n .  R a i n f a l l  

drops o f f  r a p i d l y  between Laupahoehoe and Honokaa, b u t  i s  s t i  11 as g r e a t  

I as 75 . inches annua l l y  on t h e  s lopes above Honokaa. Except f o r  t he  Kohala 

Mountains, t he  Hamakua Cost i s  t he  o n l y  area on t he  B i g  I s l a n d  where 

pe renn ia l  streams reach t h e  sea. Spr ings f e d  by ,perched  groundwater 

I p r o l i f e r a t e  a long  t he  coas t  between sea l e v e l  and 2000 f e e t  e l e v a t i o n ,  

as shown i n  F igure  3-6. Nost  o f  t h e  l a n d  up t o  2000 f e e t  e l e v a t i o n  i s  

p l a n t e d  i n  sugarcane. 

- 
Because o f  t h e  abundant r a i n f a l l ,  numerous spr ings ,  and r e l a t i v e l y  easy 

access, t h e  Hamkua Coast i s  a  good p rospec t  f o r  hydropower development. 

The Wai luku R i ve r  c u r r e n t l y  i s  t he  o n l y  Hamakua Coast stream w i t h  oper-  

a t i n g  hydropower p l an t s .  However, a t  l e a s t  f o u r  . o the r  hydropower p l a n t s  , 
which ranged f rom 60-150 KW, have been i n  o p e r a t i o n  over t h e  years,  a t  t h e  

. . 

Wainaku, Papaikou,Pepeekeo, and Hakalau sugar m i l l s .  These p l a n t s  u t i l i z e d  ' , 

I excess wate r  f rom cane f l u m i n g  opera t ions .  T ruck ing  has rep laced  f l u m i n g  as 
l 

a  means of t r a n s p o r t i n g  cane, and a l l  b u t  t h e  Pepeekeo m i l l  a r e  now closed, 

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

s t i  11 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 o f  t h e  Hamakua Coast. 
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Source: D. Dav is  and G. Yamanaga. Water Resources Summary, I s l a n d  of  Hawai i .  
Report  R47, D i v i s i o n  o f  Water and Land Develcpment, Department o f  
P lann ing  and Economic Development, S t a t e  o f  Hawai i ,  Honolu lu ,  1973. 



Add i t i ona l  hydropower p o t e n t i a l  e x i s t s  on t h e  Wailuku River.  There i s  

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

With the  d i ve rs ion  of Hookelekele Stream t o  the top  ~f the  Fa l l s ,  about 

2,000 k i l o w a t t s  of hydropower i s  p o t e n t i a l l y  obtainable. 

3.6 Stream Gaging Requirements 

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

Uni t c d  Statcs Gcological Survey (USGS). The USGS cinnual l y  pub1 ishes 

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

. around- the State. Records a re  a l s o  avai labl 'e  f o r  about 420 o the r  USGS 

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

Between . t h e  years 1900 and 1920, the  USGS maintained an extensive net -  

work o f  s t a i t o n s  i n  Hawai i - record ing  d a i l y  o r  monthly f l ow  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  on ly  data ava i lab le .  However, t h i s  o l d  data may no t  be 

accurate, and should be checked by re-measuring the  stream dur ing  the  

feasi b i  1 i ty  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. Despite 

the  great  accumulation o f  data, gaps e x i s t .  i n  .the knowledge o f  stream-' 

f l o w  behavior ' f o r  some areas i n  Hawai i . 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 important  streams. 

The USGS performed an i n t e r n a l  eva luat ion  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. Evaluat ion o f  t he  Streamflow-Data Program i n  Hawaii. Open- 
F i  1 e Report. Uni ted States Department 6 f  I n t e r i o r ,  Geological Survey, h a t e r  
Resources D iv i s ion ,  Honolulu, Hawaii , 1972. 
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Table 3.3 Stream Gagi ng Requirements For  Hydropower. Assessment. 

,ISLAND GENERAL COMMENT5 CANDIDATE STREAMS FOR GAGE STATIONS 

Ka ua i I n  general  , data  were adequate f o r  reconnai s- kumahai R i ve 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 ;  

Eal i h i w a i  R i ve r  
Makawel i R i v e r  ( h i ghe r  e l e v a t i o n s )  
Olokele R i ve r  ( h i ghe r  e l e v a t i o n s )  

Oahu 

Molokai  

Hawai i 

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

Data appear adequate a t  t h i s  t ime f o r  
reconnaissance- level  hydropower assessment. 

I n  genera l ,  a1 though s u f f i c i e n t  da ta  were 
found . for reconnaissance- leve l  hydropower 
assessment, much d a t a a r e  o l d  (1910-1920) 
and may be inaccura te ;  

Hamakua Coast. near  Hi  l o  ap.pears t o  have good 
. hydropowe.~ 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  da ta  f o r  most streams i n  t h e  area; 

Punaluu Stream (h ighe r  e l e v a t i o n s )  
Gahana Stream (h ighe r  e l e v a t i o n s )  . 

Eeanae Va l l ey  - e i t h e r  Pi inaau- 
Stream o r  Waiokarri lo Stream; 

l ao  Stream 
Wa i hee Stream 

Kolekole Stream 
Kawainui Stream 
Umauma Strc3m 
Kapue Stream 
h'aiau Stream 
Waikaumalo Stream 
banue Stream 

: Hakalau Stream 
Fuki  hae Stream 



s t a t i o n s  are  needed. However, i n  o r d e r ' f o r  USGS t o  p roper l y  respond t o  

changing State needs fo r  Streamflow-data fo r  hydropower assessment, they 

should be provided w i t h  add i t i ona l  i n p u t  from those i n t e r e s t e d  i n  hydro- 
, . 

power devel opment . 

L i m i t a t i o n s  o f  t ime and scope o f  t h i s  study d i d  no t  a l l ow  a systematic 

assessment o f  statewide stream gaging needs. However, i n  c e r t a i n  areas 

there  were obvious needs f o r  a d d i t i o n a l  data f o r  hydropower resource . 

assessment. Our general observat ions re1 a t i  ng t o  s t  ream gaging needs 

are summarized i n  Table 3.3. It i s  fu r the r  recommended t h a t  more study, 

i n c l u d i n g  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.,stream 

gaging needs. 
, . 
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4. Previous Hydropower Surveys 

There have been two prev ious major surveys of hydropower p o t e n t i a l  i n  

Hawaii, both o'f which were conducted by the  U.S. Army Corps o f  Engineers. 

I n  January 1981, the  COE completed a f i n a l  d r a f t  r e p o r t  o f  the  Hawaii 

Region p o r t i o n . o f  t h e  Nat iona l  Hydropower Study. P r i o r  t o  t h i s ,  the. 

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

e l e c t r i c  Power, S ta te  o f  Hawaii." 

The 1978 study was undertaken under a u t h o r i t y  o f  t he  R iver  and Harbor 

and Flood Cont ro l  Act  o f  1962, and i n  compliance w i t h  t h e  Water Re- 

sources Development Act o f  1976. I t s  purpose was t o  e s t a b l i s h  the  

f e a s i b i l i t y ,  and determine the  e x t e n t  of Federal p a r t i c i p a t i o n  i n  t he  

development of h y d r o e l e c t r i c  power i n  the  S ta te  of Hawaii. The study 

i nvo l ved  a reconnaissance l e v e l  eva lua t i on  o f  h y d r o e l e c t r i c  f a c i l  i t i e s  

and r e s u l t e d  i n  t he  i d e n t i f i . c a t i o n  o f  seven p r o j e c t s .  S i x  were run-of -  

t h e - r i v e r  p r o j e c t s  and one i nvo l ved  a s torage r e s e r v o i r .  (Table 4.1) 

The i n i t i a l  screening of poss ib le  s i t e s  was done on genera l i zed  tech -  

n i c a l ,  economic and environmental  f a c t o r s .  Those passing the  i n i t i a l  

t e s t  were then subjected t o  s i t e - s p e c i f i c  reconnaissance s tud ies .  

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 t h a t  p roduc t ion  o f  h y d r o e l e c t r i c  power would be the on l y  use 

o f  the  s i t e .  Other uses such as rec rea t i on ,  i r r i g a t i o n ,  f l o o d  c o n t r o l ,  and 

water  supply were n o t  considered du r i ng  t h i s  screening process b u t  ex- 

i s t i n g  water uses were assumed t o  be cont inued. 



Table 4.1. Amy Corps of Engineers Hydropower Study, 1978. 

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

Annual Energy Cost per Un i t  
Net Head P lant  Capacity Generation Energy Benef i t/ 

S i t e  

Storaqe 
Hanalei, Kauai 

Run-of-the-Ri ver 
Wainiha, Kauai 

Lumahai, Kau'ai 

. Hanalei, Kauai' 

~e lekunu,  Molokai 

Waihee, Maui 

Wailoa, Hawaii I ( ~ a i p i o   alley) 

( kwh F i r s t  Cost mil ls/kwh' Cost Rat io ( feet )  

26 1 

189 

263 

312 

194 

24 1 

253 

12,300,000 

3,770,000 

5,170,000 

(kw) 

1,400 

430 

170 

590 

'30 

350 

550 ' 

$35,000,.000 

6,000,000 

5,600,000 

. 201 

116 

202 
I 

1,490,000 

263,000 

3,070;OOO 

4,820,000 

.2 

.4 

.4 

.2 7,200,000 

1,800,000 

225 

513 

4,000,000' 

7,600,DOO 

I .1 

. 98 

117 

.4 

.4 



Only those streams w i t h  a  base f low of a t  l e a s t  t e n  cub i c  f e e t  p e r  second 

were cons idered  f u r t h e r .  Areas w i t h  s i g n i f i c a n t  environmental  sensi  t i  - 

v i ' t y  were i d e n t i f i e d  and e l  im ina ted  from f u r t h e r  cons ide ra t i on .  

I t  was a l s o  assumed t h a t  the p r o j e c t s  would be designed and cons t ruc ted  

by t h e  U.S. Army Corps o f  Engineers (COE) so COE c r i t e r i a  were used ' ' .  

i n  t h e  eng ineer ing  and f i n a n c i a l  de te rmina t ions .  Because of  t h i s ,  . 

f a c i  1 i t i e s  t h a t  would have p r i m a r i l y  benePl t e d  pr1vat.e i ~ t l e r ~ t ) s l s  were 

n o t  cons idered.  I t  was a l s o  necessary t h a t  t he  f i n a n c i a l  b e n e f i t s  

outweigh the  cos ts .  

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

were then  eva lua ted  accord ing  t o  another  s e t  o f  c r i t e r i a  and assump- 

t i o n s .  To eva lua te  t he  p o t e n t i a l  f o r  each waterway, a  p l a n t . f a c t o r  

of 100 pe rcen t  was assumed. Accord ing t o  t h i s  assumption, t he  p l a n t  

would opera te  a t  t h e  minimum, f i r m  (dependable) stream f l o w  l e v e l .  - .  

Maintenance o f  a  minimum stream f l o w  o f  t h r e e  cub i c  f e e t  pe r  second 

would be r e q u i r e d  a t  a l l  t imes fur- lhe pr..esel-vatisn o f  f i s h  and w i l d -  

l i f e .  

The c o s t  es t imates  used .to eva lua te  t h e  power p l a n t s  were based on - 

p r e l i m i n a r y  p l a n n i n g  curves developed by t h e  No r th  P a c i f i c  D i v i s i o n  of  

t h e  COE, updated t o  J u l y  1977 p r i c e  ' l e ve l s .  

I n  t h e  f i n a n c i a l  a n a l y s i s  i t  was assumed t h a t  t h e  eng ineer ing  and ad- 

m i n i s t r a t i v e  cos t s  would run  a t  twe lve  p e r  cen t  o f  c o n s t r u c t i o n  . . cos t s  

and t h a t  con t ingenc ies  would be one f o u r t h  o f  t h e  c o n s t r u c t i o n  cos ts .  

Operat ing, maintenance and replacement cos t s  were s e t  a t  0.5 percen t  
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o f  t he  f i r s t  cost ,  exc lud ing  eng ineer ing  and design, f o r  r u n - o f - t h e - r i v e r  

f a c i l i t i e s  and 012 per  cen t  f o r  s to rage  systems. F inanc ing  o f  p r o j e c t s  
. . .  

was assumed t o  correspond t o  f ede ra l  f i n a n c i n g  o f  ma jo r  wa te r  resource 

p r o j e c t s  a t  t h e  t hen -cu r ren t  r a t e  o f  6-518 pe r  c e n t  over  100 years .  

The h y d r o e l e c t r i c  power b e n e f i t s  were assumed t o  equal t h e  p r e l i m i n a r y  
: '. 

va lues es tab l i shed  by t he  Federal  Energy Regulatory  Commi ss i on  (FERC) 
, . 

i n c l u d i n g  the  c r e d i t s f o r  dependable capac i t y  as w e l l  as k i l o w a t t - h o u r  
. - - .  

p roduc t ion .  No e s c a l a t i o n  o f  energy va lues was assumed. 

. . . .  

A f i n a l  d r a f t  r e p o r t  completed by t h e  COE i n  January, 1981, i s  p a r t  o f  t h e  

ongoing Na t i ona l  Hydropower Study. The o b j e c t i v e  was t o  determine t h e  

p o t e n t i a l  f o r  i n c r e a s i n g  h y d r o e l e c t r i c  genera t ion  c a p a c i t y  by develop ing 

new s i t e s ,  and by t h e  a d d i t i o n  o f  genera t ing  capac i t y  t o  e x i s t i n g  water  

resources p r o j e c t s .  A lso cons idered i n  t he  s tudy  were t h e  p o s s i b i l i t i e s  

o f  r e a c t i v a t i n g  h y d r o e l e c t r i c  p l a n t s  t h a t  had been deac t i va ted  o r  

abandoned. 

An i n v e n t o r y  o f  e x i s t i n g  dams, h y d r o e l e c t r i c  f a c i l i t i e s  and undeveloped 

s i t e s  were evaluated.  To be i nc l uded  f o r  f u r t h e r  s tudy,  dams had t o  

have heads exceeding f o r t y  f e e t  and 800 ac re - f ee t  o f  s torage.  E x i s t i n g  

h y d r o e l e c t r i c  power f a c i l i t i e s  were r e t a i n e d  i f  they  had planned i n -  

cremental  capac i t y  expansion. A l l  s i t e s  had t o  have dependable c a p a c i t y  

o f  a t  l e a s t  100 k i l o w a t t s .  General env i ronmenta l  and socio-economic 

impacts o f  the  h y d r o e l e c t r i c  power p l a n t  development were a l s o  i n c l u d e d  

i n  t he  assessment. S i t e s  w i  t h ' o v e r r i d i n g  economic, env i ronmenta l  , s o c i a l  

o r  i n s t i t u t i o n a l  problerns were screened ou t .  



Although d e t a i l e d  engineer ing and techn ica l  s tud ies  were n o t  per- 

formed, c o s t  est imates were developed by the COE based on standard, 

p re l im ina ry  planning, c o s t  es t ima t ing  techniques. I n  the  f i n a n c i a l  

evaluat ion,  the  f i nanc ing  was assumed t o  be a t  the  FY-1980 Federal d i s -  

count r a t e  o f  7-118 per  cent  f o r  f i f t y  years. 

Th i r teen s i t e s  and f i f t e e n  p r o j e c t s  met the va luat ion  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 o f  t he  u n i t  energy cos ts  and environmental considerat ions. 

The rank ing was f u r t h e r  broken i n t o  " sho r t  term" and " long range" 

categor ies based on energy market ing considerat ions.  



