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M r .  Rogers R .  Neff ,  P re s iden t  
'South Columbia Basin I r r i g a t i o n  D i s t r i c t  
Pos t  Of f i ce  Box 1006 
Pasco, Washington 99301 

Power Development a t  Dry F a l l s  Dam 
Columbia Basin P r o j e c t  

Dear M r .  Neff: 

. - r~ - . NOTICE 

W e  t a k e  p l ea su re  i n  p re sen t ing  t h e  r e p o r t  of  ou r  s t u d i e s  
r e l a t i n g  t o  t h e  i n s t a l l a t i o n  of power gene ra t ing  f a c i l i t i e s  a t  
Dry F a l l s  Dam. Our s t u d i e s  were conducted i n  accordance wi th  t h e  
prov is ions  of  Cooperative Agreement No. EW-78-F-07-1811 between 
t h e  U.S. Department o f  Energy and t h e  D i s t r i c t .  
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The recommended p r o j e c t  would c o n s i s t  of  a 12 MW power 
p l a n t  i n s t a l l e d  a d j a c e n t  t o  t h e  e x i s t i n g  Main Canal Headworks. 
Annual energy product ion would b e  approximately 56 m i l l i o n  k i l o -  
watt-hours a t  an  i n i t i a l  c o s t  es t imated  a t  2 1 . 2  mills/kWh. I t  i s  
expected t h a t  t h e  power ou tpu t  w i l l  be purchased by the  c i t i e s  of 
S e a t t l e  and Tacoma. 

mh nport was prepared as an acCOUnt 01 work 
rponrored by be United States Govcmmni.  Neither 
united slatel nor the United Stntes Dcpztment of 
E ~ ~ ~ ~ ~ ,  nor any of their employees, nor nnY 01 their 
contractors, ~~bcontracton,  or their employcer. makes 

warranty, express or implied, or m u m e  any legal 
liability or resp6nsii,iiity for the accuncy, eomplctenesr 
or uurulncu or any information, appmtus. P'odU~t Or 

diwloyd, or r c p n ~ n s  thal its UY Would not 
infringe privately owned righs. 

A summary of  t h e  p r i n c i p a l  f i nd ings  o f  t h e  s tudy  fol lows 
this l e t t e r ,  responding t o  t h e  s p e c i f i c  a r e a s  of i n t e r e s t  i d e n t i -  
f i e d  i n  A r t i c l e  I of  t h e  Cooperative Agreement. 

Tudor Engineering Company s i n c e r e l y  a p p r e c i a t e s  t h e  op- 
p o r t u n i t y  t o  p repare  t h i s  s tudy .  W e  b e l i e v e  t h a t  it is  important  
t o  develop a l l  economical smal l -scale  h y d r o e l e c t r i c  s i t e s  where 
energy is  p r e s e n t l y  being wasted. The South Columbia Basin Irri- 
ga t ion  D i s t r i c t  should be commended f o r  t h e i r  a c t i o n  i n  i n i t i a t i n g  
t h i s  s tudy .  

Very t r u l y  yours ,  

Manager, Water Resources 

DJSTRIBUTION Of THIS QOCUWNT IS UNLIMITED 



POTENTIAL POWER PLANT INSTALLATION 
AT THE DRY FALLS DAM 

Summary o f  Findings 

(The numbering of . the f i nd ings  corresponds wi th  t h e  i t e m s  r eques t -  
ed  i n  A r t i c l e  I o f  Cooperative Agreement No. EW-78-F-07-1811) 

1. The proposed development w i l l  c o n s i s t  of  two 6  MW ad jus t ab l e -  
b lade  p r o p e l l e r  t u r b i n e s ,  i n  a  powerhouse t o  be cons t ruc t ed  
on t h e  l e f t  bank o f  t h e  Main Canal, immediately downstream 
of  Dry F a l l s  Dam, which impounds Banks Lake. 

.2.  Power genera t ion  w i l l  occur  on ly  when i r r i g a t i o n  d i scha rges  
t a k e  p l ace ,  dur ing  t h e  pe r iod  March through October each 
year .  Under f avo rab le  hydrau l i c  cond i t i ons ,  t h e  maximum 
ou tpu t  o f  t h e  i n s t a l l a t i o n  w i l l  be 1 2  MW.. Annual energy 
product ion w i l l  be w i t h i n  t h e  range 55.0 - 56.9 mil . l ion kwh.. 

3 .  Cons t ruc t ion  and ope ra t ion  of  t h e  power p l a n t  w i l l  no t  jeop- 
a r d i z e  o r  compromise t h e  func t ion  o f  Banks Lake, t h e  Main 
Canal, o r  o t h e r  i r r i g a t i o n  and water  r e sou rce  f a c i l i t i e s  o f  
t h e  a r e a .  

4 .  A market e x i s t s  f o r  t h e  energy from t h e  p r o j e c t .  It:.:is ex- 
pected t h a t  t h e  c i t ies  of  S e a t t l e  and Tacoma. w i l l  e n t e r  i n t o  
a  purchase c o n t r a c t  f o r  t h e  e n t i r e  ou tpu t  o f  t h e  power de- 
velopment. 

5. ~:Therrequ&r:emen.ts ofr.the: 'Federal  ,.::!State and l o c a l  agencies  
wi th  j u r i s d i c t i o n  over  t h e  p r o j e c t  have been reviewed and 
a r e  descr ibed  i n  Chapter  V I  of t h e  r e p o r t .  

6. T o t a l  investment ,  i nc lud ing  e s c a l a t i o n ,  con t ingenc ie s ,  engi-  
neer ing ,  l e g a l  and f inanc ing  c o s t s ,  amounts t o  $1,144 pe r  
i n s t a l l e d  k i l o w a t t .  The c o s t  o f  energy produced i n  t h e  
f i r s t  yea r  o f  ope ra t ion  w i l l  be 21.2 mills/kWh. Under t h e  
expected terms o f  t h e  power purchase agreement, t h e  minimum 
n e t  r e t u r n  on investment t o  t h e  D i s t r i c t  w i l l  be  0.67 per-  
c e n t .  This  may i n c r e a s e  i n  f u t u r e  yea r s ,  a s  a  r e s u l t  of  
i nc reases  i n  t h e  market value  of  e l e c t r i c  power. 

7. Annual ope ra t ion  and maintenance c o s t s  a r e  es t imated  a t  
$150,000 in .  1982. 

8 .  The p r o j e c t  i s  a n t i c i p a t e d  to>  have a  u se fu l  s e r v i c e  l i f e  
of 50 'years.  

9. An i n i t i a l  assessment of  environmental e f f e c t  has  concluded 
t h a t  t h e  impact of  t h e  p r o j e c t  w i l l  no t  be  s i g n i f i c a n t .  
S o c i o - i n s t i t u t i o n a l  impacts w i l l  be b e n e f i c i a l ,  a l though 
modest i n  e x t e n t .  



10. No s a f e t y  hazards  a r e  expected due t o  t h e  c o n s t r u c t i o n  
o r  ope ra t ion  o f  t h e  power development. 

.11. I n i t i a l  a n a l y s i s  ind ica . tes  t h a t ,  i n  gene ra l ,  t h e  proposed 
s i t e  i s  s u i t a b l e  f o r  t h e  type  o f  development contemplated. 

.. The recommended con f igu ra t ion  involves  t u n n e l l i n g  beneath 
t h e  e x i s t i n g  dam. I n  t h e  event  t h a t  i n v e s t i g a t i o n s  r evea l  
f a c t o r s  which .render '  such a procedure i n feas ' i b l e ,  an  a l-  
t e r n a t i v e  p l a n t  con f igu ra t ion  can be developed. ,  

1 2 . .  Conventional v e r t i c a l - s h a f t  Kaplan t u r b i n e s  would be s u i t -  
a b l e  f o r  t h e  contemplated development. A s  an a l t e r n a t i v e ,  
ad jus tab le -b lade  p r o p e l l e r  t u r b i n e s  may be a v a i l a b l e  i n  a 

. "tube ".; or '  "bulb" con f igu ra t ion .  Generators ,  swi'tchgear 
and a u x i l i a r y  equipment w i l l  be o f  convent ional  p a t t e r n .  

13. Assuming t h a t  t h e  FERC l i c e n s i n g  procedure can be executed 
i n  t imely  f a sh ion ,  procurement of equipment is  expected t o  
s t a r t  i n  t h e  f a l l  o f  1980, w i th  t h e  p r o j e c t  ready t o  d e l i v e r  
power i n  mid-1982. 
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CHAPTER I 
. .. 

I~TRODUCTION 

A.. PURPOSE AND AUTHORIZATION 

The ,purpose of this report is to present the. results of a 

study to investigate the feasibility of developing hydroelectric 

power at an existing dam on the Co.lumbia Basin project in Eastern 

Washington. It is intended that the informadion presented in 

this report will provide the 'basis for a decision to proceed with 

development. 

The report was prepared by Tudor Engineering Company for the 

South Columbfa Basin irrigation Distr.ict, pursuant to a letter 
agreement dated September 14, 1978. Major funding for the study 

was contributed by the U.S'. Department of Energy under Cooperative 

Agreement No. EW-78-F-07-1811 with the South Columbia Basin 

Irrigation ~istrict. 

B. SCOPE 

This report presents the results of studies relating to the 

technical and economic feasibility of installing hydroelectric 

generating facilities at Dry Fails Dam. The existing dam impounds 

water which is released during the irrigation season through the 

canal system of the Columbia Basin Project. The head available at 

the site for power generation is reIat.ively low, but a potential 

exists for producing a significant quantity of electrical energy. 

The scope of the report includes coverage of the following 

items, as listed in Agreement No. EW-78-F-07-1811: 

1. Expected configuration and capzcity of the 

hydropower facility. 

2. Estimated performance 'charac.teristics of the 

hydroe.lectric powe'r facility including the 

potential for peak power production and an 

estimate of average annual energy production 



3. Expected impact of the hydropower installation 

on other perceived water res'ource needs of the 

area and.the current use of the reservoir. 

4 . .  Marketing potential of. the power produced.. 

5. The necessary requirements of the Federal 

Energy Regulatory Commission, the U . S .  Army 

Corps of Engineers, and other,appropriate. 

Federal,. State, regional and local agencies. 

6.. Capital investment per installed kilowatt, total 

cost per kwh,' and return on investment. 

7. Anticipated annual operation and maintenance costs. 

8. Anticipated project life. 

9. An initial assessment of the environmental impact 

and socio-institutional factors. 

10. An initial assessment 'of the safety hazard, if any, 

introduced by the addition or rehabilitation of a 

power plant and other hydropower appurtenances. 

11. Appropriate analyses resulting in sound judgment as 

to the engineering acceptabklity of the proposed site 
for hydroelectrfc power development. 

12. Investigation of the availability of a suitable 

turbine(s), generator(s), and accessories required 

for the proposed hydroelectric power development. 

13. Development plan (schedule) for putting.power on-line. 

Derivation of the study fundings is discussed in each chapter 

of the report. Plates, diagrams and .supporting data are to .be. 

found following each chap.ter, and in the 'Appendices to the report. 



C. AVAILABILITY OF DATA 

Dry Falls Dam was designed by the Bureau.of Reclamation in 

1945 and construction was c'ompleted in 1953. The technical 
records of design and construction of the present facilities 

, . 

are contained in the Bureau reports. entitled "Equalizing 
Reservoir Dams and the Feeder Canal" dated 1954, and "Long Lake 
Dam and' Main Canal" published in 1955. Design Standards used 
by the Bureau for facilittes of this type are published in their 
Design Standard #3, .  "Canals and RePated Structures". Copies of 
the original drawings are maintained on microfilm by the Bureau 

and are available 'from the 'Denver' Federal Center. 

Soil-logs used for construction of the original facility are 
also. on record with 'the 'Bureau and will be 'used for foundation 
design. Topographic mapping of the site.'has not been performed 
since before the 'construction of the canal facilities, and will 
be required prior to implementation of the project. 

Daily flow records for the Main Canal are recorded by the 
Bureau and maintained in the fi2es of the USBR Regional Hydro- 
graphic Section. Historical development and expansion of irrigated 
land is recorded in the Crop Report Summary Sheets, issued annually 

by the Bureau's Project office. 
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Department of' Farks and Recreation, State of Washington; Quincy 
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CHAPTER I1 

ASSESSMENT OF SITE AND RESOURCES . - 
. .- 

,- 

A .  THE COLUMBIA BASIN PROJECT 

The Columbia Basin Proj:ect i s  a' multipurpose development 

constructed by t h e  U.S'. Department of the  I n t e r i o r ,  Bureau of 

Reclamation (USBR) .. The source 'of' water i s  Frankl in D .  Roosevelt 

Lake, formed by the  'impoun'dment 0.f' t he  Columbia River a t  Grand 

Coulee Dam. 

The Columbia River ,  Amer*icars second l a r g e s t ,  d ra ins  259,000 

square mi les ,  of which '220,000 a r e  ' i n  the  northwestern United 

States.and.39,OOO i n  Canada.. About 74,000 square mi les  of t h i s  

drainage a r e  above 'Grand Coul.ee Dam. The r i v e r ' s  average annual 

discharge a t  Grand Coulee 'Dam is'  80 mil l i .on ac re - fee t .  Water 

derived from melting ' i ce  ' i n  t h e  Colixmbia i c e  f i e l d s  of B r i t i s h  

Columbia as su res  a sus ta ined  flow throughout the  summer months. 

Releas'es of water through ' the  . turbines of Grand Coulee power p l a n t  

generate  power., some of w h t c h ' i s  used t o  pump i r r i g a t i o n  water t o  

t h e  Columbia Basin P r o j e c t .  

P ro jec t  i r r i g a t i o n  f a c i l i t i e s  a r e  'designed t o  d e l i v e r  water 

t o  1,095,000 a c r e s ' o f  i r r i g a b l e  land. These lands l i e  i n  the  

count ies  of Grant, Lincoln, Adams, Frankl in ,  and Walla Walla i n  

the  s t a t e  of Washington, a s  shown i n  Figure 11-1. Layout of the  

f a c i l i t i e s  i n  the  northern por t ion  of the  P ro jec t  i s  shown i n  

Figure 11-2. The i r r i g a t i o n  works, extending southward from the  

Grand Coul.ee Pumping-Generating P l a n t ,  begin with the  1.6-mile- 

long Feeder Canal which c a r r i e s  water t o  Banks Lake,, an .equa l i z ing  

r e s e r v o i r .  This 27-mile-long r e s e r v o i r  occupies the  f l o o r  of the  

upper Grand Coulee between North Dam, near t h e  town of Grand 

Coulee, and Dry. F a l l s  Dam, near Coulee Ci ty .  The Main Canal 

system extends southward from the  headworks. a t  Dry F a l l s  Dam i n t o  

the  northern end of the  i r r igab . l e  'area.  The Main Canal system 

includes concrete- l ined and unlined .secti.ons of canal ,  the'1,OOO- 

foot-long Bacon Siphon, the  2-mile-long Bacon Tunnel and B i l l y  

Clapp Lake. This l ake  i s  6 miles  long and i s  formed by the  



earthfill Pinto D,am. The Main Canal continues for 6.6 miles 
i 

downstream from Pinto Dam. to. the Bi.furcation Works where it 

divides to supply water to the West and East Low Canals. The 

two' canals are 'a .major segment -of the system, providing water . . 

to a large 'portion of the Proj'ect area. 

OISullivan Dam, in the central part of the Project area, 
creates Potholes Reservoir, from wEiich the Potholes Canal system 

serves the southern part of the Project. The water source for 

this reservoir is irrigation return flows and natural runoff from 

a 4,000-square mile drainage supplemented as needed by water 

supplied from the Main Canal system fed directly to the reservoir 

through canal wasteways. Altogether, there are 333 miles  o f  main 

canals and 1,936 miles of laterals on the Project and 2,223 miles 

of drains and wasteways. In 1977 irrigation water service was 

available to 543,230 acres. Water supply, agricultural economy, 

and environmental investigations and engineering design and cost 

estimate studies are in progress relating to the facilities 

necessary to serve an additional area of approximately 550,000 

acres. 

Within the Columbia Basin Project, water users are represented 

byliirrigation districts, which entities are responsible for 

payments to the USBR in accordance with repayment contracts, and 
for operation and maintenance of designated distribution facili- 

ties. Three irrigation districts have been formed for this 

purpose: Quincy Columbia Basin Irrigation District (QCBID): East 

Columbia Basin Irrigation District (ECBID); and South Columbia 

Basin Irrigation District (SCBID) . 

Irrigation or Reclamation Districts exist under the Revised 

Code of Washington Section 87.03 and are granted the following 

powers : 

"Acquire, construct, oper.ate,' and maintain an 

irrigation system of dividing. conduits from a 



natural source of water supply to the point 
of, individual. distribution for agricul.tura1 
irrigation purposes. (May also generate, 

distribute ,' and sell.. .e.lectr.ical energy'; 
operate a domestic water supply system; operate 
a drainage 'system;. or assist in certain fire 
protection functions.)" 

Within the Columbia Basin Project, there are several facilities 
whose function provides service to two or more of the Districts. 
Those which are common to all three Districts are known as Project 
Reserved Works and include the Grand Coulee Pumping Plant, Billy 
Clapp Lake, Pinto Dam, Dry Falls Dam and the Main Canal. Operation 
and maintenance of these works is performed by the Bureau of 
Reclamation, using funds provided by the Districts. Control is 
exercised by the Districts through a Reserved Works Committee, 
comprised of representatives of each of the districts. The 
Committee functions in the following areas: 

The Committee 'makes adjustments in efficiency 
of the. Canal systems. 

The Committee determines the dates when water 
deliveries shall be made to the respective 
Districts both as to the commencement and the 
termination of each season's deliveries and 
advises the Bureau of Reclamation of such 
determination and requests the Bureau of 
Reclamation to operate and maintain the project 
and special reserved works involved so as to 
make deliveries possible on the date indicated 

annua 1 ly . 

3. The Committee reviews and consults with the 
Bureau of Reclamation in regard to the. 'el'.eva- 
tions to which 're.ser.voirs in the p.roj:ect and 
special re.served works will be filled and the 

. &. 
~ u n e  or times of feed or. drawdown of such 
reservoirs. 



4. The Committee,annually reviews the proposed 
.budget for the operation of the project 

reserved works and special reserved works 

as presented. by the 'Bur'eau of Reclamation. 
. . 

and shall advise and consult with the.Bureau 
of Reclamation officials with respect-thereto. 

5. The Committ.ee performs such other functions 
as are not inconsis.tent. with the provisions 
of the repayment contract from time to time as 

. assigned., to theni by the 'unanimous agreement 
of the three Districts . 

The contract with 'the USBR also provides, for the project 
reserved works, that the 'Distr'icts '"may build plants for the 
production of power and energy. and structures and facilities 
necessary for the'operations of such plants and all such plants 
shall remain tn exclusive control, pos:session and ownership of 
the districts" as provided by contract with the United States. 

As the Reserved Works Committee is not yet a legal entity, 
the Committee and the respective districts have duly resolved 
to delegate, for the time being, the authority for contracting 
for, managing, administering and r.eviewing . the feasibility 
assessments for contemplated hydropower developments at Project 
Reserved Works, to the South'Colmbia Basin Irrigation District. 

C. EXISTING FACILITIES 

Dry Falls Dam is located at the South end of Banks Lake, the 

primary equalizing reservoir for the Columbia Basin Irrigation 
Project.. Also known as South Coulee Dam; the dam is an earthfill 
structure. 115 feet hfgh'at its highest point, 9,880 feet long at 

crest elevation 158.0. The act.ive storage of the reservoir is 
696,000 acre-feet, between ePevations 1540 and' 1570. 

Current records of' Grant County and Bureau of Reclamation 



records were searched t o  determine vested t i t l e  t o  land a t  the  

s i t e .  Figure 11-3 shows present  . lega l  t i t l e .  The United S t a t e s  

owns. an easement i n  .gross.  i n  the  r i g h t  of way of 225 f e e t  from 

t h e  c e n t e r l i n e ' o n  each s ide ' .of  wa.terways, including canals  i n  the  

p r o j e c t .  Contiguous land i s  var ious ly  owned as  shown. 

As shown on F i g u r e ' I I - 3 ,  the  'Main Canal headworks i s  loca ted  

a t  t h e . l e f t  abutment of Dry F a l l s  Dam.  It' c o n s i s t s  of a  rec tangular  

s i x - c e l l  b a r r e l  conduit ,  wLth warped i n l e t  and o u t l e t  t r a n s i t i o n s .  

Each c e 1 l . i ~  con t ro l l ed  by a  12-foot b y ' l 8 - f o o t  top s e a l  r a d i a l  

g a t e  1 o c a t e d . s l i g h t l y  upstream of the  dam axis. Figure 11-4 shows 

t h e  general  arrangement o f ' t h e  s tyuc tu re ,  whi'ch w a s  designed t o  

pass a flow of 13,200 . c f s  w i t h :  'a wat'er surface e leva t ion  of 1540 

i n  Banks Lake. 

Upstream of. the  headworks i s  the  approach channel,  with a  

bottom width of 120 f e e t  and 1-1/2. t o ' l  s i d e  s lopes ,  excavated up 

t o  40 f e e t  i n t o  t h e  .'lake bed. Dowristream of t h e  headworks, the  

main canal  c o n s i s t s . o f  unl ined and concrete- l ined reaches ,  and 

includes the  Bacon siphon and tunnel', over 2' miles  long. 

