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PREFACE 

In August, 1978, the  United S ta tes  Department of Energy and the Turlock 
I r r i ga t i o n  D i s t r i c t  entered i n to  a cooperative agreement f o r  a "Joint  
D i s t r i c t s  Low-Head Hydropower Assessment Study". The purpose of the 
agreement was t o  carry  out  a study of  the hydropower potential  a t  s i t e s  
w i t h i n  the borders of the Turlock, Merced, South  San Joaquin and Oakdale 
I r r i ga t i o n  D i s t r i c t s .  

Under a sub-contract agreement w i t h  the Turl ack I r r iga t ion  D i s t r i c t ,  
F l u i d  Energy Systems, Inc. of  Los Angeles, Cal i fornia , .  gathered and ana- 
lyzed the required data  and prepared the following Final Report. 

The r e s u l t s  of t h i s  Report indica te  the t o t a l  potential  snal I hydropower 

- capacity w i t h  the " Jo in t  D i s t r i c t s "  i s  19,560 ki lowatts  i n s t a l  l ed  w i t h  d 
an annual energy generat i  on of 68,561,800 k i  1 owatt-hours . T h i s  i s equiva- 
l 2 n t  t o  oil-savings of 118,616 bar re l s  per year.  
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SECTION 1,0 

INTRODUCTION 

America's search for alternative enwgy resources has been prompted by 

pressing energy needs, which most analysts feel will become even mor? 
critical in the years t o  come. Recently, small hydropower - domestic, 
clean and renewable - has emerged as an important a1 ternati ve. 

Small hydropower can be tapped virtcally wherever water i s  in motion. 

a Dales, 'I rr.i gat lun canal structures and streams can a1 l be developed by 

installing a hydroelectric facility a t  a "drop" and generzting electric 
power fron t h g  energy of falling water. 

In mny parts of the world, small hydropower i s  a highly developed and 

valued part of energy planning. In the United States, however, interest 
has been renewed only recently. 

When President Carter presentsd his National Energy Plan in 1977, he 
included smsll . hydropower - the f i r s t  Presidential initiative in this area. 
Accordingly, the new Department of Energy se t  aside funds f o r  the assess- 
ment and construction of smal 1 hydropower faci 1 i ti es nati onwjde. Pub1 i c 
and private groups al l  over the United States responded - and applied fo r  

funds. Fifty-fsur were funded. Most wanted t o  develop single sites and 

finance/develop/maintzin t h e m  under their previous institutional structures. 
This assessment study, however, represents a unique innovation. As a result, 
i t  involves three irrigation districts in the co-dependent development of a 
system of sites in each district.. This approach is. unique on two levels: .. 

1) A system of si tes rather than a fing.le s i t e  i s  studied; and 2 )  three 
irrigation districts are approaching the project i n  a cooperative fashion. 
.These innovati.ons can. m u l t i p l y  the project potential, increase overall 

benefits- to-costs , reduce project systee development el ement costs and 

provi de weral I project devel opment management eff i ci'en'cy . 



1.0 INTRODUCTION 

Even before the' Feder.al Government became interested in small hydropower 
devel opmen t, the i r r i  gati on di  s tri cts  i n the  an Joaqui n Val 1 ey had been 3 

exploring i t s  potential. In 1976., the Turlock Irrigation District (TID) 
began to study Drop Number One and Drop Number Nine of i t s  Main Canal for 
possible hydropower instal 1 ations. ( A t  this writing , in February, 1979, 
the Department of Energy has awarded a cost-sharing construction contract 
to TID for development of the Drop Number One si te.  ) 

TI0 was spurred by fncreased need to purchase additional power, especially 
du r ing  the sustained drought  o f  1975-76, and by the need t o  provide lower- 
cost energy f o r  industrial and comercial development. A t  the same time 
the small hydropower potential in the neighboring irrigation distr icts  
came under f nvesti gati on. 

In 1978, the : Turl ock, Merced, South San Joaquin and Oakdal e Irrigation 
Districts joined together to submit a proposal t o  the Department of Energy 
for a "Joint 0 l  s t r i c t  Low-Head ~ ~ d r o ~ o w e r  Assessment Study". The 'Joint 
Districts" identified nineteen (19) si tes within their' borders for irii tial 
assessment. A s i t e  i n  Oakdale Irrigation District was quickly found t o  
be  infeasible; the study then became a three "Joint Districts" project a t  
an early stage. 

That proposal was funded in August of 1978. The Department of Energy entered 
into a Cooperative Agreement w i t h  TID, the lead agency of the "Joint Districts", 
t o  undertake the assessment study of twelve (12) of the available nineteen 
(19) sites. The study - conducted by the "Joint Districts" and F l u i d  Energy 
Systems, Inc. (FES) - assessed si tes ranging from 50 kilowatts (kM) t o  5,000 
k i  1 owatts (kW) capacity , t o  deternine the economic feasi bi 1 i t y  of developing 
the si tes w i t h i n  the co-dependent snow pack, rivers and canal systems. (See 
Figure 1-1.) 



1.0 INTRODUCTION (CONT' D ) 

JOINT DISTRICTS CANAL AND RIVER SYSTEMS 

F igure 1-1 

The s p e c i f i c  ob jec t i ves  n f  the " J o i n t  I r r i g a t i o n  . D i s t r i c t  Low-Head Hydro- 

power Assessment Study" were: 

a To determine i n  d e t a i l  the  t o t a l  undeveloped small hydropower 

p o t e n t i a l  a t  the  i d e n t i f i e d  s i t e s  i n  each .o f  the  four ( 4 ) .  irri- 

ga t ion  d i s t r i c t s  ' canal systems. (See F igure 1-2. ) 

To develop .mi f i e d  data gather ing and eva lua t ion  systems w i t h i n  
/ J  

the " J o i n t  D i s t r i c t s "  t o  prov ide a common language f o r  small hydro- 

power systems development. 

e To determine i f  there are  o ther  s i t e s  i n  the f o u r  ( 4 )  canal systems a t  

which small hydropower can be economical l y developed. 

To document an est imate o f  t o t a l  usable small hydropower capac i ty  

of each o f  the  systems t h a t  can be developed w i t h  a balanced . 

framework o f  techn ica l ,  demographic and economic f ac to r s .  



1.0 INTRODUCTION (CONT'  D )  

To analyze various financing and marketing options for small hydro- 
power systems development, and to create a model. for interagency 
cooperation for  other local governments. 

\ 

- M A I N  CANAL - DROP NO. 2 - CANAL CREEK - DROP NO. 6 - WmDW4RD C FA /RF/EL P - DROP NO. 7 'FRANK€/VHE/M&? € W A D / &  - DROP NO. 9 --Gac@w/N DAM 

JOINT IRRIGATION DISTRICTS - S W K L  HYDROPOUER SYSTEB 

. . , .  . 8 ,  -. . . , ,  ."- . 

Figure 1-2 

The "Joint Distr icts" collective ap?roach has several advantages: 

Application of the small hydropower systems development methodo1 ogy . 

i Avoidance of unnecessary dupl i cation of effor ts .  

0 A large number of combinations of head and flow variations w i t h i n  

the systems for  evaluation. This maximized the use of in-house 
computer system development programs. 



1.0 INTRODUCTION (CONT' D) 

A s i n g l e  Department of Energy con tac t  f o r  assessing the f e a s i b i l i t y  

o f  a s i g n i f i c a n t  sample o f  system s i t e s  w i t h i n  one area. 

The spec ia l i zed  small hydropower systems knowledge and exper t i se  

w i t h i n  . the  " J o i n t  D i s t r i c t s "  Assessment Study Team, mu1 t i p l y i n g  

the a n a l y t i c  power o f  the study. 

.Opening t he  p o s s i b i l i t y  f o r  the  " J o i n t  D i s t r i c t s "  t o  become a 

s ing le :  
- small hydropower r y s  tem devel oper , 
- f i nanc ing  e n t i t y ,  

. - developer o f  the  o v e r a l l  p ro j ec t ,  

- power purchaser, 

- operat ing and maintenance e n t i t y .  

1.1 STUDY DESCRIPTION 

The " J o i n t  D i s t r i c t s U . a n d  FES estab l ished a f e a s i b i l i t y  study i n  f o u r  

/ phases : 

, Phase A - Tur lock I r r i g a t i o n  D i s t r i c t  Main and D i s t r i b u t i o n  Canal 

System S i t e  Data. 

0 Phase B - Merced I r r i g a t i o n  D i s t r i c t  Main and D i s t r i b u t i o n  Canal - 
System S i t e  Data. 

/ 

Phase C - South San Joaquin/Oakdale I r r i g a t i o n  D i s t r i c t s  Main 

Canal System S i t e  Data. 

Phase D - Assessment o f  the  th ree  (3 )  small hydropower systems and 

F ina l  Report. 



STUDY DESCRIPTION (CONT' D) 

Phases A through C inc luded a subphase f o r  each o f  the  i d e n t i f i e d  s i t e s  

and each s i t e ' s  subphase inc luded twelve (12) tasks. As each phase and 

subphase ( o r  s i t e )  was completed, the  compiled system in fo rmat ion  was 

t ransmi t ted  t o  Phase D f o r  eva luat ion,  ana lys is ,  assessment and documen- 

t a t i o n .  

The r e s u l t s  o f  the " J o i n t  D i s t r i c t "  study are presented i n  t h i s  F ina l  

Assessment Report (Phase D )  t o  the  Uni ted States Department o f  Energy. 

The Report i s  d i v i ded  i n t o  two volumes. Volume One contains two par ts ,  

the f i r s t  o f  which i s  a  p r o j e c t  overview meant t o  be access ib le  t o  l a y -  

people and p ro fess iona l  s  a1 i ke (Sect ions 1.0 and 2.0). Pa r t  Two of Volume 

One (Sections 3.0 through 8.0) con ta in  t he  d e t a i l e d  techn ica l  analyses of 

the assessment. Volume Two contains .Phases A ,  B and C d e t a i l e d  s i t e  

repor ts .  

The f o l l o w i n g  t a b l e  (Table 1-1) summarizes the process invo lved  i n  assess- 

i n g  the  " J o i n t  D i s t r i c t s "  s i t es .  It gives a l l  the s i t e s  i d e n t i f i e d  as 

poss ib l y  f e a s i b l e  and shows the  bene f i t - t o - cos t  r a t i o s  f o r  those s i t e s  

f i na l  1  y recommended. 



I'ABLE 1-1 

IDENTIFIED, PROPOSED, FUNDEI); ECONOMICAL S I T E  

STUDY RESULTS 
,IDENTIFIED SITES PROPOSED TO DOE FUNDED FOR STUDY I TES ASSESSED ,SELECTED SITES DENEFIT- 

Drao Nullher One 

Drop Nun~ber Two 

Prop llunlber S i x  

Orop Nunher Seven 

Drop Number N i  rde 

Ceres Spl 1 1 way 

lli ck111an Spi 11 way 

Pawson Lake 

Main Canal 

Cabal Creek 

Escaladian 

F isher  

Duhacll 

Youd 

F a i r f i e l d  Drop 

Goodwin Oa~n 

F ranken l i e i~~~e r  

Parker Drop 

Woodward 

1. Drop Nutrber Two 

Drop Nunlber S ix  

Drop ~"o lber  Seven 

Ceres Spi l lway 

Main Canal 

Escaladian 

F i  sher 

Buhach 

Y oud 

F a i r f i e l d  

Goodwin Dam 

Parker Orop 

Woodward Dam 

Drop Nun~her Two 

Drop N~rn~ber Seven 

Ceres Spi 1 lway 

Main Canal 

Escaladian 

F isher  

Youd 

Buhach 

F a i r f i e l d  Orop 

Goodwin Da~n 

Frankenheinler 

Parker Drop 

Drop Number Two 

Drop Nun~ber Seven 

Ceres Spi 1 1 way 

Main Canal 

Escaladian 

Canal Creek 

Fai r f i e l d  Drop 

Goodwin Dan1 

Frankenheinler 

Deleted 

1.216 t o  1.0 

.o6s to 1.0 

1.243 t o  1.0 

1.153 t o  1.0 

1.500. t o  1.0 

1.372 t o  1.0 

* F i r s t  year o f  
opera t l ons 



SECTION 2,O 

ASSESSMENT SUMMARY 

2.1 CONCLUSIONS AND RECOMMENDATIONS 

After six months of system development assessment study, Fluid Energy 
Systems, Inc. (FES) , technical consultants t o  the "Joint O i  s tr icts" , 
offers the fal1owing conclusions and recommendations: 

Concl usi ons : 

a Installation of small hydropower system faci l i t ies  i s  economically 
. . 

and technically feasible a t  twelve (12) of the nineteen (19) iden- 
tified si tes within the jurisdiction of the "Joint Districtstg 

The total instal led capacity. of the recommended three ( 3 )  systems 
i s 19,560 k i  1 owatts . 

r Development of the si tes w i t h i n  each of the three (3) small hydra- 

power sys tems would produce over 68.5 m i  1 ? ion k i  1 owatt-hours 

per year. 

e This electrical power I s  enough t o  replace 118,616 barrels of 
oi  1 per year. 

r Development of the three systems would' make a significant contri - 
b u t i o n  t o  meeting the economic development needs of the "Joint 
Di s t r i  cts "' servi ce areas. 

a No significant adverse environmental effects are foreseen i n  con- 
struction and operation of the systems assessed d u r i n g  this Study.  



2.1 CONCLUSIONS AND RECOMMENDATIONS (CONT' D) 

Recommendt! t i ons : 

That the  D i s t r i c t s  proceed t o  develop. the s i t e s  w i t h i n  the  three. 

( 3 )  systems judged t o .  be economical ly f e a s i b l e  dur ing  t h i s  study. 

a That the th ree  (3 )  system, twelve (12) s i t e  small hydropower 
. . .  

development program o f  the  " J o i n t  5 i s t r i c t s U  be implemented 
. . . . .  

based o n  the  plans and schedules i n  ~ e e t i o n  .7.0 

8 That the  D i s t r i c t s  leave open the  p o s s i b i l i t y  o f  developing o ther  

s i t e s  should technolog ica l  o r  f i n a n c i a l  developments, unforeseen 

a t  the present time, make them feas ib le .  

e That the  D i s t r i c t s ,  b u i l d i n g  on the  opt ions s e t  f o r t h  i n  t h i s  

Report, i d e n t i f y  a f i nanc ing  and marketing program which w i  11 

a t t a i n  the  maximum bene f i t s  o f  development. 

2.2 HYDROPOWER CAPACITY 

Table 2-1 i s  a breakdown by s i t e  and by D i s t r i c t  o f  the  t o t a l  small hydro- 

power system capaci ty,  the est imated annual energy, o i  1 savings , and t h e  

approximate costs t o  develop the  i d e n t i f i e d  s i t e s .  

POWER MARKETING 

Demand f o r  e l e c t r i c a l  power i s  s t e a d i l y  inc reas ing  i n .  the  San Joaquin 

Val ley.  The ~ i s t r i c t s  w i l l  b i  i n  t he  env iab le  p o s i t i o n  o f  producing a 

c r i  t i ca l ly -needed resource a t  h i g h l y  compet i t ive  cost .  Market ing options, 

however, a re  1 i m i  t ed  t o  some degree because o f  the.  f o u r  i r r i g a t i o n  d i s t r i c t s  , 
on ly  TID i s  a r e t a i l  d i s t r i b u t o r  o f  e l e c t r i c a l  power. The o ther  th ree  

• d i s t r i c t s  on ly  generate hydropower f o r  *whol.esal e. 



TABLE 2-1 

"JOINT DISTRICTS" SMALL HYDROPOWER CAPACITY 

SITE INSTALLED ANNUAL 0 I L DEVELOPMENT 
CAPACITY (kW) ENERGY (kwh) S,4V I NGS COST ( $ 1  

( bb l  s l y e a r )  

TID SYSTEM 

Drop One 3,260 12,200,000 21,107 3,560,493 

Drop Two 660 2,073,400 3,587 1,048,247 

Drop S i x  920 2,902,000 5,020 1,313,712 

Drop Seven 700 2,101,400 3,635 1,089,088 

Drop Nine 1.070 4,700.000 8,131 1,786,400 

MERCED SYSTEM 

Main Canal 2,800 9,169,000 15,863 3,660,690 

Cana! Creek 940 3,262,000 5,643 1,274,232 

F a i r f i e l d  370 2,809,000 4,860 1,183,702 

Escal ad i  an 270 822,000 1,422 459,967 

SSJID SYSTEM 

Woodward 2,300 6,906,000 11,948 2,537,193 

Franken heimer 4,700 16,962,000 29,346 6,006,110 

Goodwin Dam 970 4,655,000 8,054 1,507,262 

TOTALS 19,560 68,561,800 118,616 . 25,427,096 
. 

2.4 . JOINT DISTRICTS SERVICE AREA SOCIO-ENVIROtJMENTAL FACTORS 

a 
Th.e Northern San ~ o a q u i n  Va l ley  i n  Centra l  C a l i f o r n i a  i s  considered one of 

t he  n a t i o n ' s  pr ime "breadbasket" areas. The 494,631 acres cov,ered by t he  

" J o i n t  D i s t r i c t s "  reach f rom Stockton, i n  cen t ra l  i n l a n d  C a l i f o r n i a ,  t o  a 

p o i n t  some s i x t y  (60) m i l es  south through the  center  o f  the. 200-mi l e  l ong  

"a1 1 ey . There are approximately 250,000 people -1 i v i  ng w i t h i n  t h e  boundaries 

o f  t h e  combined d i s t r i c t s ,  which. fa1  1s w i t h i n  t h ree  count ies .  



2.4 JOINT DISTRICTS SERVICE AREA SOCIO-ENVIRONMENTAL FACTORS (CONT'D) 

Combined, the "Joint Districts" covers four of the valley's major popula- 
tion centers and nearly a l l  of the pFime agricultural land of th is  very 
f e r t i  1 e area, which produced $40 mi 11 ion in agri cul toral products 1 a s t  
year. (See Figure 2 - 1 ) .  

I 

2.4 .1  Impacts 

The impact that  small hydropower development would have on the com- ' 

munities of San Joaquin, Stanislaus and Merced Counties i s  examined 
extensively in Section 5.0 of th is  Report. These impacts are: socio- 
economic, environmental and inst i tut ional  . 

Socio-economic 
Development and operation of small hydropower f a c i l i t i e s  would have 
positive socio-economic effects  on the three counties - both short 
term and long term. The counties have persistent unemployment and 
construction would create 315 di rect  jobs and 768 indirect jobs. In 
the long run, holding down energy costs through increased avai labi l i ty  
of small hydropower would buttress the economy because: 

- more new industry will be at tracted to the area, 
- more stabi 1 i ty wi 11 benefit existing industry, 
- lower cost energy acts  as a mu1 tip1 i e r  of local spending 

and helps keep development or income dollars in the local 
area, 

- i rr igation flows will be neither interrupted nor reduced, 

- cost-of-living r ises will be moderated. 

Envi ronmenta 1 
The construction and development of s i t e s ,  outlined in th is  report, 
involves very l i t t l e  environmental impacts, since most s i t e s  are 
3ocated a t  existing structures on irr igation canals. Addition of 
transmission lines where necessary and a small hydropower plant are 
the major physical changes. <Attention wi.11 be paid t o  preservation 
of possible archaeological features and game fish migration pathways. 
Oi 1 conservation, an environmental advantage, I s a1 so foreseen. 





2 . 4  JOINT DISTRICTS SERVICE AREA SOCIO-ENVIRONMENTAL FACTORS (CONT' D) 

2 . 4 . 1  Impacts (Cont'd) 

Institutional 

In each of the "Joint Districts", implementation depends on the 
deci sion-making process of pub1 ic agencies. Thi s process wi 1 1  provide 
valuable checkpoints for public involvement and reactions. Turlock 

Irrigation District (TID) distributes power and the possi bi 1 i ty exists 

that TID could become a single operating entity and power purchaser 
for the "Joint Districtsi'. 

2.5 ECONOMIC ANALYSIS 

The economic viability of developing the identified sites depends on the 

terms and availability of financing. FES has analyzed two major types of 
financing, i.e., municipal.tax-exempt vs. investor-owned utility financing. 

For detailed analysis, see Section 3 . 0 .  Plunici pal tax-exempt financing 

substantially raises the benefi t-to-cost ratio of site development due to 
lower interest rates, longer terms and tax exemptions for public agencies. 

Figures 3-2 through 3-4 in Section 3 .0  show the project development fixed 
costs versus the revenues escalated at 6% per year. This indicates a pay- 
off for each of the 'three systems as: 

a 7 years for Turlock system 

a 7 years for Merced system 

a 63 years for South San Joaquin system. 



2.6 DEVELOPMENT PLANS AND SCHEDULES 

As a result of the efforts of Phases A ,  B,. B and D ,  an overall "Joint 
Districts" Hydrcppwer Development Plan has been prepared. That ' ~ l  an i s 
discussed in detail in Section 7.0 of this Report. 

The Development Plan includes four ( 4 )  additional s i tes  that were not part 
of the Department of Energy funded effort .  The overall Plan includes twelve 
(12) s i tes :  five ( 5 )  in the Turlock Irrigation District (TID) small hydro- 
power system; four (4 )  in the Merced Irrigation District (MERCED) small 
hydropower system; and three ( 3 )  in the South San Joaquin District (SSJID) 
small hydropower sys tern. 

The "Joint Districts" estimated on-line power development schedule i s  
i l lustrated in Figure 2 - 2 ,  based on estimated equipment and materials 
delivery schedules; weather contingencies; irrigation water operations and • 
dry (no water delivery) seasons. I t  i s  estimated that a l l  of the selected 
s i tes  aould be engineered, constructed, equipment instal led and on-1 ine by 

March, 1982. As shown i n  Figure 2-2, even with equipment and weather con- 
tingencies accounted for,  a l l  s i tes  could be  operational n o t  la ter  than 
March, 1983. 



2.7 REPORT METHODOLOGY AND PERSONNEL 

.. 

This Study Regort was prepared by F l u i d  Energy Systems, Inc.  (FES) , con- 

s u l t a n t  t o  the  " J o i n t  D i s t r i c t s " .  The " J o i n t  I r r i g a t i o n  D i s t r i c t s  Hydro- 

power Assessment Study" brought together  the f o l  1 owi ag data sources : 

Current Technical L i  t e r a t u r e  and State-of- the-Art  In fa rmat i  on 

I n t e r e s t  i n  small hydropower has begun t o  generate a modest b u t  

valuable 1 i te ra tu re ,  which he1 ped i n  framing research quest ions.  

A f u l l  b ib l i og raphy  appears i n  the Appendix, Sect ion 8.4. Two 

books were espec ia l l y  use fu l :  "Low-Head Hydro", ed i t ed  by John 

S. G l  adwell  and Cal v i  n C. Warni ck, Idaho Water Resources Research 

I n s t i t u t e ,  1978, and "Proceedings from the Midwest Regional Con- 

ference on Small Low-Head Hydroe lec t r i c  Power" , C o i l  ege o f  Engi n- 
ee r i  ng, Michigan State  Un ive rs i t y ,  1978. I n  add i t i on ,  t u r b i n e  

manufacturers possess an immense range of data on the  s ta te -o f -  

the-ar t .  I n  order  t c  enhance t h i s  study, FES i n v i t e d  t u r b i n e  

manufacturers t o  a t tend  an in format ion-gather ing session on 

October'5, 1978, a t  which e i g h t  manufacturers were represented. 

(See Appendi x ,  Sect ion 8.2.) 

D i s t r i c t  F i l e s  

The " J o i n t  D i s t r i c t s "  engineer ing s ta f fs .made ava i l ab le  t o  FES 

a l l  e x i s t i n g  data on the  p r o j e c t  s i t es ,  i n c l u d i n g  maps, p r o f i l e s ,  

drawings and f unc t i ona l  desc r ip t ions .  I n  add i t i on ,  records o f  

h i s t o r i c a l  f lows were . transmi t t e d  t o  FES. A1 so, FES study per-  

sonnel. v i s i t e d  each s i t e  several t imes dur ing  the  study per iod.  

Computer Systems 

TID made a v a i l a b l e  t o  FES a computer program designed f o r  equipment 

procurement f o r  small tu rb ines  a t  i t s  Drop Number One and Drop 

Number Nine. FES s t a f f  t r ans la ted  t he  program t o  PL/ONE f o r  use 

i n  FES1s I B M  System/360 computer. With t h i s  program, FES was 

ab le  t o  determine a range o f  p o t e n t i a l  energy generations a t  each 

s i t e  through s imu la t ion  o f  t e s t i n g  of...combinations o f  f low, head 

and equipment. 



REPORT METHODOLOGY AND PERSONNEL (CONT' D) 

Socio-Economic, Environmental 

FES d i r e c t l y  contacted the County Economic Development Commi t t ees  , 
o r  t h e i r  equivalents,  f o r  each o f  the  " J o i n t  D i s t r i c t s "  i n  order  

t o  asce r t a i n  the present s i t u a t i o n  and t o  est imate p r o j e c t  impacts. 

Environmental research used s i t e  v i s i t s  as we l l  as subs tan t ia l  

exp lo ra t i cn  on TID 's  Drop Number One and'Drop Number Nine. 

The F ina l  Report was prepared by FES. A small  business incorporated i n  

C a l i f o r n i a  i n  1975, FES i s  a m u l t i - d i s c i p l i n a r y  consu l t i ng  f i r m  o f  h i g h l y  

s k i l l e d  engineers, planners, admin is t ra tors ,  w r i t e r s  and proposal managers 

who work together  developing, implementing and eva lua t ing  energy-related 

p ro j ec t s .  

FES's engineer ing support  has been used i n  research, development and design • 
o f  hydro, s o l a r  and wind systems; mechanical ; e l e c t r i c a l  and hydraul i c 

systems. 

FES maintains the  f o l l o w i n g  a c t i v e  p r o j e c t  teams: 

a Technical Systems and P ro jec t  Manaqement: To a s s i s t  the  c l i e n t  i n  

p lanning and directing hydro, s o l a r  and wind system p ro jec t s .  

C i v i l  and Hydrau l ic  Engineerinq: To conduct a1 1 of the c i v i l  design 

engineer ing associated w i t h  penstocks, powerhouses, canals, dams, 

reservo i rs ,  a f te rbays  and s o l a r  and wind system ins ta1 la t ion .s .  

Mechanical and E l e c t r i c a l  Engineerinq: To assess po ten t i  a1 hydro, 

solar arid wind energy recovery, out1 i n e  f e a s i  b i  1 i t y  and perform 

engineer ing design and:.specf f i c a t i o n s  . 

e Grantsmanship and Contract  Procurement: To l o c a t e  fund ing sources 

and prepare a1 1 requ i red  documentation and funding appl i cat ions.  



2.7 REPORT METHODOLOGY AND PERSONNEL (CONT' 0) 

The f o l  lowing personnel con t r ibu ted  t o  t h i s  Report: 

FLU I D  EN.ERGY SYSTEMS, I NC . 

K. Thomas M i  11 er ,  Engi neer i  ng Manager 

P a t r i c i a  P. M i l l e r ,  P ro j ec t  Coordinator 

Thomas Cammarano, Design Engineer '  

Lee Royal ty , Hydkaul i c s / ' ~ i  v i  1 /computer Imp1 ementati on 

Wi l l i am O'Laughlin, P.E./Mechanical 

Scot Stockton, Technical 

Raphe Sonenshei n, Edi t o r i  a1 

N i  co l  e Mosberg , Soci o/Economic 

Barbara Barker, Admi n i  st rator1Repro Typing 

Susanna Louie, Computer Design 

~ n t h o n y  L. L inhardt ,  E!. E. /E lec t r i ca l  

"JOINT DISTRICTS" 

Ernest Geddes, General Yanager, TID 

A. K. Hagiwara, P ro jec t  Manager, TID 

Roger Masuda, Legal Counsel, TID 

Jay Anderson, General Manager, Merced 

Ken McSwai n, Consuj tan t ,  Merced 

Noel Negl ey , General Manager, SSJ I D  

Bob Isaacs, General' Manager, Oakdal e 



SECTIOPI  3 , O  

O V E R A L L  ECOrIOMI C ANALYS I S  

3.1 CONSIDERATIONS 

Economic ana lys is  based on 1982 costs  o f  the  se lec ted " J o i n t  D i s t r i c t s "  

hydropower s i t e s  ( f o r  d e t a i l e d  economics o f  each se lected s i t e ,  see Sect ion 

7.0) i nd i ca tes  t h a t  a l l  t h e  s i t e s  a re  c a p i t a l  i n tens ive .  The va r i ab le  

annual costs o f  t he  p r o j e c t  are  on l y  9.5% t o  11% o f  the t o t a l  cos t  i n c l u d i n g  

debt serv ice,  operat ions and maintenance. 

~ u n i  c i  pa l  tax  exempt f i nanc ing  i s  the  mo.re a t t r a c t i v e  source ( i  . e. , 7% 

f i nanc ing )  ; i t i s  more d i  ff i cu l  t f o r  i nvestor-owned u t i  1 i ti es t o  f inance 

p r o j e c t s  because o f  t h e i r  taxable ra tes .  The e f f e c t  o f  f i nanc ing  terms i s  

amply demonstrated by F igure 3-1 showing.two cases o f  f i nanc ing  f o r  the 

Merced Main Canal s i t e .  

a Option A - Munic ipal  t a x  exempt power revenue bond w i t h  7% 

f inanc ing  over 30 years (Tab1 e 3-1). 

0 Option 0 - Financing through investor-owned u t i  1 i t y  w i t h  9% 

f inanc ing  over 30 years (Table 3-2). 

As tabu la ted  i n  Tables 3-1 and 3-2 and as shown i n  Figure 3-1, Option A ,  

Muni c i  pa l  Financing i s c l e a r l y .  the bes t  method o f  f i  nanci ng . 