Table 4.2. Nat ional  Hydropower Study Plan f o r  t he  Hawaii Region 

Name o f  P r o j e c t  I s l a n d  Owner Rank Incremental Incremental Type o f  P r o j e c t  
Capacity Energy 

Short Term (m) ( m i l l i o n  kwh) 

Hydro ~aumakani 
Union 
Hamakua D i t ch  

Kauai 
Hawaii 
Ma u i  

Olokele Sugar Co. 1 
Kohala Corp, 2 
Hawai i a n  Commercial 3 
and Sugar Co. 

Hawaiian Commercial 4 
and Sugar Co. 

S ta te  o f  Hawaii 5 
----- 6 

E x i s t i n g  P lan t  
Rehabi 1 i t a t i o n  
New s i t e  ( run  o f  

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

r i v e r )  

Hoopoi Chute Maui 

Kua1,apuu Reservoi r  
Wai 1 ua 

Molokai 
Kauai 

Long Range 

Waialua Sugar Co. 1 
Kekaha Sugar Co. 2 ----- 3 

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  rese rvo i  P 
New s i t e  (run 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  ( run  o f  

r i v e r )  
Exi s t i n g  r e s e r v o i r  
New s i t e  (s torage)  
New s i t e  ( run o f  

r i v e r  ) 
~ e w  s i t e  (s torage)  

Wahiawa Reservoir  
Puul ua Reservoir  
Wailoa 

Oahu 
Ka ua i 
,Hawa i i 

Kekaha Sugar Co. 4 ----- 5 
Wa i mea 
Wa i hee 

L i  hue P lan ta t i on  Co., Ltd. ----- , 

----- 
67' 
8 

Kapaia Re e r v o i r  
Waialeale 4 
Hana 1 e i  

Kauai 
Kauai 
Kaua i 

KO kee Kauai 

Source: U.S. Army.Corps o f  Engineers, Pac i f i c  Ocean D iv i s ion ,  Nat ional  Hydropower Study, Hawaii Region, 
F ina 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 1 ua was se lec ted  f o r  development i n  the  co inc iden t  drainage area).  



5. E x i s t i n g  Hydropower. Systems 

Numerous surveys o f  e x i s t i n g  hydropower p l a n t s  i n  Hawaii have been 

made.1y2y3y4 A da ta  summary o f  these p l a n t s  i s  g i ven  i n  Table 5.1. 5  

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

i n g  p lans 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  p o s s i b l e  i n  t h e  f o l l o w i n g  ways: 

1 )  E f f i c i e n c y  inc reases  by t he  replaceti lent of c ~ l d e r  tur t ) ine/gene-  

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

2 )  Replacement o f  t h e  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  ano ther  penstock. 

3 )  D i ve rs i on  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  gene ra t i ng  capac i t y  t o  u t i  1  i ze the  f low. 

4 )  Repai r  o f  tunne l  and d i t c h  systems t o  remove s i  1  t, grave l  , and 

obs t ruc t i ons ,  and t o  reduce leaks.  

5 )  Re loca t ion  o f  t u r b i n e l g e n e r a t o r  o r  penstock t o  inc rease  t he  

a v a i l a b l e  head. 

Not a l l  o f  these a r e  a p p l i c a b l e  t o  any g iven  s i t e .  The improvements 

p o s s i b l e  i n  t he  energy ou tpu t s  o f  t h e  s i t e s  a l s o  w i l l  vary  cons ide rab l y  

depending on t h e  s p e c i f i c  s i t e  c i rcumstances. 

l ~ l t e r n a t e  Energy Sources f o r  Hawaii . Report  o f  t h e  Committee on A1 t e r n a t e  
Energy Sources For Hawaii o f '  t he  S t a t e  Adv isory  Task Force on Energy Po l i c y .  
Hawai i  Na tu ra l  Energy I n s t i t u t e ,  and Department of  P lann ing  and Economic 
Development, S ta te  o f  Hawai i  , February, 1975. 

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

3D. Murata. Energy I n v e n t o r y  f o r  Hawai i Sugar Factor ies--1978. Hawai i a n  
P l a n t e r s '  Record 59, #8 (1980). Hawaiian Sugar P l a n t e r s '  Assoc ia t ion ,  Honolulu.  

4 ~ .  S u l l  i van .  P r e l i m i n a r y  Report  on H y d r o e l e c t r i c  Power i n  Hawaii . Hawaii 
Na tu ra l  Energy I n s t i t u t e ,  Honolulu,  May, 1980. 

5~omrnunicat ions wi t h  hydropower p l a n t  owners, 1980.. 
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Table 5.1. Summary o f  E x i s t i n g  H y d r o e l e c t r i c  P lan t s  - December 1980. 

No o f  I n s t a l  l e d  Avg. Annual 
I s l a n d  & Loca t ion  U n i t s  S t  ream Owner Capaci ty  (kw) Energy (gwh) Up-Grade Plans 

HAWAII : 
- Puueo 2 Wailuku ' HELCO 1,500; 750 14.0 Under study. 
- Waiau 2 Wai 1 uku HELCO 750; 350 6.5 Under s tudy.  
- Haina 1 bower Hamakua DHSC ' 800 . 0.75 Under study. 

- D i t c h  
SUBTOTAL, HAWAII 5 4,150 21.25 

MAUI : 
1 - Kauaula ' Kauaul a PMC 500 0.75 Under study. 

- Paia 1 Wailoa D i t c h  HCSC 800 3.0 I n  p lanning.  
- Kaheka 3 Wailoa D i t c h  HCSC 3 x 1,333 18.0 500 kw a d d i t i o n  on 

- 
SUBTOTAL, MAUI 5 

KAUAI : 
- Waiawa 1 Kekaha D i t c h  KSC 500 
- Wa i mea 1 Waimea KSC 1,000 
- Wainiha 2 Wai n i  ha MSC 1,800; 1,800 
- Kaumakani 1 Makawel i OSC 500 

- Alexander Res. 1 - - MSC 1,000 
- Lower L ihue 1 N. Wailua and 

I l i i l i u l a  D i t c h  LPC 800 
- Upper Lihue 1 N. Wailua and 

I l i i l i u l a  D i t c h  LPC . 500 

SUBTOTAL, KAUAI 8 

TOTAL, STATE 18 17,350 

Hamakua D i t ch ,  1981. 
21.75 

Under study. 
Under study. 
Under s tudy.  
Replace w i t h  1,250 kw, 
generate 6.5 gwh, 1981. 
Under study. 

Under study. 

Under study. 

l ~ o u r c e  o f  Data: Communications w i t h  hydropower p l a n t  owners, 1980. 

Key: HELCO - Hawaii E l e c t r i c  L i g h t  Company, Inc .  KSC - Ka'u Sugar Company, I n t d .  
DHSC - Davies Hamakua Sugar Company MSC - McBryde Sugar Company, L td .  
PMC - Pioneer  M i l  1 Company, L td .  OSC - Olokele Sugar Company, L td .  
HCSC - Hawaiian Commercial & Sugar Company LPC - L ihue P l a n t a t i o n  Company, L td .  



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

s tudy ing  t h e  p o s s i b l e  a d d i t i o n  o f  c a p a c i t y  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 Puue.0. The p r e s e n t l y  i n s t a l l e d  penstocks a re  capable of  

hand1 i ng a d d i t i o n a l  f 1  ows, enough to , .  more than double t he  presen't i n -  

s t a l i e d  c a p a c i t i e s  o f  1,100 and 2,250 k i l o w a t t s ,  r e s p e c t i v e l y .  The 

e x i s t i n g  d i v e r s i o n  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 t he  e f f e c t  o f  a d d i t i o n a l  removal o f  wa te r  f rom the  

Wai luku r i v e r  a t  these d i v e r s i o n  p o i n t s .  

HELCO has a l s o  looked  i n t o  t h e  p rospec t  o f  r e s t a r t i n g  t h e  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 a b l e  t o  g e t  

a  commitment f o r  a  . f i r m  wate r  supp ly  f rom Kohala Corporat ion,  which owns 

t h e  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  t he  e f f l u e n t  

wa te r  f rom t h e i r  sugar f a c t o r y  a t  Haina f o r  hydropower genera t 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  g a l l o n s  p e r  day, i s  c u r r e n t l y  

dumped t o  a  gu lch  below the  f a c t o r y .  The a v a i l a b l e  head i s  about 300 

f e e t ,  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  hyd rop lan t  a t  t he  o l d  Papaikou M i l l .  However, t h e  equip- 

ment i s  i n  poor  cond i t i on ,  t h e  wate r  system i s  no l onge r  i n t a c t ,  and t h e  

p resen t  l o c a t i o n  i s  s u b j e c t  t o  f l o o d i n g .  C. Brewer t h e r e f o r e  has no 

p l ans  a t  t h e  p resen t  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 

H o n o l i i ,  Pahoehoe, and Kapue Streams c o u l d  i nc rease  t h e  c a p a c i t y  of  t he  

s i t e .  A d d i t i o n a l  f i e l d  work would be r e q u i r e d  t o  determine t h e  wate r  

a v a i l a b l e .  



On Maui, bo th  Pioneer  M i l l  and Hawaiian Commercial & Sugar (H C & S )  a r e  

l o o k i n g  i n t o  replacement o f  t h e i r  01 d  t u r b i n e s  (.pre-1920) w i t h  newer, 

more e f f i c i e n t  u n i t s ,  and p o s s i b l y  a d d i t i o n a l  capac i t y .  H  C & S i s  pro-  

ceeding w i t h  p lans  t o  add 500 k i l o w a t t s  of  a d d i t i o n a l  c a p a c i t y  on t h e  

Hamakuiz. D i t c h  i n  1981. They a r e  a l s o  s tudy ing  t he  o l d  .Kolea hydropower 

s i t e  f o r  p o s s i b l e  redevelopment. 

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

grad ing.  The two L ihue p l a n t s  cou ld  g a i n  a d d i t i o n a l  energy o u t p u t  f rom 

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 a re  b e l i e v e d  t o  have 

l o s t  some capac i t y  over  t h e  years  f rom the  accumulat ion o f  s i l t  and 

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

ve ry  o l d ,  and needs replacement by a  more e f f i c i e n t  u n i t .  Est imates by 

Amfac a r e  t h a t  t he  ou tpu t  o f  these t h r e e  p l a n t s  c o u l d  be inc reased  by 

about 50%, a l though f u r t h e r  f i e l d  i n v e s t i g a t i o n s  o f  t u n n e l - d i t c h  systems 

a r e  needed t o  e s t a b l i s h  t h i s .  A smal l  e f f i c i e n c y  inc rease  may a l s o  be 

p o s s i b l e  a t  the  Waimea Canyon p l a n t ,  which i s  under s tudy  a t  t h i s  t ime.  

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

wa t ts .  Alexander and Baldwin, I nc . ,  t h e  pa ren t  company o f  t h e  McBryde 

Sugar Company which operates t h e  p l a n t ,  i s  s t udy ing  t he  f e a s i b i l i t y  of 

upgrading t he  d i v e r s i o n s  and t u n n e l - d i t c h  system which feed  t he  p l a n t  i n  

o rde r  t o  inc rease  ou tpu t .  

O loke le  Sugar Company i s  proceeding w i t h  p lans  t o  r ep 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  

p resen t  annual energy o u t p u t  o f  t h e  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  d u r i n g  h i g h  f lows .  
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6. Small Hydropower P r o j e c t  ,Imr>lementation Schedules 

The t y p i c a l  t i .metable between t h e  d e c i s i o n  t o  develop a  smal l  hydro 

p r o j e c t  and i t s  ope ra t i on  i s  about  f o r t y  (,40) months. Th i s  i nc l udes  the  

t i m e  f o r  s tud ies ,  .ob ta i r i i ng  pe rm i t s ,  secur ing  funding, . n e g o t i a t i n g  w i t h  

purchasers,  and c o n s t r u c t i o n  and t e s t i n g  o f  the  p l a n t .  (F i gu re  6-1).  

Before any d e c i s i o n  can be made' to  develop a hydro p l a n t ,  t h e  f e a s i b i l i t y  

o f  such a p r o j e c t  must be determined. The f i r s t  s tep 'wou ld  be t he  recon- 

naissance s tudy  o f  t he  p r o j e c t .  Th is  would be done t o  j u s t i f y  a  d e t a i l e d  

f e a s i b i l i t y  s tudy o f  the  p r o j e c t .  The reconnaissance s tudy,  r e q u i r i n g  

two t o  f o u r  .weeks and about one -ha l f  o f  one pe rcen t  o f  t he  t o t a l  p r o j e c t  

cos t ,  should be a  cu rso ry  e v a l u a t i o n  o f  the 'p roposed p r o j e c t  t o  determine 

t h e  a t t r a c t i v e n e s s  of pursu ing  t h e  p r o j e c t ' a n d  t o  d e l i n e a t e  some o f  the  

problems t o  be encountered i n  such a p u r s u i t .  The p resen t  s tudy serves 

as a  reconnaissance- leve l  i n v e s t i g a t i o n  f o r  . s i t e s  o f  pr ime i n t e r e s t , ' .  

those w i t h  a  p o t e n t i a l  o f  a t  l e a s t .  f i v e  m i l l i o n  k i l o w a t t - h o u r s  p e r  year .  

A f avo rab le  de.ter in inat ion i n  t he  reconna.issance s tudy  would . r e q u i r e  an 

in- 'depth f e a s i b i  1  i ty  study o f  the  p r o j e c t .  Consu l t ing  engineers would be 

r e t a i n e d  a t  t h i s  t ime  as w e l l ' a s  f i n a n c i a l  and l e g a l  consu l t an t s .  A de- 

t a i l e d  f e a s i b i l i t y  s tudy would r e q u i r e  t h r e e  t o  s i x  months f o r  comple- 

t i o n .  Cost o f  such a  s tudy  would be about  two t o  f i v e  p e r  c e n t  of t he  

t o t a l  p r o j e c t  cos t .  

Only a f t e r  t he -comp le t i on  o f  t he  f e a s i b i l i t y  s tudy  would t h e r e  be a  

d e c i s i o n  t o  implement the  p lans  f o r  t he  development o f  t h e  p r o j e c t .  

Th i s  d e c i s i o n  would be more than s i x  months a f t e r  t h e  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 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  o n l y  t o  the  f i .nancia1 p lanning t h a t  must be done b u t  a l s o  t o  a i d  i n  

o b t a i n i n g  the requ i red  l i censes,  permi ts  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  pl'ans requ i res  about n ine  months. U n t i l  

these plans a re  made f i nanc ing  f o r  the  p r o j e c t  cannot be obtained. The 

f i n a n c i a l  p lans 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  pre-cons t ruc t ion  phase and long- 

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

up phases. 

Implementation o f  plans t o  develop hydro power  require.^ approval from a l l  

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

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 1 i censi  ng o f  small 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.  With 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  f o r  exemption. The FERC r u l e s  f u r t h e r  pro-  

v ide  fo r  an aubomatic 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 app l i ca t i on .  

I f  funding i s  t o  be through p u b l i c  equ i t y ,  t he  S e c u r i t i e s  Exchange Com- 

miss ion  (SEC) may become invo lved 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  of the  prospectus and rev iew by the  SEC. 



Federal, s t a t e  and l o c a l  governments have each developed t h e i r  body of 

requirements t h a t  must be met. Enwi ronmental cons idera t ion  i s  requ i  red  

a t  a l l  l e v e l s .  Local u t i l i t y  regu la t i ons  must be met as must l o c a l  

requirements such as zoning, shore l ine  management, e tc .  associated w i t h  

the  p r o j e c t .  

Purchasers f o r  the power must be sought. "Le t te rs  o f  I n t e n t "  t o  purchase 

the  power generated should be signed a t  about the  t ime t h a t  t he  s h o r t  

term f inanc ing  arrangements are being made. Neyot ia t ions  f o r  t he  power 

purchase agreements should be conducted w h i l e  long-term f i nanc ing  i s  

being secured. 