. I r r i g a t i o n  r e l e a s e s  a r e  .'made duri'ng the  per iod of mid-March 

through l a t e  October. I n  a  t y p i c a l  season, d a i l y  flows a r e  
increased gradual ly  over a  two t o  three-month perio'd; maintained 

a t  o r  near a  maximum i n  June o r  Jul'y; and diminish t h e r e a f t e r  

u n t i l  t h e  end of the  season. Daily flow records a r e  a v a i l a b l e  

f o r  t h e  years.1970-77, from which average flows i n  se lec ted  years  

have been p l o t t e d  and a r e  shown i n  Figure 11-5. 

During the  year ,  t h e r e  i s  a  f l u c t u a t i o n  i n  t h e  water sur face  

e l eva t ion  of Banks Lake. Figure 11-6 shows the range of v a r i a t i o n  

i n  t h e  11-year per iod 1968-78. Typical ly ,  the  r e s e r v o i r  i s  f i l l e d  

t o  maximum capaci ty ,  e levat ion.  1570, during the  winter  months. 

I n i t i a l  i r r i g a t i o n  r e l e a s e s  r e s u l t  i n  a  drawdown of the  r e s e r v o i r ,  

usual ly  t o  approximatel'y e1.evation. 155.5. The water level' r i s e s  

a s  spr ing flood flows i g  the  'CoTi~mbiz occur,  and pumping t o  

r ep len i sh  the  ' r e se rvo i r  i s  commenced. Downs tre'am of t h e .  headworks, 

water su r face  e:l'evation i n  t h e ' c a n a l . v a r . i e s  a s  a  funct ion  of the  



discharge. The rating . cbkve, b.as.ed on observations by the USBR, 

is shown in Figure 11-7. 

Due to the variations .in head and tailwater surf ace elevations. 

discharges through 'the headwo'rks have historically undergone a 

head loss in the range 'of. 15-50 f.eet. The. energy corresponding 

to this head.loss is dissipated in the hydraul'ic jump downstream 

of th.e radial gates.. Wave, dis:turbances ass'ociated with the jump 

dae liargely suppressed in the portton of conduit barrel between 
the 'gates and the out.let: The 'normal operating regime is to o'pen 

all 6 gates an equal 'amount,. to produce an.equal discharge through 
each conduit. barrel'. 

LJ . FUTURE CQNDITf ONS 

Future flows through 'the headworks, and energy potential 
available for power generation wi'll be inf1uenced.b~ the following: 

a. Completion of the s'econd barrel of the 

Bacon siphon and tunnel', scheduled for 

service in the. 1980 irrigation season. 
\ 

b. Operation of Banks Lake for, p.umped storage 

generation, using pump-turbine units at 

Grand Coulee 'Pumping Plant. 

c. Expansion of the acreage irrigated by the 
Columbia Basin Proj ect . 

The f'rst two items above relate to construction activities 
currently underway 'under the sponsorship of the U.S. Bureau of 

Reclamation.. The Bureau was requested to furnish, if. available, 

information based upon their engineering studies regarding the 

downstream rating curve to be expected when the second Bacon 

siphon/tunnel is commissioned, and the intended operating regime 

for Banks Lake, as a pumped-storage facility. 

Estimation of future 'tailwa.ter conditions was based upon the 

findings reported in the Bureau's publicatton REC-.ERC-72-.22, 



"Hydraulic Model S tudies  of the  Canal S t ruc tu res  adjacent  t o  

Bacon Siphon and Tunnel". ' The 'repo.rt included a c h a r t  of flow 

depth versus. discharge 'up.stre'im of t h e  siphon i n l e t .  From 

t h i s ,  t h e  backwater p r o f i l e w a s  .determined f o r  the  range of 

discharges. considered and us.ed to . .de r ive  the  t a i l w a t e r  r a t i n g  

curve shown i n  Figure II-.7. 

Future headwater (B.anks Lake)' .surf a.ce e levat ions  have been 

taken a s  follows: 

. . 
March 31 - May. 3'1 : Drawdown a t  'a  uni.form r a t e  fr'om 

Elevation, 1569 t o  Elevat ion 155.5. 

May 31 - J u l y  3'1: Rise a t  a unifo'rm r a t e  from Elevat ion 

' 155'5 t o  Elevat ion '  1569. 

Ju ly  .31 - March. '3'1 : E.levation.' 1569 (average) . 

These e levat ions  a re , ' -genera l ly ,  cons i s t en t  with h i s t o r i c a l  

experience,  excepting t h e  y e a r s  when drawdown was. t o  lower 

e levat ions  a s  required.  f o r  cons t ruc t ion .  The assumptions described 

may have t o  be modified i f  t h e  USBR furnishes  information on t h e  

intended operat ing regime 'of t h e  pumped s torage  p r o j e c t .  

Estimates of f u t u r e  ' i r r i g a t i o n  flows have been made by the  

USBR1s Columbia Basin P ro jec t  . The: 'estima.tes were based upon 

providing se rv ice  ' t o  t h e  ult ' imate .acreage enc'ompassed by the  

p r o j e c t ,  1,095,000 acres. ,  and a r e  summarized i n  the  r e p o r t  "Second 

Bacon Tunnel and Siphon'! dated August. 197.5. The requirements of 
the  present  a s  we l l  a s  f u t u r e  i r r i g a t e d  lands were considered. 

Changes i n  cropping p a t t e r n s  and i r r i g a t i o n  methods, including 

increased use of s p r i n k l e r  i r r i g a t i o n ,  a r e  being experienced on 

the  pro jec t .  which have an e f f e c t o n  i r r i g a t i o n  peaking demands. 

Using d i f f e r e n t  assumptions regarding t h e  ex ten t  of s p r i n k l e r  

i r r i g a t i o n ,  the.USBR estimated peak flows a t  u l t ima te  development 

would be i n  t h e  range 17',650 t o  20,600 c f s .  Peak discharges 

experienced cur ren t ly  approach'8,OOO c f s .  Design of the  .second 

Bacon siphon and tunnel  p.rovides f o r  a maximum fl'ow o f '  19,300 c f s  

through ' t he  'twi'n f a c i l i t . i e s .  



I r r i g a t i o n  r e l e a s e s  f l u c t u a t e  throughout the  year a s  

described previously,  and a s  i l l u s t r ' a t e d  i n  F i g d e  1.1 -.5. For 

th.e purpose of t h e  power s t u d i e s  repor.ted i n  .Chap.ter 111, an 

idea l i zed  hydrograph was developed. . to  represent  the  v a r i a t i o n  

i n  dischar.ge -through ' t h e . ' i r r i g a t i o n  season. The hydrograph 
expresses d a i l y  f low a s  a .  proport ion of' t he  annual peak flow., 

a n d  i s  shown on Figure '11.1-2,. fo.llowing the  t e x t  of Chapter 111. 

For a. year i n  whLch t h e  maxinm. di.schar.ge is,  18,000 cf s ,  t he  

hydrograph corresponds wi th  'an annual discharge of 5,000,000 . '  

ac re - fee t  , consis  t e n t  wi'th ' the  'USBR proj 'ections (given on page 
1-31 ,of t h e  'Draft EIS f o r  t h e  Co.lumbia Basin P r o j e c t ,  published 

. . 

b y  t h e  USBR i n  January, 1975) . 

For an ind ica t ion  of the  'pat . tern of f u t u r e  expansion of 

i r r i g a t e d  acreage i n  t h e  'Colmbia Basin P r o j e c t ,  re ference  may 
be made. t o  Figure '11-.8. The ' f igure  'shows' the  h isaor ' ica l  'growth 

of P ro jec t  acreage, '  from' . . 1950 to. d a t e ,  and various proj 'ections 

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

development may be eipected by about year .2005.  For the  

purpose of power s t u d i e s ,  t h i s  has b.een taken a s  the  year i n  

which a. peak .dis.charge o f '  16', 000 cf  s w i l l  be a t t a i n e d .  
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CHAPTER 111 

POWER POTENTIAL 

A. GENERAL 

In order to evaluate.the feasibility of a hydroelectric 
development, an estimate must. be made of the power and' energy 

. output from the, development. Power production is - a. function. 
of the ' amount of flow and. the "effective head" of the water 
passing the site, and the size and efficiency of the generating 
pla .n t  i.nstal,lzed. 

Several terms commonly used in power studies need to be 
explained, since they are necessary for the discussion which 
follows. These terms are defined below : 

1. Energy 

Energy is the ability to do work, and work 
is the utilization of energy. Both energy and 
work are measured in foot pounds; electrical 
generation and usage are measured in kilowatt- 
hours (kwh) . 

2. Power 

Power is the rate of doing work. The customary 
unit for power is horsepower, equivalent to 550 
foot pounds per second.. In electrical generation 
and usage the usual units of power are kilowatts 
(kW) or megawatts (MW) , equal to 1000 kilowatts. 

3. He'ad 

The tota.1 hydraulic head available to a turbine 
refers to the difference in elevation between 
the water surface in the reservoir or forebay 
and that of the downstream tailwater. In this, 
report "hydraulic. head" will be shortened to 



"head". A s  t h e  water passes through t h e  

... . i n t ake ,  pens to.ck and t a i l r a c e ,  some . energy 

i s  d i s s ipa ted  i n  hydraul ic  l o s s e s , ,  thus 

reducing t h e  head a v a i l a b l e  t o  dr ive  the.  

turb ine .  The head remaining . a f t e r  losses  

i s  known as the  "effective head". 

E'f f ' iciency 

Turbine e f f i c i ency  r e f e r s  t o  t h e  r a t i o  between 

t h e  a c t u a l  power output of the  turb ine  and 

the  t h e o r e t i c a l  power output  f o r  a "perfect" 

' t u r b i n e .  Eff ic iency can r e f e r  t o  the  

tu rb ine  by i t s e l f ,  o r  t o  t h e  p l a n t  a s  a 

whole, including the  generator  and any gear  

box, c lu tch  or  s i m i l a r  u n i t .  I n  t h i s  r e p o r t ,  

e f f i c i ency  r e f e r s  t o  the  power production of 

t h e  p l a n t  a s  a whole. 

B. POWER GENERATION POTENTIAL 

The amount. of energy t h e o r e t i c a l l y  obta inable  from a hydro- 

e l e c t r i c  power i n s t a l l a t i o n  i s  a funct ion  of the  energy o f  t h e  

f a l l i n g  water a t  the  site.. If a l l  of t h e  hydraul ic  energy can 

be,mobil ized,  t h e  r a t e  of power produc.tion. i s  a funct ion  of the  

discharge,  n e t  head and p l a n t  e f f i c i ency  a t  any given moment. 

For t h e  purpose of t h i s  study t h e  following formula i s  used: 

Output (kW) 
= w 

where: Q = discharge i n  cubic f e e t  per second (c f s )  

H = e f f e c t i v e  head i n  f e e t  

E = combined turb ine  and generator  e f f i c i e n c i e s  

I n  Chapter 11,  t h e  present  and f u t u r e  regime of i r r i g a t i o n  

r e l e a s e s  a t  the  Dry F a l l s  Dam s i t e  w a s  discussed. A t y p i c a l  

p a t t e r n  of r e l e a s e s  was es t ab l i shed ,  together  with a f o r e c a s t  

of t h e  peak flow l i k e l y  t o  occur i n  f u t u r e  years .  The maximum 

t h e o r e t i c a l  power output from the  s i t e  would occur under a 



combination of peak.f.10~ and maximum head. Figure 111-1 shows 

the relationship between annual peak flow and power potential, 
assuming a maximum water surface elevation in Banks Lake, and 
an overall plant efficiency of 80 percent, including conduit 
losses. As the flow increas.es, tailwater rises, and causes 
a reduction in power potential. The diagram also shows the power 
output possible with various sizes of units installed. 

In order to estimate the amount of energy which can be 
produced annually by a power development at the site, the 
variation in flow and effective head must be considered. Based 
on the historical patterns observed, as described in Chapter 11, 
idealized assumptions were adopted for the purpose of power 
studies, and are shown in Figure 111-2. 

A preliminary calculation of annual energy potential was made, 
using the assumptions as to headwater elevation and seasonal 
fluctuation in irrigation discharges described above. It was 
further assumed that no generation would occur when discharges 
fall below 20 percent of the annual peak. Under present-day flow 
conditions, the site has a maximum potential of producing 67.1 
million kilowatt-hours of energy annually, with an average power I 

output of 14.5 MW during the 193-day period when flows are 
sufficient to permit generation. In the future, when peak annual 
irrigation releases reach 16,000 cfs, the annual energy potential 
will be 106 million kWh, at an average output of 22.9 MW. The 
power studies also indicated that, if the water surface level in 
Banks Lake were maintained at or near 1570 throughout the irriga- 
tion season, the potential output of energy would be increased 

by approximately 5 to 10 percent. 

C. POWER STUDIES 

The preliminary studies described above indicate that potential 

power output varies over a wide range, consequent upon the vari- 
ations in head and discharge. The actual mount of energy produced 

will be less than the potential amount, due to a number of factors, 

including the following : 



1. Maximum discharge through the turbines will 

be, for economic reasons, less than the 

peak irrigation flow. Flows in excess of 

the turbine discharge capacity will bypass 

the power plant. 

2. The generator capacity may be less, for 

economic reasons, than the maxi-. power 

output of. the turbines. 

3. The turbines are capable of operating within 

a limited head range (approximately 65 
percent to 140 percent of "design head" for 

adjustable-blade propeller turbines). At 

lower heads, the plant has to be shut down; 

at higher heads, operations can continue 

only if the head across the plant can be ' 

throttled by means of gates. 

4. When operating under head and discharge 

conditions other than the design rating, 

turbine efficiency is reduced. The reduction 

is substantial as the conditions approach the 

permissible limits for operation. 

In order to assess the effect of thes,e factors, and to provide 

a basis for a preliminary selection of the number and size of 

units to be installed, further power studies were made. These 

utilized a computer program designed to simulate a wide range of 

potential hydraulic and design characteristics. A flow chart 
delineating the or.ganization of the program is presented in 

Figure 111-3. 

The computer runs derived the power. and annual energy output 

from the power development, given the number, rating, and design 

head for the turbines installed. Power output under varying head 

conditions was -calculated using values for turbine efficiency 

obtained from a variety of published texts and information received 
-. . - 



from manufacturers. For each case considered, the computer 

produces a graphical display of the power output, and a numerical 

total for the annual energy production in the year for which the 

flow conditions apply. A selection of the. graphics produced is_ 

reproduced in Appendix A. 
- 

Comput.er runs were made to determine the effect o.f varying 

the number of units installed in a plant of .given total capacity. 

These demonstrated that plants with multiple turbine-generators 

are capable of a greater energy output than single-unit plants. 

A two-unit plant would produce approximately 2.4 percent m o r e  

energy annually than a single-unitplant of the same rated 

capacity, and a.three-unit plant 3.6 percent. Appendix A,includes 

copies of the.computer output applicable to 1- , 2- and 3- unit 

plants of 12 MW capacity. 

As discussed' in Chapter IV, a 2-unit plant is selected as a 

base alternative for consideration in this study. A series of 

computer runs was made to compare the energy output of 2-unit 

plants of varying capacity. The runs were made for 1982, assumed 
as the first year of full operation of the power project. The 

results are summarized in Figure 111-4, as they relate to two 

possible conditions affecting the water surface elevation in 

Banks Lake. Copies of the computer output for the runs are 
included in Appendix A. 

Projections were also made, using the computer, of annual 

energy production over a 40-year period of plant operation for 

2-unit installations.of various capacities. The projections are 
shown graphically on Figure 111-5, and copies of the computer 

output are included in Appendix A. 

CAPACITY OF THE DEVELOPMENT 

The o.ptimum capacity of the power .generation facilities 

installed at Dry Falls Dam depends upon physical, operational 

and'economic factors. The physical factors include available 

head and streamflow, which determine the potential maximum energy 



production; and the availability of stor.age, which influence 

the plant's capability of generating a higher output during 

periods of peak power demand. Operational factors relate to 

the number and size of installed units; the efficiency of the 

equipment;. and the operating regime. Economic factors comprise 

the costs of construction, operation and maintenance; the market 

value of. the power, or the cost from an alternative source; the 

method and cost of financing the development; and the financial 

or economic goals and constraints of the owner. 

Although the physical factors can be identified with some 

precision, their significance is only in establishing upper 

limits .to the 'extent or output of the planned development. 

Selection of the appropriate size of installation is primarily 

a matter of economics. It follows that the instalred capacity 

at a particular site needs. to be reviewed periodically, in 

light of current economic conditions. From time to time such 

analysis will indicate that modification to the size or operating 

regime of the installation is desirable. For the purpose of 

this report, a preliminary selection is made, based upon the 

estimated unit cost of energy which can be produced at Dry Falls 

Dam. 

Figure 111-6, which presents the relationship between installed 

capacity and construction cost of power installations ranging 

from 5 MW to 20 MW, was developed using costs of recent, similar 
plants at existing dams, adjusted to reflect the detailed cost 

estimates for Dry Falls, referred to in Chapter V. The figures 

given are representative of construction bid prices current as of 

September 1978. From the construction costs, annual costs were 

derived, allowing for development and financing costs, and 

operation and maintenance expenditures. Annual costs were calcu-. 

lated based upon two methods of financing the project, using 

tax-exempt bonds with an interest rate of 7 percent, retired 

over a 30-year and 40-year period,. 

From the annual costs and the estimate of annual energy pro- 

duction in 1982, the estimated unit cost of energy can be 



ca lcu la ted  f o r  each s i .ze  of i n s t a l l a t i o n  considered. The . 

r e s u l t s  of these  ' ca l . cu la t ions  a r e  :s'ummarized on Figure 11.1-7, 

showing the  estimated '1982.cost of energy from p l a n t s  of 

var ious c a p a c i t i e s .  The f i g u r e  shows t h a t  .cost  would be a .  

minimum f o r  a  p l a n t  i n  t h e  capaci ty  range' 9  t o  13 MW. Based 

upon t h i s  f ind ing ,  2f 40-year f inancing , i s  employed, a .  12 MW 

p l a n t  w i l l  produce energy a t  a  u n i t  cos t  i n  1982 which i s  

l i k e l y  t o  be r e a d i l y  markefable. It i s .  apparent  t h a t ,  a s  
. . 

i r r i g a t i o n  r e l e a s e s  . increase  from. year t o  year ,  and- i f  cur rent  

economic t rends  cont inue,  addi t ional .  u n i t s  w i l l  become f e a s i b l e  

i n  t h e  f u t u r e .  The development considered i n ' t h e  succeeding 

por t ions  of t h i s  r e p o r t ;  theref.ore,.  cons is t s .  of an i n i t i a l  

i n s t a l l a t i o n  of two 6 MW u n i t s ,  wi'th provis ion  f o r  the  cons t ruc t ion  

- of f u r t h e r  u n i t s  i n  l a t e r  years .  . . 
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CHAPTER IV 

PROJECTED -DEVELOPMENT 

A. LOCATION OF POWER FACILITIES 

Alternative locations for the power plant, penstock and 
tailrace were considered. The alternative arrangements differed 
primarily in. the use of existing.and,new. water passages through 
the. dam, and comprised .the. fo.llowing : 

Alternative 1: No new conduits through dam; certain of the 
6 existing, conduit barrels designated for . . 

power flows; the remainder for flows bypassing 
the power plant.. 

Alternative 2: No new conduits.through dam; discharges pass 
through a forebay downstream of the existing 
.headworks., either through the power plant, 
or directly to the canal. 

Alternative 3: No change to existing. headworks.;. flows through 
power plant. use a new conduit (open channel or. 
closed penstock) clear of'the existing structure. 

.Alternative 4: Power plant constructed at headworks structure 
. .  ou.tlet; flows.. bypassing power plant carried by 

a new conduit, clear of existing structure. 

Of the above alternatives, 1 and 4 were eliminated from 
detailed study, based upon the following considerations. Under 
Alternative 1, the headworks structure would be required to pass 
at least the design flow of 13,200 cfs through those conduit 
barrels not set aside for power releases, with a water surface 
elevation in Banks Lake of 1,540. These conditions would require 
at least four barrels of the conduit to be in service. Unless 

agreement were reached to adopt less stringent criteria for the 
operation of the headworks structure, an unacceptable limitation 
would be placed upon the power generation capability of the site. 



a Since it is not in the interest of either the Districts or the 
Bureau of Reclamation to compromise the function of the irriga- 

tion facilities, further study of Alternative 1 was not pursued. 

Alternative 4 can be compared with Alternative 3, since 
both incorporate a new conduit through the dam. Alternative 4 

-- will involve. higher capital costs, arising from the need to re- 
construct the downstream portion of the headworks structure, 

V 

, - and provide energy-dissipating facilities at the outlet of the 
new conduit. Alternative 3 is thus favored, economically and 
functionally, over Alternative 4. 