I n  Option A, Munic ipal  Financing, t he  f i r s t  year benefi t - t o - cos t  r a t i o  

f o r  Merced Main Canal 1s 1.216 t o  1.0 e s c a l a t i r ~ g  dL 6% per year f o r  t h i r t y  

years. The annual revenue exceeds the  annual costs  f o r  t h i s  op t i on  from 

incep t ion .  



3 1 CONSIDERATIONS (CONT' 0) 

Figure 3-1 
. 9 

TABLE 3-1 

TOIAL ! m m  CM:(198t):  

- Total Constmctlon Cost 
- Net I n C r m t  M n g  construct lo^ 95,209 

(7% for years) 
Toul Invammm Cost $ 3,440,640 

rani AWL cons:(lsazb 
- Operatfons and tQintcnanca S 36.606 - O.bt krvlcr 7% for 30 y e r e  (-0805864) 295.002 

Total  Annul Costs S 331.608 - Bus Bar Energy 36.1 mills (1982) 

BENEFIT-TO-COST ( F i r s t  Tear Oporatlon) 

- 3 . 1 6 9 . ~  kUh/year X 44 d l l e  - $ (03.436 
- $403,436 t 331.6081ye~r = 1.216 to 1.0 escrlat3ng a t  6:Iyear 

OPTION A. MERtED WIN CMM 

MUNICIPAL FlrU\MCIH6 - 7X FOR ?O YEAAS 

I 1 
~ s t i w t e d  p u i a  o w r s t ~ t e ' d  i n  ode?  to ailav for e d d d  
C O ~ S ~ T U C ~ ~ ~  and roney m a t  Contingencies during projur 
derelopmwt. 
Based on State o f  California E n e m  Colmrission Values 
(Scctlcn 8.5). 



TABLE 3-2 

tm I N V E ~ W I  COST (1982): 

- Total b n t t n ~ ~ t i ~ n  Cwt 1 3.115.481 - k t  I n t e n s t  Ou+4mJ Comtruttloo* 
(9% for 2% YWS) 700.963 . 

T o u l I n ~ t m i ~ t ~ t  13.816.464 

TQIAL A M M W  WSTS (1982b 

- o p m t ~ a r  rrd mintmmu S 38,164 - 0.bt - Ot for 30-ws (.0973363) 371 .a 
Totl1 kvnwl tor* S 4 0 9 a W  - Wa k r  Emrgl - 49.7 d?ls (1982) 

BE?4EFlT-m-CO$T (fint Year Oguatlaa) 

- 9.169.000 k u h / y ~ r '  X 44 n l l l ~ ~  ' S 403.43 - U01.436. t 4SI.l43/yur .gas ta 1.0 a u l r t l n g  at  6 U y u r  

OCTION 1. WEED nrrn U W  
IIwCSOR- UTILITT FIWCIS - 9S FOR 30 YEARS 

. . 
0 '  tmated  ported o * . o t a M  In ordar. ?.a r l l a  far added 

catruetion and u u n y  meet eontlngmcla during project 
*I-t. - Bud on S t a t ,  of Callfomta Enrgl Conlsston Val- 
(t.cttor, 8.51. 

I n  Opti  on 8, Inves tor-Owned U t i  7 i t y  Financing , the f i  rs t year benef i t- 
to-cost  r a t i o  f o r  Merced Main Canal i s  .985 t o  1.0 escalat f  ng a t  6 1  por 
year  f o r  t h i r t y  years.  - The annual revenue exceeds t h e  .annual costs  for  
t h i s  o p t i o n  a t  the second year. 

Over t he  same t h i r t y  year per iod,  both  methods of f inanc ing are cos t  e f f e c t i v e .  a 
However if the  power from the  p r o j e c t  was so ld  t o  another p u b l i c  e n t i t y ,  such as 

the  Tur lock I r r i g a t i o n  D i s t r i c t ,  Option A cou ld  be used s ince i t  would be permiss- 

ab le  t o  f inance the p r o j e c t  w i t h  tax-exempt bonds which normal ly  c a r r y  a lower 

i n t e r e s t  r a t e  than taxable  bonds. But i f  the  power from the  p r o j e c t  was so ld  t o  

a nonpubl ic  e n t i t y ,  such as an investor-owned u t i l i t y ,  Option B would have t o  be 

used s ince tax-exempt bonds cou ld  no t  be used t o  finance the  p ro j ec t .  Option A 

was used t o  c a l c u l a t e  development costs discussed i n  Sect ion 7.0, " J o i n t  D i s t r i c t s  

Hydropower Development Plan." 



3.2 SUMMARY 

Summary economics for the three "Joint Districts" irrigation canal hydropower- 

systems are shown in Table 3-3 through Table 3-5. 

TABLE 3-3 

ECOPIOMIC~SUMMARY~TURCOCK~IRR~IGATIOW~DISTRICT SMALL"HYDR0POWER'SYSTEK 

SITE IISTALLED KW PROJECT COST AYNUAL COST RNENUE/YE4k 8E;IEFIT- 
TO-COST 

DROP #1 3.260 S 3,560,493 S 322,531 S 536,800 1 .664-1 .0  

DROP #2 660 1,'048.247 94.956 91.229 , 960 -1 .0  

DROP k'6 ' 920 1,313,712 119.004 127,688 1.072 - 1.0 

DROP #I  .. 700 1,089,088 98,655- 92.461 ,937 - 1.0 

DROP #9 1.070 , 1.786.400 . 161.823 206,800 1.277 - 1.0 

TOTALS 6.610 KN S 81797,940 1 796.969 $1,054,978 1.323 - 1.0 

. TABLE 3-4 

..'ECO:~OMIC :SWMYARY :MERCED: IRRIGATION .'DISTRICT SYALL. HYDROPOWER. SYSTEM 
. . 

SITE 1;ISTALLED KU PROJECT COST A:I!iUAL COST REVENUVYE4k ,' BEIEF IT  - 
TO-COST 

MAIN CANAL 2.800 S 3.660.690 S 331.608 , $ 403,436 1.216 - 1.0 

CANAL CREEK 940 . 

FAIRFIELD DROP. 970 

EStALADIAN 276 

TOTALS 4.980 KM $6,578,591 S 595.929 S 706.728 1.185 - 1.0 



3.2 SUMMARY (CONT ' D) 

T A B L E  3-5 

ECONOMIC SUMMARY SOUTH SAM J O A Q U I N  I R R I G A T I O N  D I S T R I C T .  SMALL HYDROPObIER SYSTEM 

SITE 1:ISTALLED KW PROJECT COST A!tNUAL COST REVEt1UE/YE4k BUIff IT- 

WOODWARJ DAN 2,300 S 2.537.193 S 229,835 S .303 .864 1 .322-1 .0  

FRAMKENHE IMER 4,700 6,006.110 544,071 746,328 1 .372-1 .0  

GOODHIN DAM 970 1,507,262 U6,537 204,820 1.590 - 1.0 

TOTALS 7,97!l KW S 10,050.565 S 910.443 $ 1.255.012 1.378 - 1.0 

Figures 3-2 through 3-4 show the project development fixed ccsts versus the 
revenue escalated a t  6% per year and indicates revenue matches project costs 
for each of the three systems as: 

Turlock Irrigation District System - 7 years 
Merced Irrigation District System - 7 years 

e South San Joaquin Irrigation District System - 6% years. 

Figures 3-5 through 3-8 i l lustrate  a series of cost comparison charts and 

curves of the selected s i tes  t o  be developed and the sssoc id  ted cost elements. 
The cost curve figures are! 

a Figure 3-5. Total Project Costs, do1 lars  versus instal 1 ed capacity. 
FIgure 3-6, Cost per kW installed versus installed capacity. 
Figure 3-7, C i v i  1 costs, civil  works versus installed capacl ty. 

Fi  gure 3-8, Equipment Costs , equi pment prices versus instal 1 ed 
capacity . 



PROJECT YEARS 

T I D  SYSTEM CUMULATIVE REVENUE VERSUS COST 

Figure 3-2 

&Y€.4RB€M€F/7 COST 3.125 

, 4 SITES 

- 9,980 KW /NJTALLPD - /6,0 6 2,000 K u ~ / Y R .  

PeMcECT YEARS 

MERCED SYSTEM .CUMULATIVE :REVENUE VERSUS COST 

Figure 3-3 



SSJID SYSTEM CUMULATIVE REVENUE VERSUS,COST 

Figure 3-4 

A review of the companion charts will indicate the following findings that 

can be applied to any development project planning. 

0 Total  Project Costs versus installed capacities appears to be a 

. straight-line linear progression. 

r Cost per ki 1 owatt instal 1 ed versus ins tal'l ed capaci t y  becomes a 

diminishing curve, i  .e.,  as the installed capacity increases the 
$/ kW decreases. 

Equipment costs versus installed capacity becomes a series of in- 
creased progression curves for each of the three types of turbines. 

Ci v i  1 Costs versus instal 1 ed capaci ty becomes a very rspidly i n -  

creasing progression as the installed capacity i s  increased. 



3.2 SUMMARY (CONT'D) 

The legend f o r  F igures 3-5, 3-6, 3-7 and 3-8 i s :  

#1 = Drop Number One 

#2 = Drop Number Two 

#6 = Drop Number S i x  

$7 = Drop Number Seven 

MC = Main Canal 

CC = Canal Creek 

FA = F a i r f i e l d  Drop 

ES = Escaladian Headworks 

4 

WD = Woodward Dam 

FR = Frankenheimer 

GD = Goodwi n Dam. 
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SECTION 4 ,O 

POWER N4RKETI NG ANALYSIS 

Of the three ( 3 )  cooperative -agencies , only Turl ock Irrigation District 
(TID) distributes electrical energy. In the past, TID has used far  more 
electrical energy than i t  has been capable of generating even during those 
years when there have been heavy o r  record rainfalls. The area i s  classi- 
fied as a "demand" area with a substantial but not excessive peak-loadlng. 
A1 1 of the energy generated a t  various si tes proposed can be locally used 
for resi denti a1 , commercial o r  ag r i  cul tural purposes. Five of the twel ve 
s i  tes are wi t h i n  TID ' s electrical service areas and the generated el ectri - 
city a t  these si tes can be fed directly into the TID power g r id .  

TID's generated power will be integrated into i t s  own system, b u t  Merced 
and South  San Joaquin Irrigation Districts have the following options for 
the most economi ca 1 1 y advantageous sale o f  thei r generated power: 

Offsetting power presently purchased from Pacific Gas and 

El ectri c (PS&E ) , 

Wheeling the power over PG&E lines for sale t o  other buyers. 

a Direct sale t o  PG&E. 

In the areas of the Merced and South San Joaquin Irrigation Districts, 
where PG&E i s  the electrical supplier, the energy could be wheeled over 
the lines. Wheeling capability over privately-owned lines for minimal 
charges i s  a right that public agencies have by law. Initial approaches 

. toward wheeling capabilities have been investigated. In this era of energy 
shortages such wheeling and mixing arrangements are not a roadblock. Trans- 
mission lines would have t o  be constructed from the generating f a c i l i t y  t o  



( .  4.0 POWER MARKETING ANALYSIS (CONT' 0) 

the nearest exi s t i  ng d i  s t r i  b u t i  on faci 1 i ty . However, no envi ronmental con- 
s traints  have been found in implementing the constructfon of any transmis- 
sion lines, since the area i s  very rural i n  nature and a l l  present power 
and telephone facil  i t i e s  are constructed above ground. Most of the local 
transmission lines are relati-vely low-voltage so the cost of taking the 
generated voltages up or down to voltages that can be transmitted over the 
existing 1 ines could be minimal. 

TID i s  unusual for an irrigation d i s t r i c t  in that . i t  distributes electrical 
energy. Drops Numbers One, Two, Six, Seven and Nine are w i t h i n  TID's elec- 
trical service area and the generated electr ici ty a t  these s i tes  wi 11 be fed 
directly into the TID power g r i d  and become part of TID's existing electrical 
power system. 

The nearest electrical g r i d  fac i l i ty  i s  an existing 12 kV, 3-phase electrical 
transmission line running along the Main Canal w i t h i n  three hundred feet of 
the planned power plants. The electrical o u t p u t  will be tied directly into 
this l ine and incorporated into the TID grid and distribution system via 
the Broadway eomputeri zed Control . Center. . 

4.2 MERCED POWER.. MARKETING 

As stated a t  the beginning of this section, Merced has several options for 
the sale or use of the power generated by i t s  small hydropower system. 

However, Merced i s  presently considering a direct power sale. In that case, 
Merced would install  21  kV power 1 ines from the planned Merced s i tes  t o  
PG&E1s nearest power 1 ine tie-in. Table 4-1 shows the proposed power plant 
s i tes ,  size of the nearest transmission g r i d  connection and the distance t o  
that connection. 



4.2 MERCED POWER MARKETING (CONT' D) 

TABLE 4-1 .. 

Based on the average t o t a l  energy generated .annual l y  by' t he  se lec ted  ~ e r c e d  

sites (16,062,000 kWh/year) and the amount of new 21 kV transmission 1 ines ,  
.the c o s t  t o  purchase Merced power would be: . . 

. 

Transmission l ines :  2.6 miles X $18,00O/mile $ 46,800 
e Wheeling Costs: 16,062,000 kwh X 1.5 m i  11 s/kWh 2%093/year" 

I n .  addi t ion ,  the power purchaser would be responsi bl e fo r  debt  serv ice  'and 
operat i  on' and maintenance (O&M) cos t s  of the s i  t e s  (Section 7.2). 

r 

MERCED SITES - GRID CONNECTION 

SITE NEAREST LINE SIZE DISTANCE 
CONNECTION 

Main Canal 12 kV ( I )  1.5 miles 
Canal Creek 12 kV ( I )  .2 mile 

Fai rf i el d Drop 12 kV ( l )  .8 mile 
Escaladian Headworks 12 kV ( I )  .1 mile 

TOTAL NEW TRANSMISSION LINES 2.6 miles 
- 

Planned upgrading t o  21 kV by PGLE. 

4.3 SOUTH SAN JOAQUIN POWER MARKETING 

As s t a t e d  in  the beginning of this sec t ion ,  SSJID has several options f o r  

? 

the s a l e  o r  use of the power generated by i t s  small hydropower system. 

However, SSJID 1s present ly considering a d i r e c t  power sa le .  I n  t h a t  case,  

* Wheel ing c o s t  ,assumed from pr io r  FES s tud ies .  



SSJID would instal 1 17 kV power 1 ines from the planned' SSJID s i tes  to 
PG&E1s nearest power l ine tie-in. . Table 4-2 shows the proposed power plant 
s i t e s ,  size of the nearest transmission g r i d  connection and the distance to 
that connection. 

TABLE 4-2 
b 

SSJID SITES - GRID CONNECTION 

SITE NEAREST LINE SIZE DISTANCE 
CONNECT I O N  

Woodward Dam 17 kV .1 mile 
Fran kenhei mer 17 kV 1.2 miles 
Goodwin Dam 17 kV .1 mile 
Parker Drop 17 kV .1 mile 

TOTAL NEW TRANSMISS ION LINES 1.5 miles 

Based on the average total energy generated annually by the selected SSJID 
s i tes  (28,523,000 kWh/year) and the amount of new 17 kV transmission 1 ines, 

Ib the cost to purchase SSJID power would be: 

Transmissionlines: 1.5milesX$18,000/mile $27,000 
Wheeling Costs: 28,523,000 kwh X 1.5 mil 1 s/kWh 42,785{year* 

In addition, the power purchaser would be responsible for debt service and 
operation and maintenance (O&M) costs of the s i tes  (Section 7.3). 

* Wheeling cost assumed from prior FES studies. 



SECTION 5,O 

. . SOC 10-ENVI RONMENTAL AMALYS I S  

The bulk of this Report i s  concerned w i t h  technical and economic feasi - 
bil i ty .  Here, Fluid Energy Systems, Inc. (FES) will examine the question 
of how the projects will affect the community. 

There are three major areas of impact: soci o-economi c , envi ronmental , 
and .institutional'. We have found the major impacts to be as follows: 

a Socio-Economic 
- Direct jobs created. 
- Indirect jobs created. 
- The effect of the overall economy. Encourage new industries 

and maintain the industrial base; plus more local mileage 
from each development dollar. 

- No change or reduction of irrigation water supply. 

r Envi ronmenta l 
- The possibility of minor archaelogical findings existing a t  

some project s i tes .  - 

- No significant impact on game fish migration. 

- Minor aesthetic impacts - e.g., construction of small p,ower 
stations and additional transmission 1 ines. 

- The effect o f  lowered demands for fossil fuel. 

a Insti t u t i  onal 
- The effect of the dectsion-chain on project implementation. 
- The possf ble relationships ,among dis t r ic ts  and u t i  t i  t i e s ,  

i .e. , future cost-sharing arrangements on energy production 
and sales. 



5.0 SOCIO-ENVIRONMENTAL ANALYSIS (CONT ' D )  

This Study considered twelve (12 )  s i t e s  in four (4)  irr igation d i s t r i c t s ,  
spanning three counties. Some impacts are particular to each s i t e ;  some 

to each d i s t r i c t ;  some to each county; and some are uniform for a l l  s i t e s .  
Each impact wi 11 be descri bed accordi ngly . 

5 .1  SOCIO-ECONOMIC ASSESSMENT 

The provisions of clean energy a t  lower cost will have an overall positive 
economic effect  on the "Joint Districts" . Development of small hydropower 
Systems wlll create jobs, di ~ c c t l y  and indi cectly. Long-term economic 

development will also be helped. And f inal ly ,  since a l l  s i t e s  are on 
irr igation waterways that  serve areas heavily dependent on agriculture, 
development of small hydropower plants on these waterways must not impact 
scheduled irr igation flow releases. 

a Direct Jobs 

Construction and maintenance of small hydropower f a c i l i t i e s  will 
create a total of 405 direct  jobs (an average of 45 per s i t e )  in . 

the counties. I n  addition, an estimated 1,012 indirect jobs (2.5 
indirect for  each direct  job) will be created. While these jobs 
are insignificant in relation to the three counties' overall labor 
force, they do represent an increased payroll and new sales and 
purchases w i  thin the area. 

0 Effect on Overal l Economy 
The "Joint Districts" are located i n  a three county area in Cali- 
fornia's San Joaquin Valley. Agriculture dominates the San Joaquin 
Valley; farming, food processing, packaging and related businesses 
are i t s  economic backbone. The area encompassed by the "Joint 
Districts" retains great potential for  economic development. Funda- 

mental requirements for  an industrial based economy Include land, 
service f a c i l i t i e s ,  transportation network and energy. The Distr icts  

have an abundance of a l l  these with the exception of energy. 



5.1 ' SOCIO-ECONOMIC ASSESSMENT (CONT 'D )  

E f f e c t  on Overa 1'1' ' Economy (coli t ' d  j 

An economic . s h i f t  i s  occur r ing  i n  t he  San Joaquin Val l e y  as an 

agr i cu l tu ra l -based  economy i s  being augmented w i t h  an i n d u s t r i a l -  

based economy. I n  the  l a s t  t en  years, new technoiogies nave 

steadi  l y  mechanized a g r i c u l t u r e  whi 1 e  advances i n  food processing 

and manufacturing have spurred those businesses t o  greater  indus- 

t r i a l i z a t i o n .  As the  economy o f  the  Val ley  s h i f t s  from a r u r a l -  
- based a g r i c u l  t u r a l  economy t o  a  m i  xed a g r i c u l  t u r a l  -i ndus t r i  a1 

economy, energy demands have s u b s t a n t i a l l y  increased. As a r e s u l t ,  

l o c a l  generat ing capabi l i t i e s  i n  the  " J o i n t  D i s t r i c t "  se rv ice  areas 

have been surpassed. 

Overa l l  , a doubl i ng o f  the  area's popula t ion i n  the next  ha i f -  

century i s  an t i c i pa ted  which w i l l  increase housing and employment 

requirements as we1 1 as requirements f o r  e l e c t r i c a l  power. For 

example, the  popula t ion o f  Stanis laus County alone i s  expected t o  

reach 235,400 by 1980, as shown i n  Table 5-1. 

TABLE 5-i 

1950 1 1 0  1970 1980 1990 

Stantslaus County li7.jOO 157.300 194.500 235,400 278.300 

w e s t 0  17.400 36,600 61,700 9o.000 -- 
Turl ock 6,200 9,100 14.000 19.000 -- 

- 
Sources: Oept. o f  F inanc~,  6/74. Povulatlon ProjpctlonS f o r  Ca l i fo rn ia  

Countles. 1975-2020, Report 74 P-2; Series D-100. pp. 8-10. 

Stanislatfc County Dept. o f  Plannfng and Commrnity Development. 

Census '75 (Bopk 11: p.5. -- 
Bank o f  America, 1974, Focus on Stanlslaus County, p.3. 

ESTIMATES OF HISTORIC AN0 PROJECTED POPULATION 

FQR STAR13lAUS COUNTY AND SELECTED URBAN AREAS 



5.1 SOCIO-ECONOMIC ASSESSMENT (CONT' D) 

Effect on .Overall Economy (cont' d )  

A1 1 of the counties wish t o  increase median family income, reduce 
unemployment, and enlarge the tax base. Merced County has, in 
i t s  1978 Overall Economic Development Program, identified key 
strategy steps t o  attract and hold industry t o  the area. Various 
pub1 i c  works programs are under study t o  develop and maintain 
faci l i t ies  attractive t o  industry. Reduction of power costs will 
certainly help meet this economic goal. 

Small hydropower Ievel opment w i  11 go furthest toward sl o w i n g  down 

the rising costs of energy, which have risen faster than other 
costs of 1 iving in the three-county area since 1967. .Slowing this 
upward spiral i s  the key t o  the overall economic impact descri.bed 
in this section. 

In Stani sl aus County, development strategies are contemplated that 
would increase population - strategies. like housing and neighbor- 
hood development. But a1 though higher popul at i  on i ncreases revenues, 
in .  Stani sl  aus i t i ncreases the county defi ci t e.ven faster - partly 
due t o  increased pupil load on the school distr ict .  This anticipated 
deficit  will be eased by the availability of energy a t  lower cost. 

In the counties, availability of lower-cost energy helps t o  keep 
dollars in the local area. This means that in-county transactions 
rise and the import of goods or services stays low. The  result I s  

a higher multiplier for the purchasing dollars generated by each 
additional income dollar that comes into the area. For example, in 
Stani sl aus County each do1 la r  generates from $.39 to. $1.58 in .  addi..ti.o.n.al 
county sales. The lower the cost of power in Stanislaus, the higher 
the "ripple effect" of local spending. Low-cost energy therefore 
represents an important coefficient in long-range economic planning, 
n o t  just a base saving. 



5.1 SOCIO-ECONOMIC ASSESSMENT (CONT' D) 

Effect on Cvera 1 1 Economy icon t ' d ) 

A final economic consideration i s  that of irrigation. In a region 
.1 

as dependent on agri cul ture as the "Joint Di s t r i  cts" area, avai 1 a- 
b i  1 i t y  of irrigation water inevitably takes precedence over power 
generati on. Therefore, small hydropower development must be b u i  1 t . 

around the irrigation program of each of the Districts. Construc- 
t i o n  will be timed d u r i n g  non-irrigation months and during a time 
that has no impact on scheduled irrigation flow release' schedules. , 

5.2 ENVIRONMENTAL ASSESSMENT 

One:-of the 1 eadl ng advantages of smaS 1 hydropower d&vel opment , i n  contrast 
t o  nuclear power and major hydroelectric power production, i s  the absence 
of serious environmental impacts. The ei g h t  (8) sites' deemed feasible 
d u r i n g  this study are a13 located a t  existing man-made structures on i r r i -  
gation canals. The construction of a small hydropower p l a n t ,  and in some 
cases transmission lines constitute the bulk of the physical change. Site 
environmental summaries appear in Figures 5-3 through 5-10. Several 
envi ronmental t o p i  c:s however s hou 1 d be adaressed. 

a Archaeoloqv 
Preliminary analysis of Turlock Irrigation District's Urop Number 
Une and Urop Number Nine indicated a very small possi b i  1 i t y  of the 
existence of minor archaeological materials. The review process 
f o r  these si tes by Cai ifornia Szate t o 1  lege, Stanislaus, indicated 
that should any archaeo?ogical finding be discovered d u r i n g  con- 
struction, the College should be. notified. 



5.2 ENVIRONMENTAL ASSESSMENT (CONT' D )  

a Aesthetics 
Small hydropower plants can be designed as an aesthetic enhance- 
ment as shown by the architectural renderings by Hardison and 
Komatsu Associates i n  Figures 5-1 and 5-2. The individual dis tr icts  
will need to consult w i t h  architects on the most functional and 
attractive structures. 

0 Fossil Fuel Usage 
Development of these s i tes  will lower the area's fossil fuel use 
and i s  a step toward fossil fuel conservation - a national goal. 

TID DROP NUMBER NINE, UPSTREAM 

Figure 5-1 



5.2 ENVIRONMENTAL ASSESSMENT ( CONT ' 0) 

> .  

TI0 DROP NUMBER NINE, DOWNSTREAM 

Figure 5-2 . 

Dfstrict planners will need to maintain contact w i t h  various State and 
Regional environmental and institutional off ices as required in order t o  
ensure eompl i ance. 

In previous examinations af Turlock Irrigation District ' s Drop Number One 
and Drop Number Nine, these sources have all indicated that no significant 
impact t o  a i r ,  water, fish, wildlife or other environmental concerns are 
evident in such projects. However, all Districts realize that they will 
have to comply ,, when necessary, w i  t h  the requirements o f  the Cal i forni a 
Environmental Qua1 i t y  Act of 1970 before any project can commence, see 

Section 8.6. 



5.2 ENV IRONMENATL ASSESSMENT (CONT ' D) 

The " J o i n t  D i s t r i c t s "  a re  under the j u r i s d i c t i o n  o f  the  C a l i f o r n i a  D i v i s i o n  

o f  Safety o f  Dams and a l l  a1 t e r a t i o n s  t o  an e x i s t i n g  dam w i  11 have t o  be 

approved by t h a t  agency. The i r  a t t e n t i o n  would be focused on how' the p r o j e c t  

would p o t e n t i a l l y  a f f e c t  the safety o f  the  dam and they would n o t  be con- 

cerned d i r e c t l y  about the  powerhouse po r t i on .  

The i r  prime a t t e n t i o n  w.ould be on the a l t e r a t i o n  t o  the  e x i s t i n g  o u t l e t  works 

and how the  operat ion o f  any e x i s t i n g  r e s e r v o i r  would be a f fec ted .  It i s  

an t i c i pa ted  t h a t  the Safety o f  Dams review process would begin a t  the i n i t i -  

a t i o n  of the f i n a l  design process and cont inue u n t i l  completion. They w i l l  

a l so  inspec t  the p r o j e c t  cons t ruc t ion  t o  insure  compliance w i t h  t h e  approved 

plans. 

No problems o r  p o t e n t i a l  delays are  foreseen i n  dea l ing  w i t h  the D i v i s i o n  

of Safety o f  Dams. 

The S i t e  ~nv i r onmen ta l  Summaries, Figures 5-3 through 5-10, a re  f o r  the 

fo l low ing  e i g h t  ( 8 )  s i t e s :  

a Drop Number Two - Figure 5-3 

a Drop Number Seven - F igure 5-4 

a Main Canal - F igure 5-5 

a Ca,nal Creek - F igure 5-6 

a F a i r f i e l d  - F igure 5-7 

a Escaladian Headworks - F igure 5-8 

a Frankenheimer Dam - Figure 5-9 

a Goodwi n  Dam - .  F igure 5-10. 



5.2 ENVIRONMENTAL ASSESSMENT (CONT' D )  

NAME OF PROJECT: ' 
DROP NUMBER TWO POWER PLANT 

BRIEF DESCRIPT'ION The proposed project  cons is t s  of  the  construction o f  a 
OF PROJECT: 1 ow-head hydroel e c t r i  c power generating f ac i l  i ty a t  the 

Txi s t i n g  Turlock I r r i  gation D i s t r i c t  Main Canal 
Drop Number Two i n  Stanis laus County, California. .  The pro- 

. , posed project  s i  t e  i s  approximately 7-1 /3  m i  1 es  Northeast 
of  the c i t y  of Turlock . 

ENVIRONMENTAL The environmental assessment arr ived a t  the fo l l  owi n q  ' - 
I MPACTS : findings : 

Water Fl ows : The construction and operation of the power p lant  wil l  have 
no impact on normal water flows. 

Water Qua1 i ty :  No adverse e f f e c t  on water qua l i ty .  
Air Qua l i ty :  M i  nor , d u s t  and .increase in vehi c l e  exhaust during construction. 

No e f f e c t  on a i r  qua1 i ty  during operation..  
Noi s e  : Minor construction n o i s e ,  no s i  gnif i  cant  increase i n ,  noise 

during operation. 
Vegetation : Loss of approximately two ( 2 )  acres  of grassland. 
Te r res t i a l  No s i g n i f i c a n t  e f f e c t  on w i l d l i f e .  Loss of l e s s  than three 
Wildl i fe:  ( 3 )  acres  of  habi ta t  would only r e s u l t  i n  l o s s  or  displace- 

ment of r e p t i l e s  and small mammals such as s q u i r r e l s  and mice. 
Aquatic Wildli f e :  No s i g n i f i c a n t  e f f e c t  on f ish.  
Rare and En- 
dangered Species: None a t  s i t e  o r  i n  immediate v i c i n i t y .  
Power Resources : Generation of approximately 2,073,400 kwhlyear . W i  1 1 

el iminate  the need t o  burn approximately 3,587 
bar-rels o f  oi  1 . for  e l e c t r i c a l  generation per year .  