Once the shor t - term f i nanc ing  and the  " L e t t e r  o f  I n t e n t "  a re  secured, a t  

about the f i f t e e n t h  month i n t o  the  p r o j e c t ,  f i e l d  surveys, subsurface 

i n v e s t i g a t i o n s  and engineer ing design can be s ta r ted .  About a year  

should be a l l o t t e d  f o r  t h i s  phase. Three quar te rs  o f  t he  way through 

t h i s  phase, once the long-term f inanc ing  i s  secured and the  power purchase 

c o n t r a c t  i s  executed, b ids  f o r  t he  equipment can be opened. 

Actual cons t ruc t i on  o f  c i v i l  works, i n s t a l l a t i o n  o f  equipment, and t e s t -  

i n g  would take about 12 t o  14 months. Actual opera t ion  would begin a 

l i t t l e  more than th ree  years a f t e r  t he  i n i t i a l  s tud ies  are  implemented. 
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The purpose o f  the engineering ana lys is  i s  t o  s e l e c t  a con f igu ra t i on  f o r  t he  

hydropower p ro jec t ,  c a l c u l a t e  the power p o t e n t i a l  of the  s i t e ,  s i z e  the  major 

equipment components and s i t e  fac to rs  f o r  t he  subsequent cos t  analys is ,  and 

determine the  average annual energy product ion o f  t he  p lan t .  

Topographic map reconnaissance was used t o  determine the l oca t ions  of d i -  

vers ion  and in take  works, penstock path, powerplant s i t e ,  and transmission 

l i n e  route.  Streamflow data were obtained from water resource r e p o r t s  of t h e  

U.S. Geological Survey. The l o c a l  Honolulu o f f i c e  o f  the Water Resources 

D i v i s i o n  o f  the USGS provided p re l im ina ry  f l o w  du ra t i on  curve parameters fo r  

many o f  the s i t es .  For some s i t e s ,  p a r t i c u l a r l y  those f o r  which f l ow  data 

extend back on ly  a few years, no s t a t i s t i c s  were ava i l ab le ,  and f l ow  du ra t i on  

parameters were ca l cu la ted  using a l i m i t e d  amount o f  d a i l y  f l ow  data. The 

f l o w  du ra t i on  curves were adjusted where necessary from the  gaging s t a t i o n  

s i t e  t o  the  i n take  s i t e .  

I Turbines were s ized using the assumed f l o w  du ra t i on  curves. The low f l o w  was 

establ ished, usua l l y  a t  t he  85 -pe rcen t i l e  p o i n t  o f  t h e  f l ow  du ra t i on  curve. 

Mainly, t h i s  p o i n t  i s  determined by the  mechanical l i m i t a t i o n s  o f  t he  t u r -  

bines, which operate e f f i c i e n t l y  on l y  over a 1 i m i t e d  range of f lows. The 

low f l ow  used i s  n o t  intended t o  represent  an environmental l i m i t a t i o n  on 

water d ivers ion .  Environmental considerat ions would be addressed i n  the  

feas i  b i  1 i ty  study and dur ing  the  permi t  process. 



The opera t ing  f low range of 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  eaual t o  

t h e  design f l o w  o f  t h e  f i r s t  t u r b i n e  i f  t h i s  f l ow  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 igu ra t i ons  are possib le,  as d i f f e r e n t  types 

o f  tu rb ines  have d i f f e r e n t  opera t ing  ranges. Several a1 t e r n a t i  ves 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 h e  most economical. 

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

equation: 

(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) 

Qma x  = design (maximum) f l o w  through the  tu rb ine  

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  

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  . . 

~ 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 a re  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 i g h  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  fac 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  of '  debr is ,  and t h e  p1ant.may n o t  be ab le  t o  

operate . 



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

c a l l y  i n teg ra ted  between the  l i m i t s  of QMIN and QNAAX, us ing the  f o l l o w i n g  

equation: 

E = C p i  x APi x 8766 
i 100 

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

b p i  = increments along t h e  p e r c e n t i l e  scale; normally,  &Pi 

was taken as 5% increments, o r  about 438 hours. 

Pi = the  average power output  i n  the  percent increment A p i ,  

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

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

e x t r a  hours i n  leap years. ) 

I n  determining the  power outputs i n  each increment, the  head loss  due t o  

f r i c t i o n  was determined as a func t i on  o f  penstock f l o w  using the  Hazen- 
< 

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

which i nd i ca tes  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  from 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 are  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 output  f o r  the  case o f  H o n o l i i  Stream fo l lows.  



HONOLll STREAM 
USOS STATION 16717 000 
ELEVATION 1540 FT. 
PERIOD OF RECORD 1912, 

1968 - 1977 

I 2dwb ~ O + X  60 8 0 % ~  I 
:RCENT OF TIME FLOWS ARE EQUALED OR EXCEEI 

00 
DED 

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



Table B-1. Sample Program O u t p u t  of Annual Energy Calculation. 

HYDRO S I T E  HONOLI I STREAM 

36-INCH PENSTOCK 8 3 0 0  F E E T  LONG 

FLOW FRACT. F R I C T I O N  NET HEAD POWER ENERGY 
B I N  # (CFS)  OCCUR. HRS/YR LOSS(FT) ( F T )  ( KW 1 ( KWH/YR) 

TOTALS 7 4 5 1 . 1  1 7 6 3 3 5 2 8  



Appendix C. Hydropower P ro jec t  F inanc ia l  Analys is  

A p r o j e c t  c ~ s t  est imate was made f o r  each se lec ted hydropower s i t e .  The 

c a p i t a l  cos t  i tems were d i v ided  i n t o  two categories, electromechanical 

features and c i v i l  cons t ruc t i on  work. Inc luded i n  the  electromechanical 

features category were the  turbine/generators, s t a t i o n  e l e c t r i c a l  equipment, 

miscellaneous power p l a n t  equipment, and t ransmission l i n e s .  

The c i v i l  cons t ruc t i on  costs inc luded s i t e  prepara t ion  work, pwerhouse con- 

s t ruc t i on ,  valves and miscel  laneous p ip ing,  penstock, and access roads. The 

s i t e  prepara t ion  work was fu r the r  d i v ided  i n t o  drainage systems, eros ion  con- 

t r o l ,  f i n a l  grading, and environmental con t ro l s .  Inc luded i n  the powerhouse 

const ruc t ion  costs were s t r u c t u r a l  work excavations, foundatidn, and switch- 

ya rd  c i v i l  cons t ruc t i on  costs. The cos t  o f  t h e  d i v e r s i o n  works and i n t a k e  

screens were no t  de l ineated i n  separate categor ies,  but  inc luded as miscel-  

1 aneous equipment. 

Except f o r  the penstock, access roads, s t r u c t u r a l  work, and excavation, a l l  

costs were est imated using standardized p lanning and cos t  es t imat ing  curves 

o f  the  U.S. Army Corps o f  Engineers ( c o E ) . ~  The cos t  est imates f o r  t he  t u r -  

bine/generators were based on the  i n s t a l  l a t i o n  o f  ho r i zon ta l  Francis-type 

turb ines.  The COE cos t  es t imat ing  curves are  based on J u l y  1978 cos t  l eve ls .  , 

These costs were escalated by a f a c t o r  o f  1.18 according t o  the increase 5n 

the  ENR const ruc t ion  cos t  index t o  October 1980. C i v i l  cons t ruc t i on  costs 

on ly  were f u r t h e r  escalated by a fac tor  o f  1.3, t o  r e f l e c t  increased construc- 

t i o n  costs over mainland-based est imates. 

l ~ e a s i  b i  1 i t y  Studies For Small Scale Hydropower Add i t ions  , A Guide Manual. 
Hydrologic Engineering Center, and I n s t i t u t e  For Water Resources. U.S. 
Army Corps o f  Engineers, Ju ly ,  1979. 



Other costs were est imated as fo l lows:  

1. Penstock costs were est imated assuming the  use of cement-mortar l i n e d  and 

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

be bur ied  because o f  th.e p o t e n t i a l  f o r  vandalism. However, t h i s  may no 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  surface 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  cora l  

sur face course, a t  a cos t  o f  $30 per  l f n e a r  foo t .  I n  sollie areas,  .i,t nay 

be s u f f i c i e n t  t o  const ruc t  a lower q u a l i t y  road 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 cos t  savings. 

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

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

5. D ivers ion  works, i n t a k e  screen - lump sum, $150,000. 

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

t ingenc ies  i nc lude  an allowance o f  10% f o r  i n t e r e s t  dur ing  construct ion,  

assuming a cons t ruc t i on  pe r iod  o f  about one year. 

l n d i r e c t  Costs - 20% o f  the t o t a l  equ ips~er~t  and cons t ruc t i on  costs and 

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

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

o License and/or permi t  app l i ca t i ons  - 2% 

o Engineering and design - 10% . 
o Construct ion management - 5% 

o Admin is t ra t ion  - 1% 

The t o t a l  p r o j e c t  c o s t  was i n p u t  t o  a computer program t o  f i n d  the.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 l e  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 period. The 

analysis used standard net present value techniques. The major assumptions 

used were the fol 1 owing : 

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

assumed in 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 andmaintenancecosts - 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 te res t  ra te  and 

the rate  of escalation of the value of the e l e c t r i c i t y  produced by the hy- 

droplant. 

The following values fo r  these parameters were used: 

o Interest  rate - 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. 

I A sample computer output fol lowsforthe 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 ki lowatt-hour. 



The breakeven p r i c e  f o r  hydropower i s  t he  i n i t i a i  p r i c e  f o r  t h e  power. I n  

o r d e r  t o  recQver  a l l  p r o j e c t  cos ts ,  t h e  i n i t i a l  p r i c e  must esca la te  a t  t h e  

assumed r a t e  over  t he  l i f e  of  t h e  p r o j e c t ,  i n  t h i s  case 20 years.  

Thus, f o r  t he  H o n o l i i  example, t he  i n i t i a l  p r i c e  o f  $0.029 p e r  kwh would 

inc rease  a t  6% per  year ,  reach ing  $0.093 a f t e r  20 years.  The average p r i c e  

ove r  2.0 years  would be $0.055 pe r  kwh. Th is  a n a l y s i s  does no t . add ress  t h e  

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  w e l l  

beyond i t s  economic 1  i f e y  g iven  p roper  maintenance. Many i n s t a l  l a t i o n s  have 

been o p e r a t i n g  f o r  more than 60 years .  

Th i s  breakeven a n a l y s i s  a l s o  does n o t  address t h e  p r o f i t s  t o  be r e q u i r e d  by 

hydropower developers.  Return-on- investment (ROI) t a r g e t s  w i l l  d i f f e r  among 

companies, and t h i s  parameter must be. i nc l uded  i n  f i n a n c i a l  c a l c u l a t i o n s  i n  

t he  f e a s i  b i l  i ty  study, when t h e  developer  i s  i d e n t i f i e d ,  

As an i n d i c a t o r  of whether t h e  computed cos ts  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  s tudy  stage, these can be compaed t o  c u r r e n t  avo ided 

cos t s  of  u t i l i t y  e l e c t r i c i t y ,  These were es t imated  t a  be:'  

o  Kauai - $0.045/kwh 

o  Molokai  - $0.065/kwh 

o  Maui -. $0.065/kwh 

o  Hawaii - $0.060/kwh 

The S t a t e  P u b 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  

smal l  power praducers under t he  Federal  PURPA r e g u l a t i o n s .  These ra tes ,  

expected t o  be e s t a b l i s h e d  e a r l y  i n  1981, a re  t o  r 2 f l e c t . t h e  avoided c o s t s  o f  

u t i l i t i e s .  

l ~ s t i m a t e s  by the Committee on Small H y d r o e l e c t r i c  Power Systems. Oahu n o t  
i n c l u d e d  s i nce  no s i t e s  were i d e n t i f i e d  f o r  t he  f i n a n c i a l  ana l ys i s .  
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Table C-1. Sample Program Output,  Net Presen t  Worth Analysis .  

HONOLI l STREAM HYDRO 

INTEREST RATE 12.0% 
06W COSTS ESCALATION 6.09 
FNEPGY VALUE ESCALATIOV 6.0% 

K N PF? RCF 
0,028 -0.0491 0,9882 
0.029 0.0979 1.0235 
0.030 0.2450 1.0588 

CAPITA18 PRESENT RECUPR PRESENT RECUFR PRESENT TOTAL P F E S  
YR PWF COSTS WORTH COSTS WORTH BENEFITS  WORTH WORTH 

TOTALS 4,1664 4.2643 0.0979 

BENEPPT/COST R A T I O  = 1.02 
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Table D-1. TECHNICAL DATA SUMMARY 

WOJECT SITE Wai 1 ua R iver  Basin, Kauai 

P l  an t  Capaci ty 

S t a t i c  Head 

Penstock Length 

Average Gradient  

Stream Gage o f  Record 

Streamflow Parameters 

11,700 

360 ft - .  

20,000 ft 

0.015 ft/ft 

USGS # 16060000 

Average Flow 116 c f s  

TurbineIGenerator Capaci t ies 1. 3200 kw 
2. 8500 kw 

Average Annual Energy Product ion 25,200,000 kwh . 
. . 

2 5 % Overal l  Pl 'ant Factor  

Miscellaneous: Onqoing study i s  being performed b , ~  t h e  U.S. Arm.y Corps 
o f  En'gineers. A p r e l i m i n a r y  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 l ab le .  

QN i s  t he  stream f l o w  which i s  equaled o r  exceeded N percent  o f  t h e  
ti me. 



# USGS STREAM GAGE LOCATl ON 
AND NUMBER 
L lHUE PLANTATION DITCH GAGE 
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WAILUA RIVER, KAUAl 

INTEREST RATE 

J . l a a  1 . .  I . l  1 1 1  

ENERGY VALUE ESCALATION ( W Y R )  

Figure  0-2. Breakeven Hydropower P r i c e  as a Funct ion o f  I n t e r e s t  Rate 
and Energy Value Esca la t ion  Rate, Wailua River,  Kauai. 
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Table D-2. TECHNICAL DATA SUMMARY 

PROJECT SITE WainihaStream, Kauai 

P lan t  Capacity 

S t a t i c  Head 

Penstock Length 

Average Gradient  

Stream Gage o f  Record 

Streamflow Parameters 

3700 kw 

290 ft 

7000 f t  

0.041 ft/ft 

USGS # 16108000 

Average Flow 139 c f s  

Q15 204 cfsl 

460 79 c f s l  

- 995 55 c f s l  

~ u r b i n e / ~ e n e r a t o r  Capaci t ies 1. 1600 kw 

2. 2100 kw 

Average Annual Energy Product1 on 17,400,000 kwh 

Overa l l  P l a n t  Factor  54 % 

Miscellaneous: 

1 
QN i s  the  stream f l o w  which i s  equaled o r  exceeded N percent  of t he  

time. 
D- 4 



Figure  D-3. Prospect ive Hydropower S i t e ,  Waini ha River ,  Kauai 

Scale: 1 i n .  = 2000 ft. 



PERCENT OF TIME FLOW EQUALED OR EXCEEDED 

Figure 0-4. Flow Durat ion Curve, Wai n i  ha River, Kauai. 
(Based on U. S. G. S. Water Resources D iv i s ion  stream Gage Data) 
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Table D-3. 

PROJECT: Wa.ini ha River ,  Kauai 

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  

Miscel laneous Equipment 

SUBTOTAL 

I n d i r e c t  costs3 

TOTAL 

l c o s t  data a s  o f  October 1980. 

2a t 20% 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% 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  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 i s t ra t i on .  
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. 
WAlNlHA R IVER,  KAUAl  

INTEREST RATE 

1 1 .  1 . 1  

ENERGY VALUE ESCALATION ( %/YR)  

Figure  D-5. 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, Wainiha River, Kauai. 