Figures. IV-1 through. 4' illus trat.e -possible layouts .- to 
effect Alternatives. 2 and. 3. outlined above. Figure IV-1 
shows an arrangement providing- for: - a powerhouse on the 'left bank 
of the outlet channel., to 'accommodate. a sing.le Kaplan turbine 
(Alternative 2A). The existing. downstream apron would be 
completely. removed, and replaced with a forebay structure to 
impound water at the same el'evation.as Banks.Lake, with gates to 
permit the release of. water t o  the 'Main Canal -bypassing the power 

plant. The. existing headworks structure would.'have to be modified 
to f.unction.as a.pressure conduit and to limit the additional 
maintenance required to the gates and mechanism operating under 
submergence . 

I 
. Alternative 2B provides for the installation of tube turbines 

fed from a similar forebay downstream of the existing headworks 
conduits (Figure IV-2). Provision for the future expansion of 
power facilities is indicated for both alternatives illustrated. 

Figures IV-3 and IV-4 illustrate arrangements incorporating 
steel- lined. pensto.cks and. a 2-unit power plant with vertical- 
shaft Kaplan turbines. In these arrangements, there.is no mo,di- 
f ication to. the existing headworks structure. An arrangement 

similar to Alternative 3A, but using an open channel through the 

dam in lieu of a.penstock, was considered and found to be more 

I), 



expensive in construction cost. The two arrangements illus trated 

4 (Alternative 3A 'and 3B) differ in the location of the powerhouse. 

Reduction in the 1ength.of penstock in Alternative 3A is offset 
?; by the need for a corresponding length of tailrace channel. Future 

expansion of generating capacity at the site could be obtained 

\ 
by constructing a second powerhouse on the right bank. 

Selection between the location alternatives was guided by 

several considerations. Reduction in conduit diameter and the 

additional flexibility in operation, and greater energy output, 

compared wi.t.h a single-unit plant, were the basis for selecting 
a 2-unit arrangement. Accordingly, Alternative 2A is nor favored. 

Comparative construction costs for the three other a1 ternatives 

were. derived as follows: 

Alternative ' 2B (Fig. IV- 2) $1,500,000 
Alternative 3A (Fig. IV-3) $1,600,000 

Alternative 3B (F'ig. IV-4) $1,800,000 

The above costs- do no.t include items common to each alternative 

such as turbine-generators, mechanical and electrical equipment, 

and miscellaneous civil/ structural provisions. 

Alternative 2B. shows a slight apparent cost advantage over 

Alternative 3A, with 3B at the highest cost of the three arranie- 
ments. Alternative 3A was selected,' however, for the project 

development studied in further detail, in recognition that it can 

be accomplished with less impact upon the existing irrigation 

facilities. 

Further consideration of single-unit plants, and of the possi-ble 

application of tube or bulb units, .will be made in the course of 

selecting generating equipment, based upon the combined costs of 
> 

associated civil/structural requirements and the life-cycle cost of 

hydroelectric machinery. 



B .. SEUCTDON OF TURBINE AND GENERATOR 

Se lec t ion  of the  type of turb ine  most s u i t a b l e  f o r  the  

p r o j e c t  condi t ions r equ i res  the  cons idera t ion  of power 

output  over the  expected range of operat ing condi t ions.  A 

general  desc r ip t ion  of t h e  range of turb ine  types a v a i l a b l e  i s  

given i n  Appendix B .  Generating p l a n t s  operat ing under a  head 

i n  the  range of 10 t o  80 f e e t  a r e  considered "low head" i n s t a l l -  

a t i o n s ,  and c a l l  f o r  the  s e l e c t i o n  of a  hydraul ic  tu rb ine  which 

can be designed t o  have a  high s p e c i f i c  speed. The most s u i t a b l e  

rurbine runner t o  meet these  condi t ions i s  the  p rope l l e r  type,  

which can be incorporated i n  a  v a r i e t y  of conf igura t ions .  The 

e f f i c i e n c y  of a  tu rb ine  v a r i e s  wi th  the  head and flow under which 

i t  opera tes .  Typical r e l a t i o n s h i p s  a r e  shown i n  Figure I V - 5 .  

I n  order  t o  obta in  acceptable  performance throughout the  wide 

range of operat ing condi t ions  a t  Dry F a l l s ,  a p rope l l e r  with 

ad jus tab le  blades would be requi red .  

Ver t i ca l - sha f t  adjustable-blade u n i t s  known a s  "Kaplan" 

tu rb ines  represent  t h e  t r a d i t i o n a l  approach t o  p rope l l e r  turb ine  

design f o r  large-output i n s t a l l a t i o n s .  The u n i t s  r e q u i r e  an 

extensive surrounding s t r u c t u r e  i n  connection with the  layout of 
water passages leading t o  the  tu rb ine  runner,  and of t h e  elbow 

d r a f t  tube.  The i n l e t  t o  t h i s  type of turb ine  may be an open 

flume, a  concrete  semi-spiral  case,  o r  a  s t e e l - l i n e d  s p i r a l  case.  

I n  open flume cons t ruc t ion ,  the  wicket ga te  mechanisms a r e  located 

wi th in  t h e  water passageways and a r e  water lubr i ca ted .  This i s  

sometimes the  most economical configurat ion but  the  maintenance 

requirements a r e  high. I f  the  turb ine  loca t ion  requ i res  a  penstock 

leading from an in take  some d i s t ance  away, the  s p i r a l  case arrange- 

ment i s  appropr ia te .  

. A s  an a l t e r n a t i v e  t o  the v e r t i c a l - s h a f t  arrangement, p rope l l e r  

t u r b i n e s  may be obtained i n  a  "Tube"., "Bulb" o r  "Rim" configura- 

t i o n .  These types,  more f u l l y  described i n  Appendix !B, usua l ly  

involve a  horizontal ly-al igned t u r b i n e s h a f t ,  and . requ i re  a  



powerhouse less. deep, but larger i n  plan area,  than the ver t ica l -  

shaf t  uni ts .  

The "tube" turbine consists of a propeller-type runner 

mounted i n  a c i rcular  watgr .passage .' Downstream of the runner, 
the turbine shaft  passes. through 'the wall of the draf t  tube a t  

. . 

a shallow elbow, and is.comiected to  the generator. In the . . 

bulb design, the..'configuration of the water passage and turbine 

runner . i s  similar ,  but the 'generator is ,  .d i rect ly  connected to  

the turbi'ne , and. conta.tned within a water.tight "bulb" housing 

upstream of the turbine 'runner. In. the "rim" type of turbine, 

the mechanical arxangemerit d i f fers .  i n  that  . the rotor  of the 

.generator i s  attached to  the.'rim of the runner. The rim of the 

runner. has ,a. sea l  which 'uses f i l . tered wa.ter a t  a higher pressure 

than the turbine 'effective 'head. The 'generator. operates i n  a i r  . . 

outside of the  passageway. .. The 'design has been successfully 

operated i n  Europe and.wbuld appear to  offer-  cost benefit  for 

cer ta in  size uni.ts. To date,' none 'have been insta l led i n  the ' . 

United States.. -The general. 'arrangement of Kaplan, Tube, Bulb 

and Rim-type u n i t s . i s  shown i n  Figures IV-6 through 9 ,  from 
which. an indication may be obtained of the respective require-. 

ments for  housing the 'equipment. within the power. plant s t ructure .  

For smaller hydroelectric ins ta l la t ions ,  manufacturers are 

now offering standardized "Tube" package uni ts  which are  

economically a t t r ac t ive  and re la t ive ly  simple to i n s t a l l .  As 

yet ,  however, the ra t ing of the package uni ts  i s  less  than that  

contemplated for  ins t a l l a t ion  a t  Dry Fal ls .  For the purpose of 

comparing al ternat ive power plant locations, and as a basis for  

the f inancial  analysis of the project ,  the use of conventional 

ver t ical-shaf t ,  Kaplan turbines, has been assumed. Selection of 

the most suitable type w i l l  be reviewed i n  the course of f i n a l  

design, based upon firm quotations to  be obtained from equipment 

suppliers. 

Generators can. e i ther  be. 'of' the: synchronous o r  induction 

type. Induction generators a re  often considered more pract ical  



for the smaller turbine-generator installations because they 
cost less and require less maintenance. They do not run at 

exact synchronous speed, and complex equipment is not needed 
to bring them on line..' They cannot be used to establish 
frequency, however, and must be connected to a. sys.tem with 
synchronous generators, as they take tbei ' r  excitation. from 
system current. However ,. the 'si.ze 'of currently-available units 
is limited to about 2 MW.. 'Accordingly, synchronous generators 
will be required at Dry Falls. It should be noted that the 
generator usually, rotates at the same speed.as the turbine. 
With the "tube" turb.ine, however, a speed increaser can be used 
to connect. the 'turbine 'and . . generator shafts, and permit the use 
of a higher-speed generator. Such a unit has 'smaller physical 
dimensions, and a correspondingly reduced first cost. 

AND ELECTRICAL EQUIPMENT 

The power studies reported in Chapter 111 established the 
recommendation to install two 6 MW turbine-generators to provide 
a total installed capacity for the power project of 12 MW. Each 
turbine would be rated at 8000 HP when operating under 30 feet 
effective head. The generator associated with each turbine 
would be synchronous type, rated at 6000 KW, producing 3-phase, 
60 cycle power at 4160 volts, and a power factor of 0.9. 

Control of each of -the- generators would be by static 
excitation and voltage regulation equipment. Sequential operation 
and monitoring of the uni,ts.will, be. accomplished through a main 
control b0ar.d. located in the power. plant. The control panel will 
include suitable control. switches, indicator lights, protective 
and interposing relays, and recording instruments. All power plant 

auxiliary systems, such as pumps, motors., lighting and heaters 
with fans will be operated from the plant low voltage motor control 
center and switchgear- located in the powerhouse. 



Output from each generator would be fed through a generator 

breaker to  a common bus to a step-up transformer located i n  a 

switchyard adjacent t o  the powerhouse,. The s tep--up transformer 

w i l l  be a three-phase, o i l - f i l l e d , .  12,000 KVA sub-station type 
- 

uni t .  The transformer w i l l  include 'suitable protect.ive equipment 

and have a control pane I... Swi'tchyard equipment ass'ociated with 
. . 

the plant w i l l  include ' a i r  br.eak switches, o i l  c i r cu i t  breaker, 

switchgear, protective 'equipment and takeoff. tower for  the out- 

going transmission. l ine .  It i s  assumed that  connection w i l l  be 

made to the ex i s t ing  115, KV l i n e  approximately 2000 f e e t  to the 

south. ~ i g u r e  IV-10 shows the p lan t  one-line diagram; and Figure 

IV-11 a typical  switchyard arrangement. 

In  addition to the e l e c t r i c a l  and mechanical equipment 

mentioned above, the power p lan t .wi l1  i'nclude such miscellaneous 

mechanical equipment as cranes, hois ts ,  pumps, compressed. a i r  

system, water supply systems, heating. and venti lat ing system, 

f i r e  protection system, drainage and dewatering systems; such 

accessory- e lectr ical .  equipment- as low-tension switchgear, 

s ta t ion  servlee. 'equipment ,. d.. c .  power supply; control and pro- 

tec t ion :  'equipment, and l ight ing.  

D.  INTAKE, PENSTOCK AND POWERHOUSE 

The layout of the proposed power facilit . ies ' . .  i s  presented on 

Figure I V - 1 2 .  The f a c i l i t i e s  w i l l  be located to  the east  of the 

headworks structure;  a t  a suffic.ient distance to ensure that  no 

disturbance i s  caused to. the exiiiting structure.  A new approach 

channel w i l l  be cut into  the lake bed to join the existing 

approach channel to the penstock i n l e t  structure.  The approach 

channel w i l l  be excavated i n  rock with a t o t a l  length of 
. approximately 300 fee t  and would be most economically constructed 

during annual low water. on Banks Lake. The channel section w i l l  

have a 26-foot bottom width,' and 1/.2 t o  1. si.de slopes. 



Where the penstocks cross the axis of the dam, it consists 
of an embankment approximately 26 feet high,. on a foundation of 
bedrock, In order. to preserve the integrity of the -dam's r.olled 
ear'th .core, the penstocks will' be placed. in a tunnel excavated 
through the 'foundation rock. .Indiv.i.dual, ' 14-foot diameter 
penstocks are- proposed for each'unit in order to keep tunnel 
excavation as far beneath 'the 'dam foundation cont'act surface. :as 
possible. Strict control' and monitoring will be necessary -during 
tunnel operations to assure prot'ection of the existing dam. 

Flow through. each penstock wi'll be controlled by a slide 
gate, and the inlet will also contain slots for stop logs and 
trash racks. Access to the, 'operating pla.tfo'rm of the inlet. 
structure: will. be obtained from the existing dam crest by means 
of a. walkway on s truc.ture. 'or. fill. Consideration should be given 
to the possibility of. .drawing, down the water 'level in Banks Lake 
for part of the constfiction.period in order to.permit the inlet 
structure to be built in the.'dry with a minimum. of dewatering. 

The powerhouse will. be located iinmediately.. downstream of the 
toe of the existing dam. embankment. As illustrated in Figure IV-12, 
for the. case in whPch 'Kaplan, turbines: are. selected, the powerhous.e 
will be a rectangular concrete 'structure with plan dimensions 
approximately 11.7 feet by 48' feet.. The -generator floor will be 
at elevatkon 1553; turbine .and auxiliary equipment at elevation 
1525; and a roof will be provided above the generator floor, with 
access to.the equipment afforded through hatches in the turbine floor. 

Downstream of the powerhouse, the tailrace will consist of a 
concrete-lined transition section, and an unlined channel excavated 
in rock to join the existing Main Canal. The switchyard will be 
located adjacent to the powerhouse. Concrete foundations will be 
provided for. the step-up transformer, takeoff towers and related 
equipment. 
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CHAPTER V 

FINANCIAL ANALYSIS 

A. ESTIMATED CONSTRUCTION COST 

The es'tzmated capital cost of the project is presented in 

Figure V-1. Cost estimates for the various project features 

were prepared on the basis of the layout and details described 
in the preceding chapter. Construction costs were estimated' 
at September 1978 price levels, .to a level of detail consistent 

with the preliminary nature of the project definition. Costs 
for equipment were based on obtained from manufac- 
turers, and recent quotations for comparab1.e auxiliary equip- 

ment. To these cost elements, a contingency allowance of 15 
percent was added. This allowance is considered appropriate 

in view of the relative consistency of equipment price quotations 

received, and the possibility of alternative plant arrangements 

with a lower initial cost. The estimated construction cost, 
representing a contr.actorls bid price. in.'.September. 1978, is 

approximately .$.8; 0 millio.n, . excluding state sales tax. Details 

are given in Ap.pendix C, .:: The total represents a cost per kilowatt 

of -installed capacity of $664. 

The total construction 5nvestment required was determined by 

adding the cost of engineering, design, supervision, and contract 

administration to the estimated construction cost, and allowing 

for sales tax and escalation to the date of construction. The 

cost of engineering and design was assumed to be 8 percent of 

the construction cost. The c'ost of -construction supervision and 

contract administration was assumed to be 5 percent of the con- 

struction cost. Escalation was calculated at 8 percent annually, 

for a 31-month period, on the assumption that bids would be sub- 

mitted in the spring of 1981. As shown on Figure V-1, the total 

construction investment, reflecting these allowances, is estimated 

as $11.54 million. 



B . PROJECT .FINANCING 

To obtain the total capital cost of the project, such costs as 

establishing bond reserve funds, fees for legal services and bond 
counsel, and various miscellaneous costs related to project 

implementation should be added to the investment cost. In addition, 

the financing of the development must provide for the payment of 

interest on borrowed funds during construction. The actual require- 

ments will be dependent upon .the selection.of a power purchaser, 
and advice by the District's financial consultant and bond counsel 

concerning the 'method of financing. At this state of study, the 

following assumptions were made concerning these factors. 

1. Revenue bonds repayable over a 40-year period 

will provide funds for the capital cost of the 

project. Debt service will be paid from 

guaranteed annual revenues from a single bulk 

purchaser of project power. 

2 .  Power would. be purchased by a publicly-owned 

electrical utility, in which case revenue bond 

interest would be exempt from Federal income tax. 

3. Tax-exempt bonds would bear a 7 percent interest 

rate. 

4. Constructton funds would earn interest at a 6 

percent rate until required for disbursement. 

5. A period of 17 months would elapse- between bond 
sale and final payment of construction expenditures. 

6. Legal and miscellaneous costs will amount to 
approximately 2 percent of the capital cost of 

the project. 

7.  A bond reserve fund, equal to the maximum annual 

debt service on the bonds, would bc establi~hed 

from the bond proceeds. 



Given the above assumptions, the project could 'be financed 

by means of..a $13,730,000 bond issue. The amount of the bond 
issue. would be slightly different if a longer or shorter 
repayment period were adopted, since the annual payment. required 
as debt. service on the bonds would.be affected, with a consequent 
effect on the reserve requirement. 

For a. $13,.730,000, 7 percent bond issue with a 40-year 
maturity, annual debt service will be approximately: 

$i3,730,000 ::-x 0.07501 =. $1,03o,ooo 
(principal) (capital. recovery factor) 

In the event that 30-year financing were contemplated, the bond 
issue would be in the amount of $13,815,000 and the annual debt 
service $1,113,000. 

C . COST OF' ENERGY 

The unit. cost of energy produced. by the. project can be obtained. 
by- dividing the annual project. cost. by the amount of energy pro- 
duced annually. An. estimate fort the. latter was, derived in 'Chapter: 
111, amounting to 55.71 million kilowatt-hours in the first year 
of project operation. 

The total, annual. cost is. the,, sum of the fixed annual charges 
for capital recovery.or amortization and the annual operating 
expendi.tures, covering adrnfnis.tra.tion, insurance, operations and 
maintenance .personnel,. allowance for.equipment replacement, 
license costs,. fees and other~miscellaneous expenses. The 
fo.llowing cri.teria were used as.. a guide to determining estimated 
operating expenditures : 

Insurance: Coverage will be required for fire and storm 

damage, vandalism, property damage and public liability. 
In the present analysis, an average rate of 0.2 percent 
of construction cost, which is representative of current 
practice, was used to determine insurance costs, amounting 
to an estimated $20,000 annually. 



Operation and maintenance cos.ts: Allowance is made to 

cover the costs for manpower, wages, services, offices, 
repair shops, equipment and. parts incurred in pro j ect 
operation and maintenance, including periodical replacement 
of components and facilities that have an, estimated useful 
life significantly,shorter than the 40-year amortization 
period. for the project capital costs. These facilities 
include hydraulic. turbines, generators, governors and valves, 

switching facilities, transformers,. substations. and other 
auxiliary-.mechanicalland electrical equipment. For the 
power. faciliti.es, interim rep.lacements were assumed to amount 
to 0.8 percent of the investment annually. Operation and 
maintenance of the unattended plant is estimated to require 
12 man-months- of' labor annually which, with an allowance. for, 
transpor.tation and miscellaneous. expenses, is forecast at 
$35,000 annuall?, in. 1982.. 

General expenses: Administrative and other miscellaneous 
general costs required during the proj ect operation for 
supervision and administration, in connection with power 
production, transmission and distribution, and other over- 
head costs are estimated at 0.3 percent of the cost of the 
power facilities. 

Estimated annual operating expenditures in the first year of 

project operation,(l982) are $150,000. On this basis, total 
annual.costs are estimated as $1,180,000 ($1,030,000 p,lus 

$150,000) . The unit cost o f  energy, a t  the line-side terminals 

of the power transformer in the switchyard, is given by: 

$1 180 000 annual cost - 21.2 mills/kWh v 
In the case that 30-year financing is considered, annual costs 
would amount to $1,263,000, resulting in a power cost in the 
first year of operation of 22.7 mills/kWh. 

In subsequent years of operation, the cost of operation and 
maintenance will escalate at an average rate estimated at 



5 percent annually. The unit cost of energy will also, be 
influenced by the effect of backwater conditions in the Main 
Canal upon. annual energy output. By the year 2000, the cost of 
energy from the Dr.y Falls development :is estimated to be 25.2 
mills1kWh. The variation is illustrated graphically in Figure V-2. 

MARKETABILITY POWER 

The value of electrical energy in the Pacific Northwest is 
heavily influenced by the availability of resources, and the role 
of the Federal government as a major marketing agent for power in 
the region. Hydroelectric developments have provided a major 
share of the region's energy needs to date. These resources have 
been deve1oped.b~ privately- and publicly-owned utilities, as 
well as the Federal government. Development of the region's 
major resources of low-cost hydropower is approaching saturation, 
and it follows that future expansii;anr_ of generating capacity will 
involve higher-cost thermal, small hydro, and nuclear plants. 

The ~onneville- Power Administration (BPA) markets. power as 
marketing. agent for all Federal production of power in the North- 
western United States.. In 1977,. the .energygenerated for BPA at 
plants operated.'by the Bureau of Reclamation, Corps of Engineers, 
Washington Public Power Supply System (Hanford), Centralia thermal 
plant, Trojan nuclear plant and pub1.i~ shares of Priest Rapids, 

,J 

Wanapum and Wel.1~. projects was 69,072,218. million. KWH: Through 
BPA transmission line network and .wheeling arrangements under the 
Pacific Northwest Coordination. Agreements, BPA received an 
additional 55,539,916. million.KWH. 