Land Use: No e f fec t  on lands surrounding the s i t e .  
Solid Waste Dirt excavated from the pro jec t  s i  t e  wi l l  be disposed of in 
Disposal : a manner w h i c h  wi l l  r e s u l t  i n  no s i g n i f i c a n t  e f f e c t  on the 

environment . 
Recreation : No e f fec t  on recreat ion fac i  1 i . t ies  i n  a rea .  
Water Use : No e f f e c t  on i r r i  gation and rwreati on waters. 
Economics: Savings t o  Turlock I r r iga t ion  D i s t r i c t  i n  cost of 

pravJ ding power. 
,Ernpl oymen t : Increase i n  number of jobs during construction t o  be empToyed 

. .  . . 

from local job' market. 

Growth lnd"cing . Nbne. Pro jec t  wil l  fi 11 needs of growth which has a1 ready I 
Impact : o c c ~ r r ~ d .  
Tra f f i c :  Minor increase on local  country roads. 
Scenic Values : Project s i t e  not :readily v i s i b l e .  Small buil ding s t ruc tu res  

introduced where they do not presently exis ' t  . . Structures  
bill be designed t o  blend w i t h  surroundings. 

A'rchaeology : No s i t e  o f  archaeological o r  h i s to r i ca l  i n t e r e s t  wi l l  be 
affected by the project .  

' 1 
TI0 DROP NUMBER TWO 

SITE ENVIRONMENTAL SUMMARY 

FIGURE 5-3 



5.2 ENV IRONMENTAL ASSESSMENT (CONT ' 0) 

NAME OF PROJECT: ' DROP NUMBER SEVEN POWER PLANT 
BRIEF DESCRIPTTON The,,proposed project 'consists of the construction of a 
OF PROJECT: 1 OW-head hydroel ec t r i c  power generating faci l i ty a t  the 

exist n? Turl ock I r r i  gation Distr ict  Main Canal Drop 
Number even in Stanislaus County, Cal i fornia. The pro- 

. . posed project s i  te  i s  approximately 6 mi 1 es Northeast 
of the c i ty  of Turlock. 

ENVIRONMENTAL The environmental assessment arrived a t  the follo\.ring ' 
IMPACTS : findings : 

Water Fl ows : The construction and operation of the power plant will have 
no impact on normal water flows. 

Water Qua1 i t y :  No adverse effect  on water quality. 
Air Quality: Minor \dust and .increase i n  vehi cle exhaust during constructi on. 

No effect  pn a i r  quality during operation.. 
Noise : Minor construction noi se ,  no s i  gnifi cant increase in.,noise 

during operation. 
Vegetation : Loss of approximately two. ( 2 )  acres of grassland. 
Terrest ial  No sigmi'ficant effect  on wildlife.  Loss of less  than three 
Wildlife: (3) acres of habitat would only result  in loss or displ ace- 

ment of rept i les  and small mammals such as squirrels  and mice. 
Aquatic Wildlife: No significant  effect  on f ish.  ' 

Rare and En- 
dangered Species : None a t  s i  t e  or  in immediate vicinity . 
Power Resources: Generation of approximately 2 ,I 01,400 kwh/year. Wi 1 1 

eliminate the need to burn approximately 3,635 
barrels of oi l .for electri.ca1 generation per year. 

Land Use: No effect  on lands surrounding the s i t e .  
' .  Solid Waste Dirt excavated from the project s i t e  will be disposed of in  

Disposal : a manner which will  result  in no significant  e f fec t  on the 
env i ronmen t . 

Recreation : No effect  on recreation faci l i . t ies i n  area. 
Water Use: No effect  on i r r igat ion and recreation waters. 
Economics: Savings to  Turlock Irrigation Distr ict  in cost of 

provi ding power. 
Empl oymen t : Increase in number of jobs during construction to be employed 

from local j o b  market. 

Growth inducing None. project will f i  11 .needs of growth which has already 
Impact : occurred. 
Traffic: Minor increase on local country roads. 
Scenic Values : Project s i t e  no8 readily visible.  Small building strbcturks 

introduced where they do not presently exis t .  ,Structures 
k i l l  be designed t o  blend with surroundings. 

Archae~l ogy : No s i t e  of archaeological or  historical  in teres t  will be 
affected by the project. 

TID - DROP NUMBER SEVEN 

SITE ENVIRONMENTAL S U M M A R Y  



5.2 ENVIRONMENTAL ASSESSMENT (CONT' D) 

NAME OF PROJECT: "MAIN CANAL" POWER PLANT 
BRIEF DESCRIPTION The proposed project  cons i s t s  of the  construction of a  
OF PROJECT: small hydroelectr ic  power generating fac i l  i  ty a t  the 

e x i s t i n g  Merced I r r i  gation D i s t r i c t  Main 
Canal i n  Merced County , Cal i  fornia  . The pro- 
posed pro j e c t  s i  t e  i s  approximately 6 - 1 / h i  1  es Northeast - 
of the c i  ty of Merced . 

ENVI RONMENTAL The envi ronmental assessment arr ived a t  the fo l l  owing 
IMPACTS : findings : 

Water Fl ows : The construction and operation of the power plant  will  have 
no impact on normal water flows. 

I 
Water Qua1 i  t y  : No adverse e f f e c t  on water qua1 i  t y .  
Air Quality:  Minor .dus t  and .increase i n  vehi c l e  exhaust during construct i  on. 

No e f f e c t  on a i r  qua l i ty  during operation. 
Noise : Minor construct ion noise,  no s i  gn i f i  cant  Increase f n., noise 

during operation. 

,-: 
Loss of approximately two. ( 2 )  acres  of grassland. 
No s i g n i f i c a n t  e f f e c t  on w i l d l i f e .  Loss of l e s s  than three 

Wild l i fe :  ( 3 )  acres  o f  habi ta t  would only r e s u l t  i n  loss  or displace- 
ment of r e p t i l e s  and small mammal s  such as squ i r r e l s  and mice. 

Aquatic Wildlife:  No s i g n i f i c a n t  e f f e c t  on f i s h .  
Rare and En- 
dangered Species : None a t  si t e  o r  i n  immediate v i c i n i t y  . 
Power Resources : Generation of approximately -?,169,000 kwh/year. Wi 11 

el iminate  the need t o  burn approximately 15,863 
bar re ls  of  oi  1  . for  e l e c t r i c a l  generation per year .  

Land Use: No e f f e c t  on lands surrounding the s i t e .  
Sol i d  Waste Dirt excavated from the p ro jec t  s i t e  wi l l  be disposed of i n  
Disposal - : a manner which w i l l  result i n  no s i g n i f i c a n t  e f f e c t  on the 

environment. 
Recrea t i  on : No e f f e c t  on recreation f a c i l i - t i e s  in a rea .  
Water Use : No e f f e c t  on lrri  gation and recreat ion waters. 
Economics : Savings t o  Merced I r r i  gation D i s t r i c t  i n  revenue 

off sets. 
Empl oyment: . Increase in number of jobs during construction t o  be 

, . employed from local job market. 

I 
Growth Inducing None. Project  wil l  f i  11 needs of growth which has a1 ready 
impact : occurre'd. 
T ra f f i c :  Minor increase on local country roads. 
Scenic Val ues : Project  s i t e  not :.readily v i s i b l e .  Small buil ding s t ruc tu res  

introduced where they do not present ly e x i s t .  Structures  
\ r i l l  be designed t o  blend w i t h  surroundings. 

Archaeolosy : No s i t e  of  archaeological o r  h i s t o r i c a l  i n t e r e s t  will be 
I af fec ted  by the project-. 

I I 

SITE ENVIRONMENTAL SUMMARY 
. . 

I 
FIGURE 5-5 
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5.2 ENVIRONMENTAL ASSESSMENT (CONT' D )  

.. . . 

FIGURE 5 6  

NAME OF PROJECT: ' CANAL CREEK POWER PLANT 
BRIEF DESCRIPTION The proposed pro jec t  cons i s t s  of the construction of a 
OF PROJECT: small hydroelectr ic  power generating f ac i l  i ty a t  the 

Cana.l..Creek' S i t e  'exis t ing on the 'Merced I r r iga t ion  D i s t r i c t  
Main Canal in Merced County, Cal i fornia .  The pro- 

. .  . posed project s i  t e  i s  approximately 5-1 /4 mil es North 
of  the c i  ty of Merced . 

ENVIRONMENTAL The environmental assessment arr ived a t  the  following ' 
IMPACTS : findings : 

Water Fl ows : The construction and operation of the power p lant  will  have 
no impact on normal water flows. 

Water Qua1 i t y  : No adverse e f f ec t  on water qua l i ty .  
Air Quality:  Minor \ d u s t  and .increase i n  vehicle exhaust during construct ion.  

No e f f e c t  on a i r  qua l i ty  during operation.. 
Noise : Minor construction noise ,  no s i  gnifi  cant increase in. ,  noise 

during operation. 
Vegetation : Loss of approximately two. (2)  acres of grassland. 
Te r res t i a l  No s ign i f i can t  e f f e c t  on wil .dlife.  Loss of l e s s  than three 
Wildl i fe:  (3 )  acres of  habi ta t  would only r e su l t  i n  loss  or displace- 

ment of r ep t i l e s  and small mammals such as squ i r r e l s  and mice. 
Aquatic Wildlife:  No s ign i f i can t  e f f e c t  on f i s h .  
Rare and En- 
dangered Species: None a t  s i t e  o r  in immediate v i c in i ty .  
Power Resources : Generation of approximately . 3.262.000 kwh/year. Wi 1 1 

el iminate  the need t o  b u r n  approximately 5.643 
bar re ls  of  o i l  . for  e l e c t r i c a l  generation per year.  

Land Use: No e f f e c t  on lands surrounding the s i t e .  
-. Sol i d  Waste . D i r t  excavated from the pro jec t  s i t e  wil l  be disposed of in  

Disposal : a manner which wi l l  r e s u l t  in no s i g n i f i c a n t  e f f e c t  on the 
environment. 

Recreati on : No e f f e c t  on recreat ion f ac i l i . t i e s  i n  area.  
Water Use : No e f f e c t  on i r r i g a t i o n  and remeat ion  waters. 
Economics': Savings t o  Merced Lrri gati  on D i s t r i c t  in revenue 

.offs,.ets . , 

Empl oymen t : Increase in  number o f  jobs during construction t o  be 
" employed from local .. . job market. 

Growth I'nducing None. Project w i  1'1 fi  11 .needs of growth which has a1 ready 
Impact : occurr@d. 
Tra f f i c :  Minor increase on loca l  country roads. 
Scenic Values : Project  s i t e  nob;:readi l y  v i s ib l e .  Small building s t ruc tu res  

introduced where they do not presently e x i s t .  Structures  
-will be designed t o  blend with surroundings. 

Archaeology : No s i t e  of archaeological or  h i s to r i ca l  i n t e r e s t  wil l  be 
affected by the project .  

MERCED - CANAL'CREEK SITE 

SITE ENVIRONMENTAL SU3MARY . 



5.2 ENVIRONMENTAL ASSESSMENT (CONT'D) 

NAME OF PROJECT: FAIRFIELD DROP POWER PLANT 
BRIEF DESCRIPTION The proposed project consists of the construction of a 
OF PROJECT: small hydroel ec t r i  c power generating facil  i ty a t  the 

Fai rfie!d Si te  on the existing Merced Irrigation Distr ict  
Canal system in Merced County, California. The pro- 
posed pro ject  s i  t e  i s  approximately 3 mi 1 es Northeast 
of the c i ty  of Merced . 

ENVIRONMENTAL The envi ronmental assessment arrived a t  the foll  owing 
IMPACTS : findings : 

Water Fl ows : The construction and  operation of the power plant will have 
no impact on normal water flows. I 

Water Quality: No adverse e f fec t  on water qua1 i t y .  
Air Quality: Minor .dust and -increase in vehicle exhaust during construction. 

No effect  on a i r  quali ty d u r i n g  operation., 
Noise : Minor construction noise, no s ignif icant  increase in, noise 

during operation. 
Vegetation : Loss o f  approximately two. ( 2 )  acres of grassland. 
Terrest ial  No s ignif icant  e f fec t  on wildl ife.  Loss of less  than three 
WiIdlSfe: ( 3 )  acres of habitat  would only result  in loss' o r  displace- 

ment of repti 1es and smal.1 mammals such as squirrels  and  mice. 
Aquatic Wildlife: No s ignif icant  e f f ec t  on f ish .  
Rare and En- @ 
dangered Species: None a t  s i t e  o r  in immediate vicini ty.  
Power Resources : Generati on of approximately . 2,809,000 kwh/year. W i  11 

eliminate the need t o  b u r n  approximately 4,860 
barrels of oi 1 . for  e lect r ica l  generation per year. 

Land Use: No effect  on lands surrounding the s i t e ,  
Sol id Waste Dirt excavated from the project s i t e  will  be disposed of i n  
Disposal': 
. . .. .. , a manner which wil l  r esu l t  i n  no s ignif icant  e f f e c t  on the 

environment . 
Recreation : No ef fec t  on recreation faci l.i.ties i n  area. 
Water Use : No e f fec t  on irri gation and recreation waters. 
Economics : Savings t o  Merced I r r i  gati on Dis t r ic t  revenue 

offset .  . - 

Empl oymen t : . .Increase in number o f  jobs druing construction t o  be 
employed from local j o b  market. 

Growth inducing Nlne. Project will  f i 11 needs of growth which has already 
Impact : occurr'd. 

I 
Traff ic :  Minor increase on local country roads. 
Scenic Values : Project s i t e  not ::readi l y  v is ib le .  Small buil d i n g  s tructures 

. introduced where they do no t  presently ex i s t .  Structures 
*will be designed t o  blend with surroundings, 

Archaeoloqy : No s i t e  of archaeological or historical  in te res t  will ,be 
affected by the project.  

MERCED. - FAIRFIELD SI-TE 

I SITE ENVIRONMENTAL SU'MMAR'Y  I 

FIGURE 5-7 



NAME OF PROJECT: ' ESCALADIAN HEADWORKS POWER PLANT 
BRIEF DESCRIPTION The proposed pro jec t  cons is t s  of the construction of  a 
OF PROJECT: 1 ow-head hydroel e c t r i  c power generating fac i l  i ty a t  the 

e x i s t i n g  Merced I r r iga t ion  D i s t r i c t  Main 
Cana 1 i n  Merced County, Cal i fornia .  The pro- 

. s posed project s i  t e  i s  approximately 6-1 / 3  m i  1 es Northeast 
of the c i t y  of Merced . 

ENVI RONMENTAL The envi ronmental assessment arrived a t  the  fo l l  owing ' 

IMPACTS : findings : 
Water Fl ows : The construction and operation of the power p lant  will  have 

no irnoact on normal water flows. 
Water Quality: No adlerse  e f f e c t  on water qual i ty .  
A i  r Qua1 i t y  : Mi nor ,dust and . increase i n  veni c le  exhaust during construct ion.  

No e f fec t  qn a i r  qua l i ty  during operation.,  
Noise : Minor construction noise,  no s ign i f i can t  increase in ,noise 

during operation. 
Vegetation : Loss of approximately two. (2)  acres of grassland. 
Ter res t ia l  No s i g n i f i c a n t  e f f e c t  on wi ld l i f e .  Loss of l e s s  than three  
Wildlife:  ( 3 )  acres  of hab i t a t  would only r e su l t  in  1,oss or displace- 

ment of r e p t i l e s  and small mammals such as squ i r r e l s  and mice. 
Aquatic Wildlife:  No s ign i f i can t  e f f e c t  on f i sh .  
Rare and En- 
dangered Species : None a t  s i t e  o r  i n  immediate v i c in i ty .  
Power Resources: Generation of approximately 822,000 kwhlyear. W i  11 

el iminate  the need t o  burn  approximately 1,422 
bar re ls  of o i l  .for e l e c t r i c a l  generation per year .  

Land Use: . No e f f e c t  on lands surrounding the s i t e .  
Solid Waste Dir t  excavated from the pro jec t  s i t e  wil l  be disposed of in  
D i  s pos a1 : a manner which wi l l  r e s u l t  i n  no s i g n i f i c a n t  e f f e c t  on the 

env i ronmen t . 
Recreati on : No e f f e c t  on recreat ion f ac i l i - t i e s  i n  area.  
Water Use : No e f f e c t  on i r r i g a t i o n  and recreation waters. 
Economi cs': Savings t o  Merced I r r i  gation D i s t r i c t  in revenue 

off  sets. 
Empl oymen t : . Increase i n  number of jobs during cons.truction t o  be 

ernp,loyed .from local job market. 

Growth Inducing 
Imoact : 
1- 

Traff ic :  
Scenic Val ues : 

Archaeoloqy : 

None. Project wi l l  f i  11 needs of growth which has already 
occurr<d. 
Minor increase on local  country roads. 
Project  s i t e  not ::readi l y  v i s ib l e .  Small buil ding s t ruc tu res  
introduced where they do not presently e x i s t .  -S t ruc tures  
will be desi gned t o  b i  end w i t h  surroundings. 
No s i t e  of  archaeological o r  h i s to r i ca l  i n t e r e s t  will be 
a f fec ted  by the project-. 

I SITE ENVIRONMENTAL SUMMARY 

FIGURE 5-8 
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5.2 ENVIRONMENTAL ASSESSMENT (CONT' D )  

NAME OF PROJECT: FRANKENHEIMER POWER PLANT 
BRIEF DESCRIPTION The proposed p r o j e c t  cons is ts  o f  the  cons t ruc t i on  o f  a  
OF PROJECT: small  hydroel  e c t r i  c  power generat ing f a c i  1  i t y  a t  the 

Frankenheimer S i t e  on the e x i s t i n q  So. San Joaquin I r r i g a t i o n  
D i s t r i c t  Main Canal ;Stanislaus County, C a l i f o r n i a .  The pro- 
posed pro j e c t  s i  t e  i s  approximately 2% mi1 es Northeast 
o f  the c i t y  of Oakdale. 

ENVIRONMENTAL The environmental assessment a r r i v e d  a t  the  f o l l  owing 
IMPACTS : f i nd ings  : 

Water F l  ows : The cons t ruc t i on  and operat ion o f  the power p l a n t  w i l l  have 
no impact on normal water f lows.  

Water Q u a l i t y :  No adverse e f f e c t  on water qua14 t y .  
A i r  Q u a l i t y :  Minor .dust and . increase i n  vehi c l e  exhaust dur ing  cons t ruc t ion .  

No e f f e c t  pn a i r  qua1 i t y  dur ing  ope ra t i  on. 
Noise : Minor c b n ~ t r u c t 3 o n  noise,  no s i g n i f i c a n t  increase in,noise 

du r i ng  ope ra t i  on. 
Vegetat ion : Loss o f  approx imate ly  two ( 2 )  acres o f  grassland. 
T e r r e s t i a l  No s i g n i f i c a n t  e f f e c t  on w i l d l i f e .  Loss o f  l e s s  than t h ree  
W i l d l i f e :  ( 3 )  acres o f  h a b i t a t  would o n l y  r e s u l t  i n  l o s s  o r  d isp lace-  

ment o f  r e p t i  l e s  and small  mammal s  such as s q u i r r e l s  and mice. 
Aquat ic W i l d l i  fe: No s i g n i f i c a n t  e f f e c t  on f i s h .  
Rare and En- 
dangered Species: None a t  s i t e  o r  i n  immediate v i c i n i t y .  
Power Resources: Generation of approximately 16,962,000 kwh/ ear.  W i l l  

e l i m i n a t e  the need t o  burn approximately 2 9 ~ ~ 6  
b a r r e l s  o f  o i  1  . f o r  e l e c t r i c a l  generat ion per  year.  

Land Use : No e f f e c t  on lands surrounding the s i t e .  
S o l i d  Waste D i r t  excavated f r om the p r o j e c t  s i t e  w i l l  be disposed o f  i n  
Disposal  7 .- : a manner which w i l l  r e s u l t  i n  no s i g n i f i c a n t  e f f e c t  on the 

environment. - 
Recreat i  on : No e f f e c t  on r e c r e a t i o n  f a c i  l i , t i e s  i n  area. 
Water Use : No e f f e c t  on i r r i g a t i o n  and re.creat ion waters. 
Ecortomi cs : Savings t o  So. Sari -, i oaqu in  Jrri ga t ion  D i s t r i c t  i n  revenue 

o f f s e t s .  
Empl oymen t : Increase i n  number o f  jobs dur ing  cons t ruc t ion  t o  be 

. emp loyed f rom loca l  j obmarke t .  
- 

Growth Induc ing  Nune. P r a j e c t  w i l l  f i l l  needs o f  growth which has a l ready 
Impact : occ urrcd. 
T r a f f i c :  Minor increase on l o c a l  count ry  roads. 
Scenic Values : P r o j e c t  s i t e  no%;.readi ly  v i s i b l e .  Small b u i l  d ing  s t r uc tu res  

in t roduced where they do n o t  presently e x i  s t .  S t ruc tu res  
k i l l  be designed t o  blend w i t h  surruundings. 

Arc haeol oqy : No s i t e  o f  archaeolog ica l  o r  h i s t o r i c a l  i n t e r e s t  w i l l  be 
a f f e c t e d  by t h e  p r o j e c t .  

SSJID - FRANKENHEIMER SITE . - 
S I T E  ENVIRONMENTAL SUMMARY 



5.2 ENVIRONMENTAL ASSESSMENT (CONT' 0) 
I 

NAME O F  PROJECT: GOODWIN DAM POWER PLANT 
BRIEF DESCRIPTION The proposed project  cons is t s  o f  the construction of  a 
OF PROJECT: 1 OW-head hydroelectr ic  power generating fac i l  i ty a t  the 

ex is t ing  So. San Joaquin I r r iga t ion  Dis t r i c t  and Oakdale I r r i -  
gation Dis t r i c t  Jo in t  Dam, Stanislaus County, CA. The pro- 
posed pro j e c t  s i  t e  i s  approximately 5 mi1 es Northeast 
of the c i t y  of Oakdale. 

ENVIRONMENTAL The environmental assessment arr ived a t  the following 
IMPACTS : findings : 

Water Fl ows : The construction and operation of the power p lant  will  have 
no impact on normal water flows. 

Water Qual i ty :  No adverse e f f e c t  on water qua l i ty .  
A i  r Qua1 i t y  : Minor *dust and increase i n  vehicle exhaust during construct ion.  

No e f f e c t  on a i r  qua l i ty  during operation. 
Noise : Minor construction noise,  no s i g n i f i c a n t  increase in, ,noise 

during operat1  on. 
Vegetation : Loss o,f approximately two ( 2 )  acres  of grassland. 
Ter res t i  a 1 No s i g n i f i c a n t  e f f ec t  on w i l d l i f e .  Loss of l e s s  than three 
Wildlife:  ( 3 )  acres  o f  habi ta t  would only r e s u l t  i n  loss  or displace- 

ment of r e p t i l e s  and small mammals such as squ i r r e l s  and mice. 
Aquatic Wildlife:  No s i g n i f i c a n t  e f f e c t  on f i sh .  
Rare and En- 
dangered Species: None a t  s i t e  o r  in immediate v i c in i ty .  
Power Resources: Generation of approximately 4,6559000 kwh/year. Will 

e l iminate  the need t o  burn a m  8,054 
bar re ls  o f  oi  1 . for  e l e c t r i c a l  generation per year .  

Land Use: No e f f e c t  on lands surrounding the s i t e .  
Sol i d  Waste Dir t  excavated from the pro jec t  s i t e  wil l  be disposed of in  
D i  s pos a1 : a manner which wil l  r e s u l t  i n  no s ign i f i can t  e f f e c t  on the 

environment. 
Recreation : No e f f e c t  on recreat ion f a c i l i t i e s  i n  area.  
Ma t e r  Use : No e f f e c t  on i r r i g a t i o n  and recreat ion waters. 
Economics : Savings t o  So. San Joaquin I r r i  gation Dis t r i c t  i n  revenue 

o f f se t s .  - 
Empl oymen t : Increase i n  number of jobs during construction t o  be 

employed from local job market. 

Growth Inducing None. Project will  f f  11 needs of growth which has already 
Impact : o c c ~ r r ~ d .  
Tra f f i c :  Minor increase on local  country roads. 
Scenic Values : Project s i t e  noti readi ly  v i s i b l e .  Small building s t ruc tu res  

introduced where they do not present ly e x i s t .  S t ruc tures  
k i l l  be designed t o  blend w i t h  surroundings. 

Archaeology : No s i t e  o f  archaeological or h i s t o r i c a l  i n t e r e s t  will be 
a f fec ted  by the project .  

SSJID - GOODWIN DAM SITE 

SITE ENVIRONMENTAL SUMMARY 



5.3 INSTITUTIONAL FACTORS 

Planning , f inanc ing  , bu i  1  d ing  . and mai n t a i  n i  ng small hydropower f a c i  1  i t i e s  

a t  t he  assessed s i t e s  r equ i re  cooperat ion among l o c a l  government, i r r i g a -  

t i o n  d i s t r i c t s ,  con t rac to rs ,  u t i  1  i t i e s  and the  publ i c .  Therefore, quest ions 

a r i s e  about the  i n t e r p l a y  between these i n s t i t u t i o n s  - questions t h a t  can be 

as impor tant  as techn ica l  f eas i  b i  1  i t y .  

E f f i c i e n c y  and e f fec t i veness  are keys t o  implementing t h i s  Thus 

t h e  decision-making process has been assessed. 

5.3.1 Discussion 

The D i s t r i c t s  a re  each governed by an e lec ted  3oard o f  D i rec to rs .  As 

e lec ted  o f f i c i a l s ,  t he  Board members are  d i r e c t l y  accountable t o  the 

pub l i c .  Pub l i c  op in ion  has so f a r  favored small hydropower development. 

It i s  genera l l y  perceived i n  the se rv ice  areas as a  c lean source o f  

energy which can he lp  reduce power costs.  

D i r e c t l y  under the  Boards a re  t he  adm in i s t r a t i ve  s t a f f s ,  fo l lowed by 

t he  techn ica l  s t a f f s .  A11 invo lved  groups must be ab le  t o  work together .  

Important  techn ica l  recommendations must pass through an adm in i s t r a t i ve  

process and f i n a l l y  be passed by the  Boards. Th is  may be slower than 

the  process o f  a commercial Pfrm, b u t  i t  does prov ide va luab le  avenues 

f o r  publ i c involvement. 

The p ro j ec t s  i n s t i t u t i o n a l  s t r u c t u r e  w i l l  u l t i m a t e l y  be determined by 

SSJID1s and Merced's dec is ion  t o  s e t  up a f j nanc ing  and sales arrange- a 
ment w i t h  a  power purchaser. 

5.3.2 Federal Energy Regulatory Commi s s i  on (FERC) 

An add i t i ona l  i n s t i t u t i o n a l  f a c t o r  i s  t he  1  i cens ing  process o f  the fERC. 
I n i t i a l  i n q u i r i e s  t o  the.:San Francisco O f f i c e  of the  FERC i n d i c a t e  t h a t  

any o f  the  " J o i n t  D i s t r i c t s "  s i t e s  would come under FERC l i c e n s i n g  pro- 

cedures i f  i t  meets one o f  t he  fo l low ing :  

- A navigable waterway i s  involved.  
- U. s .. Government lands ' a re  i nvol  ved. 

- The t ransmission o f  energy t i e s  i n t o  a  t ransmission g r i d  

which d i s t r i b u t e s  energy outs ide s t a t e  boundaries. 
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5.3 INSTITUTIONAL FACTORS (CONT' 0) 

5.3.2 Federal Energy Regulatory Comrni s s i o n  (FERC) (Cont 'd )  

I f  a f a c i  1 i t y  should exceed t h e  2,000 horsepower (approximately 1,500 

kW) i n s t a l l e d  capac i ty  l i m i t a t i o n  of t h e  minor p r o j e c t  ( s h o r t  form) 

1 icens ing procedure, then t h e  'major p r o j e c t  ( long form) 1 i cens ing  pro- 

cedure i s i ndi ca t ed .  

Normal l i c e n s i n g  time could be expected t o  be twelve (12)  t o  e ighteen 

(18)  months. 

FERC has d i s c r e t i o n a r y  a u t h o r i t y  t o  g r a n t  an exemption t o  P a r t  I of 

t h e  Federal ,  Power Act, e s p e c i a l l y  w i t h  r e s p e c t  t o  l i c e n s i n g  requ i re -  

ments f o r  any f a c i l i t y  of l e s s  than 15 M W ,  which i s  loca ted  on non- 

Federal lands and uses h y d r o e l e c t r i c  p o t e n t i a l  of  manmade condui ts  no t  

p r imar i ly  f o r  t h e  genera t ion of e l e c t r i c i t y  ( T i t l e  IV, Sect ion 6/b ,  

PL 95-617, Pub1 i c Uti 1 i t y  Regulatory Pol i c i  e s  Act of 1978). 



SECTION 6,O 

TECHN I CAL ASSESSMENT 

Phase D ,  Technical Feasibility of the "Joint Distr icts  Hydropower Assess- 

ment Study" ,. was conducted i n  the .  work flow manner shown- in Figure 6-1. . . 
- 
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Figure 6-1 

Using Turlock Irrigation Dis t r ic t ' s  (TID) computer program, the selected 
s i t e  data from the Phases A ,  B and C were analyzed for head, flow rate ,  
p otential power capacities ( k Y )  , and annual energy ( k w h )  output. Concur- 
rently, the s i t e  physical conceptual designs were drawn for various equip- 
ment types. Ci v i  1 works considerations, equipment efficiencies and costs 
were studied and preliminary arrangements were selected. 



6.0 TECHNICAL ASSESSMENT (CONT' D) 

Socio-Environmental Analysis (Sect ion 5.0), the  Marketing Analysis (.Section 

4.0) , selected con f igu ra t ions  and est imated annual energy (kwh) were then 

analyzed t o  determine the economics (Sect ion 7.0) o f  each se lected s i t e .  