Table D-4. TECHNICAL DATA SUMMARY 

PROJECT S I T E  Lumahai River,  Kauai 

P l  an t  Capaci t y  

S t a t i c  Head 

Penstock Length 

Average Gradient  

Stream Gage o f  Record 

0.027 ft/ft 

USGS # 16106000 

Streamf 1 ow Parameters Average Flow 120 c f s  

~ u r b i n e / ~ e n e r a t o r  Capac i t ies  
. . 

1. 1500 kw 

Average Annual Energy Product ion 14,100,000 kwh . . 

5 7 Overa l l  P l a n t  Factor  % 

M i  scel  1 aneous : 

QN i s  the stream f l ~ w  which i s  equaled o r  exceeded N percent  o f  the  
t ime. 



Scale:  1 i n .  = 2000 ft. 

F igu re  D-6. Prospec t i ve  Hydropower S i t e ,  Lumahai R iver ,  Kauai. 
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LUMAHAI RIVER, KAUAl 
USGS STATION 16106000 
ELEVATION 700 FT. 

PERCENT OF TIME FLOW EQUALED OR EXCEEDED 

Figure  D-7. F low Gurat ion Curve, Lunlahai River ,  Kauai. 
(Based on U. S.G.S. Water Resources D i v i s i o n  Stream Gage ~ a t a )  



Table D-5. 

PROJECT: Lumahai River, Kauai 

Turbi ne/Generators 

S ta t ion  E l e c t r i c a l  Equipment 

Penstock 

Si  tework 

Powerhouse C i  v i  1 
" 

Access Roa'd 

Transmission L ine 

Miscel laneous Equipment 

SUBTOTAL 

con t i  ngencies2 

I n d i r e c t  costs3 

TOTAL 

l c o s t  data as o f  October 1980. 

2at 20% o f  const ruc t ion costs; includes .a1 lowance of 10% f o r  i n t e r e s t  dur ing 
const ruc t ion (.I year) .  

3at  20%. o f  const ruc t ion costs + cgntingencies; includes costs of feasi b i l  i t y  
study, 1 icense and permi t appl i ca t i ons  , engineering and des,i.gn, const ruc t ion 
management, and administ rat ion.  



ENERGY VALUE ESCALATION ( % / Y R )  

- 

. 

Figure  D-8. Breakeven Hydropower P r i c e  as a  j u n c t i o n  o f  I n t e r e s t  Rate 
and Energy Value Esca la t i on  Rate, Lumahai R iver ,  Kauai. 

* 

L U M A H A I  R I V E R ,  KAUAl  

L 

.i a- . I * .  1 1 . 1  1 1 1  



Table D-6. TECHNICAL DATA SUMMARY 

PROJECT S I T E  Hanalei River,  Kauai 

P lan t  Capaci t y  

S t a t i c  Head 

Penstock Length 

Average Gradient  

Stream Gage of  Record 

Streamflow Parameters 

2,550 kw 

360 f t  

20,000 ft 

0.018 ft/ft 

USGS # 16101000 

Average Flow 87 c f s  

415 117 cfsl 

Q50 49 c f s l  

Q95 16 c f s l  

Turb i  ne/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  5 1  % 

M i  sce l  1 aneous : 

Q~ i s  the stream f l o w  which i s  equaled o r  exceeded N percent  o f  the  
t ime. 



Scale: 1 i n  = 3100 ft. 

F igu re  . . D-9. . '  Prospect ive Hydropower S i  teq :  Hanal.ei . ~ j . v & ~ ; .  Kauai. 
. . 
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Table D-7. HYDROPOWER PROJECT COST SUMMARY~ 

PROJECT: Hanalei River, Kauai 

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  1 

Access Rnad 

Transmission Line 

Miscellaneous Equipment 

SUBTOTAL 

con t i  ngencies2 

I n d i r e c t  costs3 

TOTAL. 

l c o s t  data as of October 1980. 

?at  20% o f  cons.truct ion costs; includes a1 lowance o f  f O %  fo r  i n t e r e s t  dur ing 
const ruct ion (1 year). . 

3at 20% of const ruct ion costs + contingencies; includes costs of f e a s i b i l i t y  
st'udy, 1 icense and permit  appl ica t ions,  engineering. and design, construct ion 
management, and admini s t r a t i on .  



1 ENERGY VALUE ESCALATION ( %/YR) 

Figure D-11. Breakeven Hydropower Pr ice  as a Function of I n t e r e s t  Rate and 
Energy Value Escalat ion Rate, Hanalei River, Kauai . 



Table D-8. TECHNICAL DATA SUMMARY 

PROJECT PUU ha-Kokee, Phase 1 [Kj  tan0 Hydro), Kauai 

P l  an t  Capaci.ty 1,650 kw 

S t a t i c  Head 800 ft 

Penstock Length 9,000 f t 

Average Gradient  0.089 f t / f t  

Stream Gage o f  Record USGs # 16014000 

St.reamflow Parameters Average Flow 16.9 c f s  

015 3113 c f s l  

460 14.0 c f s l  

3 . 4  c f s l  

Turbi  ne/Generator Capaci t ies 1. 700 kw 

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  the  same one g iven t o  t h i s  s i t e  by 
Amfac and DOWALD, who a re  j o i n t l y  i nves t i ga t i ng '  hydro- 
power development oppor tun i t i es  i n  Kokei. The Amfac/ 
DOWALD approach and the  approach used i n  t h i s  study are 
s i m i l a r  and ob ta in  s i m i l a r  resu l t s .  However, i n  the  
Amfac/DOWALD version, a s i n g l e  1600-k i lowat t  Pel ton 
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.  

QN i s  t h e  stream f l o w  which i s  equaled o r  exceeded N percent  o f  t h e  
time. 



Figure D-12. Prospect ive Hydropower S i te ,  Puu Lua-Kokee, Phase 1 
( K i  tano Hydro). 

Scale: 1 in .  = 2000 ft. 
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\ 

Figure D-13. Flow Durat ion Curve, Puu Lua-Kokee, Kitano Hydro (Kokee Di tch) .  
(Based on U.S.G. S. Water Resources D iv i s ion  Stream Gage Data) 

KOKEE DITCH, KAUAl 
USGS STATION 16014000 
ELEVATION 3310 FT. 
PERIOD OF RECORD 1926-1979 

\ 



Table D-9. HYDROPOWER PROJECT COST SUMMARY l 

PROJECT: Puu Lua/Kokee, Kauai 
(Phase I - K i  tan0 Hydro) 

Turbi ne/Generators 320,000 

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 

Miscel'laneous Equipment 
. . 

SUBTOTAL 

con t i  ngencies2 

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; inc ludes allowance o f  10% f o r  i n t e r e s t  dur ing 
const ruc t ion .[.I year).  

sa t  20% o f  const ruc t ion costs + contingencies; includes costs of feasi b i l  i t y  
study, 1 icense and p e m i  t appl i ca t ions ,  engineering and design, const ruc t ion 
management , and admi n l  s  t r a  t i on .  



ENERGY V A L U E  ESCALATION ( %/YR)  

I 

- 
- 

. 

Figure D-14. Breakeven Hydropower Pri.ce. as a Function of I n t e res t  Rate and 
Energy Value Escalat ion Rate, Puu Lwa-Kokee, Phase 1 (Kitano 
Hydro), Kauai . 
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Table D-10. TECHNICAL DATA SUMMARY 

PROJECT SITE Hanalei Tunnel, Kauai 

Pl ant  Capaci t y  

S t a t i c  Head 

Penstock Length 

Average Gradient 

Stream. Gage o f  Record 

Streamflow Parameters 

8,000 ft 

0.064 ft/ft 

USGS # 161000.00 

Average Flow 27.3 c f s  

Q15 33.1 c f s l  

Qso 28.5 cfsl 

Q95 12.3 c f s l  

Turbi ne/Generator Capacit ies 
1400 kw 

Average Annual Energy Production 

Overal l  P lan t  Factor 

M i  i ce1  1 aneous : 

8,200,000 kwh 

67 % 

QN i s  the stream f l ow  which i s  equaled o r  exceeded N percent o f  the 
time. 



Scale: 1 i n ;  = 2000 ft. 
Figure D- 15. Prospective Hydropower S i t e ,  Hanal e i  Tunnel , Kauai . 
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F igure .D-16. Flow Durat ion Curve, Hanalei Tunnel, Kauai . 
(Based on U. S.G.S. Water Resources D i v i s i o n  Stream Gage Data) 

b 

HANALEI TUNNEL, KAUAI 
USGS STATION 16100000 
ELEVATION 1210 FT. 
PERIOD OF RECORD 8 1977-1979 
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Table D-11. HYDROPOWER PROJECT COST SUMMARY 

PROJECT: Hanalei Tunnel, Kauai 

Turbi ne/Genera to rs  

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 Line 

Miscellaneous Equipment 

SUBTOTAL 

con t i  ngencies2 

I n d i r e c t  costs3 

l c o s t  data as o f  October 1980. 

2at  20% o f  const ruct ion costs; includes allowance o f  10% for  i n t e r e s t  dur ing 
construct ion (1 year). 

3at 20% o f  const ruct ion costs + contingencies; includes costs o f  feas i  bf 1 i t y  
study, l i cense and permit  appl icat ions,  engineering and design, construct ion 
management, and administrat ion.  



ENERGY VALUE ESCALATION ( Ye/YR.) 

. 
- 

Figure D-17. Breakeven Hydropower Price as a Function of Interest. Rate and 
Energy Value' Escalation Rate, Hanalei Tunnel, Kauai. 
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Table 0-12. TECHN 1 CAL DATA SUMMARY 

PROJECT SITE Wahiawa . Reservoir, Oahu 

P l a n t  Capaci:ty 

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  

QSO 75 c f s l .  

Turbine/Generator Capaci t ies 1. 150 kw 

2. 150 kw 

Average Annual Energy Product ion 1,650,000 kwh 

Overa l l  P l a n t  Factor  63 % 

* 

M i  sce l  1 aneous : 

Streamflow parameters i n  t h i s  case represent the  ou t f l ow  from 

Wahiawa ~ e s e r v o i r .  There i s  no USGS s ta t i on ;  t he  f l o w  parameters 

are  est imated from data provided by Waialua Sugar Company. 

QN ii the  s t r e a m f l o w  which i s  equaled o r  exceeded N percent  of the'  
time. 



Scale:. 1 i n .  = ZWU tt. 

Figure 0-18. Prospecti ve Hydropower S i t e ,  . Wahiawa Reservoir,  Oahu. 



Table .D-13'. TECHNICAL DATA SUMMARY 

PROJECT SITE Malawa Stream, Molokai 

P l  an t  Gagaci. t y  

S t a t i c  Head 

Penstock Length 

Average Gradient  

Stream Gage of Record 

Streamf 1 ow Parameters 

2100 kw 

1000 ft 

3000 ft 

.333 ft/ft 

USGS #1640@000 

Average Flow 29.0 c f s  

Q15 45 c f s l  

QSO 14 cfsl  

995 4 c f s l  

Turbine/Generator Capaci 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  sce l  1 aneous : 

' QN i s  the  stream f low which i s  equaled o r  exceeded N percent  of the  
time. 





HALAWA STREAM, MOLOKAI 
USGS STATION .I6400000 
ELEVATION: 210 FT. 
PERIOD OF RECORD I 1917-1932 

PERCENT OF TIME FLOW EQUALED OR EXCEEDED 

Figure D-20. Flow ~ u r a t i o n  Curve, Halawa Stream, Molokai. 
(Based on U. S. G. S. Water Resources D i v i s i on  Stream Gage Data) 

D-33 



Table D-14. HYDROPOWER PROJECT COST SUMMARY l 

PROJECT: Halawa Stream, Molokai 

Turbi ne/Generators 

S ta t ion  E l e c t r i c a l  Equipment 

Penstock 

Si  tework 

Powerhouse C i v i  1 

Access Road 

Transmission L ine 

Miscellaneous Equipment 

SUBTOTAL 

I n d i  r e c t  costsJ 

TOTAL 

l c o s t  data as o f  October 1980. 

2at  20% o f  const ruc t ion costs; inc ludes allowance o f  10% f o r  i n t e r e s t  dur ing 
cons t ruc t ion (1  year) .  , . 

Sat 20% o f  const ruc t ion costs + contingencies; includes costs o f  feas i  b i l  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 ( %/YR)  

L 

Figure D-21. 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, Malawa Stream, Molokai. 
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Table D-15. TECHNICAL DATA SUMMARY 

PROJECT S I T E  Pelekunu Stream, Molokai 

Pl ant  Capaci ty 

S t a t i c  Head 

I Penstock Length 

I Average Gradient 

I Streem Gege s f  Reesrd 

I Streamflow Parameters 

2. 

Average Annual Energy Production 

Overal l  P lan t  Fbctor 

I Miscellaneous: 

860 kw 

550 ft 

8000 ft 

0.069 ft/ft 

USCS # 1G404000 

Average Flow 16.4 c f s  

Ql5  24.3 cfsl 

QSO 9.3 c f s l  

495 4 c f s l  

380 kw 

480 kw 

3,798,000 kwh 

50% % 

QN i s  the stream flow which i s  equaled o r  exceeded N percent of the 
time. 



Figure  0-22. Prospect ive Hydropower S i te ,  Pelekunu Stream, Molokai . 
Scale: 1 i n .  = 20'00 ft. 

D-37 - 



3 5  . 
PELEKUNU STREAM, MOLOKAI 
USGS STATION 16404000 
ELEVATION 5 5 0  FT. 
PERIOD OF RECORD 1919 - 1929, 
1937-1957i 1971- 1979 

10 - 

0 .  
2 0  40, 60 80 100 

PERCENT OF TIME FLOW EQUALED OR EXCEEDED 

Figure D-23. Flow Durat ion Curve, Pelekung Stream, Molokai. 
(Based on U. S. G. S. Water Resources D i v i s i o n  Stream Gage Da 

D-38 
t a ) .  



 able .D-36. TECHNICAL DATA SUMMARY 

PROJECT SITE Kualapuu Reservoir, Molokai 

P l  an t  Capaci. ty 

S t a t i c  Head 

Penstock Length 

Average Gradient  

Stream Gage o f  Record 

Streamf low Paramet-ers 

70 

124 

2:1., 000 

0.006 

USGS # 

Average Flow 5.3. 

Q15 7 

460 4 

Q95 2.4 cfsl 

Turb i  ne/Generator Capaci t ies 70 k w 

Average Annual Energy Product ion 

Overa l l  P l a n t  Factor  

Miscellaneous: 

In f low.  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  du ra t i on  curve,. nex t  page). Powerplant i s  

a t  the  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 Ko i  Corporation, and f l o w  renioved by 

Del Monte Corporation. 

QN i s  the  stream f l o w  which i s  equaled o r  exceeded N percent o f  the  
time. 





MOLOKAI TUNNEL W. PORTAL 
USGS STATION 16405300 
ELEVATION 970 FT. 
PERIOD OF RECORD 8 1965- 1979 

I 

- 0 
2 0  40 60 80 100 - 

PERCENT OF TIME FLOW EQUALED OR EXCEEDED 

Figure 0-25. Flow Durat ion Curve, Kualapuu Reservoir ,  Molokai . 
(Based on U. S. G.S. Water Resources D i v i s i o n  Stream Gage Data) 



Table D-17. TECHNICAL DATA SUMMARY 

PROJECT SITE East & West Wai lua ik i  Streams, Maui 

I P lan t  Capaci:ty 2,750 kw 

I S t a t i c  Head .1,155 ft 

I Penstock Length 9,500 f t  

Average Gradient  

Stream Gage o f  Record 

Streamflow Parameters 

0.012 ft/ft 

USGS # 1651700 East Br. 
1651800 West Br. 