Until recently, BPA has been meeting the full requirements of 
all the public utilities. For the first time in history, BPA has 
informed such utilities'that its. resources will not be sufficient 
to meet their growth needs after 1983.. BPA, by statute, cannot 
purchase or create'more power generation; it can only reallocate 
the resources it has been authorized to market from Federal 
projects. BPA has notifiedthe a.luminum, chemical, nickel and 



o the r  b a s i c  i n d u s t r i e s  which i t  serves  d i r e c t l y  t h a t  i t  cannot 

renew t h e i r  power con t rac t s  when they expi re  i n  the  mid-1980's. 

Against t h i s  background of demand ou t s t r ipp ing  supply, 
f o r e c a s t s  have been made of t h e  poss ib le  t rend  of f u t u r e  power 

c o s t s .  Figure V-2 shows t h e  pro jec ted  values f o r  t h e  "BPA 

Preference Customer Rate" through t h e  year 2000. The "Preference 

CustomerJRate" i s  the  r a t e  a t  which publ ic  u t i l i t i e s  may purchase 

power from BPA, and i s  based upon BPA's cos t s  incurred i n  

acquir ing power. The p ro jec t ions  through 1995 were prepared by 

BPA, assuming t h a t  r eg iona l  load growth would follow the  f o r e c a s t s  

developed by t h e  P a c i f i c  Northwest U t i l i t i e s  Conference Committee 

(PNUCC). It may be seen from Figure V-2 t h a t ,  a s  growth i n  

demand requ i res  BPA t o  c a l l  upon higher-cost  energy sources from 

1985, t h e  preference customer r a t e  w i l l  r i s e  r a p i d l y .  The r a t e  

i s  a r r i v e d  a t  by "melding" t h e  cos t  of energy from new resources ,  

shown on Figure V-2, with t h a t  from the  Federal  base system, 

whose cos t s  w i I l  remain r e l a t i v e l y  s t a b l e .  

From a regionwide- s tandpoin t ,  energy produced by, new resources 

a.t, a c o s t  equal.. t o  or  below t h e  BPA. new resources..  c o s t  index is 

p o t e n t i a l l y  '-marketable. From, the. s tandpoint  of a u t i l i t y  ab le  

t o  purchase unlimited.power a t  the  BPA preference customer r a t e ,  

f i n a n c i a l  b .enefi ts  w i l l  begin t o  be r e a l i z e d  from the  purchase of 
energy. from. a new source such. a s .  Dry Fa l l s .  Dam when t h e  

BPA r .a te  exceeds t h e ' c o s t  of t h e  energy. The exis tence  of many 
u n c e r t a i n t i e s  regarding. t h e  a v a i l a b i l i t y  and u l t ima te  pri .ce l e v e l  

of BPA power i n  t h e  region adds t o  t h e  economic a t t r a c t i v e n e s s  of 

new hydropower resources, :  even a t .  a present  day c o s t  exceeding 
cur ren t  market values.  

A s  of January 1979, the  South Columbia Basin I r r i g a t i o n  

Dl ' s t r f c t  i s  in the process of negot ia t ing  a Memorandum of 

Understanding with the c i t i e s  'of S e a t t l e  and Tacoma f o r  the  purchase 

of power from a 5 MW i n s t a l l a t i o n  known a s  P.E.C. 22.7, near 

Othel lo ,  Washington. The Memorandum records t h e  i n t e n t  of the 

t h r e e  I r r i g a t i o n  D i s t r i c t s  and the  c i t i e s  t o  en te r  i n t o  purchase 



agreements covering power from subsequent developments within 

the Columbia Basin Project. Such purchase would be contingent 

upon the developments conforming with agreed cost criteria. 

E. PROJECT BENEFITS 

The project will yield financial benefits to the power 

purchasers and.to the Districts, in addition to intangible 

benefits. The' intangible benefits include: 

o Provision of a power resource without the 

environmental pollution and fuel depletion 

attendent upon operation of fossil-fuel 

or nuclear plants 

o Reduction of the economic impact upon 

consumers throughout the region of the cost 

of developing new power resources. 

Benefits to the Districts and to'the power purchaser are 

affected by the terms. of the purchase agreement, and the rate 

at which the market value of power escalates in future years. 

The proposed terms of the agreement provide for a minimum payment 

of 1.65 mills per kWh above co.st for energy made available from 

the project. ,At such time in the future that the average cost 

of energy from Seattle's and Tacoma's total power resources exceeds 

that from the project, the purchase price will be set so as to 

divide the difference equally between purchaser and seller. 

Annual project generation over a 40-year period is estimated 

to vary between 55 and 56.9 million kWh. Under the proposed 

terms of the purchase agreement, this would produce a minimum net 

return to the Districts-of approximately $92,000 annually. This 

amount, representing only the Districts' share of project 

benefits, is equivalent to a return of 0.67 percent of the total 

capital investment of $13,730,000. The rate of return to the 

Districts is expected to increase in later years, as escalation 



in the cost of power from other sources leads to increased pay- 

ments under the power purchase agreement. 

For the irrigation districts, which are non-profit organiza-. 

tions, the estimated rat.e of return is satisfact0r.y as indicating 

that power development is economically feasible. 

Present planning provides for financi.ng the development with 

the'proceeds from a revenue bond issue to be amortized over a 

40-year period. At the end of the 40 years, the power purchase 

agreement would expire, and the development would be free from 

fixed annual capital charges. 

However, the plant would not have reached the end of its 

economic life by that date. Hydroelectric generating equipment 

often has a service life well beyond 50 years when the'equipment 

is properly maintained. Typical maintenance procedures consist 

of yearly repair,of the runner, shaft seal and inspection of 
moving parts, refurbishing of bearings every 5 to 10 years and 

stator rewinding every 15 to 20. years. It can be assumed that 

an effective O M  program will be adopted that will incorporate 

periodic inspection and preventive maintenance procedures. 
Accordingly, the .economic life can be taken as 50 years. This. 

is .the.estimated length of time the project wili be in service 

producing power and accruing benefits, and coincides with the 

period for which the initial FERC license will remain in effect. 

Substantial beneftts to:the Districts-can be expected to 

accrue after the 40th year of project life. Since these will 

be entirely dependent-upon the price at which pro.ject generation 

can be sold at that time, no estimate of their extent can be 

made at present. 
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CHAPTER VI 

PROJECT .IMPCEMENTATION 

A. PROJECT ORGANIZATION 

As related in the preceding Chapter, development of power 
facilities at Dry Falls Dam would involve an agreement with the 
cities of Seattle and Tacoma to purchase all of the energy 
generated by the project. Under this arrangement, the Districts 
would construct, own, and operate the facilities. Finance for 
the project would. be provided by means of revenue bonds issued 
by the Districts. Repayment of principal and interest on the 
bonds would be made out of guaranteed annual revenues to be paid 
by the power purchaser. The bonds would be issued at the time 
major construction expenditures are committed, following execution 
of the power purchase agreement. The term of the agreement would 
extend at least for the full life of the bonds. Prior to the bond 
sale, the power purchaser-would pay for development costs incurred 
for engineering, administrative, legal and other activities 
required to advance the project. Such costs would be refunded to 
the power purchaser from the bond proceeds. 

Authority for the Districts to undertake development is subject 
to the terms of the repayment contracts with the U.S. Department 
of Interior, Bureau of Reclamation (USBR). Under these contracts, 
water rights within the Columbia Basin Project are vested in the 
United States, subject to the right of the Dtstricts to the unim- 
paired use of the project water supply. The Contracts also provide 

that "with the prior approval of the Secretary, the District(s) . . .  
may build plants for the production of power and energy . . .  and 
all such plants shall be and remain in the exclusive control . . .  
of the District(s). All revenues from such powerplants . .. shall 

C be . . . the property of the District(s) ." 

Construction of the power facilities on federally-controlled 
land, and use of the water .supply for power generation purposes, 
is subject to the prior approva1 of the Secretary of the Intersor. 



Approval to proceed with development at Check 22.7 on the 

Potholes East Canal has been given to the South Columbia Basin 

Irrigation District. Development would be governed by an 

agreement with the USBR, containing provisions whereby the 

integrity of the irrigation system, the water rights of the 

United States, and its responsibilities for operation and main- 

tenance of project reserved works are protected. In addition, 

the Bureau has requested that the financial returns from the 

proposed development be carefully evaluated to: (1) ensure 

that the District's contractual obligations are not impaired, 

and (2) cotablish water supply criteria to avuW arty prejudice L u  

the development of new project lands (water supply associated 

with the Second Bacon Siphon and Tunnel and disposition of net 

power revenues between the existing lands and the first phase 

continuation area). Similar provisions would apply at Dry Falls. 

B. PROJECT SCHEDULE 

The overall schedule of activities involved in implementing 

the Dry Falls Dam Power Development is shown graphically in 

Figure VI-1. 

A.preliminary activity involves negotiations with the power 

purchaser. The end result of the negotiations will be a 

"Memorandum of Understanding" in which the Districts will pledge 
to sell and the cities of Seattle and Tacoma will pl'edge to buy 

all power produced at the site. This document will stipulate 

all details, including a clause in which the selling price of 

the electric energy will be tied to a suitable escalation index. 

The power purchase agreement will be developed based on the 

Memorandum of Understanding, and will be finalized when design 

. of the project is complete and all costs can be closely estimated. 

The FERC application and design and constructTon activities 

will immediately start after the conclusion of the power 
.- 

negotiations. The recently passed energy bill directed the FERC 

to prepare some revised and simplified guidelines for small 

hydroelectric projects. However, no revised instructions 



concerning this matter are as yet available. On the schedule, 

one year has been allowed for the FERC license application 

approval process. However, .this time may later be considerably 

shortened. Shown on the schedule but actually a part of the 

FERC application is the preparation of Exhibit W, an Environmental 
Impact Statement. It is shown separatery since it 1s. a major 
activity and is often also required by other agencies as well. 

The process to obtain all other necessary permits and agreements 

will also be initiated following the completion of the power 

negotiations, as deccribed below. Througtlouk the process of 
negotiating' agreements, obtaining permits, and in connection with 

financing'requirements, legal services and professional advice 

regarding financing .would. be obtained'. 

Major construction activity is scheduled for the period 

between irrigation seasons, to minimize the risk of interruption 

to irrigation system operations. Based upon contact with manu- 

facturers of hydrauli,c and heavy electrical machinery, a period 

of 15 months has been allowed for delivery of the major equipment. 

The schedule indicates that. the development will produce 
power in mid- 1982. 

C. PERMITS, LICENSES AND AGREEMENTS 

In order to proceed with the project a variety of agreements, 

licenses, permits, endorsements and approvals from various 

Federal, State and local agencies including various divisions of 

the several agencies are required. Agencies involved, types of 

permits, endorsements and approvals, and statutory or other 

authorities are listed on the following pages. 



Permit/ 
Agency Approval 

Statute or 
Other Authority Status 

U.S..FEDERAL GOVERNMENT AGENCIES: 

Federal Energy Power License 
Regulatory Commission 

Federal Parer Act of 1920 
Section 4. 16.USCS797; NEPA . 
(42 USC 4332) 18 CFR4 
18 CFR 2.80, 2.81 (as amended) 

To be filed 

Federal Communications Approval of 
Conmission Communications. 

Equipment 

Section 301 of the Federal 
Communications Act of 1934 
(47 USC S 301) 47 CFR 73-74 

To be filed aa 
required 

To be requested Department of Interior Prior authority 
to construct 

Contract 14-06-100-6420 
Section 55(b) Executed Dec. 
18, 1968 Federal Reclamation 
Laws (32 STAT 388)(53 STAT 1187') 
(57 STAT 14)(76 STAT 677) 

Bureau of Reclamation Geology and 
Survey. Permit 

Federal Reclamation Laws Letter permit 
requested (32 STAT 388) (53 STAT 1187) '. 

(57 STAT 14)(76 STAT 677) 
(49 STAT 1028)(49 STAT 1039) 

Bureau of Reclamation Dam Safety 
Certification 

Federal Reclamat ion Laws 
(32 STAT 388)(53 STAT 1187) 
(57 STAT 14)(76 STAT 677) 
(49 STAT 1028)(49 STAT 1039) 

Statement 
obtained, State 
of Washington, 
See Appendix D. 

Pacific Northwest 
Basins Commission 

Project 
Recommendation 

11 USC 200 
(65 STAT 89-80) 

Recommendation 
requested 

U.S. Army, Corpa of Water Quality 
Engineers 

Federal Water Pollution Control 
Act of 1972 PL 95-217 Sec. 401 

Authority delegated 
to State 

U.S. Army, Corps of . D&.Safety 
Engineers 

Dam Inspection Act.. PL92-367 Authority delegated 
co State 

STATE OF'WASHINGTON AGENCIES: 

90.03.350 RCW Department of Ecology, .<. Dam Safety Letter of 
Suitability, see 
Appendix D 

To be applied for 
as required 

Department of Ecology Power Production 
License . 90.16.050 RCW 

43.2LA RCW Department of Ecology Reservoir Permit Permit granted.to 
U.S. Bureau of 
Reclamation. 1948 

~e~artmeit of Ecology Flood Control 
Zone Permit.. " 

Department of Ecology Water Rights 

90.03.100 RCW 

90.03.350 RCW 

Exemption Granced 

To be applied for 
as required for 
power generation. 

Certificate 
applied for 

Department of Ecology Water Quality 
Certification 

80.50 RCW 

43.21C. 100 RCW Department of Ecology Environmental 
. Policy Coordin- 

ation (SEPA) 

Concurrence. 
obtained. negative 
declaration. See 
Appendix E 

Department of Fisheries Hydraulics Project 
Approval - . . ..- -- .-. 

75.20.100 RCW Application filed 



Agency 
Permit1 
Approval 

Statute or 
Other Authority Status 

STATE OF WASHINGTON AGENCIES (cont'd.) 

Department of Game Hydraulics Project 75.20.100 RCW 
Approval 

Department of Ecology Permit to Con- 43.21A.050 RCW 
struct Power 
Facility 

Energy Facilities Site Evaluation 80.50 RCW 
Sice Evaluation Council 

LOCAL AGENCIES: GRANT COUNTY: 

Grant County Shoreline Permit Ordinance 98.58 RCW 

Grant County Building Permit Ordinance 

Grant County 

Grant County 

Planning Permit Ordinance 43.21C.100 RCW 
Ecology 

Conditional Use Ordinance 
Permit 

Application filed 

Approval included 
in Eavorable review 
of cnviron. decl. 

Exem tion ranted 
See IppendHx E 

Exemption granted 

To be applied for 
as required 

To bc spplied for 
as required 

To be applied for 
as required 

To be applied for 
as required 

An application for preliminary permit for a power plant at 

Dry Falls Dam was filed with the Federal Energy Regulatory 

Commission in February 1978. The purpose of the filing is to 

secure and maintain priority for a license for the project under 
the Federal Power Commission Act while procuring data and securing 

the necessary agreements needed to perfect an Application for 

License. 

PROJECT IMPACTS 

1. Safety Aspects: 

, Construction of the power development will involve 

tunnelling beneath the existing dam, and excavation and construction 
in the immediate vicinity of the headworks structure. A pre- 

liminary assessment of the suitability of the existing dam as a 

site for a hydroelectric installation was made by the State of 

Washington Department of Ecology. The conclusions of that agency, 
indicating that no conditions were observed which would preclude 

installation, are contained in a 1et.ter of December 28, 1978 signed 



hy Mr., Edward, Gar ling, forming . - Appendix D . 

All applicable and appropriate requirements of the 
OccupapLonal Safety and Hazards Act (OSHA) and the Washington 
Industrfal Safety and Hazards Act (WISHA) wil1,be complied'with 
in the design and construction of project facilities. 

- No major safety hazards are expected as a result of 
power plant operations. .The plant will be fully enclosed, so there 
will' be no electric shock hazard Co casual site visitors. No 
moving .parts of the plant will be. exposed. Flows in the Main Canal 

. will be unchanged by the. operation: of power facilities, although 

, automatic control may be used to vary the proportion of flow passing 
through the power plant., 

2 ,  Environmental Considerations: 

Based upon. a. preliminary environmental assessment of 
the proj ect , the south Columbia Basin Irrigation. District has 
filed a declaration. of non-significant environmental. impact., under. 
the provisions of Chapter 197-10-300,..Washington Administration 
code. A copy. of' the. filing,, and of the responses. received from 
various agencies.,. is contained in Appendix E. Since no negative. 
responses were received from the agencies notified and no opposition 
or objections to the published.and advertised. declarations were 
entered within the period of time allowed by law, the declaration 
of' non- signif icant environmental. impact became final. 

Based upon preliminary- surveys, particularly with 
reference to the USBR's Draft Environmental Statement, Columbia. 
Basin Project, .the environmental assessment concluded that there 
would be no significant impact on the environment from the project.. 
Salient findings included: 



Water Flows - There would be no interruptions in 
irrigation flows through the present works since con- 
struction affecting such flows would be conducted during 

periods when there are no flows through the headworks. 
Operation of the proposed plant is non-consumptive and 
is designed to return all flows into the Main Canal. 
The plant .will. not a.lter- the discharge delivery schedule 

df ctated by irrigation demands. 

Water Qw'l'ity -. No change.would be made to water quality 
during e.ither construction or operation. 

Air' Quality and' NoXse - The site is in a remote semi-arid, 
agricultural. non-irrigable location. Construction noises 
and minor. construction.. dust would be temporary during 
construction. No noises ors emissions into the atmosphere. 
are created .by operation. 

Vegetation -.Loss, of vegetation. consisting of desert grasses 
covering.an area of approximately- 1-112 acres would occur 

by. reason. of the cons.truction of the power plant, appurtenant 
structures' and. parking lot .. 

~errestri~l Wildlife - The project would. result in the 
loss. of' approximately. 1-112 acres of habitat which would 

. . 
result in displacement or loss of reptiles and small 
mammals which. inhabit the area. 

Aquatic, Wildlife and Hab'itat - No effects on aquatic wildlife. 

Rare and Endangered Spec'i'es - None known to exist or in 
immediate: .vicinity of proj ect site. 

Land Use - No effect on lands surrounding site. 

Sol'id Wa's te D'ispos'al - Spoil from excavations will. be 
graded to construct parking lot. 



Recreation - None. 

Water Use. - No effect. 

Economics - The total estimated construction cost in 
1978 dollars is approximately $8,000,000. Of this 
amount approximately $3,100,000 will be for labor 
and materials to be acquired locally. The construction 
will take about 17 months and will go through the 
winter season. 

- During; 17 months of construction the maximum 
work force will reach 25 workers. It is anticipated that 
since,'much of the cons:tructio.n is in the. off-season, most 
of'these workers will come from the local labor market. 
Operation and 'maintenance will be, performed by the 
District ' s.taf f .. 

Growth Iriduc'ing' Imp'act -,. Localized only during co.nstruction 
period; 

Traffic'- Some additional traffic generated during 
construction only. 

Scenic'. Values.. - Proj ect ' site is adj acent to State Highway 
2. Structures'above grade will be architecturally 
pleasing,. particularly adapted to the surrounding terrain 
and. being consistent. with. intended use. Most structures 
will be at or below grade. 

Archeo.logy and ~istorccal Significance - There are no 
known archeological:or hisqorical sites of interest which 
will be affected by the prbj ect. 

A more detailed environmental'assessment will be conduc.ted as 
part of the- FERC license application procedure; however, it is our 
experience that negative env.ironmenta1 impacts would not result 
from construction of the proposed plant. On the other, hand, 
several positive impacts can'be expected. Since five nuclear power 



I , . :  
p l a n t s  a r e  i n  var ious s tages  of design and construction i n  Wash- 

ington S t a t e ,  and s ince  o the r  coa l - f i r ed  p l a n t s  a r e  being 
i considered i n  the  region,  the  cons t ruc t ion  of the -Dry . .Fa l l s  Dam 
\ .  power p l a n t  would be a. po1,lution-free. source of energy which 
-. would help reduce the  f u t u r e  us.e of these  a l t e r n a t i v e  po l lu t ing  

f u e l s .  

.,. 
3 .  . Socio-1nst i tut iona: l .  Impacts : 

Construction and operat ion of a  power p lan t  a t  Dry 

F a l l s  Dam should have a  s l i g h t l y  b e n e f i c i a l  impact on the  regional  

and na t iona l  economy. The power cos t  w i l l  be cheaper than most 

o ther  opt ions f o r  f u t u r e  power t h a t  r eg iona l  e l e c t r i c  u t i l i t i e s  
a r e  considering. The Dry, F a l l s  power p lan t  thus w i l l  help hold 

down t h e  cost .  of power f o r  a l l  consumers. I n  t h e  long run ,  con- 

s t r u c t i o n  and successfu l  opera t ion  of a  hydropower development a t  
- Dry F a l l s  Dam i s  l i k e l y  t o  spark greater.  i n t e r e s t  i n  cons t ruc t ion  

of hydroe lec t r i c  p l a n t s  a t  s i m i l a r  s i t e s  throughout t h e  region.  