A t  the complet ion o f  the  Economic Analysis,  those s i t e s  w i t h  a bene f i t - t o -  

cos t  r a t i o  of l ess  than .80 t o  1.0 were de le ted from cons iderat ion f o r  the  

P ro jec t  Development Plan (Sect ion 7.0). 

The r e s u l t s  of a l l  o f  the  analyses and assessments conducted dur ing  the  

study a re  inc luded i n  t h i s  "F ina l  Feasi b i  1 i ty Assessment Report". 

6.1 TECHNICAL PARAMETERS AND REQUIREMENTS 

Tur lock I r r i g a t i o n  D i s t r i c t  (T I0  and the  associated j o i n t  d i s t r i c t s  o r i -  

g i na l ' i y  i d e n t i f i e d  nineteen (19) poss ib le  s i t e s  f o r  small nydropower 

development. Of these, fourteen ( 14) were proposed f o r  assessment under 

Department of Energy (DOE) funding. Then e i g h t  (8) were se lec ted dur ing  

Phases A, B and C. f o r  d e t a i l e d  study dur ing  Phase D o f  the " J o i n t  D i s t r i c t s  

Hydropower Assessment Study". These s i t e s  were se lec ted based on the  

701 1 owing fac tors  : 

r absence o f  major, obvious obstacles t o  f e a s i b i l i t y ,  i ;e., 

benef i  t - to-cost ,  environmental , water supply, e tc .  ; 

r high p r i o r i t y  rank ing by the owning i r r i g a t i o n  d i s t r i c t ;  

r congruence w i t h  DOE ob ject ives;  and 

r a v a i l a b i l  l ty o f  data. 

Those e i g h t  ( 8 )  s i t e s  are: 

r Tur lock Irri qa t ion  D i s t r i c t  (TID) 

- Canal Drop Number Two 

- Canal Drop Number Seven 



6.1 TECHNICAL PARAMETERS AND REQUIREMENTS (CONT' D) 

8 Merced I r r i q a t i o n  D i s t r i c t  (Merced) ' 

- Main Canal 

- Canal Creek 

- F a i r f i e l d  Drop 

- Escal adi  an Headworks 

8 South San Joaquin: l r r i q a t i o r i  ' D i s t r i c t  (SSJID) 

- Frankenheimer 

- Goodwin Dam J o i n t  Canal Headworks (North Side) 

'The d i spos i t i on  o f  the remaining eleven (11) s i t e s  i s  as fol lows: 

8 Turlock I r r i q a t i o n  D i s t r i c t  -(TID) 

- Canal Drop Number One - Engineering and design completed, 

scheduled construct ion s t a r t  May 1, 1979 w i th  25% Depart- 

ment o f  Energy funding. This s i t e  i s  included i n  " Jo in t  

D i s t r i c t s  Development Plan", SectSon 7.0. 

- Canal Drop Number Six - Deleted from study a t  DOE request; 

however, s i t e  i s  included i n  overa l l  development plan as an 

a1 t e r n a t i  ve prototype 1 ow-head hydroel e c t r i c  devi ce . 

- Canal Drop Number Nine - Engineering completed, construct ion 

s tar ted,  on-1 i n e  operations scheduled f o r  March, 1979. This 

s i t e  i s  a lso included i n  the "Jo in t  D i s t r i c t s  Development 

Plan". 

- Dawson Lake - Thl s sf t e  has a very high po ten t ia l  and a com- 

p l e t e  assessment of t h i s  s i t e  w i l l  be conducted dur ing TID's 

planned "Water/Energy Management Operations Study". 



6.1 'TECHNICAL PARAMETERS AND REQUIREMENTS ( CON T '  D) 

Tu r l  ock I r r i g a t i o n  D i s t r i c t  (TID) ( con t ' d )  

- Ceres Sp i l lway  - Deleted from f u r t h e r  assessment under t h i s  

study e f f o r t .  Winter o n l y  f lows p lus  d e l e t i o n  o f  Woodward 

Dam by SSJID e l im ina ted  any p o s s i b i l i t y  o f  equipment 

shar ing s i t e s  i n  Phase D. 

- Hickman Sp i l lway  - Not p a r t  o f  DOE-funded e f f o r t .  

a Merced I r r i q a t i o n  D i s t r i c t  (Merced) 

- Buhach Road - de le ted  due t o  l ack  of a v a i l a b l e  economical 

equipment ( t u r b i  neslgenerators ) . A1 so t he re  i s no e x i s t i n g  

power l i n e  c lose  t o  s i t e .  These two fac to rs  s i g n i f i e d  t h a t  

the  s i t e  i s  n o t  economical ly feas ib le .  

- F isher  Road - same as Buhach Road. 

- Youd Road - same as Buhach Road. 
I 

e South San Joaqui n/Oakdale I r r i g a t i o n  D i s t r i c t s  (SSJID) 

-. Woodward Dam - .deleted from s.t,udy .by. SSJID request. Based 

on proposal submit ted t o  S S J I D  by A l l i s  Chalmers, t h i s  s i t e  

w i l l  be inc luded  i n  the  " J o i n t  D i s t r i - c t s "  o v e r a l l  develop- 

ment p lan  (Sect ion 7.0). 

- Parker Drop - D i s p o s i t i o n  o f  t h i s  s i t e  same as f o r  Buhach 

Road s i t e  f o r  Merced. 



6.1 TECHNICAL PARAMETERS AND REQUIREMENTS (CONT'D) 

Assessment Parameters 

During t he  assessment o f  the e i g h t  (8) se lec ted s i t e s ,  the  f o l l o w i n g  

parameters f o r  each s i t e  were app l ied:  

- expected con f igu ra t ions ,  

- i n s t a l l e d  capac i t ies ,  

- est imated performances, 

- impact on water resources, 

- marke t ing lsa le  o f  power, 

- regu la to r y  agency requ i  rements, 

- c a p i t a l  costs,  

- annual operations.. and mai  ntenance costs,  

- p r o j e c t  l i f e ,  

- environmental consi d e r a t i  ons , 
- safety consi  de ra t ians  , 
- s i t e  requirements, 

- equipment i nves t i ga t i on .  

6.1.2 Assessment Requirements 

Based an the  above parameters, t he  assessment study team es tab l i shed  

a s e t  o f  f e a s i b ~ i l i t y  study techn ica l  requirements t o  be used f o r  each 

o f  the  e i g h t  (8) se lec ted s i t e s .  The requirements f o r  power generat ing 

techno1 o g i  es are  : 

- equipment parameters, 

- s t t e  c i v i l  parameters, 

- development and implementation time, 

- e x i s t i n g  l e v e l s  o f  technology, 

- turb ine/generator  equipment se lec t ion ,  
- powerhouse accessory equipment and f a c i l i t i e s .  

Estimates o f  cos t  requirements have been prepared f o r  each s i t e  and 

considered f o r  c o s t  e f fec t iveness.  Th is  c o s t  assessment f o l l ows  the  

Code o f  Accounts used i n  the  Standard FERC L icens ing Appl ica t ions.  



6.2 PHASE D, TECHNICAL ANALYSIS CRITERIA 

The f i n a l  ana lys is  c r i t e r i a  f o r  each o f  the  e i g h t  (8 )  se lec ted s i t e s  are:  

@ Expected con f i gu ra t i on  and capac i ty  o f  the hydropower f a c i  1 i t y  . 

@ Estimated performance c h a r a c t e r i s t i c s  o f  the  hyd roe lec t r i c  power 

f a c i l i t y  i nc l ud ing  the p o t e n t i a l  f o r  peak power product ion and an 

est imate of average annual energy product ion.  

Expected impact o f  the hydropower i . n s t a l l a t i o n  on o the r  perceived 

water resource needs o f  the area and the  cu r ren t  use o f  the 

reservo i  r. 

Marketing p o t e n t i a l  o f  t he  power produced ( f rom Sect ion 4.0).  

The necessary requirements o f  the  Federal Energy Regulatory Com- 

mission, the U.S. Army Corps of ~ n ~ i n e e r s ,  and o ther  appropr ia te  

Federal , State, reg iona l  and l o c a l  agencies'. 

@ Capi ta l  investment per  i n s t a l l e d  k i l owa t t ,  t o t a l  c o s t  pe r  kwh 

and r e t u r n  on investment. 

An t i c ipa ted  annual ope ra t i  on and maintenance costs. 

'0 Ant ic ipa ted  p r o j e c t  1 i fe.  

An i n i t i a l  assessment o f  the  environmental impact and socio-: 

i n s t i t u t i o n a l  f ac to r s  ( f rom Sect ion 5.0). 

@ An i n i t i a l  assessment o f  t he  sa fe t y  hazard, i f  any, in t roduced by 

the a d d i t i o n  o r  r e h a b i l i t a t i o n  o f  a power p l a n t  and o ther  hydro- 

power appurtenances. 

@ Appropr iate analyses r e s u l t i n g  i n  sound judgement as t o  the 

engineer ing acceptabi 1 i t y  of the  proposed s i t e  f o r  hyd roe lec t r i c  

power development. 



6.2 PHASE D, TECHNICAL ANALYSIS CRITERIA (CONT'D) 

a I nves t i ga t i on  o f  the  a v a i l a b i l i t y  o f  a s u i t a b l e  t u rb ine (s ) ,  

generator(s) ,  and accessories requ i red  f o r  the proposed hydro- 

e l e c t r i c  power development. 

a Development p lan  (schedule) f o r  p u t t i n g  power on-1 i n e  ( i d e n t i  - 
f i e d  i n  Sect ion 7 .0 ) .  

6.2.1 General CharacterSstlcs 

The fo l l ow ing  f a c t o r s  app l ied  t o  a l l  s i t e s  and system designs i n  

the  study: 

- Market inq of Generated Power 

The power generated by t he  i n s t a l l a t i o n  of power p l an t s  a t  

the var ious s i t e s  cou ld  be f ed  i n t o  t he  e x i s t i n g  e l e c t r i c a l  

systems o f  e i t h e r  TID o r  the  p r i v a t e  u t i l i t y .  The marketing 

ana lys is  of t h i s  d i s t r i b u t i o n  i s  covered i n  Sect ion 4.0. 

- Water Resources Impact 
The primary f unc t i on  o f  each D i s t r i c t  i s  t o  supply i t s  cus- 

tomers w i t h  i r r i g a t i o n  water.. Th is  f unc t i on  i s  so c r i t i c a l  

t h a t  i t  cannot be compromised; the  adverse impact o f  a 

damaged crop, because o f  the  D i s t r i c t ' s  f a i l u r e  t o  d e l i v e r  

water, would f a r  exceed any power generat ion bene f i t .  There- 

fore ,  ou ts ide  o f  nominal mod i f i ca t ions  o f  water de l  i very 

operat ions t o  ob ta in  peak-power output  the impact o f  i n s t a l l -  
i n g  hydropower on the wd ter del ' ivery systcms must be mln i -  

mized. Since a t  each s i t e  the power p l a n t  w i l l  be loca ted  

i n  o r  w i t h  by-pass arrangements o r  can be removed from the  

canal, t he  o r i g i n a l  f unc t i on  o f  the  canal w i  11 n o t  be a1 tered. 



6.2 PHASE D, TECHNICAL ANALYSIS CRITERIA (CONT'D) 

6.2.1 General Charac te r i s t i cs  (cont  ' d )  

- Operation and Maintenance 

The operat ion o f  the power p l an t s  w i l l  be accomplished by 

remote con t ro l  ; there fo re  ,. no on-si  t e  operat iona l  employees 

w i l l  be requ i red.  As f a c i l i t i e s  a re  added t o  any system, 

they must be maintained. With .the a d d i t i o n  o f  a power p l an t ,  

the dam and channels must be maintained somewhat more care- 

f u l l y  than prev ious ly .  Also, t r ash  w i l l  have t o  be cleaned 

from the  t r ash  racks and var ious s t r u c t u r a l ,  mechanical and 

e l e c t r i c a l  equipment w i l l  have t o  .be repaired,  repainted,  

t ightened, corrected,  updated o r  even replaced. Present 

maintenence crews w i l l  have t o  be increased t o  accomplish 

these tasks. The manpower r equ i red  can then be phased i n  

as the need increases s ince the equipment, w i t h  the  except ion 

of the i n i t i a l  break- in  per iod,  w i l l  be new and  r e l a t i v e l y  

t roub le- f ree.  The annual costs  f o r  operat ion and maintenance 

est imated a t  one percent (1%) per  year of the  p r o j e c t  cos t  

f o r  these power p l an t s  a re  used i n  Sect ion 7.0, Cost Estimates. 

- Capi t a l  Investment Requirements 

As w i t h  any c a p i t a l  investment p ro j ec t ,  the bene f i t s  must be 

economical ly j u s t i f i a b l e  w i t h i n  t he  1 i m i  t deemed acceptable. 

The 1 i m i  t f o r  a pub1 i c  se rv ice  power p r o j e c t  (where no p r o f i t  

r a t e  i s  des i red)  may be de f ined  as the  h ighes t  monetary r a t e  

a t  which power can be marketed as compared t o  o the r  a v a i l a b l e  

sources o f  power. The market p r i c e  must inc lude  operat ion 

and maintenance costs  as we1 1 as debt serv ice.  A d d i t i o n a l l y  

i t  must be based on r e a l i s t i c  ra tes;  t h i s  r a t e  i s  assumed a t  

seven percent (7%) f o r  t h i r t y  (30) years i n  Sect ion 7.0, 

Benef i t- to-Cost Estimates. 



PHASE D, TECHNICAL ANALYSIS CRITERIA (CONT'D) 

6.2.1 General Character i .s t ics  ( con t ' d )  
\ 

- An t i c i pa ted  P ro jec t  L i f e  

P r o j e c t  l i f e  i s  pred icated upon costs o f  replacement o f  

the  var ious po r t i ons  o f  the p ro j ec t ;  o r  abandonment when 

use fu l  l i f e  has been reached, i .e . ,  where operat ion,  main- 

tenance, and r e p a i r  costs  would exceed the r e t u r n  der i ved  

from the  o r i g i n a l  c a p i t a l  investments . Such an abandonment 

o f  the a g r i c u l t u r a l  p o t e n t i a l  and o f  the  water and power 

d.el i v e r y  t o  the urban and r u r a l  popu la t ion  cannot be fo re -  

seen w i t h i n  the  i i m i t s  o f  technology t h a t  we know today.. 

Therefore, the  dams and canals o r  water channels should, 

wi'th pr0pe.r maintenance, 1  a s t  i n d e f i n i t e l y  , but, even though 

these i tems are n o t  sub jec t  t o  f l o o d i n g  des t ruc t ion ,  i t  w i l l  

a r b i t r a r i l y  be sa id  t h e i r  p r o j e c t  1  i f e  i s  one hundred (100) 

years. 

With good spec i f i ca t i ons ,  proper con t ro l  o f  s t ee l  f a b r i c a t i o n ,  

care i n  the  placement of r e i n f o r c e d  concrete, and qood inspec- 

t i o n  dur ing  the process o f  cons t ruc t ion  o r  f ab r i ca t i on ,  the  

c i v i l  s t r uc tu res  and the r o t a t i n g  equipment, such as t u r b i n e  

generators, shaf ts ,  etc., should have a mimimum f i f t y  (50) 

year p r o j e c t  l i f e .  Many simi1,ar systems a re  operat ing more 

e f f e c t i v e l y  now than when i n s t a l l e d  f o r t y  o r  f i f t y  years ago. 

Items such as t r a s h  racks, gates, gear boxes, regu la to rs ,  

swi tchracks, po le  1  ines  and.-phone. 1  ines,  etc., w i  11 be assumed 

t o  have a  use fu l  1  i f e  o f  approximately t h i r t y  (30) years. 

The use fu l  1  i f e  o f  con t ro l s  w i l l  be assumed t o  be twenty (20) 

years. The 1  ongevi ty  o f  the  p ro  ject-components a re  speci f i - 
c a l l y  s e t  s h o r t  assuming on ly  average maintenance and care 

bu t  a l so  based on t he  e f f e c t s  o f  wind, dust, rodents, i nsec ts ,  

vandalism and acc idents . .  



6.2 PHASE D, TECHNICAL ANALYSIS CRITERIA ( C O N T ' D )  

6.2.1 General. Characteristics (cont ' d )  

- Safety Assessment 
The structures built, the rotating equipment and the mechan- 
ical parts and piping installed, and the electrical and 

transmission systems used will al l  be assembled and placed 
in compliance w i t h  applicable building and construction 
codes and i'h accordance w i t h  the highest design standards 
set  f o r t h  by the ASCE, ASME, IEEE and others. 

Modifying any environment 3r. a1 teri ng any geographic topo- 
graphy changes the "safety" of area residents or passers-by. 
In this case, we are adding civil structures and high voltage 
electrical systems, so even though those structures are pro- 
tected in a reasonable manner by fences, heights, etc., they 
inherently add danger. Increased access t o  the areas of the 

, dams, new power plants,. switch yards., and the canals due t o  
frequent inspection and maintenance adds t o  danger. Off- 
setting this increase in danger are two items: an increase 
of visual surveil lance by the system operators and an increased 
use of  fencing, "No Trespassing" signs and local police aware- 
ness. 

A system of key control of gate locks will probably have t o  
be developed. The programs of safety for area water and power 
systems have become qui te  sophisticated. A1 1 equipment pur- 
chased, the basic str.uctura1 layouts , the electrical transfers 
and al l  other project features will be laid o u t  and then 
reviewed by trained safety engineers t o  make the project parts 
and configurations as safe as possible, no t  on ly  after they 
are constructed b u t  during the construction period i tself  . 



6.2 PHASE 0, TECHNICAL ANALYSIS CRITERIA (CONT' q) 

6.2.1 General characteristics (contl d )  

Safety Assessment (cont'd) 

I t  i s  anticipated that events of attempted vandal i sm w i  11 
increase w i  t h  the expected i ncreased fl ow of traffic through 

the general locale. Therefore, the projects will be designed 
t o  be as vandal-pmof as possible; t o  blend w i t h  the surrounding 
territory; will maintain a low profile and make significant 
use of fencing and other safety devices. 

Whenever any dam, diversion works, o r  water control structure 
1 s appended to ,  modified, strengthened or  otherwi se changed, 
the work will be done w i t h  the full knowledge of the.:Sfate 
of California, 0ivision of Safety of Dams, if  that Department 
has juri sdi cti  on. The., standards of desi gn re1 ated to  safety 
w i l l  be the highest possible. This assessment will not  include 
the determination of the structural integrity of the dams, 
diversion works ,  etc., as they presently stand i n  the field. 
Such structural integrity is  the responsibility of the "Joint 
D i  s tri cts" . 
Sect io r~s  6.4, 6.5 and 6.6 con ta in  more d e t a i l e d  data on the 

' 

i n d i v i d u a l  s i t e s .  

6.3 .COMPUTER ANALYSIS 

The task o f  determining the  c o r r e c t  i n s t a l l e d  capac i t y  and number o f  genera- 
- t i n g  u n i t s  a t  any s i t e  i s  one o f  the  most c r u c i a l  aspects o f  the  Study. It 

i s  a l so  perhaps the  most complex and d i f f i c u l t  task because t he re  i s  no 

simple r u l e  or r e l a t i o n s h i p  between the dveraaye t low r a t e  o f  the  site and I t s  

i n s t a l l e d  capac i ty .  It may be q u i t e  poss ib le  f o r  two s i t e s  t o  have the same 

i n s t a l  l e d  capac i t y  wh i l e  t h e i r  average f lows are d i f f e r e n t  because o f  v a r i a n t  

f l ow  pa t te rns  assuming a  constant  head. The TID computer ana lys is  assumes a 

constant  head s ize.  T I D  des i res  t o  ma in ta in  a  constant  water e l eva t i on  a t  

a l l  canal sect ions f o r  i r r i g a t i o n  water d e l i v e r i e s .  



6.3 COMPUTER ANALYSIS (CONT' D) 

The c o r r e c t  i n s t a l  l e d  capac i t y  i s  a unique balance between t h e  equipment/ 

c i v i l  cos t ,  t h e  charac ter  o f  t h e  canal f l o w  r a t e s  (assuming a c o n s t a n t -  

head), t h e  equipment opera t i ng  c h a r a c t e r i s t i c s  and t h e  value which has been 

assigned t o  energy. The process of f i n d i n g  t h e  c o r r e c t  balance by increment ing 

each s i t e  component i s  termed an o p t i m i z a t i o n  ana lys is .  

Carrying o u t  an opt imizat ion analysis by hand calculation would be a Her- 
culean task. Fortunately, a computer can be utilized t o  dramatically 
reduce the effort and time required t o  complete the analysis. The computer 
utlilized by Fluid Energy Systems, Inc. (FES) f s  d remotely lo'cated IBM 
360/65 accessed on a time-sharing basis through FES's in-house CRT terminal. 

A truly efficient computer analysis would requi re the wri t i  ng and tes t i  ng 

of a computer program tailored,especially t o  the analysis problem presented 
by the study, as no such program i s  known t o  exist. This process would 
consume a substantial amount o f  time and financial resources and consequently 
i s  not w i t h i n  the scope of a specific project. However, a somewhat analogous 
program was developed by TID t o  evaluate equipment configurations submitted 
by turbine manufacturers for TID Main Canal Drop Number One and Drop Number 
Nine. TID agreed to make the program known as the "Mini-Hydro" program, 
available t o  FES. This program, originally written i n  BASIC language, was 

a translated by FES t o  PL/ONE language so that i t  could be run on FES's com- 
puter faci 1 i ti es. 

The Mini-Hydro program was developed by TID w i t h  a slightly different objec- 
tive than presented by the "Joint Districts" Study. Consequently, the 
results produced by the program are not  necessarily the optimum which would 
be produced by a more general ized, modified program developed f o r  the 
objectives of this study. Rather than modify the basic logic of the Mini- 
Hydro program, and incur the risk of computer debugging problems, FES made 
the decision t o  u t i  1 i ze the program i n  the form received from TID. The 

result was that more computer runs were required t o  achieve an acceptable 
level o.f analysis. The results of the computer analysis are considered 
acceptabl e ,  ,for an economf c and technical feasi b i  1 i t y  assessment but  further 



6.3 COMPUTER - - .  ANALYSIS (CONT' 0) 

refinement . i s  deemed necessary for design s.i z ing should any of the si tes 
continue t o  the design stage of devel opment. 

The characteristics of each s i t e  define the class of turbine runner most 
suitable t o  each s i te .  Wi th  the exception of the Frankenheimer s i te ,  a l l  
s i tes are best suited t o  a propeller runner. Frankenheimer i s  best suited 
t o  a Francis runner. Both types fa l l  into the general category of reaction 
turbines. The cross-flow runner could be utilized a t  any of the si tes 
technically; however, the use of this type of runner may not  be attractive 
because of the economics o r  s i t e  physical limitations. All of the si tes 
i n  the study can be reasonably assessed by assuming either a propeller o r  
Francis runner, and FES chose to analyze the si tes utilizing the computer 
through one of these two runners. FES does n o t  necessarily advocate the 
use of one type of runner over anbther a t  this level of analysis and . 
development. 

To simulate the performance of the turbines, FES selected performance 
curves considered typical for each type of' runner. The performance of a 
runner, regard1 ess of i t s  full load capacity, can be expressed a t  any per- 
centage of full load w i t h i n  i t s  operating range. This non-dimensional 
performance characteristic makes i t  much simpler t o  analyze the energy 
potenti a1 of a si  t e  by submitting various station unit number/aperati ng 
range combinations in t r ia l  and error fashion f o r  computer simulation. 

To eval uate any parti cu1 ar combi nation, the computer i s given the maximum 
number of u n i t s  for the configuration and the operating flow range of any 

one u n i t  -(a1 1 u n i t s  are identical ) . For any given dai 1y f 7  ow rate, the 
computer determines the correct number of u n i t s  t o  run up t o  the maximum, 
of the configuration , the operating effPci enci es under the given fl  ow/ 
u n i t  number combination, and then computes the daily energy generated. 
Thi  s process then continues .iteratively for each month u n t i  1 the annual 
energy has been cal cul ated. Once any parti cul ar  conf i gurati on has been 
assessed, the uni  t si ze (instal 1 ed capaci t y )  i s i ncremented, keeping the 
number of u n i  ts.  constant. and the eval uation process continued wi t h  another . 



6.3 COMPUTER ANALYSIS (CONT' D )  

computer run. T h i s  process i s  continued until the annual energy production 
i s  maximized for the number o f  units a1 lowed. . The instal led capacity 
based on an energy criteria i s  thus established.' The entire process i s  
then repeated i ncrementi ng the number of uni ts .  Each s ta t i  on confi g u r a t i  on 
of a certain number of units has i t s  own unique station installed capacity. 

The determination of the most desi rabl e station conf i gurati on i s then 
assessed with respect t o  economfc and equipment availability factors.. 
Three somewhat smaller generating units a t  a s i t e  may produce an increased 
amount of energy over two larger units b u t  the additional energy reven1.e 
i s  not  sufficient t o  offset the higher overall cost of three units. The 
most desirable station configuration then i s  a balance which produces the 
greatest benefit, b o t h  in terms of revenue and generation abil i ty,  for 
the least station cost. The computer permits the determination of this 
balance very rapidly and efficiently . 

6.4 TID SNALL HYDROPOWER SYSTEM 

This sub-section assesses the technical feasibility of various hydropower 
installations a t  two si tes i n  the TID system, These. are Drop  umber-Two 
and Drop Number Seven. The ultimate feasibility and disposition of the 
other si tes considered i n  the overall assessment have been discussed in 
Section 6. I. The physical characteri s ti cs and hydro1 ogy for the i ndi  vi dual 
sites in thls sub-section can be found i n  the Phase A' Report in Volume 11. 

6.4.1 Drop Number Two 

The head and flow used for design purposes in thfs .analysis are 4.86 
f e e t  and 1,700 ' cfs , respectively . The hydroelectric potenti a1 for 
this s i te  as indicated by the computer analysis in Section 6.3 i s  a 
total installed capacity of 660 kW with 2,073,400 kwh annual production. 



6.4 TID SMALL HYDROPOWER SYSTEM (CONT' D) 

Drop Number Two (cont'd) 

EQUIPMENT INSTALLATION CONSIDERATIONS 

The selection of turbines for various operating conditions a t  low- 
head si tes involves both total power o u t p u t  and turbine efficiency. 
The choice of units and configurations fo r  t h i  s s i te  from those pre- 
sented in Appendix Section 8.3 are cross-flow, vertical Kapl an 
(propel le r )  o r  tube (propel 1 er)  type unf ts (s ) . 

The possi b i  1 i t y  of  us ing a cross-flow type turbine was investigated 
and found t o  be unsuitable. The flow and head characteristics dic- 
tated the use of an avai 1 abl e cross-flow turbine costing approximately 
$250,000 including the turbine, generator, control s and the necessary • 
speed increaser. The efficiency would have been an acceptable 752. 
However, a relatively low flow capacity of approximately 250 cfs each 
would have required the use of five units. This would b r ing  the 
total installed cost i n  excess o f  $6,50O/kW, several times the cost 
of other turbine installations. 

The possi b i  1 i t y  of using a vertical Kapl an propel 1 er  reaction type 
turbine was eliminated for the following reasons: 1) the excorsiva 
cost of the civil works required t o  connect the u n i t  between the two 
water 1 eve1 s (deep excavati on for submergence or a cavi ta t i  on-prone 
syphon arrangement woul d - be requi red) and 2)  hydraul i c  i neff i ci enci es a 
due to the change in direction of flow. 

EQUIPMENT CONFIGURATION SELECTION, 

A t  this s i t e  two standard tube turbines were found t o  be best suited 
for the existing conditions. The runner diameters a t  this s i t e  are 
in the range of 1.5 meters. The u n i t  would be placed in a by-pass 
configuration similar t o  that shown in Figure 6-2. (This figure shows 

an a1 ternate installation of one unit w i t h  a larger runner. ) .  These 



TID SMALL HYDROPOWER SYSTEM (CONT' D)  

6.4.1 Drop Number Two ( con t ' d )  

EQUIPMENT CONFIGURATION SELECTION (conf ' d )  

u n i t s  would have a 3-bladed p rope l l e r  t o  pass a maximum quan t i t y  o f  

water. The p rope l l e r  runners would be f i x e d  on t h e i r  sha f ts .  The 

guide vanes used f o r  p r o p e l l e r  sha f t  support would a lso  be f i xed  

( i  .e. , non-adjustable). Valves w i  11 be loca ted  upstream of the t u r -  

bines t o  regu la te  the  f low. 

Using a by-pass around the  e x i s t i n g  s t r u c t u r e  has two advantages. 

F i r s t ,  no demo1 i t i o n  i s  required,  which w i l l  save on cons t ruc t ion  

costs. Secondly, the  o r i g i n a l  dam can func t i on  as before i n  the  

event t h a t  r e p a i r  i s  needed t o  the  t u rb ine  o r  cons t ruc t ion  t ime lags  

i n t o  the i r r i g a t i o n  season. This w i l l  he lp  minimize the  Water Resour- 

ces Impact (See Section 6.2.1. ) . 

The new power p l a n t  w i l l  be housed i n  a s t ruc tu re  t o  p r o t e c t  the 

equipment from the  weather and from vandalism o r  t h e f t .  The approx- 

imate i n s t a l l e d  cost/kW a t  t h i s  s i t e  i s  expected t o  be $1,60O/kW. i 

The benef i t - to -cos t  analys is  i s  covered i n  Sect ion 7.0 and i nd i ca tes  

a .960 t o  1.0 benef i t - to -cos t  i n  the f i r s t  year o f  operat ion.  S i t e  

e l e c t r i c a l  requirements are discussed i n  g e ~ e r a l  i n  Sect ion 6.7. 