Average Flow 69.8 c f s  

Q15 85 cfs l  

A Turbine/Generator Capaci t ies 1. 1250 kw 

2. 1500 kw 

Average Annual Energy Product ion 15 080,000 kwh 

' Overa l l  P l a n t  Factor  63 % .  

M i  sce l  1 anems : 

I 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  powerhouse. 

QN i s  t he  stream f l o w  which i s  equaled o r  exceeded N percent  o f  the  
time. 



, Maui 
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Figure D-27. Flow Duration Curve, Eas t  Branch, Wai 1 uai k i  Stream, Maui . 
(Based on U.S.G.S. Water Resources Divis ion Stream Gage Data) 

EAST BR. WAlLUAlKl STR., MAUl 
USGS STATION 165 17000 
ELEVATION 1350 FT. 
PERIOD OF RECORD 1 1913-1917, 
1922 - 1958 

. - 
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Table 6-18. 

PROJECT: East and West Wai lua ik i  Streams, Maui 

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 Equipment 

SUBTOTAL 

contingencies2 

I n d i  r e c t  costs3 

TOTAL 

l c o s t  data as o f  October 1980. 

2a t  20% o f  cons. t ruct ion costs; inc ludes allowance o f  10% f o r  i n t e r e s t  dur ing  
cons t ruc t i on  (1 year ) .  

3at  20% o f  cons t ruc t i on  cos ts  + cont ingencies; inc ludes costs o f  f eas i  b i  1 i t y  
study, l i cense  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 VALUE ESCALATION ( %/YR)  

b 

II 

Figure D-29. Breakeven Hydropower Price as a Function of Interest  Rate and 
Energy Value Escalation Rate, East & West Wailuaiki Streams, Maui. 

f 

E. 8 W. WAILUAIKI STRMS., MAUl 
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Table D-19. TECHNICAL DATA SUMMARY 

PROJECT SITE Waihee Stream, Maui 

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 

1,860 kw 

240 ft 

4,400 ft 

0.055 f t / f t  

USGS # 16612000 

Average Flow 100 cfs 

Q15 150 cfsl  

Q50 74 cfs l  

Q95 42 c f s l  

Turbine/(ienerator Capnci t i e s  1. 810 kw 

2. 1050 kw 

Average Annual Energy Product ion 8,486,000 kwh 
/ 

Overal l  P lan t  Factor  52 % 

M i  sce l  1 aneous: 

In take  i s  assumed upstream o f  gaging s t a t i o n .  Actual flows 

a v a i l a b l e  are  somewhat l ess  than i n d i c a t e d  above, because o f  t h e  

smal ler  watershed area a t  t he  in take.  

QN i s  t he  stream f l o w  which i s  equaled or exceeded N percent  of the  
time. 



Figure D-30. Prospective Hydropower S i te ,  Wai hee Stream, Maui . 



WAIHEE STREAM, MAUl 
USOS STATION 16612000 
ELEVATION 600 FT. 
PERIOD OF RECORD 8 1913- 1917 

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 i v i s i o n  Stream Gage Data) 



Table D-20. HYDROPOWER PROJECT COST SUMMARY l 

PROJECT: Waihee Stream, Maui 

Turbi 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 Line 

M i  scel  laneous Equipment 

SUBTOTAL 

~ o n t i n ~ e n 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. 

2at  20% of const ruct ion costs; includes allowance o f  10% f o r  i n t e r e s t  dur ing 
const ruct ion ( 1  year) .  

3at  20% o f  const ruct ion costs + contingencies; includes costs o f  feas i  b i  1 i t y  
study, 1 icense and permi t appl ica t ions,  engineering and design, construct ion 
management, and administrat ion.  



ENERGY VALUE ESCALATION ( O/o/YR) 

F igu re  0-32. Breakeven Hydropower P r i c e  as a Func t ion  of  I n t e r e s t  Rate and 
Energy Value E s c a l a t i o n  Rate, Waihee Stream, Maui. - 



Table D-21. TECHNICAL DATA SUMMARY 

PROJECT SITE Hanawi Stream, Maui 

P lan t  Capacity 

S t a t i c  Head 

Penstock Length 

Average Gradient  

Stream Gage o f  Record 

Streamflow Parameters 

1000 kw 

990 ft 

7,000 ft 

0.141 ft/ft 

USGS # 16508000 

Average Flow 22.5 c f s  

Q15 29.6 cfsl 

Q60 . 7.2 c f s l  

Q95 2.5 cfsl 

Turb i  ne/Generator Capaci t ies 1. ' 420 k w  

2. 580 k w  

Average Annual Energy Product ion 5,026,000 kwh 

Overa l l  P l a n t  Factor  57% % 

, Miscellaneous: 

1 
QN i s  the  stream f low which i s  equaled o r  e.xceeded N percent  of t he  

time. 
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Figure  D-34. Flow Durat ion Curve, Hanawi Stream, Maui. 
(Based on U. S. G.S. Water Resources D i v i s i o n  Stream Gage Data) 

20 40 60 80 100 

HANAWI STREAM, MAUl 
USGS STATION 16508000 
ELEVATION 1318 FT. 
PERIOD OF RECORD 8 1914 - 1916, 
1921 - 1979 

PERCENT OF TIME FLOW EQUALED OR EXCEEDED 
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Table D-22. HYDROPOWER PROJECT COST SUMMARY~ 

I PROJECT: Hanawi Stream, Maui 

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, Si  tework 

Powerhouse C i v i  1  

Access Road 

Transmission L ine  

Miscel laneous Equipment 

SUBTOTAL 

cont ingencies2 

I n d i  r e c t  costs3 

220,000 

285,000 

525, OOC 

30,000 

170,000 

210,000 

30,000 

2  10,000 

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% o f  cons t ruc t i on  cos ts  + cont ingencies; i n c l  udes cos ts  o f  feasi  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, 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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F igu re  0-35. Breakeven Hydropower P r i c e  as a Funct ion o f  I n t e r e s t  Rate and 
Energy Value Esca la t ion  Rate, Hanawi Stream, Maui. 
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Table D-23. TECHNICAL DATA SUMMARY 

PROJECT SITE Kolea, Maui 

P l  an t  Capact t y  

S t a t i c  Head 

Penstock Length 

Average Gradi en t 

Stream Gage o f  Record 

Streamflow Parameters 

USGS # 16538000 

Average Flow 29.3 c f s  

Q15 46 cfs l  

Q50 16 cfsl  

Average Annual Energy Product ion 

Overal l  P l a n t  Factor  

Turbine/Generator Capaci t ies 1. 200 kw 
2. 300 kw 
3. 600 kw 

M i  sce l  1 aneous : 

4,459,000 kwh 

46 % 

QN i s  the  stream f l o w  which i s  equaled o r  exceeded N percent o f  t he  
t i  me. 



Scale:  I in. = LUUU TL.  

Figure D-36. Prospective Hydropower S i t e ,  Kolea, Maui . 
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Table D-24. TECHNICAL DATA SUMMARY 

PROJECT SITE Hoopoi Chute, Maui 

P l  an t  Capacity 

S t a t i c  Head 

Penstock Length 

Average Gradient  

Stream Gage of Record 

Streamf 1  ow Parameters 

2,000 

240 

5,500 

0.044 

USGS # 

Average F l  ow N/A 

Q15 N/A 

Q50 N/A 

kw 

f t 

ft 

ft/ft 

N/A 

c f  s  

c f s l  

c f s l  

Q95 N/A cfsl - 
Turb i  ne/Generator Capaci t i e s  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 % 

Mi sce l  1 aneous : 

Most o f  ' t he  data and ana lys is  were provided by Alexander and 

Baldwin, Inc. Flow du ra t i on  data were n o t  ava i l ab le .  Jus 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  t he  stream f l o w  which i s  equaled o r  exceeded N percent  o f  t he  
time. 



Figure D-38. Prospective Hydropower S i t e ,  Hoopoi Chute, Maui . 
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Table D-25. HYDROPOWER PROJECT COST SUMMARY l 

PROJECT: Hoopoi Chute, Maui 

Turbi 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 

Transmi ssion Line 

M i  scel laneous Equipment 

SUBTOTAL 

con t i  ngencies2 

I n d i r e c t  costs3 

TOTAL 

l c o s t  data as of October 1980. 

2at  20% of const ruct ion costs: includes allowance o f  10% f o r  i n t e r e s t  during 
const ruct ion (1 year) .  

3at  20% o f  const ruct ion costs + contingencies; includes costs o f  feas i  b i  1 i ty  
study, 1 icense and permit  appl ica t ions,  engineering and design, construct ion 
management, and administrat ion.  



ENERGY VALUE ESCALATION ( %/YR) 

Figure D-39. Breakeven Hydropower Price as a Function of Interest Rate and 
Energy Val be Escalation Rate, Hoopoi Chute, Maui . 



Table 0-26. TECHNICAL DATA SUMMARY 

PROJECT SITE N a i l i i  1 i haele Stream, Maui 

P l  a n t  Capaci.ty 

S t a t i c  Head 

Penstock Length 

Average Gradient  

Stream Gage o f  Record USGS # 16570000 

Streamflow Parameters Average F l  ow 35.1 cf s 

Q15 50.5 cfsl  

460 16 cfsl  

Q95 4 c f s l  

TurbineIGenerator Capaci t ies 1. 200 kw 

2. 270 kw 

Average Annual Energy Product ion 

Overa l l  P l a n t  Factor  

Miscellaneous: 

ON i s  t he  stream f low which i s  equaled o r  exceeded N percent  o f  t h e  
time. 



Figure D-40. Prospective Hydropower Site,  Nailiilihaele Stream, Maui. 

Scale: 1 i n .  = 2000 f t .  
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NAlLllLlHAELE STREAM, MAUl 
USGS STATION 16570000 
ELEVATION 1205 FT 
PERIOD OF RECORD: 1919-1975 

\ 

PERCENT OF TIME FLOW EQUALED OR EXCEEDED 

Figure  D-41. F low Durat ion Curve, Nail i i l  i haele Stream, Maui. 
(Based on U.S.G. S. Water Resources Division Stream Gage Data) 
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Table D-27. TECHNICAL DATA SUMMARY 

PROJECT SITE Kahakuloa Stream, Maui 

P l a n t  Capactty 

S t a t i c  Head 

Penstock Length 

Average Gradient  

Stream Gage o f  Record 

Streamflow Parameters 

233 kw 

335 ft 

7000 ft 

0.048 ft/ft 

USGS # 16618000 

Average Flow 16.8 c f s  

Q15 24.0 cfsl 

Q60 8.9 cfsl 

Q95 4.8 c f s l  

Turbine/Generator Capaci t ies 233 kw 

1,594,000 kwh 

78 % 

Average Annual Energy Product ion 

Overa l l  P lan t  Factor  

M i  sce l  1 aneous : 

QN i s  the  stream f l g w  which i s  equaled o r  exceeded N percent  of t he  
time. 
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Table D-28. TECHNICAL DATA SUMMARY 

PROJECT SITE Honokohau Di tch,  Maui 

P l  a n t  Capaci ty  

S t a t i c  Head 

Penstock Length 65 

Average Gradient  0.078 

Stream Gage o f  Record USGS # 

Streamf low Parameters Average F l  ow N/A 

415 38 

460 2 0 

Q95 8 

Turb i  ne/Generator Capaci t i e s  130 kw 

Average Annual Energy Product ion 

Overal l  P l a n t  Factor  

c f s l  

c f s l  

830,000 kwh 

73  % 

M i  sce l  1 aneous : 

This s i t e  was p rev ious l y  developed, then abandoned. Powerhouse 

foundat ion and o l d  t u r b i n e  (no t  salvageable) remain. S i t e  i s  a t  the  

i n take  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 f e e t  from t h e  tunnel ex1 t t o  the  

siphon in take.  Flow data was suppl ied by Amfac, Inc.  

QN i s  t he  stream f low which i s  equaled o r  exceeded N percent o f  the  
time. 



Figure D-44. Prospective Hydropower S i te ,  Honokohau Di tch,  Maui. 

Scale: 1 i n .  = 2000 ft. 
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30 40 5 0  60 70 8 0  90 

PERCENT OF TIME FLOW EXCEEDED 

WATER RECEIVED BY PIONEER PLANTATION 
AT MAHlNAHlNA AND MAILEPAI, FROM THE 
HONOKOHAU (MONOLUA) DITCH. 

I 

Figure D-45. Flow Durat ion Curve, Honokohau Di tch,  Maui. 
(Based on d j t a  of  Amfac, Inc.  ) , 

A 



Table D-29. TECHNICAL DATA SUMMARY 

PROJECT S I T E  Honol i i Stream, Hawaii 

P lan t  Capacity 3900 kw 

S t a t i c  Head 680 f t  

Penstock Length 8300 ft 

Average Gradient  0.082 ft/ft 

Stream Gage o f  Record USGS # 16717000 

Streamflow Parameters Average Flow 125 c f s  

Qa5 164 cfsl 

Q50 36 cfs l  

Q95 9 c f s l  

Tur.bine/Generator Capaci t ies 1. 2000 kw 

2. 1908 kw 

Average Annual Energy Product ion 17,572,000 kwh 

Overal l  P l a n t  Factor  52 % 

M i  sce l  1 aneous : 

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-46. Prospect ive Hydropower S i te ,  Honol i i Stream, Hawai i 



b 

HONOLII STREAM 
USGS STATION 16717000 

ION 1540 FT. 
OF RECORD 1912, 

1968 - 1977 

0 20  4 0  60 80  100 
PERCENT OF TIME FLOWS ARE EQUALED OR EXCEEDED 

F igu re  D-47. Flow Du ra t i on  Curve, H o n o l i i  Stream, Hawai i .  
(Based on U.S.G.S. Water Resources D i v i s i o n  Stream Gage Data) 



Table D-30. HYDROPOWER PROJECT COST SUMMARY~ 

PROJECT: Honol i i Stream, Hawai i 

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  1 

Access Road 

Transmission Line 

M i  scel  laneous Equipment 

SUBTOTAL 

~ 0 n t . i  ngencies2 

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 ruct ion costs; includes allowance o f  10% f o r  i n t e r e s t  during 
const ruct ion ( 1  year). 

3at  20% o f  const ruct ion costs + contingencies; includes costs of feasi b i  1 i t y  
study, l i cense and permit  appl icat ions,  engineering and design, const ruct ion 
management, and administrat ion.  



4 

L 

I I 

HONOLI I STREAM,  HAWAII 
* 

ENERGY VALUE ESCALATION ( .%/YR)  

Figure D-48. Breakeven Hydropower P r i c e  as a Funct ion o f  I n t e r e s t  Rate 
and Energy Value Esca la t ion  Rate, Honol i i Stream, Hawaii . 



Table D-31. TECHNICAL DATA SUMMARY 

PROJECT SITE Wailuku River,  Hawaii 

P l a n t  Capacity 

S t a t i c  Head 

Penstock Length 

Average Gradient  

Stream Gage o f  Record 

Streamflow Parameters 

2,000 

260 

' 3,000 

0.087 

USGS # 

Average F l  ow 286 

415 380 

Q50 82 

kw 

f t 

ft 

ft/ft 

16704000 

e f  s 

c f s l  

c f s l  

Q95. 14 cfs l  

Turbine/Generator Capaci t ies 1. 800 kw 

2. 1,200 kw 

Average Annual Energy Product ion 11,070,000 kwh 

Ovcral 1 P l a n t  Factor  64 % 

Miscel laneous: 

S i t e  i s  upstream of t he  e x i s t i n g  i n t a k e  of t he  Waiau hydro p l a n 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 Fa1 1s. 

QN i s  the  stream f l o w  which i s  equaled o r  exceeded N percent  of the  
t ime. 