Future cons t ruc t ion  p r o j e c t s  of t h i s  type w i l l  d i r e c t l y  b e n e f i t  

t h e  l o c a l  cons t ruc t ion  economy, and indi rec t ly .  b e n e f i t  t he  regional  
. -- 

economy by helping t o  hold down power r a t e s .  
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APPENDTX A 

SELECTED SUMMARIES OF.POWER STUDIES 

A-1,2,3 12 MW plants: I-, 2-, 3- units 

A-4 to 8 2-unit plants; 8-16 Mw 
(varying W. S . Elevation in Ranks T,a.k.e) 

A-9 to 13 2-unit plants; 8-16 MW 
(Constant W:S. Elevation in Banks Lake) 

A-14 to 19 40-year Energy,Production, 2-unit 
- plants 8-18 MW; varying W.S. Elevation 

in Banks Lake 



' D R Y  F H L L S  D H M  

1 B. 20 38 4B 

W E E K S  
* indicates no. of units on line f o r  t h e  week 

.................. Rated. Q. 5 139 CFS.. 
Desi gn head.. ............ 30 FT' 
Instal l e d :  cap.~ci t, y.. ... 12 M W  per  unit 
No. of  units ........... 1 
TOTRL ANN.UAL ENEF:GY.. .. 5 4 . 4 2  MKWH 



9. i n d i c a t e s  no. o f  u n i t s  on l i n e  f o r  the. w e e k  

YEAR O F  1982 

Rated. Q .  ......... ... ........ 2570 CFS 
Desi.gn head..  ..:.......... 30 FT 
Installe.d.capacity...... 5 ' M W  per  u n i t  
No. o f  uni ts.. .......... 2 
TOT.RL RNNUHL EE4EF:GY. .... 55.. 7 1 HKWH 



I 

U R Y  F A L L , ! ;  D A M  

M ' O N  T H S  

*. i ndi  ca t  es no. of  un i t, s on 1 i nQ fop t h e  

YEHR OF 1982 

................ Rated i?. 1713 CFS ............... Dcsi-gn head.. 30 FT  
I n s t a l l e d  c a p a c i t y . . . . .  4. NU, per  u n i t  ........... No. o f .  u n i t s .  3  

TOTAL HbINUAL. Et,IEF!CY. ... 56.39  MKWH 



DRY FHLLS DHM.  
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W E. E. K S 
i; indieaces no. of: ctnits on 1 i n e  f o r  t h e  week 

YEAR OF 1962 

................ R a t e d  12.. 171.3 CFS ............ Desi gn head. .... 30 FT .... 1ns.t ?.l 1 ed rs apac i t y.  4 NW p e r  u r >  i t 
No. o f  u n i t s  ............. 2 
T OTHL HNNURL. ENEF~G'I'. .... 4 8  ..43 MELJH 



DRY FHLLS D A M  

M 1.3 PI T H. is 

1D 28 3 8 48 5 0 

W.E E K S 
* indicates no. of units o n  l ine t h e  week 

YEHR OF: 1.982 

Rated Q.. .................... 2141 CFS 
Design he.sd. ............ 38 FT' 
Installed capacity..... 5 MW p e r  unft 
No. of units.. ......... 2. 
TOTAL ANNUiIL ENERGY.... 48.39 MKWH 



DRY FALLS DHM 

* i n d i c a t e s  no. of u n i t s  on l i n e  f o r  the. week 

.Rated 0.. ............. .. ..-.. 2570 CF.S 
Design h'ead .................... 30 FT 
I n s t a l l e d  c a p a c i t y . . . . .  6 MW per  u n i t  ............. No. of un i t 5.. 2. 

TOTAL ANNUAL. ENERGY.. . .  55.71 MKWH 



DRY FALLS D A M  

1 8:. 28. 3 0. 4 8  5 8  

W .  E E:. K S 
* ' i ,ndicates no.. o f  u n i t s  on 1 i ne f o r  the  week 

YEHR' O F  1982 

R a t  &d Q. ... -. ............ 2998 CFS 
Design head..  .............. 30 FT 
Instal led. capac-i  t y.. .... 7 MW per  u n i t  
No. o f  un'i.ts. .............. 2. 
TOTAL ANNUAL ENERGY. .... 62.42  HKWH 



Bpi' FHLLS DHM 

M O N T H S  

w E E"K s 
* ind'.icartes no.  o f  u n i t s  on l i n e  f o r  t h e  week 

R a t e .  Q. ...'.................. 3426 CFS 
Desi gn head. ............. 30 FT- .... I n s t a l - l e d  c a p a c i t y . .  8 MW p e r  u n i t  ............. No. o f  u n i t s  2 

.. TOTAL. ANNUAL EHEEt;.Y.. 68.24- HKWH 



D R Y  FRLLS DAM 

1.B- 20 3 0- 5 0 

W E. E' K S 
ic indicates no.  of uni ts 1317 1 i ne the week 

YEAR OF 1.982. 

............. R.it,ed GI. &.. .... 1.384 CFS ................. D e s i  gn head 3 7  FT ...... In~tal led: c .apac . i ty . .  4 NW per  l t t i i t  

No. 01' units ............. 2 
..... TOTAL ANNUAL ENERG'/ 42.84-  MKWH 



DRY Ft3LLS DAM 

W E E K S  
+ i n d i c a t e s  no. o f  units on l i n e  f o r  the  w e e k  

YEAR' OF 19:32 

.............. Rased 12. ....... .. 1736. CFS ............. Desi gn head. 37 FT ......... I n s t a l l e d :  c a p a c . i t y  5 PtW p e r  u n i t  
No. o f  u n i t s  ..............' 2 , 

.. T O T A L  ANNUHL ENERGY.. 5 1 . 1 4  MKWH 



DR'I' FALLS DHPI 

Y indicates no. of units on l i n e  f o r  the week 

YEAR OF 1982 

Rated Q ................ 2883 CFS 
Design head.. ............ 37 FT 
Installed capacity..... 6 MU per  unit. 
No. o f  u n i t s . . . . . . . . . . ,  2 

T OTHL RNNUAL. ENERGY. .... 59.89 HKWH 



DRY FALLS DtiM 

L.l E E. K S' 
e i nd.i c a t  es no. o f  un i t s on ! i ne F o r  the  week 

YEAR OF 1.982 

Rat.ed Q . .  .............. -2431 CFS ............ Design head. 37 F T  .... Inst. a1 1 ed c apac i t y. 7 MW. pe r  un i t 
No. ot' u n i t s  ........... 2 

TOTAL ANNUAL ENERGY..... 67.23 MKWH 



D R Y  FHLLS DHM 

M O f.I T H S 

I.1 E. E. K S 
*. i ndi  c a ~ t e s  no.. o f  uni ts. on 1 i ne f o r .  ?,he w e i k  

YEAR 13F 1.952 

Ratsd Q.. . . . . . . . . . . . . . .  2778 CFS ........... Desi gn head.. 37 FT  
I n s t a l l e d  c a p a c i t y . . . . .  8 MW per  u n i t  
No. o f  u n i t s  ........... 2 

... TOTAL ANNUAL ENERGY. 73.96 MKWH 



D R Y  F A . L . L S  D R M  

LEGENO: Energy. Discharge .-.-..------.--. 

FORTY YEAF:S FROM 1982. TO 2021 

......................................... Rated. Q .  1713  CFS ........................... Desi gn head.. 38 FT ..................... I n s t a l  1 ed capaci t y .  4 f l W  ' p e r  un,i t, 
No. o f  i n i t i a l  u n i t s  i n s t a l l e d  ..... 2 
No uni t s added' i n. 'the. fut .ura 

.. TOTAL E~~ERI;Y 'PRODUCED FOR PERIOD. 1 5 6 3 . ~ ~  M K ~ J H  



D R Y  F A L . L S  D A M  

z0  
Y E H R S  

LEGENO:. Energy 0 i .-. -hnp,-c --------.------- 
9 C, 

FORTY YEARS FROM 1.352 TO 2821 

... Rated Q. . . . . . . . . . . . . . . . . . . . . . . . . .  2141  CFS .. Design h e a d . . . . . . . . . . . . . . . . , . . . . . . .  30 FT ................. I n s t a l l e d  c a p a c i t y  5 MW p e r  u n i t  
No. o f .  i n i t i a l  u n i t s  i n s t a l l e d  ..... 2 
No u n i t s  added i n  t h e  f u t u r e  

.. TOTAL ENERGY PROOUCED FOR PERIOD. 1385.2 MKWH 



. D R Y  F H L L : ;  D H M  

10. 2 0  3 8' $0 

. Y  E A.  R S 
................ LEGENO.:. Energy ,-J i sc-,nr ye 

F O R T Y  YERES F R O M  1 . 9 8 2  TO. 2621 

Rated Q. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2578 C F S  ........................ Desi gn head-. 30 FT 
Installed c a p a c i t y  ................. 6 MU p e r  u n i t  
No. o f  initial c t r t i t s  inatallad ..... 2 
No u n i t s  added i n  t h e  f u t u r e  

TOTAL ENERGY P R O I l U C E D  F O R  P E R I O D . .  , 2226.09  MKWH 



D R Y  F A L L S  D H M  

LEGEND: Energy ui  sc-,nr-ge --.------.---... 

FORTY YEARS' FROM 19S2 TO 2921 

. .......................................... Rated Q, 2998 CFS ......... ................. Desi-gn head. , 30 FT .................... I n s t a l l e d  c a p a c i t y  7' MU p e r  u n i t  ........ No. o f  i n i t i a l  u n i t s  i n s t a l l e d .  2, 
No u n i t s  added i n  the f u t u r e  

TOTAL ENERGY PRODUCED FOR PERIOD... 2 5 2 5 . 5 8  MEWH 



D R Y  F A L L S '  D A M  

L 0.  2B' 30 40 

t E: ' A. R S. 
LEGENO: Energy 0 i schnrge ---.-.--------.. 

FORTY YEARS FROPI- 1982 TO 2.021 

..... .Rated. 8 .  ..................-........ ...-. 3426. CFS ...... Design head.. .................. ..,. 38 FT' 
. I n s t  a1 Ted capac.i t y .............. ,... .......... 8 MW per  uni t 
No.. o f  i . n i t i a 1  u n i t s  i n s t a l l e d  ..... 2.' 
No u n i t s  added i n  the. fu tu re  

TOTAL ENERGY.. PROIlIJCED FOR PER I OD. .. 2738.96  MKWH 



D R Y  F H L L S  D A . M  , 

. . 

F O R T Y ' Y E A R S  F R O M  1 3 8 2  TO 2 8 2 1  

04 . -  ................................................................................................................................................................................................................. 25 - . . 

...:... ................. Rated Q . .  .,.I,. , 3854 CFS 
Desi gn head'. ...................................... 30 F T  ................ I 'nsts l  1 ed c.apaci t y . .  . 9  MW per  u n i t  
No.. oe i n i t i a l  u n i t s  i n s t a l l e d  ........ : 2 
No u n i t s  added i n  the f u t u r e  

.. TOTiIL ENERGY PRODUCED- FOR PERIOD. :3851.33 NKWH 

20 

1 5 '  

1 El 

5 

- .  

8 

- 

, )i E A' R S. : 

LEGEND: Energy . 0, cchnrge. ------.--------- 

78 

60 

50.  

4 0  

38: 

- 
- - ! - 

. . ! - ................................................. ................................................... 6 ................................................. .............................................. - 
-. - . . - . . - . . 
-. 

- 
. . - . . . . - - 

.... . - ..-. - ..-- -- -.-.---. ..-..--.-..--.....-..-. - - . . ,,.'- - ............................................. -.-.- ................................. A/-: ..... - ................................. .................................................. - . . . . , a ; '  ! . . .... : - .- : 
-.  

- .. '- . . -~ . ..- - - . . ,.*. . . - . . .i ,,." . . - . . ; .,a' - 
- . . ..-I' . - . . . . .  - . . . - ........................... I-- ..-............ "j ............................................. " ..... 6." .................................................. i .................................................. . . . . . . - 

.,'. . . - -, - 
-. - - -  . . . - - 
- .  

- 
. . . . 

-, - - .  

-. .. - . . . . . . - . . - ............... ................................. - ............................... " : ...-..-....... " i ..................................................... i. ................................................. - . . 
-. - .  - . . .  . . - . . :. . 
-. . . . . . . - - - 

. . : .  - . . - i i i i i i i l i i i i i i i i i i i I i i ' i " i ' i '  
- 

1 El: ZEl. 30' $0 





APPENDIX :.B 

I CLASSIFICATION OF TURBINES 
.. . .- . - /  

General. The-net effective head available to the turbine 

dicta tes  the selection of type of turbine: suitable for  use a t  

a par t icular  s i t e .  The rate.  of flow determines the capacity 

of the turbine. Hydraulic turbines have two general c lass i f ica-  

' t ions ,  impulse and. reaction. 

Reaction. turbtnes.. a r e  classif ' ied as Francis (mixed flow) 

or Propeller. (axial  flow),. Prope.ller turbines are available 

with b.orh fixed bladOs. and variable p i tch  blades (Kaplan) . Both 
Propeller and ~ r a i c i s  turbines may be mounted ei ther  horizontally 

or vertically.. .Additionally,. Propeller. turbines may be s lan t  

mounted. Trade names.-have been applied to  cer ta in  Propeller 

turbine designs such as,Tube, Bulb and St raf lo .  The design 

princ?ples,. for.  the: runner,, however ,. are  the same. 

Impulse. turbines may have some:' appli.cation for  small' hydro.-. 

power ins ta l la t ions .  However., there are  very few manufacturers 

interested i n  developing a standardized product l ine .  In 
general, the cost.  to  manufacture a. reaction. turbine of comparable 

head and. capacity i s  less .  

Proprietary turbines, a re  available and discussed further i n  

t h i s  section. These turbines have unique character is t ics  which 

may be beneficial  for  some proj ects . 

Cross-sections of. t h e  various types of turbines commercially 

available a re  shown in. the accompanying figure.  

F'ranc'is' Turbines .. A Francis turbine i s  one having a runner 

with nine or more fixed buckets (vanes). Water enters the 

turbine i n ' a  rad ia l  direction,.  with respect to  the shaf t ,  and i s  

discharged- i n  an axial  direc.tion. Principal components consist 





of the  runner ,  a water supply case t o  convey the  water t o  

t h e  runner ,  wicket ga tes  t o  cont ro l  the  quan t i ty  of water and 

d i s t r i b u t e  i t  equal ly around the  runner and a d r a f t  tube to  

convey t h e  water away from the  turb ine .  

A Francis  turb ine  may be operated over a range of flows 

from approximately 40 percent  t o  105 percent of r a t e d  discharge.  

Below 40 percent  r a t e d  discharge,  the re  can be an area  of 

opera t ion  where v i b r a t i o n  o r  power surges may occur.  The 

upper l i m i t  genera l ly  corresponds t o  the  generator  r a t i n g .  

The approximate head range f o r  operat ion i s  from 60 percent  

t o  125 percent  of design head. I n  genera l ,  peak e f f i c i e n c i e s  

of Francis  turb ines  used i n  "small hydro" i n s t a l l a t i o n s ,  w i l l  
be  approximately 88 t o  90 percent .  The peak e f f i c i ency  poin t  

of a Francis  turb ine  i s  es t ab l i shed  a t  90 percent  of the  r a t e d  

capaci ty  of t h e  turb ine .  I n  t u r n ,  the  e f f i c i ency  a t  t h e  rated.  

capaci ty  i s  approximately 2 percent  below peak e f f i c i ency .  The 
peak e f f i c i ency  a t  60 percent  of r a t e d  head w i l l  drop t o  near 

75. percent .  

The conventional Francis  turb ine  i s  provided with a wicket 

ga te  as.sembly. t o  permit placing the  u n i t  on l i n e  a t  synchronous 

speed, t o  r e g u l a t e  Ioad and speed, and t o  shut  down t h e  u n i t .  

The g a t e  operat ing mechanism may be actuated by hydraul ic  or  

e l e c t r i c  motors. .It permits operat ion of the  turb ine  over t h e  

f u l l  range of flows. I n  s p e c i a l  cases., where the  flow r a t e  i s  

constant  ,. Francis  tu rb ines .  without wicket. ga te  mechanisms may 

be used. These u n i t s  w i l l  operate  at a f ixed  load dependent 

upon the  e f f e c t i v e  head. S t a r t  up and shut  down of turb ines  

without wicket ga tes  i s  normally accomplished using a b u t t e r f l y  

va lve  a t  t h e  turb ine  i n l e t .  

Francis  turb ines  may be mounted wi th  v e r t i c a l  o r  hor i zon ta l  

s h a f t s .  Ver t i ca l  mounting,allows a smaller  p lan  a rea  and permits 

a deeper s e t t i n g  of t h e ' t u r b i n e  with r e spec t  t o  t a i lwa te r  

e levat ion  without loca t ing  the  g.enerator below t a i l w a t e r .  



Generator cos t s  f o r  v e r t i c a l  u n i t s  a r e  g r e a t e r  than f o r  

I hor izon ta l  u u n i t s  because of the  need f o r  a t h r u s t  bear ing .  

However, the  savings on cons t ruc t ion  c o s t s  f o r  medium and l a rge  

u n i t s  genera l ly  o f f s e t  t h i s  increase .  Horizontal  u n i t s  a r e  

o f t e n  more economtcal f o r  small higher speed app l i ca t ions  where 

s tandard hor izonta l  generators  a r e  ava i l ab le .  

The water'  supply case. is. genera l ly  f ab r i ca ted  from. s t e e l  

p l a t e .  . However, open flume and concrete  cases a r e  avai lab le .  

and used, f o r  the.heads.  below 50 f e e t .  Concrete and open flume 

cases  a r e  'discussed i n  a subs'equent sec t ion .  The closed concrete 

and s t e e l  cases .  a r e  a l s o  k n 0 w n . a ~ .  s c r o l l  cases .  

Francis.  turb ines  are genera l ly  pr0vide.d with.  a 90 degree. 

elbow d r a f t  tube which has a: v e n t u r i  design t o  minimize head 

l o s s .  Conical d r a f t .  tubes. a r e  a l s o  ava i l ab le ;  however, the  

turb ine  e f f i c i ency  w i l l  be lower. 

Propel le r  Turbines. A p rope l l e r  turb ine  i s  one having a 

runner .wi th  four ,  f i v e  o r  six blades i n  which the  water passes 

through the  runner i n  a n  a x i a l  d i r e c t i o n  with r e spec t  t o  t h e  

s h a f t .  The p i t c h  of t h e  blades may be f ixed  o r  movable. 

P r i n c i p a l  components c o n s i s t  of a water supply case ,  wicket ga tes ,  

a runner and a d r a f t  tube.  

The e f f i c i ency  curve of a t y p i c a l  f ixed  blade Prope l l e r  

tu rb ine  f  o m .  a sharp. .peak, more abrupt. than a Francis  turb ine  

curve.  For v a r i a b l e  p i t c h  blade -ur i i t s  t h e  peak e f f i c i ency .  occurs 

a t  d i f f e r e n t  outputs  depending on the. blade s e t t i n g .  An envelope 

o f '  the: e f f  ic.iency . curves. over. the  range of blade p i t c h  s e t t i n g s  

forms. the  v a r i a b l e  p i t c h  e f f i c i ency  curve. This. e f f i c i ency  curve 

is,  broad and f l a t .  F ixed .b lade  u n i t s  a r e  l e s s  c o s t l y  than 

v a r i a b l e  p i t c h  blade tu rb ines ;  however, the  operat ing ranges a r e  

more' l imi ted .  



Turbine manufacturers .have developed runner designs f o r  a 

head range of 15 t o  I10 . f e e t .  Four-blade. designs may be used 

up t o  35"feet of head, f i v e  blade designs t o  65 fee. t  and s i x  

blade designs t o  110 f e e t .  I n  genera l ,  peak e f f i c i e n c i e s  a r e  

approximately the  same as f o r  Francis  tu rb ines .  

P rope l l e r  turb ines  may be operated a t  flows from 40 percent 

t o  105 percent  of the  r a t e d  flow. Discharge r a t e s  above 105' 

percent  may be obtained; however, the  higher r a t e s  a r e  genera l ly  

above t h e - t u r b i n e  and generator  manufacturers'  guarantees.  

Many u n i t s  a r e  s a t i s f a c t o r i l y  operated beyond these  L i m i t s ;  
however, f o r  purposes of f e a s i b i l i t y  s t u d i e s ,  i t  i s  suggested 

t h a t  these  l i m i t s  be maintained. Head range f o r  s a t i s f a c t o r y  
opera t ion  i s  from 60 t o  140 percent  of design head. Eff ic iency 

l o s s  a t  higher  heads drops 2 t o  5 percentage po in t s  below peak 
e5ficiency a t  design head and a s  much a s  15 percentage po in t s  

a t  lower heads. 

The conventional p r o p e l l e r  o r  Kaplan (va r i ab le  p i t c h  blade) 

turb ines  a r e  mounted wi th  a v e r t i c a l  s h a f t .  Horizontal  and 

s l a n t  s e t t i n g s  w i l l  be discussed separa te ly .  The v e r t i c a l  u n i t s  

a r e  equipped with a wicket ga te  assembly t o  permit placing the  

- u n i t  on l i n e  a t  synchronous speed, t o  r e g u l a t e  speed and load, 
and t o  shut  down the  u n i t .  The wicket g a t e  mechanism may be 

ac tua ted  by hydraul ic  o r  e l e c t r i c  motors. Variable p i t c h  u n i t s  

a r e  equipped with a cam mechanism t o  coordinate the  p i t c h  of the  

blade with g a t e  p o s i t i o n  and head. The spec ia l  condi t ion of 

constant  flow, a s  previously discussed f o r  Francis  tu rb ines ,  can 

be appl ied  t o  p rope l l e r  turb ines .  For t h i s  case ,  e l iminat ion  

of t h e  wicket ga te  assembly may be acceptable .  Variable p i t c h  

p rope l l e r  turb ines  without wicket ga tes  a r e  discussed subsequently. 