The generators w i l l  be o.f the  conventiohal synchronous type and w i  11 

be connected t o  t he  turb ines by means o f  mechanical. coupl ings and 

speed increasers. This type was selected over induct ion,  o r  asyn- 

chronous generat5on because o f  i t s  cont ro l .  over the power fac to r .  

The cos t  o f  the  synchronous equipment i s  approximately 5 percent (5%) 

greater  than t h a t  f o r  an i nduc t i on  f o r  t h i s  s i z e  'un i t .  



VERY LOW HEAD - FIXED BLADE - TUBE TYPE TURBINE/GENERATOR CONCEPT 

FOR CANAL DROPS NUMBER TWO, NUMBER S I X  AND NUMBER SEVEN 

Figure 6-2 



6.4 BID SMALL HYDROPOWER SYSTEM (CONT'D) 

6.4.2 Drop Number Seven 

The head and f l ow  used f o r  design purposes i n  t h i s  ana lys is  are  ' 

6.57 f e e t  and 1,200 c f s  respec t i ve ly .  The hyd roe lec t r i c  p o t e n t i a l  

f o r  t h i s  s i t e  as i nd i ca ted  by the computer ana lys is  i n  Sect ion 6.3 

i s  a t o t a l  i n s t a l l e d  capac i ty  o f  700 kW and 2,101,400 kwh annual 

production. 

EQUIPMENT INSTALLATION CONSIDERATIONS AND CONFIGURATION SELECTION 

The s i t e  data and f l ow  c h a r a c t e r i s t i c s  f o r  Drop Number Seven a re  

s i m i l a r  t o  those of Drop Number Two. I n  order  t o  s i m p l i f y  design, 

cons t ruc t ion  and maintenance, the  choice o f  tube t u rb i ne  s i m i l a r  

t o  Drop Number Two would be most appropr iate.  Although the  head and 

flow d i f f e r  s l i g h t l y ,  use o f  an i d e n t i c a l  t u r b i n e  and generator w i l l  
be recommended w i t h  necessary adjustments t o  the runner and switch- 

gear. F igure 6-2 shows t h e  i , ns ta l l ed  conf igurat ion. .  The generators 

a t  t h i s  s i t e  w i l l  al'so be o f  the  synchronous type. 

The new' power p l a n t  'w. i  11 be housed i n  a s t r u c t u r e  t o  p r o t e c t  the  

equ$pment from' the  weather, -vandal ism o r  t h e f t .  The approximate 

i n s t a l l e d  cost/kW a t  t h i s  s i t e  i s  expected t o  be $1,45O/kW. Th is  i s  

s l i g h t l y  l e s s  than t h a t  f o r  Drop Number Two due t o  the  e,xtra power 

t h a t  i s  generated by the  h igher  head. The benef i t - to-cost  ana lys is  

i s  covered i n  Sect ion 7.0 and i nd i ca tes  a 1.072 t o  1.0 bene f i t - t o -  

cos t  i n  the  f i r s t  year o f  operat ions.  S i t e  e l e c t r i c a l  requirements 

a re  discussed i n  general i n .  Sect ion 8.7. 

6.5 MERCED SMALL HYDROPOWER SYSTEM 
, 

\ 

Th is  sub-section assesses the  techn ica l  f eas i  b i l  i t y  o f  var ious hydropower 

j n s t a l  l a t i o n s  a t  fo.ur s i t e s  i n  the Menced 1,rr i  ga t i on  D i s t r i c t  system. 

These are the Main Canal, Canal Creek, F a i r f i e l d ,  and the Escaladian Head- 

works. The u l t i m a t e  f e a s i b i l i t y  and d i s p o s i t i o n  o f  the o ther  s i t e s  



6.5 MERCED SMALL HYDROPOWER SYSTEM (CONT' D )  

considered in the overall assessment have been di scussed in Section 6.1. 

The physical characteristics and hjldrology for the individual s i tes  in 

this  sub-section can be found in the Phase B Report in Volume 11. 

Main Canal 

The head and flow used for design purposes in this analysis are 19.4 

feet  and 1,900 cfs respectively. The head data was derived from the 

profile, Figure 6-3. The hydroelectric potential for this s i t e  as 
indicated by the computer analysis of Section 6.3 i s  a total installed 

capacity of 2,800 kW total energy with 9,169,000 kwh annual production. 

The power plant and drop  structure are t o  be new a t  this s i te .  

EQUIPMENT INSTALLATION CONSIDERATIONS 

The s i t e  i s  located on the Main Canal A1 ignment and will require 

m i n i m u m  civi 1 design t o  maximize the existing developable head of 

19.4 feet. The majority of the s i t e  improvements would involve 

channel excavation, lining, and suppor t  that would be done in the 

non-i r r i  gati on periods. The geological and structural i ntegri ty of 

the existing tunnel will be insured by no t  using a pressurized design, 

b u t  rather maximi zing the developable head. 

The installation .of a power fac i l i ty  a t  this location would allow an 
impaovement in area safety by f i l l ing  the deep approach channel with 

ponded waters and provide in le t  protectional f ac i l i t i e s  a t  the inlet  

of the tunnel. 

EQUIPMEIT CONFIGURATION SELECTION 

The turbine-generators chosen for this s i t e  are two ( 2 )  bul b-turbine 

units each mounted on a vertic.al gate. Figure:,6-4 shows this arrange- 

ment, which would allow the turbine-generator t o  be removed from the 

canal and repai red or rep1 aced wi t h o u t  di s rup t ion  of i r r i  gati o n  water 
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CONCEPTUAL INSTALLATION OF GATE TYPE TURBINEIGENERATOR INSTALLATION 

Figure 6-4 



6.5 MERCED SMALL HY DROPOWER SYSTEM (CONT' D) 

6.5.1 Main Canal ( con t ' d )  

EQUIPMENT CONFIGURATION SELECTION (cant  ' d  ) 

de l i ve r y .  The gates may be ra i sed  and lowered by means o f  winches 

o r  by counter-weight. A by-pass around the t u rb i ne  i n s t a l  l a t i o n  i s  

a l so  provided t o  a1 low . fo r  t u rb i ne  shut-down cond i t i ons  and f o r  

excess demand condi t ions.  This w i l l  he lp  minimize the  water resources 

impact discussed i n  Sect ion 6.2.1. 

The tu rb ine .  bu lb  ou te r  casing i s  f i x e d  w i t h  the gate along w i t h  

four s tay  vanes used t o  support the  t u r b i n e  and d i r e c t  the  f low.  

The generator i s  completely submerged and contained w i t h i n  the  i nne r  

casing. Th is  generator  i s  o f  the  synchronous type. A l l  a u x i l i a r y  

equipment, such as synchronizer, o i l  pressure supply system, l u b r i -  

c a t i n g  o i l  system, feed water and drainage system, e tc .  ,. a re  b u i l t  

i n  the gate and/or t he  bu lb  u n i t .  

The d r a f t  tube l i n e r  i s  r ibbed  t o  f i x  on the  bottom of the t a i l r a c e  

and on the  s idewal ls .  Between the  d r a f t  tube l i n e r  and discharge 

r i n g  a  s p e c i a l l y  designed loose f lange  i s  used. When the tu rb ine-  

generator comes down t o  t he  s p e c i f i e d  pos i t i on ,  they a re  j o i ned  w i t h  

the  loose f lange automat ical  l y .  

.The propel  I er runner vanes are f i xed ,  and w icke t  gates a re  movable. 

The operat ion mechanism o f  w icke t  gates i s  i n s t a l l e d  i n  the i nne r  

casing o f  the  tu rb ine .  A l l  o f  the  con t ro l  systems, lube  o i l  pressure 

supply system, switchboard, e tc .  a re  i n s t a l l e d  i n  t he  a u x i l i a r y  room 

above the  gat'e. 

The approximate i n s t a l l e d  cost/kW i s  expected t o  be $1,600. The 

bene f i t - to -cos t  ana lys is  i s  covered i n  Sect ion 7.0 and i nd i ca tes  a  

1.216 t o  1.0 bene f i t - to -cos t  i n  the  f i r s t  year o f  operat ion.  S i t e  

e l e c t r i c a l  requirements a re  discussed i n  general i n  Sect ion 8.7. 



6.5 MERCED SMALL HYDROPOWER SYSTEM (CONT'D) 

6.5.2 Canal Creek 

The head and flow used f o r  design purposes i n  t h i s  ana ly s i s  a r e  

32.3 f e e t  and 380 c f s  respec t ive ly .  The head data  was derived from 

the p r o f i l e ,  Figure 6-5. The hydroe lec t r i c  po ten t ia l  f o r  t h i s  s i t e  

a s  indicated by the '  computer . ana ly s i s  of Section 6.3 i s  an i n s t a l  1 ed 

capaci ty  of 940 kW and 3,262,000 kwh annual production. The power 

p l a n t  and drop s t r u c t u r e  a r e  t o  be new a t  this loca t ion .  

Figure 6-5 



6.5 MERCED SMALL HYDROPOWER SYSTEM (CONT' D )  

6.5.2 Canal Creek (Cont'd) 

EQUIPMENT INSTALLATION CONSIDERATIONS 

This location i s  considered a canal opportunity drop that  a1 lows 3 2 . 3  

feet  of head t o  be developed by dumping into a tributary canal ad- 

joining the main canal system a t  th is  location. This d rop  can be 

developed w i  t h o u t  jeopardi zing necessary irr igation del i veries 

A possible environmental ef, 

fect  of the' project wo.uld' be 
,, 

the .increase in the. :flow .rate 
of the "Main canal frorii the  ex- 

. . .  

i sting -banal Creek Headworks 

t o  the new diversion point.. 

because of the "Water.Energy Management" opportunity a t  th is  portion 

of the canal delivery system. 

The canal a t  the drop points 

will hdve to be modified to 

allow's penstock t o  take the ' 
. . 

flows into the lower existing: 

branch canal. Figure 6-6 
. . 

shows this  s i t e  plan. 

s tockwil l  thendel iver  t h e  I I 

\ 

- .  

The Main Canal .embankment 
wi 11 be modified t o  accept 

a new control gate and. pen- 

stock transi tloii. The- pen- ' 
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The penstock i s  bifurcated Figure 6-6 
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flow t o  the generating unit. 

situated adjacent t o  the 

ahead of the generating unit t o  provide a bypass capabll i t y .  
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6.5 MERCED SMALL HYDROPOWER SYSTEM (CONT' D) 

6.5.2 Canal Creek (Cont 'd)  

EQUIPMENT CONFIGURATION SELECTION 

A turbine-generator  se lec ted from those presented i n  Sect ion 8.3 

i s  a  s i n g l e  bu lb  type u n i t .  F igure  6-7 shows t he  i n s t a l l a t i o n .  The 

u n i t  w i l l  r e q u i r e  excavat ion a t  the  s i t e  which i s  necessary f o r  pro-  

p e l l e r  submergence. A 1.4 meter diameter p r o p e l l e r  runner would 

funct ion w i t h  the  h ighes t  e f f i e i eney  under the e x i s t i n g  head s f  32.3 

fee t  and design f l ow  r a t e  o f  380 c f s .  

The bu lb  t u r b i n e  has d e f i n i t e  hyd rau l i c  advantages over o the r  t u r b i n e  

water passage con f igu ra t ions  i n  t h a t  i t s  water passage i s  nea r l y  

s t r a i g h t .  Th is  phys ica l  c h a r a c t e r i s t i c  r e s u l t s  i n  lower hydraul i c  

energy 1  osses and thereby provides h igher  opera t ing  e f f i c i e n c i e s  

over some o the r  p r o p e l l e r  runner i n s t a l l a t i o n  con f igu ra t ions .  

Although the  equipment proposed a t  Canal Creek i s  s i m i l a r  t o  Main 

Canal i n  t h a t  both a re  bu lb :  turbines,, the  o v e r a l l  Canal Creek conf igu-  

r a t i o n  i s  q u i t e  d i f f e r e n t  i n  t h a t  the  s i t e  i s  n o t  adaptable t o  t he  

s j  i d i n g  "gate-bul b"  concept. Th is  i s  because o f  the  ho r i zon ta l  

d i  stance between head and t a i  lwa te rs  and the. e x i  s t i  ng topography over 

t h i s  d istance.  

The generator would be of the synchronous type. The synchronous 

generator  would be advantageous over an i nduc t i on  generator by pro- 

v i d i n g  power fac to r  con t ro l  i n  an area wi th  an inductive load. 

The approximate i n s t a l l e d  costjkW a t  t h i s  s i t e  i s  expected t o  be 

$1,35O/kW. The benef i  t - t o - cos t  ana lys is  i s  covered i n  Sect ion 7.0 

and i nd i ca tes  a 1.243 t o  1.0 bene f i t - to -cos t  i n  the  f i r s t  year o f  

ope ra t i  on. S i  t e  e l e c t r i c a l  requ i  rements a re  d i  scussed i n  general i n  

Sect ion 8.7. 



6.5 MERCED SMALL HYDROPOWER SYSTEM (CONT' D) 

6.5.2 Canal Creek (Cont 'd)  

! . . CONCEPTUAL INSTALLATION 

CANAL CREEK AND FAIRFIELD DROP 

.Fi gure ~6-7 

6.5.3. F a i r f i e l d  

The head and f l ow  used f o r  design purposes i n  t h i s  analys is  are 30.2 

f e e t  and 420 c fs ,  respec t i ve ly .  The hyd roe lec t r i c  p o t e n t i a l  f o r  t h i s  

s i t e  as ind ica ted  by t he  computer analys is  i n  Sect ion 6.3 i s  an 

i n s t a l l e d  capaci ty o f  970 kW and 2,809,000 kwh annual product ion.  A 
new power p l a n t  and drop s t ruc tu re  are t o  be b u i l t  a t  t h i s  s i t e .  



6.5 MERCED SMALL HYDROPOWER SYSTEM (CONT' D )  

Fairfield (Cont'd) 

EQUIPMENT INSTALLATION CONSIDERATIONS 

This i s  a canal opportunity d rop  like the previously-discussed Canal 
Creek s i t e .  Lake Yosemite, an intermediate storage reservoir in the 
system, feeds two separate canals - the Fairfield and the La Grange. 
The lower' elevation Fai rf i el d Canal has a reinforced concrete d rop  

chute structure a t  a location approximately 700 feet  from the upper . 

La Grange canal. While the energy drop chute structure i t se l f  has 
good power potential, the total heads between the canals a t  this loca- 
tion will maximize the power potential. Again, the "Water Energy 
Management Plan" i s  flexible enough a t  this high elevation near the 
t u r n o u t  of the canal system to allow this consideration. A penstock 
8 feet in diameter will take flows into the Fairfield Canal in a 
manner similar t o  that for Canal Creek. Figure 6-8 shows this s i t e  
plan. A penstock bifurcated ahead of the generating unit similar t o  
the Canal Creek installation allows bypass capability. 

EQUIPMENT CONFIGURATION SELECTION 

The s i t e  data and flow characteristics for Fairfield are similar t o  
Canal Creek. In order to simplify design, construction and annual 
maintenance, the choice o f  a single bulb turbine similar to Canal 
Creek would be most appropriate. Figure 6-7 shows the installation. 8 
Although the head and f l o w  differ slightly the use of an identical 
bulb turbine generator will be used w i t h  the necessary adjustments 
to the r8unnerb ar~d s w i  tchyedr. The yerieratur a t  this s i te wi 11 a1 so 

be of the synchronous type. 

The approximate installed cost/kW i s  expected to be $1,20O/kW. The 
, . benefit-to-cost analysis i s  covered in Section 7.0 and indicates a 

1.153 to 1.0 benefit-to-cost in the f i r s t  year of operation. Site 
electrical requirements are discussed in general in Section 8.7. 



6.5 MERCED SMALL HYDROPOWER SYSTEM (CONT' D )  

6.5.3 F a i r f i e l d  (Cont 'd)  

. . .  .. 

6.5.4 Escal adi  an Headworks 

The head and flow used .for d e s i g n  purposes i n  t h i s  a n a l y s i s  are 15.,0 ,, 

feet  and 230 cfs respec t ive ly .  The h y d r o e l e c t r i c  po. tent ia l  f o r  this 
' . s i t e  a s  ind ica ted  by t h e  computer a n a l y s i s  i n  Sect ion 6.3 i s  an 

i n s t a l l e d  c a p a c i t y  of 270 kW and 822,000 annual production.  



6.5 MERCED SMALL HYDROPOWER SYSTEM (CONT' D) 

6.5.4 Escal ad i  an Headworks (Cont I d )  

EOUIPMENT INSTALLATION CONSIDERATIONS 

This  s i t e  i s  the f i r s t  drop s t r u c t u r e  i n  a se r ies  o f  f o u r  s t r uc tu res  

i n  an un l ined  d i ve rs i on  canal. It serves as the  d i ve rs i on  works a t  

the  main canal. With a head o f  15 f ee t ,  the choice o f  u n i t s  and 

con f igu ra t ions  f rom those presented i n  Sect ion 8.3 are  cross-f low, 

v e r t i c a l  Kaplan o r  tube type ( p r o p e l l e r )  u n i t s .  

EQUIPMENT CONFIGURATION SELECTION 

The v e r t i c a l  Kaplan ( p r o p e l l e r )  con f i gu ra t i on  was e l im ina ted  f o r  the  

same reasons as those f o r  TID Drop Number Two (Sect ion 6 . 4 . 1 ) .  The 

low f l ow  a t  t h i s  s i t e  would a l l ow  t he  use o f  a cross- f low u n i t  which 

has the advantage o f  a h igher  range o f  e f f i c i e n c i e s  under vary ing 

f l o w  condi t ions.  However, i n  order  t o  simp1 i f y  design, cons t ruc t ion ,  

opera t ion  and maintenance, a s i n g l e  tube type u n i t  s i m i l a r  t o  those 

used a t  TID Drop Number Two and Drop Number Seven c ~ u T d  be used. 

Th is  cou ld  a l s o  a l l o w  the b e n e f i t  o f  reduced cos t  t o  the  purchase o f  

a mu1 t i p l e  tube-type u n i t  i n  a " J o i n t  D i s t r i c t s "  equipment procurement, 

The tube t u r b i n e  runner diameter a t  t h i s  s i t e  w i l l  be i n  t he  range of 

1.5 meters. The u n i t  would be placed i n  a by-pass con f i gu ra t i on  
8 

s i m i l a r  t o  those f o r  TID Drop Number Two and Drop Number Seven. Th is  

u n i t  would have a 3-bladed f i x e d  runner. The runner and guide vanes 

would be f i xed .  A s l f d e  gate va lve  w i l l  be loca ted  upstream o f  the 

t u r b i n e  t o  r egu la te  the  f low.  

Using a by-pass around the  e x i s t i n g  s t r u c t u r e  has two advantages. 

F i r s t ,  no demo1 5 ti on i s requ i  red. Second, t he  o r f  gJ na l  s t r u c t u r e  

can f unc t i on  as be fo re  i n  . the. event t h a t  r e p a i r  i s  needed t o  t he  

tu rb ine .  Th is  w i l l  he lp  minimize the  Water Resources Impact (See 

Sect ion 6.2.1.). 



6.5 MERCED SMALL HYDROPOWER SYSTEM (CONT' D) 

6.5.4 Escal adian Headworks (Cont ' d )  

EQUIPMENT CONFIGURATION SELECTION (con t ' d)  

The new power p l a n t  w i l l  be housed i n  a  s t r u c t u r e  t o  p r o t e c t  the  

equipment from the  weather and from vandalism o r  t h e f t .  The approxi-  

mate i n s t a l l e d  cost/kW a t  t h i s  s i t e  i s  expected t o  be $1,70O/kW. The 

benef i  t - t o - cos t  ana lys is  i s  covered i n  Sect ion 7.0 and i nd i ca tes  an 

.868 t o  1.0 benef i t - to-cost  i n  the  f i r s t  year o f  operat ion.  S i t e  

e l e c t r i c a l  requirements a re  discussed i n  general i n  Sect ion 8.7. 

The generator w i l l  be o f  the conventional synchronous type and w i l l  

be connected t o  the t u rb i ne  by means o f  mechanical coupl ing and speed 

increaser .  Th is  type was se lected over induc t ion ,  o r  asynchronous 

generation, .because o f  i t s  con t ro l  over the power fac tor .  The c o s t  

o f  the  synchronous equi pment i s approximately f i v e  percent ' ( 5 % )  

greater  than t h a t  f o r  an i nduc t i on  f o r  t h i s  s i z e  u n i t .  

6.6 SOUTH SAN JOAQUIN SMALL HYDROPOWER SYSTEM 

This sub-section assesses the techn ica l  f e a s i b i l i t y  of var ious hydropower 

i n s t a l l a t i o n s  a t  two s i t e s  i n  the S S J I D  system. These a re  Frankenheimer 

(Main Canal ) and Goodwin Dam (North Side). The u l t i m a t e  f e a s i b i l i t y  and 

d i s p o s i t i o n  o f  the n t h e ~  s i t e s  considered i n  the o v e r a l l  assessment have 

been d i  scussed i n  Sect ion 6.1. The phys ica l  c h a r a c t e r i s t i c s  and hydrology 

f o r  t he  i n d i v i d u a l  s i t e s  i n  t h i s  sub-section can be found i n  t he  Phase C 

Report i n  Volume 11. 

6.6.1 Frankenheimer (Mai n  Canal ) 

The head and f l o w  used f o r  design purposes i n  t h i s  ana lys is  are  78 

f e e t  and 900 c'fs respec t i ve ly .  The hyd roe lec t r i c  p o t e n t i a l  f o r  t h i s  

s i t e  as i ~ d i c a t e d  by the computer ana lys is  i n  Sect ion 6.3 i s  an 



6.6 SOUTH SAN JOAQUIN SMALL HYDROPOWER SYSTEM (CONT'D) 

6.6.1 Frankenheimer (Main Canal ) (Cont 'd)  

i n s t a l l e d  capac i t y  o f  4,700 kW and 16,962,000 kwh . . annual product ion.  

EQUIPMENT INSTALLATION CONSIDERATIONS 

The l o c a t i o n  o f  t h i s  s i t e  i s  on a p o r t i o n  o f  the SSJ~D Ma.in Canal w i t h  

a r e l a t i v e l y  steep channel slope. The topography i n  the v i c i n i t y  of 
the s i t e  i s  s u i t a b l e  t o  accommodate a r e l o c a t i o n  o f  the canal t o  a 

p o i n t  where the  canal cou ld  concentrate i t s  drop over a sho r t  d istance.  

The re1 o c a t i  on would c rea te  approximately a seventy-ei gh t  (78) f o o t  

drop from a small  forebay a t  t he  end o f  the re loca ted  canal t o  t h e ,  

power p l a n t  adjacent t o  t h e  e x i s t i n g  canal. A penstock would d e l i v e r  

water f rom t h e  forebay to. t he  power p l an t .  (See F igure 6-9.) 

EQUIPMENT CONFIGURATION SELECTION 

The r e l a t i v e l y  h i gh  head a t  t h i s  s i t e  ( t h e  h ighes t  o f  a l l  s i t e s  i n  

t h i s  Study) i s  bes t  u t i l i z e d  through a Francis type t u rb i ne  runnerB 
w f  t h  a lower s p e c i f i c  speed than a propel  1 e r  runner, 

The most s u i t a b l e  con f i gu ra t i on  would be a convent ional  v e r t i c a l  

turb ine/generator  arrangement. Water would be d i r e c t e d  t o  t he  runner 

through a convent ional  s p i r a l  cas ing and ad jus tab le  w icke t  gates. 

The w icke t  gates would prov ide t he  necessary i r r i g a t i o n  f l ow  regu la t i on .  

It would be necessary, however, t o  b i f u r ca te  t he  penstock j u s t  ahead 

o f  the power p l a n t  and prov ide a p l a n t  shu t -o f f  va lve t o  accommodate 

an i r r i g a t i o n  bypass. The t a i l r a c e  would r e t u r n  water t o  the  e x i s t i n g  

canal channel. The u n i t  should be p ro tec ted  by a t r ash  rack. 

The generator would be o f  the  synchronous type and would be loca ted  

above the runner. A l l  equipment w i l l  be housed i n  an enclosed power 





SOUTH SAN JOAQUIN SMALL HYDROPOWER SYSTEM (CONT'D) 

Frankenheimer (Main Canal ) (Cont ' d )  

EQUIPMENT CONFIGURATION SELECTION (cont ' d )  

house. The amount o f  excavat ion and associated c i v i l  works i s  s im i -  

l a r  t o  t h a t  of t he  1977 i n v e s t i g a t i o n  i n  Sect ion 8.3. 

The approximate i n s t a l l e d  cost/kW i s  expected t o  be $1,30O/kW. The 

bene f i t - t o - cos t  ana lys is  i s  covered i n  Sect ion 7.0 and i nd i ca tes  a  

1.372 t o  1.0 bene f i t - to -cos t  i n  the  f i r s t  year of operat ion.  S i t e  

e l e c t r i c a l  requirements a re  discussed i n  general i n  Sect ion 8.7. 

6.6.2 Goodwin Dam J o i n t  Canal Headworks (Nor th  Side) 

The head and f low used f o r  design purposes i n  t h i s  ana lys is  a re  10 

f e e t  and 1,200 c f s  respec t i ve ly .  The hyd roe lec t r i c  p o t e n t i a l  f o r  

t h i s  s i t e  as i n d i c a t e d  by the computer ana lys is  o f  Sect ion 6.3 i s  an 

i n s t a l l e d  capac i t y  o f  970 kW t o t a l  energy w i t h  4,655,000 kwh annual 

product ion.  The development o f  the  s i t e  would requ i re  the cons t ruc t i on  

of a  new headwall immediately downstream of the e x i s t i n g  lower head- 

gates.  This  would r e l o c a t e  the  head drop t o  a  l o c a t i o n  which cou ld  

accommodate generat ing equipment. 

EQUIPMENT INSTALLATION CONSIDERATIONS 

The s i t e  i s  loca ted  a t  the  Goodwin D ive rs ion  Dam b u i l t  i n  1913 t o  

d i v e r t  water below Tu l loch  Reservoir  i n t o  the  South San Joaquin main 

cana.1, The j o i n t  canal headgates produce a head drop o f  10 f e e t  t h a t  

can be used f o r  power generation. 

Th is  s i t e  cons is ts  of several e x i s t i n g  gate  s t r uc tu res  (F igure 6-10). 

The l o c a t i o n  bes t  su i t ed  f o r  a  hyd roe lec t r i c  i n s t a l  l a t i o n  i s  approxi-  

mately 100 f e e t  downstream o f  the  no r t h  d ive rs ion .  canal. The f l ow  i n t o  
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6.6 ' SOLITMAN. JQAQU IN..: SMALL HYDROPOWER SYSTEM (CONT ' D ) 

6.6.2 Goodwin Dam'.Joi rit.:Canal :Headworks (North Side) (Cont I d )  

EQUIPMENT INSTALLATION CONSIDERATIONS (con t  I d )  

t h e  power p l a n t  and/or by-pass would cont inue t o  be . r egu la ted  by 

e x i s t i n g  gates. 

EQUIPMENT CONFIGURATION SELECTION 

The low head and f l o w  c h a r a c t e r i s t i c s  f o r  t h i s  s i t e  would bes t  be 

u t i l i z e d  by a s i n g l e  bu lb  type u n i t .  Zn order  t o  a l l ow  f u l l  by-pass 

cond i t i ons  f o r  i r r i g a t i o n  purposes and excess demand opera t ion  the  

bu lb  w i l l  be mounted on a gate  s i m i l a r  t o  those used a t  t he  Merced 

s i t e s  (See F igu re  6-11). Th is  w i l l  a l s o  f a c i l i t a t e  r e p a f r  and main- 

tenance. 

CONCEPTUAL GATE TURBINE/GENERATOR INSTALLATION 

GOODWIN DAM (NORTH SIDE) 

F igure  6-11 



6.6. SOUTH SAN JOAQU I N  SMALL HYDROPOWER SYSTEM (CONT ' D) 

6.6.2 Goodwin Dam J o i n t  Canal Headworks (North Side) (Cont 'd)  

EQUIPMENT CONFIGURATION SELECTION ( c o n t ' d )  

The t u rb i ne  bu lb  i s  f i xed  w i t h  the gate along w i t h  f o u r  s tay  vanes 

used t o  support the  t u rb i ne  and d i r e c t  the f low. The s t a t o r  o f  the 

generator i s  i n s t a l l e d  on the i n s i d e  o f  the casing. The generator  i s  

o f  the synchronous type. For a d e s c r i p t i o n  o f  the equipment r e f e r  t o  

the  d iscuss ion i n  Sect ion 6.5.1. 

The approximate i n s t a l l e d  cost/kW i s  expected t o  be $1,55O/kW. The 

bene f i t - to -cos t  ana lys is  i s  covered i n  Sect ion 7.0 and i nd i ca tes  a  

1.500 t o  1.0 bene f i t - to -cos t  i n  the f i r s t  year o f  operat ions.  S i t e  

e l e c t r i c a l  requirements a re  discussed i n  general i n  Sect ion 8.7. 



SECTION 7 , 0  

"JOINT DISTRICTS" HYDROPOWER DEVELOPMEIiT PLAM 

The r e s u l  t s  o f  the "Jo i  n t  Irri g a t i  on D i  s t r i c t s  Hydropower Assessment 

Study" and t he  conclusions and recommendations o f  the  "F ina l  F e a s i b i l i t y  

.Assessment Report" prov ide the  bas is  f o r  t h i s  development p lan.  