F igu re  D-49. Prospec t i vc  Hydropowcr S i t e ,  Wai 1 uku R ivc r ,  Hawaii.  
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Table D-32. HYDROPOWER PROJECT COST SUMMARY' 

PROJECT: Wai 1 uku River, Hawai i 

Turbi ne/Genera to rs  

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 Line 

Miscellaneous Equipment 

SUBTOTAL 

contingenciesZ 

I nd i  r e c t  costs3 

TOTAL 

l c o s t  data as o f  October 1980. 

2at 20% of const ruct 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% of const ruct ion costs + contingencies; i n c l  udes costs o f  feas i  b i  1 i t y  
study, 1 icense and permi t appl i cations, engJ neer i  ng and design, const ruct ion 
management, and administrat ion.  



ENERGY VALUE ESCALATION ( %/YR)  
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F igu re  D-51. Breakeven Hydropower P r i c e  as a Funct ion o f  I n t e r e s t  Rate 
and Energy Value Esca la t i on  Rate, Wai 1 uku River,  Hawai i . 
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Table D-33. TECHNICAL DATA SUMMARY 

PROJECT SITE Wailoa River,  Hawaii 

P lan t  Capacity 

S t a t i c  Head 

Penstock Length 

Average Gradient  

Stream Gage o f  Record 

Streamf 1 ow Parameters 

1850 kw 

300 ft 

11,000 ft 

0.027 ft/ft 

USG$ # 167322UO 

Average Flow 73.5 c f s  

Q15 l oo  cfsl  

QSO 51 c f s l  

Q95 40 cfsl  

Turb i  ne/Generator Capaci t ies 1850 kw 

Average Annual Energy Product ion 

Overa l l  P l a n t  Factor  

M i  sce l  1 aneous : 

10,292,000 kwh 

64 % 

QN i s  the  stream f l o w  which i s  equaled o r  exceeded N percent  of t he  
time. 



Scale: 1 in .  = 2000 ft. 
Figure D-52. Prospective Hydropower S i t e ,  Wailoa River,  Hawaii. 



Figure 0-53. Flow Dura t ion  Curve, Wai l o a  River ,  Hawaii . 
(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-34. HYDROPOWER PROJECT COST SUMMARY l 

PROJECT: ~ a i  1 ga R i  ver , Hawai i 

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  1 

Access Road 

Transmission Line 

M i  scel laneous Equipment 

SUBTOTAL 

con t i  ngencies2 

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 ruct ion costs: includes allowance o f  10% f o r  i n t e r e s t  during 
construct ion (1 year) .  

3at  20% o f  const ruct ion costs + contingencies; inc ludes costs o f  f e a s i b i l i t y  
study, l i cense and permit  appl icat ions,  engineering and design, construct ion 
management, and administrat ion.  



ENERGY VALUE ESCALATION ( %/YR)  

. 

. 

Figure D-54. Breakeven Hydropower P r i ce  as a Funct ion o f  I n t e r e s t  Rate and 
Energy Value Esca la t ion  Rate, Wailoa River,  Hawaii. 
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Table D-35. TECHNICAL DATA SUMMARY 

PROJECT SITE Awini Fa l l s ,  Hawaii 

P l an t Capacity 

S t a t i c  Head 

Penstock Length 

Average Gradient  

Stream Gage o f  Record 

Streamf 1 ow Paramcters 

1500 kw 

720 f t  

900 ft 

0*80 ft/ft 

USGS # 16745500 

Average Fluw 16.6 cfs 

Q15 31.3 c f s l  

460 18.3 cfsl 

Turb i  ne/Generator Capaci t ies 1. 250 kw 
2. 560 kw 
3. 690 kw 

Average Annual Energy Product ion 7,675,000 kwh 

Overal l  P l a n t  Factor 58 X 

Miscel laneous: 

ON i s  t he  stream f l o w  which i s  equaled o r  exceeded N percent  of the  
time. 



Figure  0-55. Prospect ive Hydropower S i te ,  Awini Fa1 l s ,  Hawaii. 
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0 
20 40 60 80 100 

PERCENT OF TIME FLOW EQUALED OR EXCEEDED 

AWINI DITCH, HAWAII 
USGS STATION 16745500 
ELEVATION 1840 FT. 
PERIOD OF RECORD: 1907-1917, 
1863-1972 

\ 

Figure  D-56. Flow Dura t ion  Curve, Awini F a l l s ,  Hawaii (Awini  D i t ch ) .  
(Based on U. S. G. S. Water Resource D i v i s i o n  Stream Gage Data) 



Table D-36. HYDROPOWER PROJECT COST SUMMARY l 

PROJECT: Awini Fa l ls ,  Hawaii 

Turbi ne/Genera to rs  

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 

Transrni ssion Line 

Miscellaneous Equipment 

SUBTOTAL 

con t i  ngencies2 

I n d i r e c t  costs3 

TOTAL 

l c o s 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  const ruct ion costs + contingencies; includes costs of feasi b i  1 i t y  
study, 1 icense and permit appl ica t ions,  engineering and design, const ruct ion 
management, and adrni n i s t r a t i on .  



ENERGY VALUE ESCALATION ( %/YR 1 
Figure D-57. Breakeven Hydropower Price as a Function of Interest Rate and 

Energy Value Escalation Rate, Awini Fa1 1 s ,  Hawaii. 
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Table D-37'. TECHNICAL DATA SUMMARY 

PROJECT SITE East Br. Honokane Nui Stream, Hawaii 

P l  a n t  Capacity 

S t a t i c  Head 

Penstock Length 

Average Gradient  

Stream Gage 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  

Q15 40.8 cfsl 

Q50 21 c f s l  

Q95 16 cfS1 

Turbine/Generator Capaci t ies 1100 kw , 

Average Annual Energy Product ion 

Overa l l  P lan t  Factor  

6,194,000 kwh 

64 % 

M i  sce l  1 aneous : 

P lan t  s i t e  i s  same as Awini F a l l s ,  bu t  has a d i f f e r e n t  i n t a k e  

and penstock arrangement. Co-de-vel opment o f  both s i t e s  would a1 1 ow 

shar ing o f  f a c i l i t i e s  (powerhouse, swi tchyard, t ransmission 1 ine, 

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 l o w  which i s  equaled o r  exceeded N percent o f  the  
time. 



Figure D-58. Prospect ive Hydropower S i t e ,  East Branch Honokane Nui 
Stream, Hawaii. 

Scale: 1 i n .  = 2000 ft. 
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Table D-38. HYDROPOWER PROJECT COST SUMMARY~ 

PROJECT: East Branch Honokane Nui Stream, Hawaii 

Turbi ne/Genera t o r s  2.20 ,'OOO 

S ta t ion  E l e c t r i c a l  Equipment 340,000 

Penstock 250,000 

S i  tework 30,000 

Powerhouse C i  v i  1 170,000 

Access Road '. 900,000 

Transmission L ine 

M i  scel  laneous ~ ~ u i  pment 

SUBTOTAL 

contingencies2 

I n d i r e c t  costs3 

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 o f  feas i  b i  1 i t y  
study, 1  icense and permit  appl i ca t ions ,  engineering and design, const ruc t ion 
management, and administ rat ion.  



5 10 15 2 0  

ENERGY VALUE ESCALATION ( %/YR)  

Breakeven Hydropower Price as a Function of interest  Rate and 
Energy Value Escalation Rate, E .  Br. Honokane Nui  Stream, Hawaii. 



Table D-39. HYDROPOWER PROJECT COST SUMM4RY 

PROJECT: CombinatSon o f  Awini Fa1 1  s-Monokane Nui Stream, Hawaii 

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  

M i  sce l  laneous 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 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  dur 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  o f  f eas i  b i  1  i t y  
study, l i c e n s e  and pe rm i t  app l i ca t i ons ,  engineer ing and design, cons t ruc t i on  
management, and admin i s t ra t i on .  



ENERGY VALUE ESCALATION ( %/YR)  
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Figure D-61. Breakeven Hydropower P r i c e  as a Funct ion o f  I n t e r e s t  Rate 
and Energy Value Esca la t ion  Rate, Combined Awini F a l l s  - 
Honokane Nui Stream, Hawaii. 

AWlNl/ HONOKANE NUI, HAWAl I 

INTEREST RATE . 

1 .  1 * * - a 1 . 1  1 1 1  



Table D-40. TECHNICAL DATA SUMMARY 

PROJECTSITE U n i o n M i l l ,  Hawaii 

P l  an t  Capaci t y  

S t a t i c  Head 

Penstock Length 

Average Gradient  

Stream Gage of Record 

Streamflow Parameters 

500 

580 

8,700 

0.067 

USGS # 

Average Flow 40.8 

Q15 6 0 

Q50 37 

kw 

f t 

ft 

ft/f.t 

16751000 

c f  s 

c f s l  

c f s l  

495 20 c f s l  

Turb i  nelGenerator 'Capaci t i e s  : 500 kw 

Average Annual Energy Product ion 4,600,000 kwh 

Overa l l  P l a n t  Factor  94 X 

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 of  exceeded N percent  o f  t'he' : '  . .  , '  . 
. .  . t ime. . , 

. . 



Scale: 1 i n .  = 2000 ft. 

Figure 0-62. Prospective Hydropower S i te ,  Union M i  11, Hawaii . 
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Figure  D-63. 

USGS STATION 16751000 
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Table D-41. TECHNICAL 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 

Streamflow Parameters 

600 kw 

379 ft , 

4000 ft 

0.093 ft/ft 

USGS # 16717800 

Average Flow 27.1 c f s  

Q15 37.5 c f s l  

Q50 7.7 c f s l  

995 1.3 cfsl  

Turbine/Generator Capaci t ies 1. 250 kw 

2. 350 kw 

Average Annual Energy Product ion 2,303,000 kwh 

Overa l l  P l a n t  Factor  44 % 

M i  sce l  laneous : 

Q,,, i s  t he  strepm f l o w  which i s  equaled o r  exceeded N percent  of the  
t i me. 





I PERCENT OF TIME FLOW EQUALED OR EXCEEDED 

Figure 0-65. Flow Durat ion Curve, Pobakupuka Stream, Hawai i . 
(Based on U.S. G. S. Water ResoOrce 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 Company, Hawai i 

P l  a n t  Capaci t y  

S t a t i c  Head 

Penstock Length 

Average Gradient  

Stream Gage o f  Record 

Streamf low Parameters 

280 kw 

1,300, 570 f t  

8,600, 7400 ft 

0.151, 0.077 f t / f t  

USGS # N/A 

Average Flow N/A c f s  

Q95 .7 c f s l  

Turbine/Generator Capaci t ies 1. 200 kw 

2. 80 kW 

Average Annual Energy Product ion 1,650,000 kwh 

Overa l l  P l a n t  Factor  67 % 

M i  sce l  1 aneous : 

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 located a t  M'eyer Reservoir, 

downstream o f  Keiawa (1,300 ft. head. ). Turbine #2 would be located 

a t  the  fac to ry ,  u t i l i z i n g  t h e  570-foot drop from Meyer Reservoir.  Flow 

data provided by Ka'u Sugar Company. 

QN i s  t he  stream f l o w  which i s  equaled of exceeded N percent  o f  t he  
time. 



F igu re  D-66. Prospec t i ve  Hydropower S i t e ,  Keaiwa-Meyer Reservo i rs ,  
Ka ' u Sugar Company, Hawai i . 



FLOW TO KEAIWA RESERVOiR 
PERIOD OF RECORD, 
SEPT. 1979 - SEPT. I980 

0.0 
20 40 60 80 100 

PERCENT OF TIME FLOW EQUALED OR EXCEEDED 

Figure D-67. Flow Duration h r v e ,  Keaiwa Reservoir. (Based on 
Ka'u Sugar Company Data). 
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KEAIWA - MEYER FLUME 
PERIOD OF RECORD: 
SEPT. 1979 - SEPT. 1980 

2 0  40 60 80 100 
PERCENT OF TIME FLOW EQUALED OR EXCEEDED 

Figure D-68. Flow Durat ion Curve, Meyer Reservoir. (Based on 
Ka ' u Sugar Company Data). 
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Table D-43. TECHNICAL DATA SUMMARY 

PROJECT SITE A l i a  Stream a t  Pepeekeo, Hawaii 

P l a n t  Capacity 

S t a t i c  Head 

Penstock Length 

Average Gradient  

Stream Gage o f  Record 

Streamflow Parameters ' 

330 kw 

210 f t  

3,000 f t  

0.07 ft/ft 

USGS # 167176 

Average Flow '12.9 c f s  

915 18.9 cfsl 

Q50 12 c f s l  

Q95 4.0 cfsl 

Turb i  ne/Generator Capaci t ies 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 % 

Miscellaneous: 

QN i s  t he  stream f l o w  which i s  equaled o r  exceeded N percent of t he  
time. 



Scale:  1 in .  = 2000 ft. 

F igure  D-69. Prospec t i ve  Hydropower S i t e ,  A1 i a  Stream, Hawai i. 



2 0  40 60 80 100 
PERCENT OF TIME FLOW EQUALED OR EXCEEDED 

Figure D-70. Flow Durat ion 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  b r i e f  survey of  p rospec t i ve  pumped s to rage  h y d r o e l e c t r i c  s i t e s  i n  t h e  

S t a t e  o f  Hawaii has been performed. Pumped s to rage  i s  a  method o f  p r o v i d i n g  

energy s torage f o r  u t i l i t y  l o a d - l e v e l i n g .  I t  u t i l i z e s  t h e  p o t e n t i a l  energy 

d i f f e r e n c e  of wa te r  r e s e r v o i r s  a t  d i f f e r e n t  e l eva t i ons .  Besides l o a d - l e v e l -  

ing ,  pumped s to rage  i s  a l s o  u s e f u l  f o r  smoothing o u t  t h e  energy o u t p u t  f l u c -  

t u a t i o n s  o f  va r iab le -energy  sources, such as wind t u r b i n e s  o r  p h o t o v o l t a i c  

a r rays .  Twelve s i t e s  th roughout  t h e  S t a t e  were i d e n t i f i e d  i n  t h i s  survey as 

p r o s p e c t i v e  pumped s to rage  s i t e s .  The s i t e s  were chosen accord ing  t o  a  number 

o f  genera l  c r i t e r i a ,  i n c l u d i n g  h i g h  s t a t i c  head, s h o r t  penstock leng th ,  use o f  

e x i s t i n g  r e s e r v o i r s ,  f a v o r a b l e  l o c a t l o n  near  e l e c t r i c  l o a d  ceriteras, and good 

s i t e  a c c e s s i b i l i t y .  I nc l uded  i n  t h e  l i s t  o f  twe lve  were f o u r  s i t e s  on Oahu, 

t h r e e  on Molokai ,  two each on Maui and t he  B i g  I s l and ,  and one s i t e  on Kauai. 

F i v e  s i t e s  were chosen from t h e  l i s t  o f  twe l ve  f o r  a  rough-cut  economic 

a n a l y s i s .  Cons t ruc t i on  c o s t  es t imates  were made f o r  these f i v e  s i t e s .  The 

c o n s t r u c t i o n  c o s t  was amor t i zed  ove r  t he  l i f e  of t h e  p r o j e c t .  The annual 

a m o r t i z a t i o n  cos t s  and o p e r a t i o n  and maintenance cos t s  were summed t o  o b t a i n  

an o v e r a l l  annual c o s t  o f  t h e  pumped s to rage  p r o j e c t .  Then, us i ng  t h e  ex- 

pec ted  h y d r o e l e c t r i c  energy o u t p u t  of  t h e  f a c i l i t y ,  a  pe- r -k i lowat t -hour  c o s t  

of  pumped s to rage  energy was computed. Th i s  c o s t  was compared w i t h  t h e  c u r -  

r e n t  c o s t  of  peak e l e c t r i c  energy us ing  o i l - f i r e d  u n i t s .  