The advantages and disadvantages. discussed above with regard 

t o  v e r t i c a l  versus hor izon ta l  s e t t i n g s . f o r  Francis  turb ines  apply 

a l s o  t o  p rope l l e r  t u r b i n e s .  



The water supply case i s  genera l ly  concrete .  E i the r  an 

open flume or  a closed conduit  type of cons t ruc t ion  may be 

used. Open flume cons t ruc t ion  i s  economical when heads a r e  

below 35 f e e t ,  bu t  a t  higher  heads the  turb ine  s h a f t  length 

becomes excessive.  Open flume cons t ruc t ion  i s  disadvantageous 

with regard  t o  maintenance c o s t s ,  s ince  t h e  wicket ga te  assembly 
d and guide bearing a r e  water lubr i ca ted  causing add i t iona l  

maintenance p a r t i c u l a r l y  when s i l t  o r  debr is  i s  i n  the  water .  

A t  c a p a c i t i e s  above 1500 kw, wicket g a t e  and guide bearing 

loading a r e  such t h a t  open flume may not  be a s a t i s f a c t o r y  

choice. For closed conduits o r  s c r o l l  cases ,  s t e e l  o r  concrete 

may be used. However, t h e  concrete  case i s  genera l ly  l e s s  c o s t l y .  

The choice of d r a f t  tube designs discussed f o r  Francis  

turb ines  app l i e s  a l s o  t o  p rope l l e r  turb ines .  

Tube Turbines. Tubular o r  tube turb ines  a r e  hor i zon ta l  o r  

s l a n t  mounted u n i t s  wi th  p rope l l e r  runners .  The generators  a r e  

loca ted  ou t s ide  of t h e  water passageway. Tube turbines a r e  

avai lab le .  equipped wi th  f ixed  o r  v a r i a b l e  p i t c h  runners and 

wi th  o r  without wicket g a t e  assemblies.  

Performance c h a r a c t e r i s t i c s  of a tube turb ine  a r e  s imi la r  t o  

t h e  performance c h a r a c t e r i s t i c s  discussed f o r  p rope l l e r  turb ines .  

The e f f i c i ency  of a tube tu rb ine  w i l l  be 1 t o  2 percent higher 

than  f o r  a v e r t i c a l  P rope l l e r  turb ine  of the  same s i z e  s ince  

t h e  water passageway has l e s s  change i n  d i r e c t i o n .  

The performance range of the  tube turb ine  with v a r i a b l e  

pitch.  b.lades and wi'thout- wicket ga tes  i s  g r e a t e r  than f o r  a 

f ixed  b lade  Propel le r  tu rb ine  but  . less . .  than f o r  a .  Kaplan.. turb ine .  

The water flow through the  t u r b i n e . i s  con t ro l l ed  by changing 

t h e  p i t c h  of the.  runner. blades.  

, . Several  items. of-  a u x i l i a r y  equipment a r e  o f t e n  necessary 

f o r  the  opera t ion  of tube tu rb ines .  A l l  tube turb ines  without 



wicket gates should. be equipped. with a shut-off valve auto- 

matically operated to provide shut-down and start-up functions. 
Tube turbines may also be equipped with an air clutch between 
the turbine and generator.. The clutch is normally set to dis- 
engage at 125 percent of design speed and is us.ed to prevent 
damage .to the equipment. if. a runaway condition occurs. 

Tube turbines can be connected either to the generator or 
to a speed increaser. The speed increaser would allow the use 
of a higher speed generator, perhaps 900 or 1200 rlmin, instead 

of a generator operating at synchronous speed. The choice to 
utilize a speed increaser is an economic decision. Speed 
increasers lower the overall plant efficiency by about 1 percent 
for a single gear increaser and about 2 percent for double gear 
increaser. This loss of efficiency and the cost of the speed 
increaser must be compared to the reduction in cost for the 
smaller generator. 

The required civil features are different for horizontal units 
than for vertical units,. Horizontally mounted tube turbines 
require more floor area than vertically mounted units. The area 
required may be lessened by slant mounting, however, additional 
turbine costs are incurred as an axial thrust bearing is required. 
Excavation and powerhouse height for a horizontal unit is less 

than that required for a vertical unit. 

Standardization of tube turbines has been completed by the 
leading domestic turbine manufacturers. Ten sizes are currently 

available.with up to 5000 kw of capacity and for heads up to 50 
feet. Standardization should provide lower costs and shorter 

delivery periods. 

Bulb Turbines. Bulb turbines are-horFzonta1 shaft units 
- . '  which have propeller runners directly connected to the generator. 

The generator is enclosed in a water-tight enclosure (bulb) 
. . located in the turbine water passageway. The Bulb turbine is 
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a v a i l a b l e  wifh f ixed  o r  v a r i a b l e  p i t c h  blades and wi th  o.r 

without a: wicket g a t e  mechanism. Performance c h a r a c t e r i s t i c s  

a r e  s imi la r  . t o  t h e  v e r t i c a l  and tube type turb ines  previously 

d iscussed . .  The Bulb turb ine  w i l l .  have .an  impr.oved e f f i c i ency  
of approximately 2 over a :  v e r t i c a l .  u n i t  and. 1. percent 

over a tube u n i t  becaus.e of t h e  s t r . a igh t  water. passageway, 

Due to.  t h e  compact design,. powerhouse f l o o r  space and. height  

f o r  Bulb. tu rb ine  i n s t a l l a t i o n s  a.re minimized. Maintenance time, 

however ,. w i l l  bed greater , .  than for -  e i t h e r '  the. v e r t i c a l  o r  t h e  

tube t y p k  t i ~ t b i n e o .  

Standardized Bulb turb.ines. a r e  of fered  by some fo re ign  

manufacturers. 

Rim Type. A r i m  type turb ine  i s  one i n  which t h e  generator  

r o t o r  i s  mounted. on t h e -  per iphery o f '  t he  turb ine  runner blades.  

This tu rb ine  has been developed by Escher Wyss Ltd.  of Zurich, 

Switzerland and given t h e  name "Straf lo" .  The concept was 
developed 40 years:.ago and approximately 75 u n i t s  a r e  now i n  

se rv ice .  Capaci t ies  range from.10.00 t o  1900 kw.a t  heads ,of  26 

t o  30 f e e t h  A l l  u n i t s  b u i l t  t o  d a t e  have f ixed  blade p rope l l e r  
runners.  The e x i s t i n g  s e a l  design,.  t o  prevent leakage of. water 

i n t o  the. generator.  annulus, is, a rubber " l ip"  s e a l  type .. This 
design i s  not  s a t i s f a c t o r y  f o r  v a r i a b l e  p i t c h  runner nor f o r  

c a p a c i t i e s  over 2000 kw. A new s e a l  design has been developed 

which wi l l .  permit Escher Wyss t o  o f f e r  u n i t s  with runner diameters 

up t o  32 f e e t  and head up t o  130 f e e t .  The o ld  l i p  s e a l  design 

w i l l  be used on u n i t s  wi th  runner diameters of 11.5 f e e t  or  l e s s  

a t  heads of l e s s  than 50 f e e t .  

Per-f ormance charac . te r i s  t i c s  of the  S t r a f  l o  turb ine  a r e  s i m i l a r  

t o  those of t h e  Bulb u n i t .  Rim.turbines a r e  of fered  with o r  

without wi'cket ga tes  ,. and a r e  a l s o  avai1ab.l.e. with p a r t i a l  c losure  

wicket. ga tes .  Units wi th  ' p a r t i a l  c losure  wicket ga tes  must 

have shut-off  valves i n  add i t ion .  The compact. design of t h e  

'S t raf lo  turb ine .provides  t h e  smallest  power' house dimensions of 



a l l  t h e  turb ine  types; considered. 

P ropr ie t a ry  Turbines-Crossflow Type. A crossflow turbcne 

may b e s t  be descr ibed-  a s  an impulse type turb ine  with p a r t i a l  

a i r  admission. This type of turb ine  i s  o f fe red  by Ossberger . 

Turbine Fabrik Co. of Weissenburg, Germany and has t h e  name 

"O~sberger  Turbine. 11 

Performance c h a r a c t e r i s t i c s  of t h i s  turb ine  a r e  s imi la r  t o  

an impulse tu rb ine ,  and c o n s i s t  of a f l a t  e f f i c i e n c y  curve over 

a wide range of flow and head condit ions.  The wide range i s  

accomplished b y  use  of a guide vane a t  the  entrance which d i r e c t s  

the  flow t o  a l imi ted  por t ion  of the  runner depending on the  

flow. This openation i s  s imi la r  t o  opera t ion  of m u l t i - j e t  

impulse turb ine .  

Peak ef f ic iency of the.  Ossberger. .turbCne i s  l e s s  than tha t .  

of o t h e r . t u r b i n e  types previous.ly discussed. Guaranteed maximum 

effici.ency is: 83 per-cent and expected peak. e f f i c i ency  i s  85 percent .  
. . 

A t  t h e  present  time, the  l a r g e s t  s i z e  runner. produced by 

Ossberger i s  4 f e e t  i n  diameter. This l i m i t s  the  u n i t  capaci ty  

but multi-unkt i n s t a l l a t i o n s  a r e  o f t e n  used. Allowable heads 

range from 20 t o  600 f e e t .  

Ossberger. turb ines  a r e  equipped wi'th a. conica l  d r a f t  tube 

c r e a t i n g  a pressure  bdow atmosphere i n  the.  turb ine  chamber. 

Therefore the  d i f fe rence  between the  turb ine  c e n t e r l i n e  e levat ion  

and the  t a i lwa te r .  is n0.t. l o s t  to.  an Ossberger turb ine  a s  i s  the  .:; 

case. f o r  an 'impulse. turbi.ne.. A i r  i s  admitted i n t o  the  ' chamber. 

through an ad jus tab le  a i r  i n l e t  valve used t o  cont ro l  the  pressure .  

Ossberger tu rb ines  a r e  f r e e  from c a v i t a t i o n ,  but  a r e  sus- 

c e p t i b l e  t o  wear when excessive s i l t  o r  sand p a r t i c l e s  a r e  i n  

the  water.  Rcnners a r e  se l f -c leaning  and, i n  genera l ,  maintenance 

i s  l e s s  complex than f o r  the  o ther  types of turb ines  discussed 

i n  t h i s  volume. 
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Floor space requirements are more than for the,other turbine 

types, but a. less complex structure is required and a savings in 
cost might be realized. 

Impulse Turbines. An impulse turbine is one having one or 
more free jets discharging into an aerated space and impinging 
on the buckets of a runner. Efficiencies are often 90 percent 
and above. Application- of the impulse turbine wi.thin the capacity 
and head range.of this volume is limited. In.genera1, an impulse 
turbine. will not be competitive in cost with a reaction turbine 

%. below1000 feet' of' head. However, certain hydraulic conditions 
- 

, or- surge.pro.tection requirements may warrant investigation into 
the suitability of an impulse turbine.in the 100 foot range. 

Single nozzle impulse turbines have a very flat efficiency 
curve. and may be.operated. down. to .loads. of 20 percent of rated 
capacity with good efficiency. . For multf-nozzle units, the range. 
is even broader because the, number of operating. jets can be. 
varied. 

Control of. the turbine. is maintained by hydraulically-operated 
needle nozzles in each jet.. . In addition, a jet deflector is 
provided for emergency shutdown. .The deflector diverts the water 
jet from the buckets to the wall of the pit liner. This feature 
provides surge protection for the penstock without the need for 
a pressure release valve because 1oad.can be rapidly removed 

from the generator without: changing the flow rate. 

Control of the turbine may also be accomplished by the deflector 
alone. On these units the needle nozzle is manually:opera.ted 
and the- deflector .diverts. a portton of the j.et for. lower loads. 
This method is less. efficient and normal.ly used for speed regula- 
tion of the turbine .under.constant load. 

Runners on the modern impulse turbine are a o.ne-piece casting. 
Runners with individually attached buckets have proved to be 



. l ess  dependable and, on occasion,  have broken away from the 

wheel causing s.evere damage to  the powerhouse. Integral  cast  

runners are, d i f f i c u l t  to, cas t ,  costly and require long delivery 

times.. However, maintenance costs for  an impulse turbine are  

. l e s s ,  than. for. a reaction, turbine. as they are  free.  of cavitat ion 

problems.. Excessive s i l t  or sand i n  the water however, w i l l  
cause more wear'on the runner of an impulse turblne than on the 
runner- of 'most reac.tion turbines .. 

Draft tubes. a re  not required for  impulse turbines. The 

runner must be located above maximum t a i l  water to  permit 

operations a t  atmospheric pressure. This requirement exacts an 

additional head loss  for  an impulse turbine not required by a 

reaction turbine. 

Impulse turbines may be mounted horizontally or ver t ica l ly .  

The additional f loor space required for  the horizontal se t t ing 

can be compensated for by lower generator costs on single nozzle 

uni ts  i n  the lower capacity s izes .  Vertical units  require less  

f loor  space and a r e  often used fo r  large capacity multi-nozzle 

uni ts .  



APPENDIX C 

ESTIMATED CONSTRUCTION COST 



BASIC DATA: DRY FALLS, DOUBLE PENSTOCK, 
6 MW EA, 2 UNITS 6200 CFS, 301H, D3 = 13' - 0 

Unit 
. I't'em Quantity ' Unit ' Pr'i'ce 

STRUCTURES AND IMPROVEMENTS 

Mobilization and Demolition 

Excavation, common 
Excavation, rock 

Foundation preparation 
Drains 
Concrete 
Reinforcing steel 
Backfill 
Miscellaneous metal 
Pressure grouting 
Hatches, stoplogs, etc. 
O.H. cranelgantry crane 

SUBTOTAL 

RESERVOIR, DAM AND WATERWAYS 

Excavation, common 

Excavation, rock 
Tunne 1 ing 
Concrete 

Reinforcing steel, 
~oundation preparation 
Drains 
Penstock 
Miscellaneous metal 
Gates and stoplogs 

Shotcrete 
Site development 

SUBTOTAL 

TOTAL CIVIL AND STRUCTURAL 
WATER WHEELS, TURBINES AND GENERATORS 

STATION ELECTRICAL EQUIPMENT 

f MECHANICAL PLANT EQUIPMENT 

ESTIMATED CONSTRUCTION COST : 
: .  

Amount 



L e t t e r  f r o m . S t a t e  o f  Washington 

Department of  Ecology., Dated 

D.ecember 28, 1978' 



STATE OF 
WASHINGTON .DEPARTMENT OF ECOLOGY. 

Olympis,W~nn9(LSM.  , 21161753-2800 

I- &Y b - 2  Ray 
Gouemor 

Hail  Stop PV-11. 
'- 

. . December 28, 1978 

M r .  H a r r y  PO Hosey 
Tudor Engineering Company . 

Consulting Engineers and Planners-. 
1.401 Dext.er Hortoa Building. 
710 Second. Avenue: 
Seattle,.. Washfngton 98104: 

. . 

Dear Hosey : - '. . . 

. Prnpoaed ~~droebestric'  h t a l l a . t i o =  
a t  PEC 22.7'and Dry F a l l s  Dam 

In response t o  a request  dated Novelnber 8, 1978 from Mr. Rogers Re Neff, 
Pres ident  of t h e  Board, South Columbia Basin I r r i g a t i o n  D i s t r i c t ,  a v i s u a l  
snrfacial examination of the  canal  drop s t ructure ,  designated PEC 22-7, 
located  about nine m i l e s  southeast  of Othello, was conducted by t h e  w r i t e r  
on December 13, 1978 i n  t h e  company of Messrs. Francis Jensen, U-S- Bureau 
of Reclamation, Ephrata; M a  Van Den Berg, U.S. Bureau of Reclamation, 
Boise; Merle Gibbena,. South Co1umbI.a Basin I r r i g a t i o n  D i s t r i c t ;  and Lin 

Ci W i  l son,  Tudor Engineering Company, Sea t t l e .  

Although not s p e d f  i c a l l y  requested a t  t h i s  ti& by Mr .  Nef f ,  i n  anticipa- 
t i o n  of f u t u r e  a c t i o n  by t h e  Board, t h i s  same t e a m  made a similar v i s u a l  
examination of Dry F a l l s  (South Banks Lake) Dam on the  sane date. 

Regarding t h e  PEC 22.7 canal  drop s t ruc tu re ,  t h e  examination reveded  no 
s i g n i f i c a n t  def ic iencies  t h a t  would preclude- t h i s  s t r u c t u r e  from being 
s u i t a b l e  f o r  t h e  i n s t a l l a t i o n  of a hydroelectr ic  generating f a c i l i t y  a s  
proposed by t h e  South Columbia Basin I r r i g a t i o n  District. Care should be 
taken i n  t h e  design and construction,  however, t o  p ro tec t  the  proposed 
powerhouse and penstock from poss ib le  damage t h a t  might r e s u l t  from t h e  
scouring o r  splashing a c t i o n  t h a t  apparently occurs during high discharge, 
adjacent  t o  t h e  hydraulic jump a t  t h e  toe  of t h e  spillway chute. A s i z a b l e  
scour hole was observed i n  t h e  f i l l  mater ia l  behind t h e  l e f t  t r a in ing  w a l l  
a t  t h i s  locat ion.  I n  addit ion,  i f  nearly a l l  of the canal f low w i l l  be 
d iver ted  through the  power p lan t ,  t h e  design should incorpora te  fea tu res  t o  
rap id ly  a d j u s t  from a no f low condit ion over. the  spillway t o  f u l l  flow when 
a sudden p lan t  s h u t d o n  occurs. Without such a 'system, it is possible t h a t  
t h e  main spil lway s t r u c t u r e  could be damaged and suddenly overtopped, pos- 
s i b l y  r e s u l t i u g  i n  p a r t i a l  o r  t o t a l  f a i l u r e  of the  s i l t y  embankment mater- 
i d s  abut t ing  t h e s e  s t ructures .  I n  conjunction w i  t h  t h i s  system, a l l  con- 
t r o l s  and mechanisms should be w e l l  protected from vandalism. The ex i s t ing  
s e l f  ac tuat ing controls  f o r  t h e  spil lway have i n  the  p a s t  sustained damage 
from gun f i r e .  Fencing around t h e  f a c i l i t y ,  p a r t i c u l a r l y  along t h e  spillway 



,Mr.. Harry P. Hosep- . . 

December 28, 1978 ,-\, 

Page; two '-- 

t r a in ing  w a l l s ,  was in d is repa i r  and is t o t a l l y  inadequate. I n  order t o  
minimize access by unauthorized personnel and c a t t l e  and a s  fu r ther  pro- 
t ect  ion against  vandalism, t he  e n t i r e  project  should be enclosed (except 
i n  the  canal) with a high chain l ink and barbed wire topped fence. Debris 
and s+a t ion  con t ro l  apparently i s  an annual problem, suggesting t h a t  a 
b e t t e r  maintenance program w i l l  be necessary If md when a power p l a n t  Is 
i n s t a l l e d  - - 
Concerning t h e  proposed project  a t  Dry Falls Dam -. again, the rk  was, nothing . -  .. - . - . 
obsemed t o  ind ica te  t ha t  t h i s  dam would be unsuitable f o r  a hydroelectric ' - , , - - 
ins ta l l a t ion .  Previously reported cracks in the  highway surface were - .  - . - %- . ' 

repaired by recent repaving and were considered t o  be super f ic fa l  with 
respect  t o  t h e  i n t e g r t t y  of the embanknmnt. Seepage Lakes have existed . . . 
below the  dam f o r  years, however, the re  w a s  no evfdence of act ive  seepage- .= - 
emerging a t  t h e  toe  of the  rockfIl.1. Although sea l s  on t he  spillway g a t e  - - 7  

leaked considerably-and some s t ruc tu r a l  members were exposed t o  *sting - 4  .- 

where the  o r ig ina l  tar coating w a s  miseing, a l l  of the  ga te  facilities were 
operat ional  and appeared t o  be generally wel l  maintained. Cathodic protec- 
t i on  has been ins ta l led.  t o  minimize fu r the r  deter iora t ion,  and t h e  Bureau 
is  cur ren t ly  considering repainting t h e  gates  and repair i= t h e  s ea l s -  A 
s izab le  quant i ty  of rock-rubble which eroded below the  end of the  concrete 
spillway c h a m 4  was deposited i n  a nound about 100 t o  200 f e e t  below t h i s  

(: 
s t ructure .  This material  was p a r t i a l l y  obstructing t h e  channel and should 
be- removed t o  improve its hydraulic capacity. The eroded bed of the chan- 
n e l  should be monitored per iodical ly  t o  assess  t h e  e f fec t  on t he  spillway 
s t ructure .  Although t h i s  current ly  is not considered a problem, continued 
erosion i n  this area might eventually a f f ec t  the  in tegr i ty  of the concrete 
spillway channel . Since the- proposed power plant  w i l l  apparently necessi- 
tate dis turbing t h e  exis t ing d a m  near  t h e  l e f t  spillway abutment, it is 
extremely important t ha t  t h e  design incorporate measures to  assure  the 
s t a b i l i t y  of t h e  d a m  i n  t h i s  area- 

please: extend my thanks to  a l l  of the p a r t i c i p ~ n t s  i n  t h i s  i dpec t i oq .  
Their  ass i s tance  was most helpful .  and is  appreciated. 