Th is  p l an  inc ludes the  " Jo in t  D i s t r i c t s "  twelve (12)  economical l y  and 

environmental l y  feas ib le  s i t e s .  These s i t e s  a re  d i v i ded  i n t o  th ree  ( 3 )  
"small hydropower systems" f o r  ease o f  p r o j e c t  management and o v e r a l l  

development con t ro l .  

The th ree  (3)  small  hydropower systems and t h e i r  associated s i t e s  are: 

8 Tur lock I r r i g a t i o n  D i s t r i c t  ( T I D )  Small Hydropower System 

- ~ r o p '  Number One 

- Drop Number Two 

- Drop Number S i x  

- Drop Number Seven 

- Drop Number ~ i n e  

8 Merced I r r i g a t i o n  D i  s t r i c t  (Merced) Small Hydropower System 

- Main Canal Drop 

- Canal Creek Drop 

- F a i r f t e l d  Drop 

- Escal adian Headworks 

8 South San Joaquin I r r i g a t i o n  D i s t r i c t  (SSJID) Small Hydropower 

Sys tem 

- Woodward Reservoir  Out1 e t  Works 

- Frankenheimer Drop 

- Goodwin Dam J o i n t  Canal Headworks (North Side).  



7.0 "JOINT DISTRICTS" HYDROPOWER DEVELOPMENT PLAN (CONT' D )  

The Development Plan in this section provides the Joint Districts with a 
summary description of each system and each s i t e  within that system; 
project or. system benefits , -estimated costs and potenti a1 revenues ; a 
phased s i t e  installation plan and schedule for each of the three ( 3 )  
systems; and a financial plan and discussion of funding methods and sources. 

. .  . 

7.1 TURLOCK IRRIGATION DISTRICT (TID) 

The Turl.ock Irrigation District (TID) was founded in 1887 as a result of 
the d rough t  of 1870-71. As California's f i r s t  irrigation d i s t r i c t ,  TID was 
established under the Wrigh t  Irrigation Act, which gave broad powers t o  
such bodies. 

TID i s  an irrigation d i s t r i c t  organized and existing under the laws o? the 
State of California; having i t s  ,principal office and place of business in 
th,e City of Turlock in the.State of California. As an irrigation d is t r ic t ,  
TID has two major functions: - 

To conserve and di s t r i  bute water for agricultural frrigation; 

To generate and provide electrical power for industrial , agri - 
cultural , commercial and residential use. 

Because of i t s  dual responsibility for two key resources - water and power 
- TID plays a pivotal role in the economic development of i t s  service area. 
Serving a population if 78,000 (many dependent on agricul ture) , the Di s-  
t r i c t  provides water t o  161,000 acres of land and electrical power t o  
40,000 metered customers. 

TID i s  governed by a pub1 icly-elected, f i  ve-member Board of Directors. 
The District i s  administered by a full-time General Manager selected by 

the Board of Di rectors. 



7.1 TURLOCK IRRIGATION DISTRICT (TID) (CONT' D) 

TID has a  gross area of 195,892 acres loca ted  i n  Merced, Stan is laus and 

Tuolumne Counties. TID inc ludes the  incorporated c i t i e s  o f  Tur lock,  
Ceres,.Hughson and a p o r t i o n  o f  Modesto, and the  unincorporated communi- 

t i e s  of Hickman, Keyes, Denair, Del h i  and Hilmar. 

TID and the a d j o i n i n g  Modesto I r r i g a t i o ' n  D i s t r i c t  a re  j o i n t  owners o f  

the  New Don Pedro Dam and Reservoir and power f a c i l i t i e s  on the Tuolumne 

River  loca ted  i n  Tuolumne County. TID a l so  who1 l y  owns the 4,700 kW La 

Grange Power Plant .  

The D i s t r i c t  owns approximately 114,000 k i l o w a t t s  o f  hyd roe lec t r i c  gener- 

a t i o n  and purchases the  balance o f  i t s  power requirements from the  C i t y  

and County o f  San Franc isco 's  Hetch-Hetchy P ro jec t  and the  P a c i f i c  Gas 

and E l e c t r i c  Company (PG&E). The drought of 1976-77 caused TID t o  pur-  

chase over 90% o f  i t s  e l e c t r i c a l  power from PG&E, the l a r g e s t  share of 

which was generated f rom f o s s i l  f u e l  f i r e d  power p lan ts .  

7.1.1 TID Small Hydropower System 

The s i t e s  which c o n s t i t u t e  the TID "Small Hydropower System" a re  

s i t u a t e d  on t h e  TID Main Canal from Tur lock bake t o  the Ceres Main 

Canal and cons i s t  of f i v e  (5 )  economical 1  y and envi  ronmental l y  

f e a s i b l e  s i t e s .  The f i v e  ( 5 )  s i t e s  w i l l  have a  t o t a l  i n s t a l l e d  

capac i t y  o f  6,610 k i l o w a t t s  (kW) p rov id i ng  an average of 23,976,800 

k i lowat thours  (kwh) o f  energy annual ly  dur ing  the  seven (7 )  month 

i r r i g a t i o n  season. Th is  annual energy would be equal t o  saving 

41,480 b a r r e l s  of o i l  per  year. 

fabl,e 7-1 presents a summary o f  essen t ia l  s i t e  parameters: i n s t a l l e d  

capac i ty  (kW), annual energy (kwh) and b a r r e l s  o f  o i l  which would be 

saved. 



7.1 TURLOCK IRRIGATION DISTRICT (TID) (CONT'D) 

7.1.1 TID Small Hydropower System (Cont 'd)  

TABLE 7-1 

* a t  $18,75/BBL, t h i s  would equal $777,75O/year savings 

DROP NUMBER ONE 

Drop Number One was assessed f o r  technica l  and economic f e a s i b i l i t y . .  
by TID i n  November, 1977. The r e s u l t s  o f  t h i s  assessment i ,ndicated 
the  s i t e  would be f eas ib l e  and TID there fo re  advanced t o  t he  next  
stage o f  devel'opment by ob ta id ing  a power p l a n t  design. 

The planned smal.1 hydroe lec t r i c  power p l a n t  w i  11 cons i s t  o f  three 
(3)  hydroe l .ec t r ic  generating u n i t s  next  t o  the  e x i s t i n g  o u t l e t  s t r uc -  
t u r e  fo r  Tur lock Lake. Each o f  the  three (3)  generating u n i t s  w i l l  
cons i s t  o f  a L e f f e l  t u rb ine  i n  a flume arrangement coupled ta a 
Genera1 E l e c t r i c  Company generator. Each u n i t  w i l l  be. r a ted  a t  1,086 
kW f o r  a t o t a l  output  o f  3,260 kW a t  a f l ow  o f  1,608 cubic f e e t  per 
second, which i s  e igh ty  percent (80%) o f  canal capaci ty.  

The transformer, e l e c t r i c a l  swi tch ing equipment and other  a u x i l i a r y  
equipment w i  11 be located on a ra ised  pad as c lose t o  the  power p l a n t  
as poss ib le  w i thou t  b lock ing  access. Ladders and hatches w i l l  be 
b u i l t  i n t o  a l l  s t ruc tu res  t o  a l low access t o  equipment f o r  inspec t ion  
and repa i rs .  



7.1 TURLOCK IRRIGATION DISTR.ICT (TID) (CONT' D )  

TID Small Hydropower System (Cont I d )  

DROP NUMBER ONE (cont'd) 

The power plant will have stoplogs upstr'eam of the generating units. 
The stoplogs will be used t o  isolate the power plant during shutdown 
for inspection or for repairs. The units will be protected by 
trash racks. Two hydraulically controlled slide gates will be used 
t o  bypass water for irrigation purposes whenever units are shut down 
o r  whenever irrigation water demands exceed the capacity of the tur- 
bine to pass water. 

The power plant will be remotely monitored and control led from TID's 
Broadway Control Center in Turl ock. Close coordination wi 11 be 
maintained between the operation of rthe power plant and operation of 
TID's irrigation system. The plant can n o t  function as a peaking 
plant as the loading will be dictated by irrigation demands only. 

The estimated annual energy production i s  12,200,000 kwh assuming 
plant operation during the irrigation season only  (March 15 through 
October 15 of each year). 

The engineerfng design work i s  complete and TID i s  preparing t o  go 
into the construction phase. Construction i s  scheduled t o  begin 
in the spring of 1979 with on-line operation scheduled for March,. 
1980. 

Figure 7-1 shows an architectural rendering of the completed power 
plant. Figure 7-2 shows a typical cross-section t h r o u g h  the power 
plant i 11 ustrating the arrangement of the turbines , generators, 
draf t  tubes and stop logs. 

DROP NUMBER TWO 

A suitable small hydroelectric power plant would most likely consist 
of two generating units located adjacent t o  the existing structure 
and outside of the existing canal. Each generating unit would con- 
s i s t  of a single turbine coupled t o  a single generator rated a t  330 
kW for a total station installed capacity of 660 kW. The rated 
capacity would occur a t  a canal flow of 1,700 cubic feet  per second 
which represents ei ghty-fi ve percent (851) of  canal capaci t y  . 
The transformer, electrical switching equi pment and other auxi 1 i ary 
equipment should be 1 ocated on a concrete pad posi t i  oned as close t o  
the power plant as possible without blocking access. Adequate access 
should be provided in al l  structures t o  allow for convenient, unre- 
s t r i  cted inspection and repair of equ,i pment. 



ARCHITECTURAL RENDERING 
TID MAIN CANAL DROP NUMBER ONE SMALL HYDROPOWER PLANT 

Figure 7-1 . 
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CROSS SECTION, DROP NUMBER ONE POWER PLANT 
Figure 7-2 



7.1 TURLOCK IRRIGATION DISTRICT (TID) (CONT'D) 

TID Small Hydropower System (Cont ' d )  

DROP NUMBER TWO (cont'd) 

The power plant should have stoplogs upstream of the generating units. 
The stoplogs would be used t o  isolate the power plant during shut down 
for inspection or  repairs. The existing drop structure could then 
be used as a spillway t o  bypass water around the power plant whenever 
i t  i s  shut down or whenever irrigation water demands exceed the 
capacity of the turbines t o  pass water. 

The power plant should be remotely monitored and iontrolled from TID's 
Broadway Control Center i n  T u r l  ock. Close coordination should be 
maintained 6etween the operation of the power plant and t h e  operation 
of TID's irrigation system. The plant can not be a peaking plant as 
t h e  loading will be dictated by irrigation demands only. 

The estimated annual energy production i s  2,073,400 kWh assuming 
plant operation d u r i n g  the irrigation season only (March 15 to October 
15 of each year). 

Figure 6-2 shows the conceptual arrangement for a plant a t  Drop Number 
Two. As noted on the drawing, this arrangement could also be utilized 
for Drop Number Six and Drop Number Seven, thereby achieving a uni -  
formi t y  of s i  te improvements and equipment. 

DROP NUMBER SIX 

A1 though this drop i s presently scheduled for development u t i  l i zing 
the prototype 1 nstal lation of a new type low-head hydroelectric gener- 
ati  ng device, an al ternate (or  back-up) configuration has been planned e 
for  this si te.  t o  provide a dependable development scheme. TID sub-' 
m i  tted an unsol t ci ted proposal t o  -DOE i n  February, 1979. 

A suitable a1 ternate small hydroelectric power plant would most 1 i kely 
consist of two generating u n i t s  located adjacent t o  the existing struc- 
ture i n  a fashion sirnl lar to  Drop Number Two. Each genevating u n i t  
would consist of a si ng9e turbine coupled t o  a single generator rated 
a t  460 kW for a total station installed capacity of 920 kW. The rated 
capacity would occur a t  a canal flow of 1700 cubic feet per second 
which represents ei ghty-f f ve percent (85%) of canal capaci t y  . 
The transfopmr , electrical switching equipment and other auxi 1 iary 
equipment should be located on a raised pad as close t o  the power plant 
as possible without blocking access. Ladders and hatches should be 
built i n t o  all  structures t o  allow access t o  equipment for inspection 
and repairs. 



7.1 TURLOCK IRRIGATION DISTRICT (TID) (CONT'D) 

7.1.1 TID Small Hydropower Sys tem (Cont d) 

DROP NUMBER SIX (cont 'd )  

The power p lan t  should have stoplogs upstream of the generating uni t s .  
The stoplogs would be used t o  i s o l a t e  the  power p lan t  during shut  down 
fo r  inspection o r  repa i r s .  The ex i s t i ng  drop s t r u c t u r e  could then be 
used as  a spil lway t o  bypass water around the  power p lan t  whenever i t  
is  shut  down o r  whenever i r r i g a t i o n  water demands exceed the capaci ty  
of the turbines  t o  pass water. 

i? - 
The power p lan t  should be remotely monitored and control led from 2.y - ; .. 
TID' s Broadway Control Center i n  Turl ock. Close coordination should " ' c 

' .+A 

be maintained between the operation of the power p lan t  and the opera- . .- 

t l a n  o f  T ID'S i r r i g a t i o n  system. The p l an t  can not be a peaking 
p lan t  a s  the loading will be d i c t a t ed  by i r r i g a t i o n  demands only. 

The estimated annual energy production i s 2,902,000 kwh assuming p l  a n t  
operation during the i r r i g a t i o n  season only (March 15 t o  October 15 
of  each year ) .  

The arrangement and configuration f o r  t h i s  s i t e  would 'be s imi l a r  t o  
t h a t  f o r  Drop Number Two a s  shown i n  Figure 6-2. 

DROP NUMBER SEVEN 

q.,sui tab1 e small hydroelectr ic .  power p l an t  would most 1 i kely cons i s t  
of two generati  ng uni ts located adjacent  t o  the ex i s t i ng  s t r u c t u r e  
and outs ide of the ex i s t i ng  canal . Each generating u n i t  would con- 
s is t  of a s ing le  tu rb ine  coupled t o  a s i n g l e  generator ra ted  a t  350 
k# f o r  a t o t a l  s t a t i o n  i n s t a l l e d  capaci ty  of 700 kW. The ra ted  
capaci ty  would occur a t  a canal flow of 1,300 cubic feet per second 
which represents  ei ghty-seven percent (87%) of canal capaci t y  . 
The transformer, e l e c t r i c a l  switching equipment and o ther  auxi 1 i a ry  
equipment should be located on a concrete pad posit ioned a s  c lo se  t o  
the power p l an t  a s  possible  without blocking access. Adequate access 
should be provided i n  a l l  s t ruc tu re s  t o  allow f o r  convenient, unre- 
s t r i c t e d  inspect ion and r epa i r  of  equipment. 

The power p l an t  should have stoplogs upstream of the generating uni t s .  
The stoplogs would b e  used t o  i s o l a t e  the power p l an t  during shu t  
down f o r  inspection o r  repa i r s .  The ex i s t i ng  drop s t r u c t u r e  could 
then be used a s  a spillway t o  bypass water around the power p l an t  
whenever i t  i s  shu t  down o r  whenever i r r i g a t i o n  water demands exceed 
the capacity of the turb ine  t o  pass water. 



7.1 TURLOCK IRRIGATION DISTRICT (TID) (CONT' D) 

7.1.1 TID Small Hydropower System (Cont'd) 

DROP NUMBER SEVEN (cont 'd)  

The power p l a n t  w i  11 be remotely monitored and contro l  1 ed from TID's 
Broadway Control Center i n  Turlock. Close coordinat ion w i l l  be 
maintained between the  operation o f  the power p l a n t  and operation o f  
TID's i r r i g a t i o n  3ystem. The p l a n t  can no t  func t ion  as a peaking 
p l a n t  as the load ing  w i l l  be d i c ta ted  by i r r i g a t i o n  demands only. 

The estimated annual energy production i s  2,101,400 kwh assuming 
p l a n t  operat ion duri-ng the i r r i g a t i o n  season only  (March 15 t o  
October 15 of each year). 

The conf igurat ion fo r  t h i s  s i t e  wauTd be s i m i l a r  t o  t h a t  shown for  
Drop Number Two i n  Figure 6-2. 

DROP NUMBER NINE 

As was done a t  Drop Number One, Drop Number Nine was assessed f o r  
technical  and economic f e a s i b i l i t y  by TID i n  November, 1977. The 
resu l t s  o f  t h i s  assessment ind icated the s i t e  would be feasible and 
TID therefore advanced t o  the next stage o f  development by obta in ing 
a power p l a n t  design. 

The planned small hydroelect r ic  power p l a n t  w i l l  cons is t  of two hydro- 
e l e c t r i c  generating u n i t s  i n s t a l l e d  i n  a new s t ruc ture  for Drop 
Number Nine. Each o f  the two generating u n i t s  w i l l  cons is t  of a 
L e f f e l  tu rb ine  i n  a flume arrangement coupled t o  a General E l e c t r i c  
Company generator; Each u n i t  w i l l  be ra ted  a t  550 kW f o r  a t o t a l  
output o f  l s070  kW a t  a f low o f  1,000 cubic f e e t  per second, which 
i s  s i x t y -s i x  percent (662) o f  canal capaci ty.  

The power p l a n t  w i l l  be remotely monitored and cont ro l  l e d  from TID's 
Broadway Control Center i n  Turlock. Close coordinat ion w i l l  be main- 
ta ined between the  operat ion o f  the power p lan t  and operat ion o f  
TID's i r r i g a t i o n  system. The p l a n t  can,.not be a peaking p l a n t  as 
the  loading w i l l  be d ic ta ted  by i r r i g a t i o n  demands only. 

The estimated annual energy production i s  4,700,000 kwh assuming 
p l a n t  operat ion dur ing the i r r i g a t i o n  season only  (March 15 through 
October 15 of each yedr ) .  

The transformer, ' e l e c t r i c a l  switching .equipment and other auxi 1 i a r y  
equipment w i l l  be located on a ra ised pad as.close t o  the power p l a n t  
as possible wi thout  blocking access. Ladders and hatches w i l l  be b u i l t  
i n t o  a l l  s t ructures t o  al low access t o  equipment f o r  inspect ion and 
repa i rs  . 



7.1 TURLQCK IRRIGATION DISTRICT (TI D) (CONT'D) 

7.1.1 TID Small Hydropower System (Cont ' d )  

DROP NUMBER NINE (cont 'd) 

The power plant will  have stoplogs upstream of the generating units .  
The stoplogs w i  11 be used t o  is01 a t e  the power plant during shut down 
fo r  inspection or  for  repairs .  The units will be protected by trash 
racks. One hydraulically control led s l i de  gate w i  11 be used t o  by- 
pass water through a new by-pass conduit f o r  i r r iga t ion  purposes 
whenever units a re  shut down or  whenever i r r iga t ion  water demands 
exceed the capacity of the turbine t o  pass water. 

Construction on Drop Number Nine was s tar ted  i n  September of 1978 
and is  scheduled fo r  on-1 ine operations beginning i n  July, 1979. 

Figure 7-3 shows an architectural  rendering of the completed power 
plant. 

7.1.2 TID System Features 

Based on the technical analysi s conducted during the assessment study 
(Section 6.0), the project system features t o  TID are: 

Total ins ta l led  capacity - 6,610 kW 

Total annual energy .- 23,976,800 kwh 

Estimated Total Project Cost - $8,797,940 
Average Cost/kW ins ta l led  - $1,331.00/kW 
Assumed Revenue @ 44 m i  11 s - $l,054,978/year 

Assumed Annual Costs - 8796,9691year 
Bus Bar Energy (1982) - 33.2 mi1 1s 
Benefit-to-Cost ( f i r s t  year) - 1.323 t o  1.0 

30 Year Benefi t-to-Cost - 3.488 t o  1.0 
Annual 01 1 Savings - 41,480 BBLS/year. 

Table 7-2 is a site-by-site breakdown summary of the TID small hydro- 
power system benef i ts , costs , i ns t a l l  ed capaci ti es , annual energy and 
estimated oi 1 savings. 

COSTS - 
The fo l l  owing tab1 e (Tab1 e 7-3) out1 ines the anticipated costs fo r  each 
of TID's feas ib le  sites. The costs  f o r  each s i t e  a re  broken down by 
cost  element and a r e  given i n  the table. All costs and revenue a re  
cal cul ated on escalated 1982 prices . 



7.1 TURLOCK IRRIGATION DISTRICT (TID) (CONTLD) 
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TABLE 7- 2 

* AVERAGE COST/KW INSTALLED ~-/Kw 

*' AVERAGE BUS BA!I ENERGY' 2 3  L ~ U S  

*" OVERALL SYSTEM BEHEFIT-TO-COST J,323 1.0 F I R S T  YEAR OF OPERATION 

MI ULS 
P E R K W H  

26.4 

45.7 

41.0 

46,9 

34.4 

. . . . . . .  

. .  't . . . . . . . .  

SITE 

DROP NUMBER OdE 

DROP IlUMBER WO 

DROP IlUMBER SIX 

DROP NUMBER SEVEN 

DROP NUMBER NINE 

TOTALS 

SITE 
.. ..COST.$- 

$3,560,li93 

1,048.247 

1,313,712 

1,'089,085 

1.786.400 

$8,797,940 

BENEFIT- 
TO-COST 

1,664 

,960 

1,072 

,937 

1.277 

"' 

1 NSTAUED 
CAPACITY.(KW)ENERGY(KWH):  

3260 

660 

920 1 
! 

700 

1070 

. . . . . . . . . . . . . . . . . . . . . . . . . . .  

6610 . . . . . .  

ANFlll AL 
OILSAVINGS 

~ ~ . ~ ~ ~ B B L s / Y R  

3,587 " " 

5,020 " " 

3,635 " " 

5,131 " " 

41.450 B B L ~ / Y R  
* 

COST 
. . . . .  $/KW 

$1.,092.17 

1.588.2s 

1.427.95 

1,555,84 

1.669.53 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. .*.. 

ANNUAL 

12,200,000 

2,073,400 

2.902,OOO 

2,101,400 

4,700;OOO 

. .  .,. 

.23.976.800. ' 

ANNUAL 
REVENUE 

1536.800$322.531 

91,229 

127.688 

92,461 

206,800 

!1.054,975 

A?I?IUAL 
COSTS 

94.956 

119.004 

98,655 

161,823 

$796.969 



TID SMALL HYDROPOWER SYSTEM 

PROJECT COSTS - AND COST ELEMENTS a 
. . 

(1) CONTINGENCIES " 10.2 OF SUB-TOTAL OF ITEMS A + 8 + C, 
(211 INTEREST DURING CONSrRUCTION = 7% OF SUB-TOTAL OF ITEMS A + 8 + C + 0,. 

(3) FOR 24 YEARS. 

l(4) FOR 14 YEARS. 

ESTIMATED P E R I O D  OVERSTATED I N  ORDER TO ALLOW FOR ADDED CONSTllllCT I O N  AN!) H O N I Y  MAItKCT CON1 INGI:NC I C S ,  DlIK IN(; I'l2t\.ll:Cl 

DEVELOPMENT. A 

------ 
TOTAL 

--- 

$3,569,493 

1, Q48.2117 

1,313.712 

1,939,989 

1.756.'!79 

-- 

$?3.797,91!0~- 

ENGINEERING/ 

MANAGEMENT 

C 

$342,292 

92,409 

115,800 

96. !lClrJ 

174.009 

$820,492 

CORSTRUCTI OW 

( C I V I ~ I N S T '  L) 

B 

$1,252,442 

275,000 

275. 1'00 

275.0Vl 

645,010 

t 2,722,442 

EQUIPMENT 
(ELECT' L/I.~ECH'L) 

A 

$1,160,909 

495,000 

690.000 

525,030 

805.009 

$3,675,000 

SITE 
CAPACITY 

DROP NUMBER ONE 3260 

DROP YUMBCR THO 1 660 

CONTINGENCIES I , D , c . *  

(1) (2) 

DROP NMBER S I X  

D 

5275.473 

96,240 

108,080 

89.60Cl 

162.100 

$721.793 

920 

E 
-- 

$530,256 (31 

99,607 (4: 

124,532 (4: 

193,439 (4) 

-9- 

$858.213- 

DROP NUMBER SEVEN 

DROP ~UMBEB NINE 

TOTALS . 

700 

1070 

. 6610 KW 



7.1 TURLOCK IRRIGATION DISTRICT (TID) (CONT'D) 

7.1.2 TID System Features' (Cont 'd )  

An t i c i pa ted  revenues and the  c a l c u l a t i o n s  f o r  the  bene f i t - to -cos t  

r a t i o s  a re  g iven i n  t h i s  sect ion.  Table 7-4 shows the  esca la ted 

bene f i t - t o - cos t  r a t j o s  f o r  a l l  TID s i t e s  combined over 30 years.  

Benef i t - to -Cost  Ana lys is  

> 
Drop Number One 

- Annual Revenue 
12.2 m i l l i o n  kWh/year X 44 m i l l s * *  = $536,800 

- Annual Cost 
$3,560,493 X .0805864 = $286,927 
Operat ion and Maintenance = 35,604 

Annual Costs $322,531 

- Bus Bar Energy (1982) = 26 .4 ,m i l l s  

Drop Number Two 

- Annual Revenue e 
2,073,400 kWh/year X 44 m i l l s * "  = . $ 91,229 

- Annual .Cost 
$1,048.,.247 X .OW864 $ 84,474 
Operat i  on and Maintenance = ... O_...7.XC_ 10,482 

Annual Costs $ 94,956 

- Bus Bar Energy (1982) = 45.7 m i  11 s 

- Benef i t - to -Cost  = .960 t o  1.0 

\ 

** Based on Sta te  o f  C a l i  f 0 rn i .a  Energy Commi.ssi on va l  ues (See Sect ion 8.5). 



TABLE 7-4 
? 

TID ESCALATED BENEFIT-TO-COST 
TOTAL PROJECT COST = $8,797,940 @ 7% FOR 30 YEARS 

YEAR 

1 
2 
3 
4 
5 

5-YR TOTAL 

6 
7 
8 
9 

10 

10-YR TOTAL 

11 
12 
13 
14 
15 

15-YR TOTAL 

16 
17 
18 
19 
20 

!O-YR TOTAL, 

21 
2 2 
23 
24 
2 5 

!5-Y R TOTAL 

2 6 
2 7 
2 8 
2 9 
30 

IO-YR TOTAL 

ANNUAL COST 
796,969 . 

3,984,845 

7,969,690 

119954,535 - 

,1599399380 , 

19 924,225 

,23,?09,q70 

REVENUE/YEAR 
e s c a l a t e d  @ 6%/yr.. 

1,054,978 

BENEFIT-TO-COST 

1.324 t o  1.000 
1,118,277 
1,185,373 
1,256,496 
1,331,885 

5,947,009 

1,411,799 
1,496,506 
1,586,297 
1,681,475 
1,782,363 

. . .  . .  
13,905,449 . . . - 
1,889 ;305 
2,002,663 
2,122,823 
2,250,192 
2,385,264 

24,555,636 

2,528,316 
2,680,015 
2,840,816 
3,011,265 
3,191,941 

38,807,989 

3,383,457 
3,586,465 
3,801,653 

. 4,029,752 
4,271,5-37 , 

.57,880,853 . 

4 ;527,829 
4,799,499 
5,087,469 : 

5,392,717 
5,716,280. 

83,404,647 - 

1.492 t o  1.000 

- .  . 

1.745 t o  1.000 

2.054 t o  1.000 

. ..... 
2.435 t o  1.000 

-"",.".-a 

2.905 t o  1.000 

. - 
. : .  

3.488. t o  1.000 



7.1 TURLOCK IRRIGATION DISTRICT (TID) (CONT'D) 

7.1.2 TID System Features (Cont 'd )  

REVENUESIBENEFIT-TO-COST (cont  ' d )  

Benefi  t - to -Cos t  Ana lys is  ( con t  ' d )  

Drop Number S i x  

- Annual Revenue 
2,902,000 kWh/year X 44 m i l  1 s** = 

- Annual Cost 
$1,313,712 X ,0805864 = $105,867 
Operat ion and Maintenance = 13,137 

Annuel Costs $119,004 

- Bus Bar Energy (1982) = 41.0 m i l  1 s 

Drop Number Seven 

- Annual Revenue 
2,101,400 kWh/year X 44 m i  11 s** = $92.462 

- Annual Cost 
$1,089,088 X .0805864 = $ 87,765 
Operat ion and Maintenance = 10,890 

Annual Costs $ 98,655 

- Bus Bar Energy (1982) = 46.9 m i l l s  

Drop Number Ni.ne 

- Annual Revenue 
4,700,000 kWh/year X 44 mi 11 s** = 

- Annual Cost 
$1,786,400 X .0805864 = $143,959 
Operat ion and Maintenance = 17,864 

Annual Costs $161,823 

- Bus Bar Energy (1982) = 34.4 m i  11 s 

** .Based .on Sta te  .of C a l i f o r n i a  ' ~ n e r ~ ~  Commission values (See Sect ion 8.5). 



7.1 TURLOCK IRRIGATION DISTRICT (TID) (CONT' D) 

7.1.3 Phased Site Installation Plan 

TID has established a phased site installation procedure for those 
sites which demonstrate economic and environmental feasibility. 
This installation plan is based on the "Typical Site Development 
Project Management Plan" described in Appendix 8.1. 

TID has es tab1 i shed a small hydropower development project office 
with Mr. A. K. Hagiwara designated as the Project Manager (see 
Figure 7-4). The Project Office and Project Manager will be supported 
by legal and administrative support from within TID's staff. 