The r e s u l t s  show t h a t  pumped s to rage  power i s  c u r r e n t l y  much more ex- 

pens ive  than power f ram o i l - f i r e d  u n i t s ,  and cos t s  $0.16-0.23 p e r  k i l o w a t t -  

hour .  However, pumped s to rage  cou ld  become economical by t h e  1990's i f  t h e  

p r i c e  o f  o i l  con t inues  t o  esca la te  as i t  has d u r i n g  t he  19701s, and t h e  

development o f  a l t e r n a t e  energy systems r e s u l t s  i n  u n i t  ene.rgy p r i c e s  t h a t  

a r e  s i g n i f i c a n t l y  l e s s  than  those f rom o i l - f i r e d  u n i t s .  
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1.0 Purpose and Scope o f  This  Study 

The purpose o f  t h i s  study i s  t o  perform a b r i e f  survey o f  p rospect ive  

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 h e  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  o u t  by: 1 )  re -  

viewing previous studies;  2) seeking exper t  op in 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 e a ~ h  s i t e  which appears p a r t i c u l a r l y  promis ing from a tech- 

n i c a l  s tandpoint ,  a  rough-cut economic ana lys i s  was performed t o  determine 

whether the  economics o f  t he  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 exhaust ive. 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 es ,  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 Storaqe 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.  

E-3 



I f  a generat ing p l a n t  were t o  p rov ide  constant  power a t  the  peak 

l o a d  demand the re  would be excess energy product ion  du r ing  the  times o f  

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 o a d  hours. 

To a l l ow  a u t i l i t y  t o  base-1oad. i ts  most e f f i c i e n t  generat ing un i t s ,  

w h 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 l a n 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 discharged when de- 

mand exceeded product ion.  

A pumped h y d r o e l e c t r i c  storage system i s  a v i a b l e  method o f  prov id i ,ng 

energy storage f o r  . u t i l . i t y  l o a d  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 pumped hydro storage system invo lves  two bodies o f  water a t  d i f f e r -  

e n t  e leva t i ons  connected by a penstock (see Figure 1). When energy pro- 

duc t i on  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 t imes o f  peak demands, water i s  

re leased 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 rese rvo i r s ,  and t h e  l eng th  and d ia -  

meter o f  the  penstock. 

The l e v e l  and d u r a t i o n  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  r e s e r v o 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 .  
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Figure 1.  Pumped Storage Schematic 



For example the  power l e v e l  cou ld  be steady o r  var iab le ;  the  du ra t i on  o f  

power generat ion cou ld  be a  f i x e d  number o f  hours per  day o r  o n l y  when the  

demand exceeded a  pre-determined l e v e l .  

Some energy i s  l o s t  i n  t he  storage process which must be weighed 

aga ins t  the b e n e f i t s  o f  the  base l oad  generat ing p l a n t .  

U t i l i z a t i o n  o f  pumped hydro storage systems i s  n o t  l i m i t e d  t o  base 

loaded generat ing p l a n t s  b u t  may serve t o  he lp  l e v e l  the  loads o f  a l t e r -  

nate energy producing devices such as wind tu rb ines  o r  s o l a r  devices. 

These a l t e r n a t e  energy devices have a f l u c t u a t i n g  p a t t e r n  o f  p roduct ion  

which may n o t  co inc ide  w i t h  the  energy demand pa t te rn .  A pumped hydro 

energy storage system can he lp  t o  match the  product ion  t o  the demand much 

i n  the  same manner as w i t h  a  base loaded p lan t .  

The power p o t e n t i a l  pumped storage system i s  taken t o  be the  capac i ty  

o f  t h e  h y d r o e l e c t r i c  f a c i l i t y ,  and n o t  i n c l u d i n g  the  capac i t y  o f  t he  pump- 

i n g  energy source. The capac i ty  of the  h y d r o e l e c t r i c  p l a n t  i s  determined 

by t h e  equat ion: 

(1 P = 0 . 0 8 5 Q H e  

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

Q = f l o w  i n  cubic fee t  per  second ( c f s )  

H = n e t  head i n  f e e t  ( f t )  

e  = e f f i c i e n c y  o f  tu rb ine /genera tor  pla'nt 

I n  t h i s  formula, t he  n e t  head i s  determined by: 

H = Hs - hf 

where Hs = s t a t i c  head, equal t o  t he  d i f f e rence  i n  

e leva t io 'n  between the  upper and lower 

rese rvo i r s ,  i n  f e e t  ( f t )  

hf = f r i c t i o n  losses i n  t he  penstock, and i n take ,  

i n  f e e t  ( f t )  
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It i s  assumed t h a t  hf = 0.15 Hs, so the re fo re :  

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 requ i red .  However, f o r  t he  pump: 

where 

hours p e r  day o f  h y d r o e l e c t r i c  ope ra t i on  - 
C = hours per  day o f  pumping 

and H = Hs + hf 

For purposes of 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 ope ra t i on  f o r  j u s t  s i x  hours pe r  day, and pump- 

i n g  w i l l  occur  t h e  remaining 18 hours per  day, so t h a t  C = 6/18 = 1/3. 

Furthermore i n  pumping, s ince  C i s  l e s s  than 1.0, t h e  f low r a t e  through the  

penstock w i l l  be s l i g h t l y  l e s s  than i n  t he  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  t he re fo re  assumed, t h a t  

hf = 0.03 Hs, so the  ne 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 )  a re  approximate formulas f o r  ro,ugh-cut est imates o f  

power p o t e n t i a l .  I f  the  penstock diameter, leng th ,  and c o n s t r u c t i o n  a re  

known, t he  f r i c t i o n  l oss  hf can be computed more e x a c t l y .  



3.0 U t i l i t i e s '  Needs For Peaking Power 

I n  s i z i n g  pumped stprage f a c i l i t i e s ,  the  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  t he  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 tpu t  o f  the  pumped storage hydro- 

e l e c t r i c  u n i t  must be in tegra ted .  Typical  system load  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 h e  system l o a d  i s  smal les t  i n  the  e a r l y  morning hours and g r e a t e s t . i n  t he  

e a r l y  evening hours each day. T y p i c a l l y ,  t he  l oad  r i s e s  r a p i d l y  t o  a 

" s h o u l d e r " ' 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 l oad  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 ,  no tab l y  Kauai and Molokai, 

experience l o a d  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 o b t a i n  an idea o f  the "window" f o r  pumped s torge peaking power, 

one can examine the  d i f f e rence  between the u t i  1  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 

I lawi l i i  -.- 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  review 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  va 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 invo lved seeking exper t  opin ions from 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  the  U.S. 

Geological Survey, w i t h  supplementary data from Sta te  water resources 

repo r t s  and repo r t s  o f  the Army Corps of Engineers. 

I n  per forming the map reconnaissance f o r  p rospect 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 o ther ,  b u t  

p r e f e r a b l y  c loser .  The e l e v a t i o n  d i f f e r e n c e  between the  two r e s e r v o 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 fee t .  The low-head s i t e s  arc! acceptable i f  the  r e s e r v o 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 smal l  as 

5  t o  10 m i l l i o n  ga l l ons  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  ga l lons .  There are  twelve r e s e r v o i r s  

i n  t he  Sta te  which are  o f  about 300 m i l l i o n  ga l l ons  o r  more capac i 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  the  a v a i l a b l e  head was 

extremely favorable, e t c .  

( 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 if the 

a v a i l a b l e  head was except iona l ,  i .e . ,  a t  l e a s t  500 fee t  b u t  sometimes up 

t o  2000 feet. Also, the r a t i o  o f  s t a t i c  head t o  penstock le,ngth should 

be la rge ,  p r e f e r a b l y  g reater  than about 0.10. 



Table 1. E x i s t i n g  Large 'Reservo i rs  i n  t h e  S t a t e  o f  Hawaii 

Reservo i r  

Oahu: -- 

Kaneohe-Kai 1 ua 

Ku Tree 

Nuuanu 

Wahiawa 

Kauai : 

A1 exander 

Kapaia 

Koloko 

Puu Lua 

Wai 1 ua 

Wai t a  

Hawaii : 

Puukapu 

Molokai  : 

Kual apuu 

Capaci ty  (mi 11 i o n  ga l  l o n s )  - 



( 4 )  Misce l  laneous f avo rab le  s i t e  c r i t e r i a  inc luded :  good s i t e  ac- 

c e s s i b i l i t y ,  low degree o f  c o n s t r u c t i o n  d i f f i c u l t y ,  a v a i l a b i l i t y  o f  make- 

up water,  p r o x i m i t y  t o  e x i s t i n g  u t i l i t y  t ransmiss ion  l i n e s  and l o a d  cen te rs ,  

and l o c a t i o n  i n  sparse ly -popu la ted  areas. 

S i t e s  t h a t  were cons idered f avo rab le  accord ing  t o  t h e  above genera l  

c r i t e r i a  were f u r t h e r  eva lua ted  by de te rmin ing  the  pumped s to rage  p o t e n t i a l  

of  t h e  s i t e .  The power p o t e n t i a l  of  a  g i ven  s i t e  depends on many f a c t o r s ,  

i n c l u d i n g :  

( 1 )  The a v a i l a b l e  head 

( 2 )  The a v a i l a b l e  wate r  supply  

( 3 )  The amount o f  a v a i l a b l e  r e s e r v o i r  space 

( 4 )  The l e n g t h  o f  penstock r e q u i r e d  

( 5 )  The source of  t h e  pumping power 

(6) The need f o r  peak ing power i n  t h e  area 

The na tu re  o f  t h e  energy source f o r  t h e  supply  o f  power f o r  pumping 

the wate r  t o  t h e  upper r e s e r v o i r  a f f e c t s  t h e  p o t e n t i a l  c a p a c i t y  o f  a  g i ven  

s i t e ,  because i t  determines how e f f i c i e n t l y  t h e  r e s e r v o i r  s to rage  space 

can be u t i l i z e d :  Genera l ly ,  energy sources may be d i v i d e d  i n t o  t h e  f o l l ow -  

i n g  ca tegor ies :  

( 1 )  Base-load, o r  dependable, energy sources, which supp ly  a  r e l a -  

t i v e l y  cons tan t  amount o f  power w i t h  h i g h  r e l i a b i l i t y .  These sources 

i n c l u d e  thermal power p l a n t s  f u e l e d  by f o s s i l ,  nuc lear ,  o r  biomass fue ls ,  

yeothermal power p l an t s ,  o r  OTEC p l a n t s .  

( 2 )  V a r i a b l e  energy sources, such as wind and s o l a r  energy, i n  which 

t h e  amount o f  power supp l i ed  i s  unp red i c tab le  over  s h o r t  t ime  per iods ,  

b u t  whose long- te rm average may be f a i r l y  w e l l  es tab l i shed .  



- 
Fo r  v a r i a b l e  energy sources, a d d i t i o n a l  s to rage  space must be i n c l  uded 

i n  t h e  r e s e r v o i r s  t o  cover  sho r t - t e rm  shortages o f  pumping power due to ,  

f o r  example, calm-wind pe r i ods  o r  sky overcas t .  O r ,  l o o k i n g  a t  t h i s  

ano ther  way, f o r  a  g i ven  r e s e r v o i r  s i ze ,  t he  h y d r o e l e c t r i c  c a p a c i t y  o f  a  

pumped s to rage  s i t e  must be downgraded somewhat t o  t ake  i n t o  account power 

shortages, i f  t h e  system i s  t o  ma in ta i n  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 t h e  c a p a c i t y  must be downgraded depends on 

s i  t e - s p e c i f i c  f a c t o r s ,  such as t h e  h i s t o r i c a l  windspeed o r  overcas t  beha- 

v i o r  t rends .  

For  example, suppose t h a t  f o r  a  h y p o t h e t i c a l  s i t e ,  i t  i s  known t h a t  

t he  a v a i l a b l e  head i s  500 f e e t .  It i s  des i r ed  t o  des ign a  pumped s torage 

system t o  p rov ide  3,000 k i l o w a t t s  of  h y d r o e l e c t r i c  power f o r  s i x  hours 

each day. Us ing Equat ion  (Z), i t  i s  found t h a t  a  f l o w  o f  100 c u b i c  f e e t  

p e r  second (cf.5) w i l l  s u f f i c e .  The c a p a c i t y  o f  t h e  r e s e r v o i r s  r e q u i r e d  t o  

c o n t a i n  100 c fs  f o r  s i x  hours i s  thus  about 16 m i l l i o n  ga l l ons .  Th i s  

represen ts  t h e  c a p a c i t y  r e q u i r e d  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 t u r b i n e s  a r e  t o  be used 

t o  pump the  wate r  t o  t h e  upper r e s e r v o i r ,  and t h a t  occas iona l  wind l u l l s  

o f  up t o  f o u r  days'  d u r a t i o n  a re  expected i n  t h e  area. It i s  then neces- 

sa ry  t h a t  b o t h  r e s e r v o i r s  have s u f f i c i e n t  c a p a c i t y  so t h a t  t h e  hydroelec-  

t r i c  genera to r  can con t i nue  t o  f u n c t i o n  th rough a  four -day  p e r i o d  w i t h o u t  

any pumping. 'Thus, t hey  must be s i z e d  a t  64 m i l l i o n  g a l l o n s  capac i t y .  

A l t e r n a t i v e l y ,  i f  t h e  s i z e  o f  t h e  r e s e r v o i r s  i s  f i x e d  a t  16 m i l l i o n  g a l -  

lons,  ' the c a p a c i t y  o f  t h e  h y d r o e l e c t r i c  genera to r  must be f o u r  t imes  

sma l le r ,  o r  750 k i l o w a t t s ,  i f  w ind  t u r b i n e s  a r e  used. O r ,  if t h e  system 

i s  f i x e d  a t  16 m i l l i o n  ga l l ons ,  3,000 k i l o w a t t s ,  then  t h e  h y d r o e l e c t r i c  

genera to r  can o n l y  opera te  f o r  1% hours per  day d u r i n g  a four-day wind 

l u l l .  



It i s  impo r tan t  t o  keep these cons ide ra t i ons  i n  mind when rev iew ing  

t he  s i t e s  i n c l u d e d  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 r e l i a b l e ,  base- load pumping energy source i s  used. No a d j u s t -  

ment i s  made f o r  t he  p o s s i b l e  use o f  va r iab le -energy  sources, such as w ind  

t u r b i n e s  o r  p h o t o v o l t a 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  

s tudy 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 a c t o r s .  - 
The e v a l u a t i o n  o f  power p o t e n t i a l  f o r  each s i t e  was accomplished u s i n g  

formulas s i m i l a r  t o  Equat ions ( 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 t h e  well-known Hazen-Wil l iams formula,  orle fo rm o f  whlch i 's :  

where hf = f r i c t i o n  head l oss ,  i n  f e e t  

L = l e n g t h  o f  penstock, i n  f e e t  

d = d iameter  o f  penstock, i n  f ee t  

Q = average f low,  i n  c u b i c ' f e e t  p e r  second 

C = a cons tan t  which depends on t h e  roughness 

o f  t h e  p i p e  (assume C = 120 i n  t h i s  a n a l y s i s )  

The penstock o f  diameter,  d, was ad jus ted  u n t i l  a va lue  o f  hf approx- 

ima t i ng  15% o f  t h e  t o t a l  s t a t i c  head was ob ta ined . ,  The average f l ow ,  Q,. 

was cons t ra i ned  by e i t h e r  o f  two f a c t o r s :  

1) For  smal l  a g r i c u l t u r a l  r e s e r v o i r s ,  t he  maximum a1 lowable pumped 

s to rage  a l l o c a t i o n  was 25% o f  t h e  r e s e r v o i r ' s  t o t a l  capac i t y .  