. Very truly yours, 
. . 

C 

. . M. Edward .Garling 
Supervisor,. Dam. Safety Sect ion 
Off i c e  of Field'  Operations 

. .  . . . 
MEG:mg . 

, . 

cc: Rogers R. Nef f ,  South Columbia Basin I r r i ga t i on  D i s t r i c t  
Russell  D. Smith, South Columbia Basin I r r i ga t i on  D i s t r i c t  
John Walker, U.SI Bureau of Reclamation, Boise. 
Dave Norley, U.S.. Bureau of Reclamati.on, Ephrata 



APPENDIX E 

~ec l a ra - t i on .  .of Non-Signiff cance of 

Environxuental.. Impact of' Dry F a l l s  

Dam Power Plant  : 

and :agency, responses 
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1 '+rephold Stat-nt and. ~ e ~ a t i v e  Declaration 
2. P r e l b i n a q  Assessment of Environmental Effect . . . 

. . . . 
3'- Environmental Check List ~ o r m  . . .  

Federal Energy Regulatory Canmtission 1 

Department of Inter ior ,  Bureau of Reclamation (6 copies) 
p a c i f i c  Northwest River Basins Commission 
Department o f  Amy,. Corps. of Engineers 
Department of~~col;ogy,  S ta te  of Washington (6 copies) . 
D e p w t  of.Fisheries,  State of Washington 
~eparkment of Game., State of Washington (2 copies) 
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PART I 

THRESHOLD. S'TATEMENT AND 'NEGA.TIVE DECLARATION 

UNDER CHAPTER 19 7-10-30 0 WAC (tlASHINGTON) 

PROPOS'ED HYDROELECTRIC PLANT AT DRY FALLS DAM 
(NEAR COULEE CITY) 

ADAMS COUNTY, WASHINGTON 

cOLUNBIA BASIN PROJECT ' 

South Columbia  asi in. ~rrigation ~istrict ' PROPOSER: 
Post Office Box. 1006, Pasco, Washi,ngton 99301 . . 

(Correspondence) Russell D.. Smith, Secretary to 
'~oard of Directors 

(Principal Officer) Rogers. R. Neff., .,President 
Board of Directors 

(Telephone) 5'09-547-1735 

LEAD AGENCY: . ' South Columbia. Basin ~rrigation District. 
. . . . Post Office Box .1006,: Pasco, Washhgton 

. .  . (Correspondence) Russell. D. Smith, Secretary 
Board of Directors ' C: ' . .  . .(Official . Representative) Rogers R.. ~eff,' President 
Board of' Directors 

' (Telephone) 509-547-17'35, . . 

NATURE AND'BRIEF.DESCRIPTION OF PROPOSAL: Dry Falls Dam is locate'd on 
Banks Lake, an Equalizing Reservoir forming. a part of irrigation facili- 
ties of the.Columbia'Basin Project operated by South Columbia..Basin 
Irrigation District. and owned by the United States, ~dminlstered by the. 
Secretary of Interior through. the Bureau of'Reclamation. As far as 
proposer knows, the canals carry no commerce. 

South Columbia Basin Irrigation District is a public entity existing 
, 

.and operating under Irrigation District Laws of the State of Washington, 
Chapter. 87.03 Revised Code of. Washington. The' District is in privity 
of.contract with.the United States under Contract No. 14-06-100-6420 
executed December 18, 1968 by which certain.works.-were transferred for 
operation and mmagement to the District. 

Dry Falls Dam power plant will consist of two 7.5 MW turbine and 
generator units with an aggregate total installed capacity of 15 MW. 
Provisions for a third 7.5 MW turbine and generator unit will be provided 
in the powerhouse construction to produce an aggregate total of 22.5 MW 
when peak annual irrigation releases reach 16,000 cfs in response to 
planned future developments by the United States Bureau of Reclamation. 
Present planned power production is 67.1 million KWH of energy annually, 



. - 

and ultimately 106 million KWH. Two alternative powe'rhouse, arrangements 
are being considered, namely: (1) locating the turbines within .the 

, existing works structure of the darn, and (2) locating the turbines 
h, 

- .. adjacent to present works structures whereby.water will be delivered to . 

the turbines through a newly constructed diversion canal from the forebay 
of Banks Lake, through the dam to. the turbines. In 'either event turbine 
discharge will be released into the main canal at points currently con- 
ducting water to the system. . The'physical features of the existing 
irrigation works and system will remain unchanged, preserving the pur- 
pose and integrity of the system of irrigation.. 

Power produced will, be transmitted directly from a switchyard to be 
constructed. adjacent to the proposed powerhouse.to an existing 115 KV 
transmission line located at the proposed plant.. 

All proposed construction: will.be on the-right bank of the canal when . 

facing the head.works from downstream of the main canal located adjacent 
the left bank of' the canal will .not be disturbed at anyt i .me during or 
after construction. 



ESTIMATED DATE FOR COMPLETION: L a t e  1382 / - 
, . 

Power Genera.tion L icense  - 

P r i o r  A u t h o ~ i t y  t o  C o n s t r u c t  - 
. .Geologica l  Survey P e r m i t ,  Dam.. 

Saf .e ty  S e c t i o n  ( G .  S. . Tarbox) . 

P r o j e c t  Recommendation - 

H y d r o e l e c t r i c .  Power, Review - 
Columbia Bas in  Pro.] ect  

F e d e r a l  Energy Regu la to ry  
Commission (FERC) 
Honorable Kenneth F. Plumb, 

S e c r e t a r y .  
F e d e r a l  Energy Regu la to ry  
Commission. 
8'25 North C a p i t o l  S t r e e t  

. ~ a s h i n g t o n ,  .D.C. 20426 

Honorab1e:Ceci.l B .  Andrus 
S e c r e t a r y .  o f  I n t e r i o r  th rough  
Bureau o f  ~ e c l a m a t i o n  
Columbia Bas in .  P r o j e c t  
P..O. Box 815 
Ephra ta ,  Washington 98823 
(2 ,  c o p i e s )  . . 

P a c i f i c  Northwest R i v e r ,  
Bas ins  Commission 
M e 1  Gordon, Chairman 
1 Columbia River  
Vancouver, Washington 98660 

.. D i s t r i c t  Engineer .  - S e a . t t l e  - . '  

Department o f  t h e  Army 
Corps o f  ~ n g i n e e r s  
4735 E a s t  Mar,ginal Way South ' 

. S e a t t l e ,  Washington 98134 
' Attn :  Chief  O p e r a t i o n s  ~ i v i s - i o n  

. Power Produc t ion  L i c e n s e  - S t a t e  o f  Washington 
' . ' .Dam S a f e t y  C e r t i f i c a t i o n  Department 0.f .Ecology 

Except ion  t o  Water C o n t r o l  Olympia, Washington 98504 
Studies.  .' (6  c o p i e s )  

R e s e r v o i r  Pe rmi t  : 
Flood C o n t r o l  Zone ~ermi , t  

. . . Water R igh t s  

.Hydraul ics  P r o j e c t  Approval -. 

. . 
. . 

. . 

Hydrau l i c .  P ro  j,ect Approval - 

F i s h e r i e s  Bio. logis  t' 
Department o f  ~ i s h e . r i e s '  
5803 C a p i t o l  Boulevard 
~ u m w a t e r ,  .:Washington 98501. 

~ e g i o n a l  F i s h e r i e s  B i o l o g i s t  
Departme.nt o f  Game 
P.O.' Box 1237 
Ephra ta ,  washington 98823 



state-wide ~ydraulics Coordinator 
. . .Department of Game 

600 North Capitol Way 
,- Y Olympia, ,Washington ' 98504 
. .. 

Charles H. 'Odegaard 
Parks and Recreation 
Olympia, Washington 98.504 

Shoreline Management ' . - ECPA Permit Coordinator 
. Substantial Development Permit Grant County Planning Department 

Building Permit County Courthouse , 

Ephrata, Washington 9.8823 

' . CERTIFICATE. OF MAILING OF NOTICES: A copy 'of this notice. of Non- 
significance (Form S.F ... 146,. Rev. 1-77) .together with 'enclosures 

. . of this, Threshold Statement and.Negative Declaration, Preliminary 
. Assessment of. Environmental Effect and Environmental Chcclc List 

. . Form has been mailed, postage prepaid to each entity above listed 
at the address shown. . . . . 

FUTURE EXPANSION: None . . 
. . 

PLANS BY . . OTHER AFFECTING SITE: None 

. FERC Preliminary Permit ~ ~ ~ 1 i c a t i o n D r y  Falls Dam and summer 
Falls,. Power Plants, C; . . 'Tudor 'Engineering Company. , 

. . 

Environmental Statement; Columbia Basin Project. - 
.Bureau of Reclamation, Department of Interior. 
(includes works, structures of proposal) 



PART I1 

PRELIMTNARY"ASSESSMENT OF ENVIRONMENTAL EFFECT: - 
. . 

Based upon preliminary surveys, particularly with reference 
to Draft-Environmental Statement, Columbia Bash Project, it 
is. concluded that there would.be no significant impact on 'the 
environment from the project. Initial assessments arrived at 
the following findings: 

Water Flows - 'Yhere would be no interruptions in irrigation 
flows conducted through the present works since ~ 0 n ~ t r ~ ~ t i d n  
affecting such flows would be conducted during periods when 
there are no flows through the works. Operations of the pro- 
posed plant is non-consumption and is designed to return all 
flows into the works. The plant will not alter the discharge 
delivery schedule dictated by irrigation demands. 

Water Quality - No change would be made to water quality during 
either construction or operation. 

Air Quality and Noise - The site is in a remote semi-arid, 
agricultural. non-irrigable location. Construction noises and 
minor construction dust would be temporary during construction. 
No noises or emissions into the atmosphere. are cre.atec3.b~ op- 
eration .. . . 

. . 

i' :. Vegetation - Loss of vegetation consisting of desert grasses . .. covering an area of approximately 1.-1/2,acres would occur by 
'.reason of. the. construction of the power plant, appurtenant .. 

. . structures ' and 'parking lot .. . . 

Terrestial Wildlife - Loss of approximately 1.-1/'2 acres of 
habitat which would re'sult in displacement or loss of reptiles 
and. small mammals whi'ch inhabit . . the area.. . . 

Aquatic Wildlife- and Habitat - No effects on aquatic wildlife. 
--Rare. and Endangered Species - None known to exist or in imrne- 

, diate vicinity of .project site. 

Power.Resources - Prolect to generate approximately 22.7' million 
Kilowatt hours per year. 

Land. Use - No effect: on lands surrounding sit.. 
Solid - Waske Disposal - Spoil froin excavations will be graded 

. to construct parking lot. 

Recreation - None . 

Water'Use - No effect. 
, 

'-, Economics - .The total. estimated construc.tion' cost in 1978 dollars 
I is 7.0 Million Dollars. Of this amount approximately 2.7 Million 

Dollars will be for labor and. mater'ials to be acquired .locally. 
The construction will take about 14 months and will..go through the 
winter season. 



Employment - During 14 months of construction'the maximum work 
force will reach 25 workers. It is anticipated that since the 
construction is in o5f seasan, these workers will come from the 
local labor market. Operation and maintenance will be performed 
by the existii~g sl;aII of the district. 

Growth Inducing Impact - Localized only during construction period. 
.~ra£fic - Some additional traffic. generated during. construction only. 
Scenic Values - Project site is adjacent State Highway 2. Structure 
above grade will be architecturally pleasing, particularly adapted 
to the-surrounding terrain and being-consistant with intended use. 
Hose structures are'below grade. 

Archeology and Historical- Significance - There are no'known'arch- 
eolog.ica1 or historical sites of interest which will be affected 
by the project. 

PART 111 

ENVIRONMENTAL CHECKLIST FORM 

Note:. A .copy of' the Feasibility- Study for Dry Falls Dam prepared 
by Tudor Engineering.Company is on file at the'Department.of. 
~ c o l o ~ y ,  state. of washington, Olympia, Washington. 

. . 
ENVIRONMENTAL IMPACTS . . 

(~x~lanations: of all "yes" and "maybe"' answers are' :required) 

. . Yes Maybe No 

1, Earth,. ' Will the. proposal:. result in : 

(a) Unstable earth conditions'or in 
changes in geologic. substructures.? 

. , 

(b) Disruptions 'displacements., compac- . 
. - tion or overcovering of' the soil?' 

(c) Change .in. topography or ground sur- 
. face relief features? 

..(d) .The destruction, covering or modi- 
. fication of any unique geologic or 

physical features? 

( e )  Any increase in wind or water ero- 
sion of soils, either on o.r off .the 

. . site?. 
. . 

(£)'Changes in deposition or erosion 
of beach sands, or changes in sil- 
tation, deposition or erosion. which 
may modify the channel of a river 
or 'stream or the bed of the ocean, 
or any bay, inlet or lake? . 

Explanation : Excavation for .................... 
const'ructf on. ................................. 



-. Yes Maybe No. 

2.  ~ i r .  W i l l  t h e  p r o p o s a l .  r e s u l t  i n :  

( a )  A i r  emissions o r  d e t e r i o r a t i o n  o f  
ambient a i r  q u a l i t y ?  .. - - - X 

(b )  The c r e a t i o n  o f  ob j ec t ionab le  odors? 

( c )  A l t e r a t i o n  of a i r  movement ,. moisture  
o r  temperatune, o r  any change . i n  c l imate ,  ' 

e i t h e r  l o c a l l y  o r  r eg iona l ly?  - .  - - .X . 

Explanat ion: .  ..................... . 

................................... 
3 .  Water. W i l l  t h e  proposal  r e s u l t  i n :  

( a )  changes' i n  currents:,. o r  t h e  course  o r  
.- d i r e c t i o n .  of  wate r .  movements', i n  e i t h e r  

marine. or. f resh .  waters?  - - - X 

Changes i n  absorp t ion  r a t e s ,  d r a i n a g e '  . . 

p a t t e r n s ,  o r  the .  r a t e  and amount o f  
s u r f a c e  wa:ter runof f?  

. - - 
A l t e r a t i o n s  t o  t h e  course  o r  flow 
o f '  f l ood  waters?  . . . . - - 
Change i n  t h e  amount of  s u r f a c e  water . .  . 

i n  any water ,  ,body? . -  - 
Discharge i n t o  s u r f a c e  wate rs ,  o.r i n .  any 
a l t e r a t i o n  o,f s u r f a c e  water  q u a l i t y ,  . in-  
c lud ing  b u t  n o t  1.imited ' t o  temperature, .  
d i s so lved .  oxygen.or  t u r b i d i t y ?  -. - 
' A l t e r a t i o n  o f  t h e  d i r e c t i o n  o r  r a t e  
of  flow o f  ground waters?  - - 
Change i n  t h e  q u a n t i t y  o f  ground wa te r s r  
e i t h e r -  through d i r e c t  add i t ions ,  o r  w i t h -  
drawals,, . o r  through i n t e r c e p t i o n  o f  an 
a q u i f e r b y  c u t s  o r  excavat ions?  - - 

. . . . 

D e t e r i o r a t i o n  i n  ground water  q u a l i t y ,  
e i t h e r  through d i r e c t  i n j e c t i o n ,  o r  through 
the seepage 'of '  l e a c h a t e ,  .phosphates ,' de te r -  
gen t s ,  waterborne v i rus .  o r  bac te r i ' a ,  o r  o t h e r  . . 

subs t ances  i n t o  t h e  ground waters?  . . - - 
Reduction i n  t h e  a m k t  of water  otherwise.  

' ' 

a v a i l a b l e  f o r  p u b l i c  water  supp l i e s?  - - 
. . . . 

Explanation:  , - -- ---,----- -- --- ---- -, 



Yes Maybe .No 
1 -, . 

4 . .  F l o r a .  w i i l  - the  proposal  r e s u l t  .in: 

(a )  Change.s i n  the'. d i v e r s i t y  of  s p e c i e s ,  o r  
numbers - o f '  any s p e c i e s  of  f l o r a  ( inc lud-  
i n g  t r h e s  ,. -shrubs,  gra,ss, crops ,  micro- . I 

f l o r a  and a q u a t i c  p l a n t s )  ? - .- - X : 

(b )  Reduction of  t h e  numbers of  any unique, ' 

r a r e  o r '  endangered s p e c i e s  o f  f l o r a ?  . - . . .  

'. ( c )  In t roduc t ion  o f  new s p e c i e s  .of .  f l o r a  . . 

i n t o  an. area.,  o r .  i n  a b a r r i e r  t o  t h e  
normal replenishment  o f  e x i s t i n g  spec i e s?  - 

( d )  Reduction in acreage of a n y  a g r i c u l t u r a l  
crop? . . - 

Explanation:  

. . 
5. Fauna.. W i l l  t h e  proposal  r e s u l t .  i n :  

( a )  Changes in .  t h e  d i v e r s i t y  o f  s p e c i e s ,  o r  
numbers. o f  any s p e c i e s  of fauna.. ( b i r d s ,  
l a n d  animals: i nc lud ing  r e p t i l e s ,  f i s h  and . . . 

. s h e l l f i s h ,  b e n t h i c  organismx, i n s e c t s  o r  
micro fauna) ?. - - - X 

(b)  ' Reduction o f  t h e  numbers o f  any unique, 
r a r e  o r  endangered. species .  o f  fauna.? - - - X. 

(c )  In t roduc t ion  o f  new s p e c i e s  o f  fauna 
i n t o  an a r e a ,  or r e s u l t  i n  a b a r r i e r  
t o  t h e  migra t ion  o r  moGement of fauna? - - - X '  

(d )  ~ e t e r i o r a t i o n  t o  e x i s t i n g .  f i s h  or .  
w i l d l i f e  h a b i t a t ? .  - X - .  - 

. 6. ~ o i s e .  W i l l  t h e  proposal .  i n c r e a s e  e x i s t i n g  . .  
. . no i se  &evels?: . , .  - - -. X 

. . . . 

. Explanation:  
-------------I-------, 

. , 

,,-----------------.---------------- 

7. L igh t  and Clare.. W i l l  t h e  proposal  produce 
new l i g h t  o r ,  g l a r e ?  . . - X - .  - 

. . 

: Explanation.:. ----------, ----- ----- . , 



Y e s  .Maybe .No 

8. Land U s e .  w i l l  t h e  p rcposa l  r e s u l t  i n  t h e  . : 

a l t e r a t i o n  of  t h e  p r e s e n t  o r  planned l and  
use  of  an a r e a ? ,  - X '  - . -  

. . Explanation:  
-----=*="-=9f9-ff==f= 

.----------------------------------- 

9 .  ~ a t u r a l  Resources. W i l l  t h e  proposal  
r e s u l t  in:. . . 

(a) Inc rease  i n  t h e  'rate of  use  o f .  any. 
n a t u r a l  resources?  . . - - 

( b )  Deplet ion 'of any. nonrenewable ' ' 

n a t u r a l  resource? - - 

1 0 .  Risk of  U.pse.t.. Does t h e  proposa l  involve.  a 
- . r i . s k  o f  an expl.osion o r  t h e  r e l e a s e  of  haz- 

ardous- subs. tances . ( . including,  b u t  n o t  l i m i t e d  . . 

t o  ,. o i l ;  p e s t i c i d e s ,  chemicals. o r .  r a d i a t i o n ) .  
i n  the. even t  o f ,  am acc iden t  o r  upset .  condi t ions?  -. - - X 

. . .  
. . 

Explanation:- '.' . . ..................... 

11'. ~ o ~ u l a t i o n .  W i l l  t h e  proposal  a l t e r  t h e  loca-  
. t i o n ,  d i s t r i b u t i o n ,  dens i ty ,  o r  growth: rate 

. of t h e  human ,popula t ion-  ,of  an a r ea?  

Explana.tion : ..................... 

12. Housing'. W i . 1 1  t h e  proposar' a f f e c t  e x i s t i n g  
. housing,  o r  c rea te . .  a demand. f o r  a d d i t i o n a l  

. housing?, 

13. ~ r a n s p o r t a t i o n / ~ i r c u l a t ' i o n . W i l l  t h e  . , 

proposal  r e s u l t  i n  :. . , 

(a,) Generation o f  a d d i t i o n a l  veh icu la r  
movement? 