Figure 7-4 

710 SK4LL HYDROPOWER 
DEVELOPMENT PROJECT 

------a c------ 

A. K. Hagiwara 
Legal Contract Project Manager Admlnlstrative 
Aaminfstration Support 
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Computer 
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2.1 TURLOCK IRRIGATION DISTRICT (TID) (CONT' D) 

Phased S i t e  I n s t a l  1 a t i o n ,  Pl.an (Cont ' d)  

The Plan has proposed t ha t :  

- A1 1 c i  v i  1 , mechanical , e l e c t r i c a l  and hydraul i c engineer ing 

be conducted by se lec ted outs ide engineer ing consul tants;  

- Turbines and generators, p lus  mechanical / e l  e c t r i  ca1 equip- 

ment and con t ro l  s, be purchased through the competi ti ve 

b idd ing process; 

- C i v i  1 works cons t ruc t ion  and equipment i n s t a l  l a t i o n  con- 

t r a c t o r s  be selected by the  compet i t ive  b i d  process; and 

- The on- l i ne  operat ions and maintenance be conducted by TID 

which p resen t l y  operates the  New Don Pedro power p l an t ,  the 

La Grange power p l a n t  and the  Broadway Control  Center f o r  

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

Devel opment Schedules 

The estimated TID on- l ine,power development schedule i s  i l l u s t r a t e d  

i n  F igure 7-5. Th is  schedule c a l l s  f o r  the  f o l l o w i n g  s i t e f o n - l i n e  

operat ions : 

/ 
- Drop Number Nine 

Construct ion s t a r t e d  September 1978 

On-l ine operat ions - Ju ly  1979. 

- Drop  umber One 

Engineering completed - Apr i  1 1979 

,Construct ion s t a r t e d  - May 1979. 

On-l ine operat ions - August 1980. 



7.1 TURLOCK IRRIGATION DISTRICT (TID) (CONT'D) 

Phased Site Installation Plan (C .on t l d )  

Devel opment Schedul es (cont 'd)  

- Drop Number Two 
Project Star t  - April 1979 
Construction Start  - January 1980 
On-1 ine operations - March 1981 

- Drops Numbers six1 and Seven 

Project Star t  - March 1980 
Construction Start  - January 1981 
On-line operations - March 1982 

This development schedule i s  based on estimated equipment and mate- 
r ial  s del ivery schedules , weather contingencies , and i r r i  gation water 

operations.. I t  i s  planned t h a t  a l l  of the selected TID si tes  can 
be engineered, constructed, equi pment instal 1 ed and on-1 i ne opera- 
t i o n  started by March, 1982. 

1 This schedule t o  be considered alternate for planned prototype instal- 
lation of new type low-.head hydroelectric generating device a t  Drop 
Number Si x.  





J .2 MERCED IRRIGATION DISTRICT (MERCED) 

The Merced I r r i g a t i o n  D i s t r i c t  i s  an i r r i g a t i o n  d i s t r i c t  organized i n  1919 

under t he  C a l i f o r n i a  Water Code. Con t ro l led  by a  Board o f  D i r c t o r s  e lec ted 

by t he  reg i s te red  voters  o f  the d i s t r i c t ,  i t s  pr imary f unc t i on  i s  t o  supply 

i r r i g a t i o n  water t o  t he  154,394 acres w i t h i n  i t s  boundaries. A d d i t i o n a l l y ,  

the  i r r i g a t i o n  d i s t r i c t  takes p a r t  i n  operat ing and ma in ta in ing  drainage, 

power generat i  on, f l o o d  c o n t r o l  and r e c r e a t i  on f a c i  1  i t i e s  . Unl i ke Tu r l  ock 

I r r i g a t i o n  D i s t r i c t ,  Merced does n o t  prov ide e l e c t r i c a l  se rv ice  w i t h i n  i t s  

se rv ice  area on a  r e t a i l  basis.  

The Merced I r r i g a t i o n  D i  s t r i c t  ' s p r i n c i p a l  .source o f  revenue i s  a  combi na- 

t i o n  of taxa- t ion o f  r e a l  proper ty  w i thou t  improvements and water sales. 

Water f o r  the D i s t r i c t  i s  suppl ied by the  Merced River.  Merced I r r i g a t i o n  

D i s t r i c t  i s  the  so le  owner o f  New-Exchequer Dam completed i n  1967 and 

McSwain Dam completed i n  1966 on t h e  Merced River.  Faci 1 i t i e s  a t  both 

dams inc lude  power p lan ts ,  the energy f rom which i s  wholesaled t o  the 

area ' s  e l  e c t r i  c a l  u t i  1  i t y  , PG&E. 

The annual costs  o f  Merced ' s  storage and power f a c i  1  i t i e s  a re  recovered 

through t he  energy revenue rece ived from PG&E. 

7.2.1 Merced Small Hydropower System 

The s i t e s  which c o n s t i t u t e  the  Merced "Small Hydropower System" a re  

s i t u a t e d  on the Merced Main Canal and cons i s t  n f  f n ~ ~ r  ( 4 )  economical l y  

and environmenat l ly  f e a s i b l e  s i t e s .  The f o u r  ( 4 )  s i t e s  w i l  I have a  

t o t a l  i n s t a l  1  ed capaci t y  of 4,980 k i  1 owatts (kW) p rov id i ng  an average 

o f  16,062,000 k i  1 owatthours (kwh) o f  energy annual l y  du r ing  the  seven 

( 7 )  month i r r i g a t i o n  season. Th is  annual energy would be equal t o  

saving 27,788 b a r r e l s  o f  o i l  pe r  year.  Table 7-5 presents a  summary 

of essent i  a1 s i  t e  parameters : i n s t a l  1  ed capaci t y  (kW) , annual energy 

(kwh) and b a r r e l s  o f  o i l s  which would be saved. 



7.2 MERCED IRRIGATION DISTRICT (MERCED) (CONT' D )  

7.2.1 Merced Small . Hydropower System (Cont' d )  

TABLE 7-5 

INSTALLED 

Canal Creek 

MAIN CANAL 

A sui tab1 e small hydroelectric power. plant wo6ld most 1 i kely consist 
of two hydroelectric generating units i n  a. new drop structure for the 
Maim'Canal. Each of the two generating units would consist of a 
sliding gate bulb type turbine coupled to a generator. Each u n i ' t  will 
be rated a t  1,400 kW for a total  station instal 1 ed capacity of 2,800 
kW a t  a canal flow rate  of 1,900 cubic fee t  per second, which i s  
n i  nety-one percent (91%) of canal capaci ty . 
The transformer, el ectri  cal swi tchi ng equi pment and other auxi 1 i ary 
equipment should be located on a concrete pad positioned as close to 
the power plant as possible without blocking access. Adequate access 
should be provided i n  a1 1 structures to a1 low convenient, unrestricted 
inspection and repair of equipment. 

The power p1 ant would have stoplogs upstream of the generating u n i t s .  
The stoplogs would be used to isolate the. power plant du r ing  shut 
down for inspection and repairs. The units would be protectgd by 
trash racks. The power plant would u t i l ize  a peripheral spillway 
to bypass water whenever u n i t s .  are shut down or whenever irrigation 
water demands exceed the capacity o f  the turbine to pass water. 



7 . 2  MERCED IRRIGATION DISTRICT (MERCED) (CONT'D)  

7.2.1 Merced Small Hydropower Sys tem (Cont  ' d )  

MAIN CANAL (cont'd) 

The power plant should be remotely monitored and controlled from the 
power purchaser' s control center. Close coordi nation should be mai n- 
tained between the operation of the power plant and the operation of 
Merced's irrigation system. The plant can not be a peaking plant as 
the loading will be dictated by irrigation demands only. 

The estimated annual kilowatthour o u t p u t  i s  9,169,000 kWh..assuming 
plant operation during the irrigation season only (March 15 through 
October 15 of each year). 

Figure 6-4 shows a conceptual fnstallation scheme for a sliding gate- 
bulb type turbine and generator, with a by-pass and associated power 
house and equi pment. 

CANAL CREEK 

A suitable small hydroelectric power p.lant would most 1 i kely consist 
of one hydroelectric generating u n i t  installed a t  the terminus of a 
new penstock.connecting Canal Creek t o  the Main Canal. The genera- 
t i n g  u n i t  could consist of an in-line bulb-type turbine/generator. 
The unit would be rated a t  940. kW a t  a flow of 380 cubdc feet per 
second. 

The transformer, el ectri cal switching equipment and other auxi 1 i ary ' 

equipment w i  11 be located on a concrete pad positioned as close to 
the power plant as possible without blocking access. Adequate access 
should be provided in a1 1 structures t o  a1 1 ow convenient. unrestricted 
i nspecti on and repai r of equipment . 
The power plant should have a flow regulation device upstream o f  the 
generating units. The regulation device could also be used then t o  
isolate the equipment dur ing  shutdown for inspection or repairs. 
T h e  u n i t  should be protected by trash racks. The power plant should 
incorporate a bypass feature. One hydraul i cal l y control 1 ed sl i de 
gate w i  11 bypass water for irrigation purposes whenever the uni t i s  
shut down o r  whenever irrigation water demands exceed the capacity 
of the turbfne t d  pass water. 

The power plant should be remotely monitored and controlled from the' 
power purchaser's control center. Close coordination will be main- 
tained between the operation of the power plant and operatjon of 
Merced's irrigation system, TThe plant can nat be a peaking plant 
as the loading will be dictated by irrigation demands on ly .  

The estimated annual kilowatthour o u t p u t  i s  3,262,000 kWh assuming 
plant operation during the irrigation season only (March 15 through 
October 15 of each year). 



7.2 MERCED IRRIGATION DISTRICT (MERCED) (CONT' D )  

7.2.1 Merced Small Hydropower Sys tem (Con t ' d  ) 

CANAL CREEK ( con t ' d )  

F igure 6-6 shows the  s i t e  p lan  f o r  the  Canal Creek s i t e  i n c l u d i n g  
the d i ve rs i on  works loca t ion ,  pipe1 ine,  and power p l a n t  loca t ions .  
F igure 6-7 shows the conceptual i n s t a l l a t i o n  o f  a  bulb- type t u rb i ne  
and generator w i t h  a  bypass and associated power house equipment. 

FAIRFIELD DROP 

A su i t ab le ' sma l l  hyd roe lec t r i c  power p l h n t  cou ld  be i d e n t i c a l  i n  
i t s  con f i gu ra t i on  t o  the con f i gu ra t i on  proposed a t  Canal Creek, the 
on ly  d i f fe rence  being i t s .  r a ted  capaci ty;  the two s i t e s  a re  extremely 
s i m i l a r .  The generat ing u n i t  would be r a t e d  a t  970 kW a t  a  f l ow  o f  
420 cub ic  f e e t  per second. 

The- power p l a n t  should be remotely monf t o red  and con t ro l  l e d  from 
the power purchaser 's con t ro l  center.  Close coord ina t ion  should 
be maintained between t h e  operat ion o f  the power p l a n t  and the  
operat ion o f  Merced's i r r i g a t i o n  system. The p l a n t  can n o t  be a  
peaking p l a n t  as the  load ing  w i l l  be d i c t a t e d  by i r r i g a t i o n  demands 
on ly .  

The estimated annual k i  lowat thour  output  i s  2,809.,000 kwh assuming 
p l a n t  operat ion dur ing  the i r r i g a t i o n  season on ly  '(March 15 through 
October 15 o f  each year ) .  

Fig,ure 6-8 shows the  s i t e  p lan f o r  the  F a i r f i e l d  Drop s i t e  i n c l u d i n g  
the  d i ve rs i on  works loca t ion ,  penstock and power p l a n t  l oca t i on .  The 
turbine/generator ,  by-pass and associated power house would be iden- 
t i c a l  t o  Canal Creek as shown i n  F igure 6-7. 

ESCALADIAN HEADWORKS 

A s u i t a b l e  small hyd roe lec t r i c  power p l a n t  would most: 1  i k e l y  cons i s t  
of one hyd roe lec t r i c  generat ing u n i t  nex t  t o  the e x i  s t h g  Escal adian 
Headworks. con t ro l  s t ruc tu re .  The generat ing uni  t would . cons is t  o f  
a  s i n g l e  t u rb i ne  coupled t o  a  s i n g l e  generator. The u n i t  would be 
r a t e d  a t  270 kW a t  a  f l ow  r a t e  o f  230 cub ic  f e e t  pe r  second. 

E l e c t r i c a l  sw i tch ing  equipment and o ther  auxi  1  i a r y  equipment should 
be loca ted  on a  concrete pad p o s i t i 0 n e d . a ~  c lose  t o  the power p l a n t  
as poss ib le  w i thou t  b lock ing  access. Adequate access should be pro- 
v ided i n  a l l  s t ruc tu res  t o  a1 low convenient, u n r e s t r i c t e d  inspec t ion  
and r e p a i r  o f  equipment. 

The power p l a n t  watiId r equ i re  a  f l ow  regu la t i on  device upstream of 
the  generat ing un i t ;  The u n i t  would be p ro tec ted  by t r ash  racks.  
The power p l a n t  would u t i l i z e  the e x i s t i n g  con t ro l  s t r u c t u r e  t o  by- 
pass water around the generat ing u n i t  f o r  i r r i g a t i o n  purposes whenever 



7.2 MERCED IRRIGATION DISTRICT (MERCED) (CONT' D )  

Merced Small Hydropower System (Cont ' d )  

ESCALAD IAN HEADWORKS (con t ' d )  

i r r i g a t i o n  water demands exceed t h e  capaci ty  of the tu rb ine  t o  pass 
water.  

The power p l an t  should be remotely monitored and con t ro l led  from t h e  
power purchaser ' s  control  cen te r .  Close coordination should be rnai n -  
t a ined  between the operation of the power p l an t  and t he  operat ion of 
Merced's i r r i g a t i o n  system. The p l an t  can not be a peaking p l an t  a s  
the loading w i l l  be d i c t a t ed  by i r r i g a t i o n  demands only. 

The est imated annual kilowatthour output  i s  822,000 kwh assuming 
p l a n t  operat ion during t h e  i r r i g a t i o n  season on1 y (March 15 through 
October 15 of each y e a r ) .  

Figure 6-2 shows a conceptual arrangement of a planned power p l an t  a t  
Drop Number Two. The conf igurat ion a t  Escaladian Headworks would be 
somewhat s imi l a r .  

7.2.2 Merced System.Features 

Based on the  technical  ana ly s i s  conducted during the Assessment Study 

(SGction 6 . 0 ) ,  the P r o j e c t ' s  major f ea tu r e s  and benef i t s  t o  Merced 

a r e  : 

- Total i n s t a l  l ed  capaci ty  - 4,980 kW 

- Total annual energy - 16,062,000 kwh 
- Estimated to ta l  p ro j ec t  cost - $6,578,591 
- Average Cost/kW instal l ed  - $1,396.70/kW 

- Assumed Revenue @ 44 m i  11 s = $706,728/year 

- Assumed Annual Costs - $595,929/year 

- Bus Bar Energy (1382) - 37.1 m i l l s  

- Benefit-to-Cost ( F i r s t  Year) - 1.185 t o  1.0 

- 30-Year Benefit-to-Cast - 3,125. t o  1.0 

- Annual Oil Savings - 27,788 bar re l  s /year .  

Table 7-6 is  a s i t e -by - s i t e  breakdown summary of  the Merced small 

hydropower system benef i ts , c o s t s ,  i n s t a l  1 ed capaci t i e s  , annual 

energy and est imated o i l  savings f o r  the nat ion.  



TABLE 7-6 

f.iEftCED SMALL HYDROPOWER SYSTEM - .BREAKDOWN SUMMARY' BY ' S I T E  

SITE INSTALLED ANFIUAC SITE 
CAPACITY (KW) ENERGY(Kw~I).. ..COST. t 

1 

MA18 CANAL 1 2800 1,9,;69.000 l$3.660.690 

CANAL CREEK 

FA1 RF l ELD DROP 

~ TOTALS 1 4980 . 116,062,000 1$6,578,591 

AVERAGE COST/KW l NSTALLED = $1,396.70 /KN 

** AVERAGE BUS BAR ENERGY = - - 37, l  - - -- - MILLS - - - 
"* OVERALL SYSTEH BEHEFI T-TO-COST = L 1 8 5  TQ._~,LF IRST YEA3 OF OPERATIOIJ 

AN?IUAL 
COSTS 

$331,603 

115 .427 .35 .3  

107,228 

41.666 

. .. 

$595,929 

---- 

ANI*IlIAL 
OIL SAVIPIGS 

MI LLS 
PER KWtI 

36.1 

38.1 

50.6 

" 

BEIIEFI T-  
'fO-CoST 

1.216 

1,2113 

1.153 

,868 

- 
.*. 



7.2 MERCED IRRIGATION DISTRICT (MERCED) (CONT' D) 

7.2.2 Merced System Features (Cont 'd )  

COSTS - 
The f o l l o w i n g  t a b l e  (Table 7 - 7 )  o u t l i n e s  t he  a n t i c i p a t e d  costs  f o r  
each o f  ~ e r c e d ' s  f e a s i b l e  s i t e s .  The costs  f o r  each s i t e  a re  broken 
down by cos t  element and a re  g iven i n  the  t ab l e .  A l l  cos ts  and 
revenues a re  ca l cu l a ted  on escalated 1982 p r i ces .  

REVENUES/BENEFIT-TO-COST 
An t t c i pa ted  revenues and t h e  c a l c u l a t i o n s  f o r  t he  bene f i t - t o - cos t  

r a t i o s  a re  g iven i n  t h i s  sect ion.  Table 7-8 shows the  esca la ted 

bene f i t - to -cos t  r a t i o s  f o r  a l l  Merced s i t e s  combined over 30 years.  

Benef i t - to -Cost  Ana lys is  

Main Canal 

- Annual Revenue 
9,169,000 kWh/year X 44 m i  11s ** = $403,436 

- Annual Cost 
$3,660,690 X .0805864 = $295,002 
Operat i  on and Maintenance = 36,606 

Annual Costs $331,608 

- Bus Bar Energy (1982) = 36.1 m i l  1 s 

Canal Creek 

- Annual Revenue 
3,262,000 klrlh/year X 44 m i l l s  ** = < $143,528 

- Annual C o s t  
$1,274,232 X .0805864 = $102,685 
Operat i  on and Maintenance = 12,742 

Annual Costs $115,427 

- Bus Bar Energy (1982) = 35.3 m i l l s  

** Based on S ta te  o f  C a l i f o r n i a  Energy Commission values (Sect ion 8 . 5 ) .  



MERCED SMALL IIYDWOI'OWER SYSTEM --- 

PROJECT COSTS AND COST ELEIYNTS - - - -. . - - - - . - - . . - - . - - - - - - - - 

(1) CONTINGENCIES = 1 0 %  OF SUB-TOTAL O F  ITEMS A + fl + C, 
(2) INTEREST DURING CONSTRUCTIOH. = 7% OF SUB-TOTAL OF ITEMS A + 8 .t C + 0 ,  
( 3 )  FOR 24 YEARS, 

( 4 )  FOR i4 YZARS,  

(5) FOR 2 YE.4RSl 
* E S T  IMATED PERIOD OVERSTATED I N  ORDER TO ALLOW FOR ADDED C O N S T ~ U C T  ION AND MONEY MARKET CONT INGENCI ES DURING P R O J f  CT DEVELOPMENT 

TOTAL 

$3,669,690 

1 ,274,232 

1.183,7fl2 

4 5 9 . 9 6 7  

96 ,575 ,591  

- 
S I T E  

- 

ElAlN CA\AL 

CANAL CREEK 

FA1 RF l ELD DROP 

i ESCALADI AN HEADGlORKS 

L- TOTALS 

ENGINEERING/ 
MANAGEMENT 

c 

$303,456 

112,329 

1 0 4 , 3 4 0  

39 ,300  

$559 .416  

l NSTALLED 
'CAPACITY 

(KW) 

2800 

9 4 0  

9 7 0  

2 7 0  

4 9 8 0  u# 

EQUIPMENT CONSTRUCT1 ON 

(ELECT'UMECH'L) ( C I V I ~ I N S T ' L )  

A a 

$1,215,609 

325 ,000  

239 ,000  

125,OOfl 

$2.757.200 $1 ,90~ I ,600  

CONTINGENCIES 

(1) 
D 

$283,225 

1 0 4 , 9 3 2  

9 7 . 3 8 4  

3 6 , 6 3 0  

$ 5 2 2 , 1 2 1  

I ,D.C.' 

( 2 )  
E 

$545.209 ( 3 )  

1 2 1 , 3 9 0  ( 4 )  

1 1 2 , 4 7 8  ( 4 )  

5 6 . 4 8 7  ( 5 )  
--- 

8 8 3 5 . 2 5 4  



TABLE 7-8 
-- 

MERCED ESCALATED BENEFIT-TO-COST 

TOTAL PROJECT COST - $6,578,591. @ 7% FOR 30 YEARS 
1. . .  . ' . ._ .  . '  ... 

YEAR 

1 
2 
3 
4 
5 

5-YR TOTAL 

6 
7 
8 
9 

10 

10-YR TOTAL 

11 
12 
13 
14 
15 

15-YRTOTAL 

16 
17 
18 
19 
2 0 

20-YR TOTAL 

21  
22 
23 
2 4 
25 

25-YR TOTAL 

26 
2 7 
2 8 
2 9 
30 

3 0 - y ~  TOTAL 

ANNUAL COST 
595,929 

2,979,645 

5,959,290' 

8,9389935 - 

11,918,580 

14,898,225 

17,877,870 1 

REVENUE/YEAR 
e s c a l a t e d  @ 6%/yr .  

706,728 
749,132 
794,080 
841,724 
892,228 

3,983,891 

945,761 
1,002,507 
1,062,658 
1,126,417 
1,194,002 

BENEFIT-TO-COST 

1.186 t o  1.000 

1.337 t o  1.000 

- 

9,315,237 - 
1,265,642 
1,341,581 
1,422,076 
1,507,400 
1,597,844 

16,449 ,780 

1;693,715 
1,795,338 
1,903,058 
2,017,241 
2,138,296 

25 997,407 

2,266,572 
2,402,567 
2,546,721 
2,699,524 
2,861,495 

38,774,287 

3,033,185 
3,215,176 
3,408,087 . 
3,612,572 
3,829,326 

55,872,634 - 

1 . 5 6 3 t o 1 . 0 0 0  

1.840 t o  1.000 

2.181 t o  1.000 

2.603 t o  1.000 

- - 1 3.125 t o  1.000 



7.2 MERCED IRRIGATION DISTRICT (MERCED) CONT' D) 

7.2.2 Merced System Features (Cont ' d )  

REVENUESIBENEFIT-TO-COST ( con t  ' d )  

Benefi t - to -Cost  Analysi  s ( con t  ' d )  

Fai r f i e l  d Drop 

- Annual Revenue 
2,809,000 kWh/year X 44 m i l l s * *  = $123,596 

- Annual Cost 
$1,183,702 X .€I805861 = $ *95,331 
Operat ion and Maintenance = 11,837 

Annual Costs $107,228 

- Bus Bar Energy (1982) = 38.1 m i l l s  

Escaladian Headworks 

- Annual Revenue 
822,OO kWh/year X 44 m i  11 s** = 

- Annual Cost 
$459,967 X ,0805864 = $ 37,067 
Operat ion and Mai ntenance = 4,599 

Annual Costs $ 41,666 

- Bus Bar Energy (1982) = 50.6 m i l l s  

- Benefi  t - to -Cost  = .868 t o  1.0 
** Based on Sta te  o f  C a l i f o r n i a  Energy Commission values (Sect ion 8.5). 

7.2.3 Phased S i t e  I n s t a l l a t i o n  Plan 

Merced has es tab l i shed  a phased s i t e  i n s t a l l a t i o n  procedure fo r  those 

s i t e s  which demonstrate economic and environmental f eas i  b i  1 i ty. Th is  

i n s t a l l a t i o n  p l an  i s  based on t he  "Typical  S i t e  Development P r o j e c t  

Management P l  an" desc r i  bed i n  Appendi x 8.1. 

Merced has es tab l  i shed a 'small hydropower deoel opment p r o j e c t  o f f i ce  

w i t h  M r .  K. R. McSwain designated as the  P r o j e c t  Manager (See F igure 

7-6). The p r o j e c t  o f f i c e  and p r o j e c t  manager w i l l  be supported by 



7.2 MERCED IRRIGATION DISTRICT (MERCED) (CONT' D) 

7.2.3 Phased S i t e  I n s t a l  l a t i o n  Plan (Cont 'd)  

l ega l  and adm in i s t ra t i ve  support from w i t h i n  Flerced's s t a f f .  

Legal Contract  

System Tecnnlcal 

To Be Determined 

Mechanical and 
E l e c t r i c a l  Constructl on 

lo Be Determined To Be Determined 

Figure 7-6' 

The plan. p.roposes t ha t :  

- A1 1 c i v i  1 , mechanical, e l e c t r i c a l  and ,hydraul i c  engineer ing 

be conducted by selected outs ide engineer ing consul tants;  

- Turbines and generators p lus  mechanica l /e lect r ica l  equip- 

ment and con t ro l s  be purchased through the  compet i t ive  

b idd ing  process; 

- C i v i  1 works const , ruct ion and equipment i n s t a l l a t i o n  contrac- 

t o r s  be selected by t he  compet i t ive  b i d  process; and 
# 

> 



7.2 MERCED IRRIGATION DISTRICT (MERCED) (CONT'D) 

7.2.3 Phased Site Instal lation Plan (Cont'd) 

- The on-line operations and maintenance be conducted by the 

power purchaser's work force. 

Development Schedules 
The Merced estimated on-line power development schedule i s  i l lustrated 
in Figure 7-7. This schedule calls for the following site/on-line 
operations : 

- Main Canal 
Project Start  - March 1979 
Construction Start  - October 1980 
On-line operation - March 1982 

- Canal Creek 
Project Start  - June 1979 
Construction S t a r t  - October 1979 
On-line operations - March 1981 

- Fairfield Drop 
Project Start  - March 1980 - 

' Construction Start  - October 1981 
On-1 ine operations - March 1982 

- Escaladian Headworks 
Project Start  - March 1.380 
Construction Start  - October 1981 
On-1 ine operations - March 1982 

This development schedule i s  based on estimated equi pment and materi a1 
del i very schedul es , weather conti ngenci es and i r r i  gati on water opera- 
tions. I t  i s  planned that a l l  of the selected Merced s i tes  could be 
engineered, constructed, equipment instal 1 eJ and un-1 i ne operations 
started by March 1982. 



7.2 MERCED IRRIGATION DISTRICT (MERCED) (CONT'D) 

7.2.3 Phased S i t e  Installation Plan (Cont'd) 

Figure 7-7 



i 

k 7.3 SOUTH SAN JOAQUIN IRRIGATION DISTRICT (SSJID) 

Y' Establ  i shed 
S t a t e  of  Ca 
D i r e c t o r s ,  
farmland i n  

i n  1909 a s  an i r r i g a t i o n  d i s t r i c t  by the Water Code o f  t h e  
l i f o r n i a ,  governed by a l o c a l l y  e l e c t e d  five-member Board of  
the District provides  i r r i g a t i o n  water  f o r  72,000 a c r e s  of  

t h e  n o r t h e r n  s e c t i o n  of the San Joaquin Valley.  

The D i s t r i c t  has c o n s t r u c t e d  an i r r i g a t i o n  system c o n s i s t i n g  of  t h r e e  ( 3 )  
major s t o r a g e  rese rvo i  rs , a major r e g u l a t i n g  rese rvo i  r ,  four  h y d r o e l e c t r i c  
p l a n t s ,  a d i v e r s i o n  dam and r e s e r v o i r ,  a canal  t ransmiss ion system and a 
pipe1 i n e  d i s t r i b u t i o n  system. Water suppl ied  by the Stani  s l a u s  River i s  
con t ro l  led bj/ the Tr i  -Dam P r o j e c t  (Tull  och, Beardsley and Donne1 1 s Dams) 
and Goodwin Diversion Dam, a l l  o f  which a r e  j o i n t l y  owned by the South 
San Joaquin and Oakdal e I r r i g a t i o n  D i s t r i c t s .  

SSJID Small Hydropower System 

The SSJID "Small Hydropower System" on t h e  Main Canal from Goodwin 
Dam t o  t h e  Woodward Reservoi r  o u t l e t  c o n s i s t s  o f  t h r e e  ( 3 )  economically 
and environmental ly f e a s i b l e  s i t e s .  The t h r e e  (3 )  s i tes  would have 
a t o t a l  i n s t a l l e d  c a p a c i t y  of 7,970 k i l o w a t t s  (kW) providing an aver-  
age  .of 28,523,000 ki lowat thours  CkWh) o f  energy annua l ly  dur ing  the 

seven (7) month i r r i g a t i o n  season.  This  annual energy wohld be. 
equal t o  saving 49,348 b a r r e l s  o f  o i l  per  y e a r .  

Table 7-9 p resen t s  a summary o f  e s s e n t i a l  s i t e  parameters:  i n s t a l l e d  
c a p a c i t y  (kW), annual energy (kwh) and b a r r e l s  o f  o i l  which would be 

saved. 

WOODWARD RESERVOIR 

A s u i t a b l e  small h y d r o e l e c t r i c  power p l a n t  would most 1 i  ke ly  c o n s i s t  
o f  one h y d r o e l e c t r i c  genera t ing  u n i t  a t  t h e  exi  s t i 'ng  o u t l e t  s t r u c t u r e  
f o r  Woodward Reservoir .  The genera t ing  u n i t  would c o n s i s t  o f  an in -  

, l i n e  bulb-type tu rb ine /genera to r .  The u n i t  would 'be r a t e d  a t  2,300 kW. 



7.3 SOUTH SAN JOAQUIN IRRIGATION DISTRICT (SSJID) (CONT'D) 

7.3.1 SSJ ID  Small Hydropower System (Cont'd) 

TABLE 7-9 

I SSJID SMALL HYDROPOWER SYSTEM I 

I * a t  $18.751~0~.  , t h i s  would equal $ 9 2 5 , ~ 7 5 / ~ e a r  savings. I 

SITE 

Woodward Reservoir  

Frankenheimer 

Goodwin Dam 

TOTALS 

WOODWARD RESERVOIR. (con t '  d )  

The t ransformer,  e l e c t r i c a l  sw i tch ing  equipment and o ther  a u x i l i a r y  
equipment should be loca ted  on. a concrete pad pos i t i oned  as c lose  
t o  the power p l a n t  as poss ib le  w i thou t  b lock ing  access. Adequate 
access should be provided i n  a1 1 s t r uc tu res  t o  a l l ow  f o r  convenient, 
u n r e s t r i c t e d  i nspec t i on  and r e p a i r s  o f  equipment. 