2)  For  most o t h e r c a s e s ,  t h e  f l o w  was l i m i t e d  t o  keep t he  penstock 

d iameter  down t o  a reasonable s i z e  so t h a t  t h e  penstock c o s t ~ w o u l d  n o t  be 
. 

excess i  ve. 



5.0 U t i l i z a t i o n  o f  E x i s t i n g  A g r i c u l t u r a l  Reservo i rs  f o r  Pumped Storage 

Because o f  t h e  . e x i s t i n g  p o t e n t i a l  s to rage  c a p a c i t y  o f  a g r i c u l t u r a l  

r e s e r v o i r s ,  these a r e  l o g i c a l  p rospec ts  f o r  pumped s torage.  Indeed, some 

o f  l a r g e r  a g r i c u l t u r a l  r e s e r v o i r s  i n  Hawaii a r e  good p rospec ts  f o r  t h i s  

concept. However, i t  must be recogn ized  t h a t  t h e  p r ima ry  use o f  these 

r e s e r v o i r s ,  f o r  i r r i g a t i o n ,  c o n f l i c t s  w i t h  t h e i r  use f o r  energy storage, 

so t h a t  any c o n s i d e r a t i o n  of these  r e s e r v o i r s  f o r  pumped s to rage  must t a k e  

i n t o  account i r r i g a t i o n  p a t t e r n s  below t h e  r e s e r v o i r ,  and t h e  supp ly  o f  

i r r i g a t i o n  water.. Most a g r i c u l t u r a l  r e s e r v o i r s  a r e  owned and used by 

sugar companies. 

Hawaii '.s a g r i c u l t u r a l  , r e s e r v o i r s  cou ld  be c l a s s i f i e d  i n t o  ca tego r i es  

o f  " l a r g e "  and "smal l , "  a l t hough  t h e  d i s t i n c t i o n  between these two i s  

f u z z y  a t  best .  Large r e s e r v o i r s  as d e f i n e d  here  a r e  those which a r e  i n -  

tended t o  s t o r e  wate r  on a  seasonal o r  long- te rm cyc le ,  as opposed t o  smal l  

r e s e r v o i r s ,  which may be f i l l e d  and d ra ined  i n  cyc les  o f  a  day o r  a  week 

d u r a t i o n  on l y .  Neg lec t i ng  c o m p l i c a t i n g  fac to ' rs ,  we can a r b i t r a r i l y  c l a s -  

s i f y  a  r e s e r v o i r  as l a r g e  if i t  has a  c a p a c i t y  i n  excess o f  about  900 acre-  

f e e t ,  or abou,l 300 ~ l ~ . i l l i l j t ~  g a l l o n s .  The l s r g c  a g r i c u l t u r a l  r e s e r v o i r s  nf 

Hawai i  a r e  i n c l u d e d  i n  t h e  l i s t  o f  t h e  l a r g e s t  r e s e r v o i r s  i n  t h e  State,  

Table 1. 

Genera l ly ,  a  l a r g e  r e s e r v o i r  can b e t t e r  t o l e r a t e  concur ren t  i r r i g a -  

t i o n  and pumped s to rage  ope ra t i ons  than a  smal l  r e s e r v o i r .  The pumped 

s to rage  system o n l y  "borrows" a smal l  p o r t i o n  o f  t h e  wate r  con ta ined  i n  

t h e  r e s e r v o i r  and r e t u r n s  S t  t o  t h e  r e s e r v o i r  each day. Normal ly,  t he  

l a r g e  r e s e r v o i r  has s u f f i c i e n t  reserve  t o  be a b l e  t o  spare a  smal l  q u a n t i t y  

o f  wa te r  &ch day w i t h o u t  impac t ing  i r r i g a t i o n  needs. I n  t ime  o f  severe 

drought,  however, such as those which occur  w i t h  a  frequency o f  about 



once p e r  decade, water  l e v e l s  i n  t he  r e s e r v o i r  may f a l l  so low t h a t  a  con- 

f l i c t  cou ld  a r i s e  as t o  t h e  use of  t he  l a s t  few m i l l i o n  g a l l o n s  remain ing.  

It cou ld  e i t h e r  be re leased  t o  t h e  f i e l d s  below i n  a  l a s t - d i t c h  e f f o r t  t o  

save t he  c rop  ( i n  which case t h e r e  may be peak power shor tages) ,  o r  t h e  

pumped s to rage  system c o u l d  con t inue  t o  operate i n  t he  hope t h a t  normal 

r a i n s  w i l l  soon r e t u r n .  I n  e i t h e r  case, t h e  f i n a n c i a l  losses cou ld  be 

s u b s t a n t i a l ,  and t h i s  ques t i on  must be addressed on a  s i t e - s p e c i f i c  bas is .  

A s o l u t i o n  cou ld  be t h a t  t h e  i n s t a l l a t i o n  of a  pumped s to rage  system a t  an 

e x i s t i n g  r e s e r v o i r  should i n c l u d e  p r o v i s i o n s  f o r  an emergency supp ly  o f  

water  i n  t ime  o f  shortage, equal t o  t h e  amount t o  be u t i l i z e d  by t h e  sys- 

tem f o r  power gene ra t i  on. 

Smal ler  r e s e r v o i r s  a re  a  more d i f f i c u l t  problem when i n c o r p o r a t i n g  

pumped s torage.  Many o f  these a r e  f i l l e d  and d ra ined  comple te ly  ove r  a  

24-hour cyc le ,  and i n  wa te r - sho r t  areas t h e i r  c a p a c i t y  i s  n o t  cons idered  

adequate j u s t  f o r  i r r i g a t i o n  plrrposes ,. l e t  a lone f o r  pumped s torage.  1r.r-i - 
g a t i o n  ope ra t i ons  m igh t  have t o  cease comple te ly  f o r  some r e s e r v o i r s  d u r i n g  

t he  h y d r o e l e c t r i c  phase, which would p robab ly  be f o u r  t o  s i x  hours p e r  

day i n  t h e  l a t e  a f t e rnoon  and e a r l y  evening hours. These problems a r e  n o t  

n e c e s s a r i l y  insurmountabl,e, however t h e  sugar companies w i l l  be ex t reme ly  

r e l u c t a n t  t o  a l l o w  use o f  t h e i r  smal l  r e s e r v o i r s  f o r  pumped s to rage  un less  

these concerns a r e  comple te ly  s a t i s f i e d .  The c a p a c i t y  o f  an e x i s t i n g  

r e s e r v o i r  cou ld  be inc reased  t o  accommodate pumped s torage,  and separate 

i n t a k e  and o u t l e t  f a c i l i t i e s  f o r  i r r i g a t i o n  and energy p roduc t i on  u t i l i z e d .  

The reservo i - r ,  i f  leaky,  cou ld  be l i n e d  t o  c u t  leakage of i r r i g a t i o n  

water.  These m o d i f i c a t i o n s ,  o f  .course, w i l l  i nc rease  t h e  c o s t  o f  t h e  

pumped s to rage  system, and decrease t he  advantage o f  us i ng  an e x i s t i n g  

r e s e r v o i r  ove r  develop ing 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  reservoir  capacity 

i s  t o  be u t i l i zed  f o r  pumped storage. 



6.0 Descr ip t ions  o f  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  are  g iven i n  the f o l l o w i n g  sect ions.  

In fo rmat ion  i s  given concerning 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  i n fo rma t ion  on s i t e  access, p rox im i t y  t o  e l e c t r i c  load 

centers, spec ia l  cons t ruc t i on  requirements, and any s i g n i f i c a n t  envi ron-  

mental o r  s a f e t y  concerns. The s i t e s  a re  n o t  i n  any p a r t i c u l a r  o rder  nf  

preference, bu t  a re  arranged i s l a n d  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  the  

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 i n  a  l a t e r  sec t ion .  

Because o f  the l i m i t e d  scope and broad assumptions used, t h i s  survey 

can o n 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  f o 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. Summary of  Prospec t i ve  Pumped Storage S i t e s  I d e n t i f i e d  i n  Th i s  Survey 

S t a t i c  
Head ( f t )  

Penstock 
Length ( f t )  

R a t i o  
Head/Lerig.th 

Hydropower 
Output (kw) S i t e  Reservo i rs  

A1 exander Reservci  r/ 
E l  ua Reservo i r  900 ( 2 )  E x i s t i n g  

( 2 )  E x i s t i n g  
Nuuanu R e s e r v o i r j  

Kaneohe-Kai 1 ua Reservoi r 800 

Ku Tree Reservo i r /  
Wahi awa Reservo i r  260 ( 2 )  E x i s t i n g  

Kaau Crater/Maunawil i 
Val l e y  1,400 ( 2 )  Required 

( 1 )  Required Puu Nana Reservo i r /  Mahana 905 
m 
I 
+ Kualapuu Reservo i r /  
co Puu Anoano (1 )  Required 

Kahoma Reservoi r/ 
C r a t e r  Reservo i r  1,440 ( 2 )  E x i s t i n g  

( 2 )  Required Puu Moe/ Maal aea 2,000 

Waipio Va l l ey  R i m /  
Wailoa Stream 2,300 ( 1 )  Required 

( 2 )  Required Kauku Cone/ A l a l a  Cone 1,100 

Diamond Head Cra te r /  
P a c i f i c  Ocean 200 ( 1 )  Required 

( 1 )  Required Kapale/Mimino G w l  ches 6 30 



7.0 Pllm~Pil Storage Using Sedwater 

There are  two major advantages to  using seawater. in a pumped 

storage application: 

(1) One avoids the need to construct a lower reservoir; 

(2) The supply of makeup water (as well 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, i n -  

f i n i t e ly  large. However, there are  major disadvantages as well: 

(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 supplies. 

There are  ways to  avoid or  a l lev ia te  these disadvanta~es.  More 

corrosion-resistant materials or  coatings can be used in the equipment, 

although this .wil1 increase the overall cost of the system. Leakage 

can be e.1iminated by a sui table  l ining of the reservoir,  as well as by 

careful s i t e  selection for  suitable so i l  conditions. Similarly, ca- 

tastrophic effects  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 are  des- 

cribed in more detail  in the following sections. 



8.0 Economic Analys is  ---- 

From the 1  i s t  o f  p rospect ive  pumped storage s i t e s ,  f i v e  s i t e s  were 

se lec ted  f o r  f u r t h e r  ana lys i s  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 of e x i s t i n g  rese rvo i r s .  Thus, the  cons t ruc t i on  

cos ts  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  f o r  which new development i s  requi red.  The remaining s i t e s ,  there-  

fo re ,  a re  n o t  being r e j e c t e d  o u t r i g h t ,  b u t  a d d i t i o n a l  s tudy o f  these s i t e s  

i s  needed before  even a  rough-cut cos t  est imate i s  made. 

Construct ion cos ts  were d i v i d e d  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  In takes  and Ou t le t s  

These c o s t  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  

The costs. o f  access roads and t ransmiss ion l i n e s  were include'd i n  a  

contingency amount, assumed t o  be 20% o f  the  equipment costs.  Engineering 

and overhead were est imated us ing  15%' a f  t he  p r o j e c t  cos t .  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 r e s 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  ra te .  

Annual opera t ing  and maintenance cos ts  were assumed t o  be $0.003 per  k i l o -  

wat t -hour  o f  h y d r o e l e c t r i c  energy produced. 



Ihe source of the pumping energy i s  not expl ic i t ly  defined, b u t  it i s  

assumed that a rel iable  source i s  available a t  a coSt of $0.05/kwh. This 

i s  based on the energy cost of diesel fueled generators a t  current petroleum 

prices. The cost, availabi.1 i t y ,  and r e l i ab i l i t y  of the pumping energy source . 

I i s  a c r i t i ca l  factor in pumped storage viabi l i ty .  In i t s  role as an oi.1- 

I saver, pumped storage must necessarily draw on al ternate  energy sources, 

I for  which cost information i s  inadequate a t  t h i s  time. I t  i s  apparent, how- - 

11 ever, that the cost of a l ternate  energy sources must eventually become sub- 

s t an t i a l ly  less  expensive t h a n  o i l  i f  the economics of pumped storage arbe 

to  be realized. 

The annual amortization, 0 & M ,  and pDmping 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 obtaincd from multiple uses of the reser- 

voirs, such as i r r iga t ion ,  flood control, o r  recreation. This i s  not a fac- 

tor  fo r  s i t e s  where both reservoirs are existing, b u t  coul'd be a s ignif icant  

factor  where a new reservoir 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 or streams, 

which can be released to  the lower reservoir for  subsequent i r r igat 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 th.e hydroelectric ph.ase of the pumped storage cycle. 
e 

o Strategic  value of petroleum saved by the use of a l ternate  energy 



o Higher i n t e r e s t  cos ts  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  

a1 so investment and energy t a x  c r e d i t s  avai 1  able t o  p r i  vate developers. 

I n  any s i t e - s p e c i f i c  s tudy o f  pumped storage, these fac tors  would have 

t o  be taken i n t o  account i n  determin ing the  economic f e a s i b i l i t y  o f  the 

pumped storage sys tern. 

The r e s u l t s  f o r  t he  s i x  s i t e s  are shown i n  Table 3. I t  was t o m 8  t h a t  

pumped storage h y d r o e l e c t r i c  cos ts  v a r i e d  cansiderably among s i t e s ,  ranging 

from about $0.16 per  k i l owa t t -hou r  t o  abou t  $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  t h e  c u r r e n t  worth o f  peaking power based on t h e  avoided 

cos ts  of  di.ese1 u n i t s .  These c o s t  are approximately:  

o $0.05-0.06 per  k i l owa t t -hou r  f u e l  costs, based on $30 per  b a r r e l  

petro leum 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 codts. 

Thus, peaking power i s  worth $0.07-0.09 per  k i l owa t t -hou r  a t  the present  

t ime, about ha l f  .of  what a  pumped storage system would cos t .  P r o j e c t i n g  

the  p r i c e  of o i l  t o  $50/barre l  i n  1985 and $90/barrel  i n  1990 would g i ve  the  

f o l l o w i n g  fue l  costs:  

1985 : $0.08-0.10 / k i l owa t t -hou r  

1990: $0.15-0.18 / k i l owa t t -hou r  

Thus, pumped storage systems cou ld  begin t o  be economical i n  the  19901s, 

b u t  o n l y  if th.e cos ts  o f  'a1  te rna te  energy sources f o r  pumping do n o t  r i s e  

r a p i d l y - w i t h  the p r i c e  o f  o i l ,  but .  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  fac tors :  

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  t h ,  f o r  example, photovol t a i c  ma te r i a l s  and wind 



Table 3. Summary o f  Resu l ts  o f  Economic Ana lys is  For F i ve  S i t e s  

P r o j e c t  Cost Annual Energy Annual Energy Costs Per K i lowat t -Hour  ( $ )  
S i t e  ($1,000,000) Output (mwh) I n p u t  (mwh) Hydro Pumping T o t a l  

A1 exander Res. / 
Elua Res. 

Nuuanu Res.1 
Kaneohe-Kai 1 ua Res. 

Wahi awa Res. / 
Ku Tree 'Res. 

Puu Nana Res./ 
m Mahana 

I 
N 

I 0 

Kahoma Res.1 
C ra te r  Res. 



tu rb ines ,  through b e t t e r  p roduct ion  methods.and development o f  a  mass 

market. 
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o  Regulat ion o r  l e g i s l a t i o n  t o  d i s c ~ u r a g e  the l i n k i n g  o f  a l t e r n a t e  

energy p r i c e s  t o  petroleum p r i ces .  

I n  summary, then, i t  cou ld  be s a i d  t h a t  w h i l e  pumped storage i s  n o t  

economic today, i t  cannot be r u l e d  ou t  a t  t h i s  t ime as a  f u t u r e  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 t e r n a t e  

energy f i e l d s .  
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