Yes Maybe .No 

(b)  ~ f f e c t s  on ex i ' s t i ng  parking f a c i l i t i e s ,  
o r  demand f o r  new parking? - X - - 

( c )  . Impact upon e x i s t i n g  t r a n s p o r t a t i o n  
s y s  tems? - - X - 

(d )  A l t e r a t i o n s  t o  p r e s e n t  p a t t e r n s  of  
c i . r c u l a t i o n  o r  movement. o f  people 

.. and/or goods? . - 
. ( e )  . A l t e r a t i o n s  t o  waterborne,  r a i l  o r  . , 

a i r .  t r a f f i c ?  . . - 
. ( f )  . Incfease  i n  t r a f f i c  hazards  t o  motor 

v e h i c l e s ,  b i c y c l t s f s  o r  pedes t r i ans?  - 

. 1 4 .  , P u b l i c  Se rv i ces  .. W i l l .  t h e  proposal  have an 
e f f e c t  upon, o r  r e s u l t .  i n  a  need f o r  new o r  
a l t e r e d  governmental s e r v i c e s  i n  any of  t h e  
fol lowing areas : ,  

( a )  F i r e  p r o t e c t i o n ? '  . .  , ' . (.-; : -: . . 

(b) . .  P o l i c e  protection:? 

(.c) Schools? . 

(dl Parks o r  o ther . .  r e c r e a t i o n a l  f a c i l i t i e s ? .  
. . 

( e )  ~ a i n t e n a n c e  o f  p,ublic f a c i l i t i & s ,  
i nc lud ing  roads? 

( f )  O.ther governmental s e r v i c e s ?  

15.  Ener.gy. W i l l  t h e  proposal  r e s u l t  . i .n: 

( a )  U s e  of  s u b s t a n t i a l  amounts o f  f u e l  
' . .  o r  energy? 

(b )  Ijemand upon e x i s t i n g  sources .  of energy,  
o r  r e q u i r e  t h e  development. of  new ., 

sources  of  energy? - X - .  - 



Yes Maybe No. 

- 16. U t i l i t i e s .  W i l l  t h e '  proposal  r e s u l t  i n  
a ne,ed f o r  new systems, ,or  a l t e r a t i o n s  to ,  
t h e  fol lowing u t i l i t i e s  : 

(.a) Power o r  n a t u r a l  gas? 

(b)  Communications sys.tems? 

( c )  . Water.? .' 

(dl Sewer o r  .sep.tic: tanks? 

.(el: Storm water  dra inage? 
. . 

(£1' S o l i d  waste, and disposa. l?  

Explanation:.  . ---------------------. 

................................... 
17. ~ m a n  Health.. ~ i 1 Q  t h e  proposa l  r e s u l t  i n  

t h e  c r e a t i o n  of any hea l th .  hazard o r  
p o t e n t i a l  h e a l t h  hazard (excluding mental 
h e a l t h )  ? 

. ... 

. . 
18. ~ e s t h e t i c s - .  . W i l l .  t h e  proposal  r e s u l t  ..in 

t h e  o b s t r u c t i o n  of  any s c e n i c  v i s t a  o r  vi.ew 
. . open. t o  the.  p u b l i c , .  o r  w i l l  t h e  proposal  

r e s u l t  i n  t h e  c r e a t i o n  of an a e s t h e t i c a l l y  . . 

' o f f .ensive .  s i t e  open t o  p u b l i c  view? -. - - X ' . 

-----------------------------------.. 
. . . . 

1 9  .. .Recreation..  W i l l  t h e  p roposa l  r e s u l t  i n .  
an impact upon t h e  . q u a l i t y  o r  q u a n t i t y  of 

, ' ,  

' e x i s t i n g  r e c r e a t i o n a l  o p p o r t u n i t i e s ?  - - - X 

.. . Explanation:  ,--------- --- --------- . . 

................................... . . 

20.  Archeological/Histori.cal. W i l l  . the' 
p roposa i  r e s u l t  i n  an a l t e r a t i o n  o f  a 
s i g n i f i c a n t  a r cheo log ica l  o r  h i s t o r i c a l  
s f  t e ,  s t r u c t u r e ,  . . o b j e c t .  . . o r  ' b u i l d i n g ?  

Explanation:  . ..................... 
----.------------------------------- 

. . 



SIGNATURE 

I',.. the undersigned, state that to. the best of my knowledge, . 

the. above.information is true and complete.. 1 t . i ~  uhderstood . 

that the lead'.agency may withdraw. any declaration of nonsignifi- 
cance that it might. issue in reliance upon this checklist should 
there be any willful misre.presentation or willful lack of full 
disclosure on my par.t, 

PROPONENT:, . , 

f. the Boar& 



. . .  . . .  
: . Tudor Engineering company. . . . . .  ' . . .  . . '  . . .  . . . .  .. , . . 

. . 
. . .  710 Second. Avenus,, Room. 1401. . . . .  , . . . . . .  . . . . .  . .' 

.. , Seattle, Washington ,98104 . ' 
. . . . . . .  . . . . .  

. . 

OEPR-LP 
Project NO, 2840- 

Washington 

. . . . : _  . . . . .  . '.' . . . 
. . . . . .  

_ .  . 
. . . . 

. . 
. . .  G e n t l e m e I x f . .  . . . . .  
. . 

. _ .  _ _ '  . . .  . . .  . . . . .  . . . . . . . . . . . . .  . . .  
. . ' . .  

. . . . . . . .  . . . .  . . . . . . - .  
. . . . . . . . -  . . 

' ' T h i s  acknow1edgeb zecript of' .a l e t t e r  '&tad,.~ovemb@q 9, .'..:: ' " . . . .  . . 
. . . . 

. . . . 
. . . . .  . . . . . . .  . . 

; 1978,. and.. environme~tal. declaration documents. frm: . . . . . . .  . I . . . . .  . . - . . .  . . .  . . . .  . . . .  . . .  . . . .  
.' .:: ' .My, R0ger.s RB,. Neff, ' President: of the Board of' the South: . .  ' , . ., 

. . . .  . . . . 
. . . Coltrmbia. Basin. 1rrLgati.on. District,. requesting our: comments . . . . . . . . . . .  , - - .. 
. . . . on. environmental. ma.t.tets-- pertaining t o  proposed hydroelec-. . , . ' 

. . 
. . . . .  . . 
. . .  t x i c  generating plants  on: .the- Potholes East Canal near . . . .  . - 

. Othello, Washington,' and on the Blain Canal a t  Dry Falls. '..' . .. . 
. . . .  . . .  

Dam near. Co.ulee City, Wash.&ngton, FERC Proj.ect No,: 2840, . . . .  : . .  . . .  . . .  . . . - 
? .  . . . . .  c;: ,L..: ... a:.,, .. A t  p r e s ~ r , . . o . u r  s taf f .  has no. comments on  the envirorpnental::. , ' .  . 

' 

. . . . .  decxarations;. howeveq'we will  conduct, an independent envi- ..: . . . . . .  . ' .  . . . ' ,  

' - - r ~ ~ m e n t a l .  analysis of the. application ' for: l icense when it . . '  . . 
. . . . . .  is f i l e d  wkth.. this.. C ' o ~ s ~ s i o n , . .  . . . . .  . . . . 

. . . . . . . . 
. . .  . .  , 

. . 
. . .  Sincerely, ' , . . . .  . - .  . . . .: . 

. . 
,f .'. 

. . . . 
. . .  . . . . 

. . '~AP/&~.: . ' .  . , .  . . ' .  , 
. . 

. . . . . . . . 
. . . . .  . . . . 

" W i l l i a m  W. ,Lindsay' . . 
Director, O f f  i ce  of .Electrf c 

Power Regulation 



United States Department of the Interior 
.BUREAU OF RECLAMATION 

PACIFIC NORTHWEST REGION 
FEDERAL BUILDING -& U.S. COURTHOUSE 

BOX 043-550 \VEST FORT STREET 
BOISE. IDAHO 89724 

LY REPLY 
REFER TO: 440 

Tudor Engi neeri ng. Company 
Room 1401 . . 

. . 710 Second Avenue . . 

Seattle,., Washington 981 04. 

Based upon the. information provided i n  the November 9,  1978, l e t t e r  
and i ts  enclosures, we have no objections to  the Declaration of Non- 
-significance.. I t  will ; of course, a l so  be necessary to  comply w i t h  . ' 

the. Federal. environmenta.1 statutes, .  and we. presume tha t  the Federal 
Energy Regulatory Comiss~ion will. take whatever action i s  necessary 
t o  sa t i s fy  the requirements of the National Environmental Pol icy Act .. 

. _ . . . _  ; -:.. 

. . . . . . .  
Sincerely , ! 

. .  en tleken : . . 
. . 

. . By l e t t e r  dated ~ovember 9, 1978, Mr. Rogers R. Neff, President of . , . . . . . '  . . . the Board of the South Columbia Basin Irrigation Distr ic t ,  requested . .  
' . our comments on a proposed hydroelectric generating plant. on the 

Main Canal a t  Dry. Falls. Dam; The environmental impacts of th.e proposal. 
are  being evaluated pursuant t o  the requirements of Washington State  . - . 

Law. . .  . 
. . . . . . 

Regional Director 1 

. . . ,  . .  
. .  . . , . . 

. . 
, 

. , 
. . .  

1 . :  .' 
. .  

,. . 
. . 

. . i 
cc: blr-. Rogers R. Neff, President. ! 

BoaPd of Directors. I ' I 

South Col'umbia Basin Irrigation Distr ic t  !. 

P.O. BOX 1006 ! .  
! .  
: . .  

Pasco, , Washington 99301 I . .  . :  

Federal Energy. ~egu la to ry  Commission 
825 North Capitol Street  

' Union Center Pl aza 
Washington , D. C. 20426. 



STATE OF . -- -. 
WASHINGTON ' 

- DEPARTMENT OF ECOLOGY . /3:Fc ; 5 -. Olympia.Washingt~98500~ 206/753-2800 
Mail Stop PV-11 WJTi! c;: !:>.&: $<;,<;d ; :?*i%:;:;;.y r+;z-c;.. 

Governor . . i . .  f 

November 22, 1978 

Mr.. Rogers R. N e f f  . . . . . . 

South Colunbia Basin L r r i g a t i o n  . .  

D i s t r i c t  
. P,. O +  Rnx 1006. . . . . 

. . 
Pasco , Washington 99301. 

Dear, Mr. Nef f :  . . 
. . . . 

. . 

Thank you- f o r  prov id ing us: w i t h .  .review copies o f  your proposed declara- 
t i ons  o f  nonsigni f icance on your  5. MW and 1-5 MW Hydroelectr ic  Genera- . ' : 

t i o n  Stat ions near .0 the l lo  and'Dry Fa l l s  Dam, respectivel'y. 

Your environmental documents were reviewed by Department o f  Ecology 
(DOE) s t a f f  i n  Olympia and i n  our Eastern Regional O f f i ce  i n  Spokane. --. Our only comment i s  t o  remind you t h a t  DOE w i l l  have t o  issue Section 6- 401 Water Q u a l i t y  Ce r t i f i ca t i ons  (wi th  possible condit ions) p r i o r  t o  

ir 
implementation o f  the proposals. 

Should you have questi:ons, please contact  Mr.  C1. 
our -  Spokane O f f i ce  (456-2926). 

Yours very t r u l ~ ,  . 

@*: e t e r  R-. Haski n 
. ' .  

- . . . . . . . . . . . . . . .  ........................................ - ........ . . . .  . . . . . . . . .  Envi.ronmental' .Revi w Section ---. . , 

aude Sappington i ' n  

RECEIPT FOR CERTIFIED MAlL 
, '  NO INSUXAXCE COVERAGE PROVIOED+ 

NOT FOR INTERNATIONAL MAlL :.'i.: 
(See Reverse) \ .  

SENT TO 
Mr. Steve Mitchell 
STREET AND wept. ot ~ ~ C O L O ~ Y  -- 
(state of W-ishinoton 
P.O.. STATE AND ZIP CODE - - -.-- 

a i m i a . ,  Wa. 98504 . 
' 

,- r r r  I I -- - 
SPECIAL DELIVERY. a 
R E S P R I ~  DELIMRY. I Q 

SHOW lU m(OM AMl DATE 2 I orwee . 



STATE OF . ' ' DEPARTMENT OF FISHERIES . 
WASHINGTON . 115 ~d PI.' . ' . .' olympiq ~ a h i i r n  98504 ' 206/753&%0 

/ \ .  

, . December 11 , 1978 . .  . 

. . 

Mr. ~ o g e r s  R'. Neff ,, President ,  of.  the Board. 
. . South Columbia Basf rr Trri'gation D i s t r i c t  

402 West' Lewis Street' . . . . 
. .  . Pasco ,.. Wash.ingtorr. 99301 

. . . . .. . . . 
. . 

Dear Mr.. Neff i: ~' 

. . .  

. . Proposed Hydroelectr ic  Plants  on. . .  . 
. .  . 

Potholes. East  Canal and a t  Dry F a l l s  Dam; . . . ' ' 

. . 

Decl a ra t ion  o f  Non-Siqni f icance 

.. The Department o f  F-isheries has, reviewed the documents pertaining t o  these pro- . 

posed. projects.. Neither s t t e  has salmon and we the re fo re  expect no adverse- 
impacts on the r e s o u r c e s t h a t  t h i s  Department. i s  charged w i t h  managing. . . '  

' ( - *  

I t  is  most. g r a t i f y i n g  t o  s e e  t h a t  hydroelectr ic .  generat ing f a c i l i t i e s  a r e  feasi- 
b l e  a t  these exi'sti,ng s t ruc tu res .  t .-/ . . 

. .. . . . . . 
. . .  

 is heri.es. ~ a t u r a l .  Production 
. . 

. .. 



h STATE OF 
rASmNCj~l-UN 600 North Capid Ww/Olympi& Wding(on 9850) w753-5700 1: .? + p q ? 

Dixy Lee Ray g ,r.r. ,.- , I ,  l : \zn!i ::,;.';:> &+.:I+ C .,,..< - ..,. -. ... . .. 
Gowmor 1 2,ir;:.:+..:.rh::k ;.i,.:~,?~"r 
. . . 9 - .,..- 

! 

November 2'0, 1978- : -4.d ,.,... . , . 4 Sd.. :: . 
J C".": !.'.' ; Ek!:d - ... 
j ::,..;:.---,;, 

- i 
1. <Gi::,> .-J, 

. . 1 PX!RQLLC- 

Mr. Rogers R. Neff 
~resi&nt, of the Board . ' . . 

South. Columbia Basin Irrigation District - 
. . . '  402 West Lewis Street.' . : . 

. . . . . . 
. , . .  

Paseo,. Wa,shtngt~n 99301 " . . . . . . . .  . . 

RE: Dry Falls Dam 15 W' Hydroelectric Generation Plant, Pocholes 
East Canal 5 MW Hydroe1ectric.Generation Plant; Threshold, . . 

Determinations and Negative Declaration . . .  

. . .  . 

,. . Px .  Neff, 

Your. documents. have been reviewed by our staff as requested. Comments.'' 
follow. , . . . 

. . ,,--. . . 
1 A11 environmental documents. sent. to the Department of Game- for 'i \.,.-. 

review should. be addressed to our headquarters 'in Olympia. Untimely 
delays may be caused by sending:these documents to the regional 
off ices. . .  . 

We found both the Preliminary Assessment of Environmental Effects 
and the environmental checklists generally provided accurate 
descriptions of existing conditions, and probable impacts of the 
proposals. However, mention should have been made of the existence 
of kokanee in Banks Lake, as well as rainbow trout, lake whitefish, 
and various spiny rays. These fish descend the canal and would 
go through the turbine of the proposed generators if a net, installed 
by the Fisheries Research Institute under contract to the Bureau 
of Reclamation were to be removed. 

~lthough we have no objection to the project as proposed, we feel . . 

.that the potential for damage to these fisheries should have been 
noted. . . . . .  

Thank you for the opportunity to review your document. ' We hope . 

our comments are helpful.. 

Sincerely, 



S T A E  OF WASHINGTON STATE PARKS AND RECREATION COMMISSION 
206/75%5755' 

. . 
..- 

20, 1978 
D-197 . 
Dry Fa1 1 s Dam. 

. . Generation P l  a n t  
D-198 . : . 

Pothol'es East 
Caml. Generation P l a n t  

. . . . . . . . . . . . 
. . . . 

. . .  .- Rogers F.. Neff. . , . . .  . . . .  Pres ident  of t h e  ~ o a ' r d  ' . . . . .  .... . . .  
. . . . . . . . 

' South Columbia 'Basin 1rrigati.on.. D i s t r i - c t  . . 

402 Wes.t Lewis S t ree t .  , . 
. . . . : .  . . . . 

.. Pasco, Washington 99301 . ' . . . 

. . 
De.ar Mr. Neff: . . . . .  . . . . .  . . 

. . . . 

The Washington S t a t e  Parks and. Recreation Commission has reviewed these. , .: . . 
two proposed declarat i .ons.of  non-significance. and o f f e r s . t h e  fol-lowing . . 

. . . . .  comrnen ts : . . . . 
. . .  . . . . . . . . 

1. ' In both cases ; we can see n o  demonstrable adverse  impacts upon . ' . . .  
: recreation,. ,  0u.r a rea  of exper t i se .  , . . .  

. . . . 

2. ~ u r t h e r , w e  a r e  encb"ra&d. t o  learn  t h a t  these represen t  a viable,  . , 

.. way t o  generate additional.  e l e c t r i c a l .  energy t o  meet the growing . . 
demands. of t h e  Northwest. . . . .  . .  . . 

. . 

. . .  Thank you f o r  the opportunity t o  review and comment on these declara t ions .  
I appreciate. Mr:Hosey sending-me maps of  t h e  a reas  i n  question.,  

. . 

. . 

. . . . . , 

. . 
David ~Aiser,  P'.E., Chief . . 

Environmental Coordination. , . 
. . 

. . . . . . . . 
. . e r '  

. . . .  

cc: .Tudor Engineering Company 
Steve- M i  t chel  l', Department of Ecology 



COURT M U S O  

Rogers Nsff 
President of the Boars of Directors 
Soukb Columbia Basin Irrigation District 
c/o : 
Tudor ~ngheer ing  
710 Second Avenue 
S e a t t l e ,  Wa. 98104 

D e a r  N e f  f ) 

W e  have reviewed the envhonmental checklist for tha 
hydroelecttic faci l i t ies  a t  Dip Falls Dam and have 
no comment an the declaration of non-signiiicaaca.. 

Assistant Director 



EXEMPTION FROM SHO~U~LINE . - .- -- . . 
MANAGEMENT' ACT SUBSTANTIAL 

DEVEMP.41ENT PERMIT REQUIREMENT . 
Tb: 

, . 

South Columbia Basin 
The proposail. by lr-ct to undertake . . 

. . 

+he following a - l o p a t  Construct hydroelectric generating facilities 
. . 

upon. ~.. 'the following. property cap . 17 " r  75N+. R - . ~ ~ E . ' w . M , ,  . ' . '  . 
. . - 

. . . .  . 
. . . . . . 

. , . . . . . . , . . . 
. . 

. .  . .  
" . .  . . _ ' . .. 

. . .  
. . . . . . 

, v i e i n  .. . -. Banks Lake ' and/or its associated . . . . . .  
. .  - . . .. . . 

development permit. b 'ecade the development ' . 
. . 

on related project and is within an . .; : . ' . . -. . . 

artificially'created. shoreline 

The proposed development is consistent or inconsistent with: 

. , . a . . Pol ic ies  o f '  the ~ h o . m l i n e  
Management A c t .  . . .  . 

Ex: , a ' .  ' The guidelines of the. . . 
Department of Ecology- . . .  

. . . . ..... . . ., . where no master program . .  . 
. . . . has been. f ina l ly  approved 

or  adopted,by the department, 
. . a The. maspr program 

. 12-19-78 . ' ' ' 

(Date) . . 
. . . . 

. .  . . . . . . . . . . . .  . . . . 
. .. 

. . 
. . . . . . . . 



November 27'; 1978 
. . 

. . .  . . 
. . 

M r .  Rogers R., Neff.' . . 

Pr.es:ident of ' the  Board. . - .  

South Columbia Basin  1r . r iga t i .on  D i s t r i c t .  
402. West Lewis S t r e e t  . 

Pasco, WA 99'301. . . 

DEC 

. . 
Subject . :  .Proposed.Smal l  Hydroe l ec t r i c  Generating F a c i l i t y  

. P.E.C.22.7--Potholes East: Canal Columbia Basin . . . . . 

Pro jec t .  
. . . . 

~efe rences : : .  (1) Your 1e . t t e r  of November 8 subject .  a s  above, 
. signed. ,  by R. R.. Neff 

. . . . . . 

( 2 ) .  Your let ter  of November 9 t ransmi t t ing!  

* ('*-'. 
documentation a s s e s s i n g  t h e  impact of . . . . .  

?, . . . . po tho le s  east- c a n a l  and d ry  f a l l s  dams,.. . . . . .  
. . .  s igned by R,. R.. Neff 

. . . .  

Dear M r .  Neff,.: . . .  
. . . . 

T h i s  l e t t e r .  p r o v i d e s - a .  s-tat.ement of a p p l i c a b i l i t y  confirming 
t h a t  the. proposed p r o j e c t s  do  no t  f a l l  under. t h e  au.thori , ty 
of RCW 80.50 because o f : s i z e  and, because of t h e  s t a t u t e ' s  
s i l e n c e  on. t h e  mat te r  of hydr .oelect r ic .  energy f  a c i l . i t i e s . .  . ' 

We,. t h e r e f o r e , .  w i l l .  no t  be making.. comment upon. t h e .  ma te r i a l s .  
. . forwarded' by r e f e rence  ( 2 )  . 

. . 
. . 