INSTALLED 
CAPACITY 

(kW) 

2,300 

4,700 

970 

7,970 

The power p l a n t  f l ow  would be regu ld ted by the con t ro l s  o f  the  e x i s t i n g  
r e s e r v o i r  o u t l e t  tower. A b l f u r c a t l o n  of the o u t l e t  pens Lock imne- 
d i a t e l y  ahead o f  the  power p l a n t  would be used t o  bypass water f o r  
i r r i g a t i o n  purposes whenever t he  u n i t  i s  shut  down o r  whenever irri- 
ga t i on  water demands exceed t he  capac i t y  o f  the  t u rb i ne  t o  pass water. 

The power p l a n t  should be remotely monitored and c o n t r o l l e d  from the 
power purchaser 's c o n t r o l  center.  Close coord ina t ion  should he main- 
ta ined  between t he  opera t ion  o f  the. power p l a n t  and opera t ion  o f  
SSJID's i r r i g a t i o n  system. The p l a n t  can nnt. he a peaking p l a n t  as 
the load ing  w i l l  be d i c t a t e d  by i r r i g a t i o n  demands only.  

ANNUAL 
ENERGY 

( kwh 

6,906,000 

16,962,000 

4,655,000 

27,523,000 

The est imated annual k i  lowat thour  ou tpu t  i s  6,906,000 kWh assuming 
p l a n t  opera t ion  dur ing  the  i r r i g a t i o n  season ~ n l y  (March 15 t o  
October 15 o f  each year) .  

OIL SAVINGS 
(BBLS . /YEAR) 

11,948 

29,346 

8,054 

49,348* 

Appendix 8.3 shows t he  conceptual arrangement o f  a sing1.e bulb- type 
turb ine/generator  power pl .ant  a t  Woodward Reservoir.  Sect ion 8.3 
a l s o  i l l u s t r a t e s  an a l t e r n a t e  two-tube tu rb ine lgenera to r  con f i gu ra t i on  
and. .s i te  plan.' ' . .  



7.3 SOUTH SAN JOAQUIN IRRIGATION DISTRICT (SSJ ID )  (CONT'D) 

7.3.1 SSJ I D  Small Hydropower System (Cont ' d )  

WOODWARD RESERVOIR (cont  ' d )  

A l l  data on Woodward Reservoir i s  based on a  proposal' r e p o r t  sub- 
m i t t e d  t o  SSJID i n  June, 1978. 

ERANKENHEIMER 

A s u i t a b l e  small hyd roe lec t r i c  power p l a n t  would most l i k e l y  cons i s t  
of one hyd roe lec t r i c .  generat ing uni  t on a re1  ocated p o r t i o n  o f  the 
Main Canal above Woodward Reservoir.  The generat ing u n i t  would con- 
s i s t  o f  a  standard v e r t i c a l  Francis type t u r b i n e  coupled t o  an over- 
head generator. The u n i t  would be r a t e d  a t  4,700 kW a t  a  f l ow  of 
900 cubic feet  pe r  second. 

Development o f  the  s i t e  would requ i re  the r e l o c a t i o n  of a  p o r t i o n  of 
the  e x i s t i n g  canal t o  a  power p l a n t  forebay a t  a  s u i t a b l e  s i t e .  A 
penstock would d e l i v e r  water from the forebay t o  the  power house 
loca ted  near the e x i s t i n g  canal . A t a i  1  race would then conduct water 
from the power p l a n t  back t o  the main canal. 

The power p l a n t  s t r u c t u r e  and associated equipment would be o f  con- 
ven t i  onal v e r t i c a l  Francis t u r b i n e  conf igurat ion s i m i l a r  t o  t h a t  shown 
i n  Sect ion 8.3. The t ransformer,  e l e c t t i c a l  swi tch ing equipment and 
o ther  a u x i l i a r y  equipment should be loca ted  on a  concrete pad pos i t i oned  
as c lose t o  the power p l a n t  as poss ib le  w i t hou t  b lock ing  access. Ade- 
quate access should be b u i l t  i n t o  a l l  s t r uc tu res  t o  a l low convenient, 
u n r e s t r i  c ted inspec t ion  and repa i  r o f  equi pment. 

The u n i t  w i l l  be pro tected by t r ash  racks. A b i f u r c a t i o n  o f  the pen- 
stock ahead o f  t he  power p l a n t  would be used t o  bypass water f o r  
i r r i g a t i o n  purposes whenever the  u n i t  i s  shut  down o r  whenever irri- 
ga t ion  water demands exceed the capac i t y  o f  the turbi .ne t o  pass water. 

The power p l d n t  should be remotely monitored and c o n t r o l l e d  from the 
power purchaser 's con t ro l  center.  Close coord ina t ion  should be 
maintained between the  operat ion o f  the  power p l a n t  and the operat ion 
o f  SS3ID's i r r i g a t i o n  system. The p l a n t  can n o t  be a  peaking p l a n t  
as the  load ing  w i l l  be d i c t a t e d  by i r r i g a t i o n  demands on ly .  

The estimated annual k i  lowat thour  output  i s  16,962,000 kwh assuming 
p l a n t  operat ion dur ing  the i r r i g a t i o n  season on l y  (March 15 t o  
October 15 of each year) .  

GOODWIN DAM JOINT CANAL HEADWORKS (NORTH SIDE) 

A s u i t a b l e  small hydroe1ectri.c power p l a n t  wouj d  most 1  i k e l y  cons i s t  
of one hyd roe lec t r i c  generat ing u n i t  a t  the e x i s t i n g  i r r i g a t i o n  out -  
l e t  s t r uc tu re  a t  the  no r t h  s ide  o f  Goodwin Dam. The generat ing u n i t  



7.3 SOUTH SAN JOAQUIN IRRIGATION DISTRICT (SSJID) (CONT'D) 

7.3.1 SSJID Small Hydropower System (Cont I d )  

GOODW I N  DAM .JOINT CANAL HEADWORKS (NORTH SIDE) (Cont I d )  

would cons i s t  o f  a s l  i d i n g  gate-bul b type t u r b i n e  generator. The 
u n i t  would be r a t e d  a t  970 kW a t  a f l ow  o f  1,200 cub ic  f e e t  per  
second. r 

The transformer, e l e c t r i c a l  sw i tch ing  equipment and o ther  a u x i l i a r y  
equipment should be loca ted  on a concrete pad posit i0ne.d c lose  t o  
t he  power p l a n t  i f  poss ib le .  Adequate access should be provided i n  
a l l  s t r uc tu res  t o  a l l ow  convenient, u n r e s t r i c t e d  inspec t ion  and . . 

r e p a i r  o f  equipment. 

The u n i t  w i l l  be p ro tec ted  by t r ash  racks. The turb ine/generator  
would be an i n t e g r a l  p a r t  o f  a l a r g e  s l i d e  gate which cou ld  be 
r a i s e d  t o  pass water f o r  i r r i g a t i o n  purposes whenever the  u n i t  i s  
i nopera t i  ve. 

The power p l a n t  should be remotely monitored and c o n t r o l l e d  from the  
power purchaser 's c o n t r o l  center.  Close coord ina t ion  should be 
maintained between the  operat ion o f  the power p l a n t  and the  operat ion 
o f  SSJID's i r r i g a t i o n  system. The p l a n t  can n o t  be a peaking p l a n t  
as the  l oad ing  w i l l  be d i c t a t e d  by i r r i g a t i o n  demands only.  

The est imated annual k i l owat thour  output  i s  4,655,000 kwh assuming 
p l a n t  opera t ion  du r i ng  t he  i r r i g a t i o n  season on l y  (March 15 t o  
October 15 o f  each year) .  

F igure 6-11 shows a planned conceptual power p l a n t  arrangement, 
i n c l u d i n g  t he  s l i d i n g  gate bu lb  tu rb ine lgenera to r ,  gate mechanism, 
power p l a n t  s t r u c t u r e  and associated equipmentz. 

7.3.2 SSJ ID  System Features 

Based on the  techn ica l  ana lys is  conducted dur ing  the Assessment Study 

(Sect ion 6.0), t h e  p r o j e c t  b e n e f i t s  t o  SSJID are: I 

- To ta l  i n s t a l l e d  capac i t y  - 7,970 kW 

- To ta l  annual energy - 28,523,000 kwh - Estimated To ta l  Pcoject Cost - $10,050,565 
- Average Cost/kW i n s t a l l e d  - $1,261.05/kW 

- Assumed Revenue @ 44 mi 11s - $1,255,012/year 

- Assumed Annual Costs - $910,443/year 

- Bus Bar Energy (1982) - 31.9 m i l  1  s 

- Benefi t- to-Cost ( F i r s t  Year) - 1.378 t o  1.0 

- 30-Year Benefl t- to-Cost - 3.633 t o  1.0 

Annual O i l  Savings - 49,348 b a r r e l  s l yea r  

7-37 



7.3 SOUTH SAN JOAQUIN IRRIGATION DISTRICT (SSJID) (CONT' D) 

7.3.2 SSJID System Features (Cont 'd)  

Table 7-10 i s  a  s i t e -by - s i t e  breakdown summary o f  the  SSJID small 

hydropower system bene f i t s  , costs,  i n s t a l  1  ed capaci t i e s ,  annual 

energy, and est imated o i l  savings f o r  the nat ion.  

COSTS 

The f o l l o w i n g  t a b l e  (Table 7-11) o u t l i n e s  the a n t i c i p a t e d  costs  f o r  

each o f  SSJID's f e a s i b l e  s i t e s .  The costs f o r  each s i t e  are  broken 

down by cos t  element and are given i n  the tab le .  A1 1  costs and revenue 
a re  ca lcu la ted  on escalated 1982 p r i ces .  

REVENUES/BENEFIT-TO-COST 
Ant ic ipa ted  revenues and the  ca l cu la t i ons  f o r  t he  Benef i t - to-Cost  

r a t i o s  are  given i n  t h i s  sect ion.  Table 7-12 shows the  escalated 

bene f i t - to -cos t  r a t i o s  f o r  a l l  S S J I D  s i t e s  combined over 30 years. 

Benefi  t - to-Cost  Analysis 

Uoodward Dam 

- Annual Reveaue 
6,906,000 kWh/year X 44 m i l  1  s** = " $303,864 

- Annual Cost 
$2,537,193 X .0805864 = $204,463 
Operation and Maintenance = 25,372 

Annual Costs $229,835 

- Bus Bar Energy (1982) = 33.3 m i l l s  

** Based on State  o f  C a l i f o r n i a  Energy Commission values (Sect ion 8.5). 
C 



SSJID SMALL HYDROPOWER SYSTEM :- 'BREAKDOWN SUMMARY BY S I T E  

. AVERAGE C(1ST/ttw INSTALLED = L1,251,05/~w 
e* 
. . AVERAGE BE BAR ENERGY 31.9 MILLS 
"' OVEN\LL SYSTEfl BEtIff I T-TO-COST 1.378~ I RST YEAR OF OPERATI ON 

SITE 

HOODdARD. DAM 

FRAHKEIiHE IMER 

GOODY l N DAM 

. . . . . . . 

L 

INSTALLED 
CAPACITY (KW) 

2300 

4700 

970 

- . . , . . . . . . . , . . . . . , . 

797Q .. ... . . . 

ANNUAL 
ENERGY(KHH) . 

6.906,OIO 

16,962,C~IO 

4,655,OUO 

. 

. ??,523,m0 

SITE 
. COST.$ 

$ 2.537.193 

6.006,llC 

1,507,262 

. . .  . 

6!0! 050 !565 

AN?IUAL 
REVENUE 

$303,864 

746,328 

204,820 

... .. .., .... 

81,255,012 

COST 
t b ~ w - - . .  

$1.103.12 

1.277,89 

1.553,88 

....... . 

*. ... . 

ANNUAL 
OIL SAVINGS 

11.948 BBLS/YR 

29.346 " " 

8,054 " " 

119,348 BBLS/YR 
b 

AN?lUAL 
COSTS 

6229,835 

544,071 

136.537 

8910,943 

MILLS 
PER KWH 

33.3 

32.0 

29.3 

** 

BENEFIT- 
TO-COST 

1,322 

1,372 

1.509 

... 



SSJl D SMALL HYDROPOWER SYSTEM - 
PROJECT COSTS AND COST ELEMENTS 

(1) CONTINGENCIES = 10% OF SUB-TOTAL OF ITEMS A + n + c. 
(2) INTEREST DURING CONSTRUCTION = 7% OF SUB-TOTAL OF ITEMS A + 8 + C + ID, 
(3)  FOR 2 YEARS, 

GOODidl~DAM 9 7  1 630,SCIO 1 550,000 1 4 1 , 6 6 0  #I 1597,2G2 

TOTALS 7970 KW $3,022,000 $3,994,009 $841.920 $653,576 $1,539.'l69 819,959.565 

CONTINGENCI ES 

(1) 
D 

$202,328 

451.248 

I .DBC.* 

(2) 
E 

$ 311,585 
(3) 

1.042.382 

(4) FOR ~ . Y E A R S ~  

(5) FIGURED I N 7 0  l.TEH B. 
EST ~ ~ ~ I A T E D ' P E R ~ O G  OVERSTATED I N  ORDER TO ALLOW FOR ADDED CONSTRUCTION AND 'MONEY MARKET CONT lNGENC l E S  DUR I l l 6  PH0.JECT DEVELOI'PIEIl I . 

TOTAL 

$ 2,537.193 

6,996,119 

ENGINEERING/ 

MANAGEMENT 

C 

$216,789 

483,480 

S l TE 

WOODIJARD DAM 

FRAHKENHE I MER 

EQUIPMENT 

(ELECT'L/MECH'L) 

A 

$ 981,500 

1.410,OOO 

INSTALLED 

.CAPACITY 

(KW) 

2300 

4700 

CONSTRUCT1 ON 

(CIVIL/INST' L) 

B 

$ 825.000 

2,619,000 



TABLE 7-12 
* 

SSJ ID ESCALATED BENEFIT-TO-COST 

TOTAL PROJECT COST = $10,050,565 @ 7% FOR 30 YEARS 

YEAR 

1 
2 
3 
4 
5 

5-YR. TOTAL 

ANNUAL COST 
910,443 

4,552,215 

2 6 
2 7 
2 8 
29 
30 ' 

30-YR TOTAL 

REVENUEIYEAR 
esca la ted @ 6%/yr .  

1,255,012 
1,330,313 
1,410,131 
1,494,739 
1,584,424 

. 7,074,619- 

BENEFIT-TO-COST 

1.378 t o  1.000 

1.554 t d  1.000 
? 

27,313,290 

5,386,349 
5,709,530 
6,052,102 ' 
6,415,228 
6,800,142. 

99.218,-97ZL 
.. . 

3.633 ,.to 1.000 



7.3 SOUTH SAN JOAQUIN IRRIGATION DISTRICT (SSJID) (CONT'D) 

7.3.2 SSJID System Features (Cont 'd )  

REVENUES/BENEFIT-TO-COST ( con t  ' d )  

Benefi  t - to -Cost  Ana lys is  t con t  ' d )  

Frankenheimer 

- Annual Revenue 
16,962,000 kWh/year X 44 m i l l s * *  = 

- Annual Cost 
$6,006,110 X .0805864 = $484,010 
Operations and Maintenance 60,061 

Annual Costs $544,07 1 

- Bus Bar Energy (1982) = 32.0 m i  11 s 

Goodwin Dam J o i n t  Canal Headworks (North Side) 

- Assume -12 month operat ions w i t h  p l a n t  capac i t y  o f  70% f l ow  
ra te .  

- ~ n n u a l  Revenue 
4,655,000 kWh/year X 44 ,m i l l s * *  = $204,820 

- Annual Cost 
$1,507,262 X .0805864 = $121,465 
Operat ions and Maintenance 15,072. 

Annual Costs $136,537 

- Bus Bar Energy (1982) = 29.3 m i l  1 s 

Benefi  t - to -Cost  = 1.500 t o  1.0 

7.3.3 Phased S i t e  I n s t a l l a t i o n  Plan 

SSJID has es tab l i shed  a phased s i t e  i n s t a l l a t i o n  procedure f o r  t he  

t h ree  (3 )  economical l y  and environmental l y  f e a s i b l e  s i t e s .  Th is  

i n s t a l l a t i o n  p lan  i s  based on t he  "Typ ica l  S i t e  Development P r o j e c t  

Management Plan" e f f o r t s  and tasks as descr ibed i n  Appendix 8.1. 

** Based on Sta te  o f  C a l i f o r n i a  Energy Commission values (Sect ion 8.5). 



7 . 3  SOUTH SAN JOAQUIN IRRIGATION DISTRICT (SSJID) (CONT'D) 

7 . 3 . 3  Phased S i t e  I n s t a l  l a t i o n  Plan (Cont 'd)  

SSJID has es tab l i shed  a small hydropower development p r o j e c t  o f f i c e  

w i t h  M r .  Noel Negley designated as the P ro jec t  Manager (see Figure 

7-8). The p r o j e c t  o f f i c e  and p r o j e c t  manager w i l l  be supported 'by 

l e g a l  and adm in i s t r a t i ve  support from w i t h i n  SSJID' s s t a f f .  

The p lan proposes t h a t :  

- A1 1 c i  v i  1 , mechanical , e l e c t r i c a l  and hydraul i c engi'neeri ng 

be conducted by se lec ted ou ts ide  engineer ing consul tants;  

- Turbines and generators p lus  mechanica l /e lec t r ica1 equip- 

ment and con t ro l  s be purchased through the  compet i t ive  

b idd ing  process. 

- C i v i  1 works cons t ruc t i on  and equri:pment i n s t a l  l a t i o n  con t rac ts  

be se lec ted  by the  compet i t i ve  b i d  process; and 

- The on - l i ne  operat ions and maintenance be conducted by the 

power purchaser 's work force.  

Development Schedules 

The SSJID est imated on - l i ne  power development schedule i s  i l l u s t r a t e d  

i n  Figure 7-9. Th is  schedule Ca l l s  f o r  t he  f o l l o w i n g  s i t e i on . - l i ne  

operat ions : 

- Woodward Dam 

Pro jec t  s t a r t  - March 1979 

Const ruct ion s t a r t  - June 1980 

On-1 i n e  operat ions - March 1981 



7.3 SOUTH SAN JOAQUIN IRRIGATION DISTRICT (SSJID) (CONT'D) 

7.3.3 Phased S i t e  I n s t a l  l a t i o n  Plan (Cont 'd)  

Figure 7-8 

t . . - .. .- - - .. - -. . . - .- - - -- -. - -- - - - - - - . . - . - -. . - - 

OEVELOPMERT PROJECT - - - - - -  
t 

1 

t 

Admin is t ra t i ve  
Support ! 

I To 82 Ortermined SSJID 

1 . .  
System Technical 

L---',,, Management -,,,,,J 

To Be Determined 

I 

E l e c t r i c a l  

, 
Engineering 

To Be Determined 

i 
Mechanical 8 t n s t a l l a t i o n  6 Operation 6 

Generators Maintenance 

To Be Determined To Be Determfned To Be Determined 

SOUTH SAN JOAOU IN IRRIGATION DISTRICT - SMALL HYOROPOWER DEVELOPMENT 

PROJECT ORGAN I ZAT ION 
. . -. - - - . . . - . - - . . - - - - - . . - . . . -. - - , 

Development Schedules (cont '  d )  

+ 

. 

- Fran ken hei  mer 

Pro jec t  s t a r t  - June 1979 

Construction s t a r t  - March 1981 

On-line operations - March 1982 

- Goodwin Dam 

Pro jec t  s t a t t  - May 1980 

Construction s t a r t  - July 1981 

On-1 i ne.  operations - March 1982 



7 - 3 . 3  Phased S i t e  I n s t a l  l a t i o n  Plan (Cont 'd)  

Development Schedules (con t  ' d )  

Th is  development schedule i s  based on est imated equipment and 

ma te r i a l s  d e l i v e r y  schedules, weather cont ingencies,  and i r r i g a t i o n  

water operat ions.  It i s  planned t h a t  a l l  o f  the  se lec ted S S J I D  

s i t e s  cou ld  be engineered, constructed,  equipment i n s t a l l e d  and on- . 

1 i n e  operat ions s t a r t e d  by March 1982. 

F igure 7-9 



7.4 PROJECT DEVELOPMENT FINANCIAL PLAN 

The "Joint Districts Small Hydropower System Development Financial Plan" 
includes the project costs of the twelve (12) s i tes  previously discussed 
in this section. Additionally, the cost of any required new transmission 
lines, wheeling costs, operation and maintenance, debt service and costs 
for securing a "Joint Districts" tax exempt Power Revenue Bond issue have 
been i ncl uded. 

As discussed in Section 3.4, Economic Analysis, the obvious advantage of 
the "Jotnt Districts" being the project developer and power purchaser i s  
the availability of low cost Project Development Funds, i .e . ,  6%% or 7% 
versus 9% financing. 

Other advantages t o  establishment of the "Joint Districts" as the Project 
Devel oper are : 

single financing entity, 
r single operating entity, 
e single point of project management control, 

single point for project engineering control, 
single procurement control for equipment, materia3s and services, 
single point of construction management and development schedule 
control. 

7..4.1 Development of Fundinq Sources 

Development funds would come from three sources. They are: 
- General District funds. 
- Revenue Bonds. - 

- Department of Energy (DOE)  
* Assessment Study $79,68Z, Cooperati ue Agreement awarded 

August 1978. 
* Demonstration Project (PON-1) $719,000, Contract announced 

.... : 
February 1979. 

) 



7.4 PROJECT DEVELOPMENT FINANCIAL PLAN (CONT'D) 

7.4.1 Development of funding Sources (Cont 'd)  

In November, 1977, TID re ta ined  the se rv i ce s  of Fluid Energy Systems, 

Inc. (FES) and Stone and Youngberg Municipal Fi nanci ng Consul t a n t s  , 
Inc. ( S & Y )  t o  a s s i s t  i n  preparing long range development plans t o  

i den t i fy  and sol  i c i  t f e d e r a l ,  s t a t e  and i n s t i t u t i o n a l  funding sources , 

f o r  the f inancing of the po ten t ia l  small hydropower s i t e s  w i t h i n  t he  

D i s t r i c t s .  

7.4.2 P ro j ec t  Costs - 1982 

Ass1.1rning t h a t  the " J o i n t  D i s t r i c t s "  Leccr~~~e the single pro j ec t  

developer,  f inancing and operat ing en t i  t y  , the  t o t a l  p ro j ec t  cos t s  
would be: 

- TID f i v e  ( 5 )  s i t e  system !$ 7,939,727 

- Merced four  ( 4 )  s i t e  system 5,743,337 

- SSJID three (3 )  s i t e  system 8,511,496 

- 4 .1  miles of new 21 kV t ransmission l i n e s  73,800 

- Subtotal  of engineering,  eq~lipmcnt 

cons t ruc t ion  and i n s t a l  1 a t 1  on $ 22,268,360 

- I n t e r e s t  during construct ion 

$22 ,.268,36.0 X 7% X 235 .years 3,896,963 

Subtotal  $ 26,165,323 
- Minus DOE funding ( 798,687) 

TOTAL PRUJECT COST 1982 $ 25,366,636 

The revenues and bene f i t s  t o  a s i n g l e  p ro j ec t  developer,  f inancing 

and operat ing e n t i t y  would be: 



7.4 PROJECT DEVELOPMENT FINANCIAL PLAN (CONT' D) 

7.4.3 Revenues/Benefi t - to-Costs - 19d2 (Cont I d )  

Annual Revenues 

- TID system 23,976,800 kwh 

- Merced System 16,062,000 kwh 

- SSJID System 28,523,000 kwh 

- .. . To ta l  Annual Energy 68,561,800 kwh 

- Revenue @ 44 mi l ls /kWh $ 3,016,719/year 

Annual Costs 
- Debt Serv ice - 7% f o r  30 years o r  

$25,366,636 X .0805864 $ 2,044,205 

- Operat ions and Maintenance (O&M) 253,666 

- Wheeling by PG&E o r  

44,585 kwh a t  1.5 m i l l s  668,775 

- To ta l  Annual Costs $ 2,966,646/year 

- Benef i  t - to-Cost  ( F i r s t  Year) 

$3,016,719 + $2,966,646 = 1.106 t o  1.0 

Table 7-13 shows t he  30-year costs  and b e n e f i t s  o f  the  p r o j e c t  us ing 

6% esca la t i on  f o r  power revenue, operat ions and maintenance. The 

summary bene f i t - t o - cos t  o f  the  p r o j e c t  a t  t he  end o f  30 years i s  

2.931 t o  1.0. 

F igure  7-10 shows p r o j e c t  cos t  versus revenue over t he  p r o j e c t ' s  30- 

year  per iod.  The graph a l so  i nd i ca tes  p r o j e c t  pay-back would occur 

i n  seven (7)  years. 



TOTAL PROJECT COST - $25.427.'306 a 7% FOR 3O YEARS. 

14 541,051 2,585,256 6,434,445 
15 573,514 2,617,719 6,929,512 

TOTAL 30,663,075 5.904.322 36,567,397 70,217,061 1 .923~01,13 ' l  
16 607.925 2.552.13'3 7,229,743 
17 644,401 2,688,696 7, 663.527 
18 683,065 2 727.270 8,123,339 
19 724 ,Or49 2,763,254 8,610,739 
20 767 492 2,511,697 9,129,384 

TOTAL 40,884.100 9,331,254 50.215,354 110.971.792 2 . 2 1 9 ~ 0 1 . ~ 7 ~  

2 1  8U,54 l  2,857,746 9,675,921 
22 362,354 2,906.559 10,255,528 
23 914,095 2,958,300 19,870, 869 
24 968.941 3.OU.146 11.523,111 
25 1,027,077 3,971,282 12,214,498 

TOTAL 51,195.125 13,917,261 65,022,386 165.510,816 2.545 TO 1 .!Iq'1 
26 l,rlt113.702 3.1J2,9117 12,947,363 
27 1,154,024 3,198,229 13,724,219 
28 1, 223,265 3,267,479 14,547,663 
29 1,296,661 3,34!l.866 15,429,522 
SO 1,374,461 3,418,666 16,345,754 

TOTAL 6610326 C20.05 4,374 685.330.524 3238,496,333 2.931 TO 1. yyi 

-- A 

TOTAL PROJECT ESCALATED BENEFIT-TO-COST 
. . . . . .  

. , - . . 

7-49 " 



PROJECT DEVELOPMENT FINANCIAL PLAN (CONF'D) 

3dY€ARB€MGF/T rZ, COST 2.931 

/2 S/TL55 - / 5  

-/9,560 Xw /NSTALLED 
- 48,568,800 K w h / y R .  ,610 

CUMULATIVE REVENUE VERSUS COST 

Figure 7-10 
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TYPICAL SITE DEVELOPMENT 

PROJECT MANAGEMENT PLAN 

MANAGEMENT PLAN 

The Turlock Irrigation District i s  a governmental unit chartered by the 
State of California t o  provide water and electric power. The District 
i s  governed by an elected five-member Board and i s  managed by a General 
Manager and an experienced. s taff .  

The District will be fully responsible for achieving the goals of the 
Small Hydropower Program t h r o u g h  i t s  control of management and operatl on.  
Several of the project tasks will be directly fulfi l led by District s ta f f .  
Where appropriate, outside consultants will be retained. 

District  direction will be exercised by a Project Manager whose tasks will 
include supervising a1 1 work performed, maintain consistency and provide 
a1 1 required reports. The Manager will be the one person t o  whom a1 1 
involved personnel will report t h r o u g h o u t  the l i f e  of this Project. 

Under the direction of the Project Manager, the ~ i s t r i c t  will implement 
four major program plans to achieve project goals, w i t h  full  control over 
quality, time and cost of work performed. 

1.1 TECHNICAL MANAGEMENT PLAN 

The goals of the Technical Management Plan are to:  

0 establish controls; 

a track a l l  Project activit ies;  

a prepare a l l  Monthly and Quarterly Reports; 

a Prepare Project Reviews and supervise Project functions ; and 

maintain adherence to project Schedule. 

The Dl s t r i c t  w i  11 uti 1 ize the Project Management form of organization. 
This system establlshes levels of management responsibility, defines 
organizational re1 a t i  onshi ps and identifies tools and techniques for 
Project planning, direction and control. Since the organization i s  
tailored to  the Project, only those controls necessary t o  the successful 
completion of the Project will be imposed. 

In order t o  implement this plan, a central Project Office will be established 
within the headquarters of the District. From this location, the Project 
Manager will supervise and control design, development, analysis, procurement, 
construction and instal lation 1 iaison. 



1.2 TECHNICAL PLAN. 

The goals o f .  the Technical Plan a re  to :  

@ con t ro l  , t rack,  and i n t e g r a t e  ,a1 1  f i e l d  a c t i v i t i e s  and ,data 
co l l ec t i ons ;  

conduct a l l  analyses and technology t ransfers;  and 

@ compile and prepare documentation i n  support of repor ts  on 
p r o j e c t  r e s u l t s .  

Th is  Technical Plan w i l l  apply the  bes t  a v a i l a b l e  s k i l l s  i n  a  wide range 
o f  d i s c i p l i n e s  i n  o rder  t o  take i n t o  account the  techn ica l  economic, 
operat iona l  and l o g i s t i c s  f ac to r s  invo lved  , i n  the s i t e  development. A1 1  
func t ions  w i l l  be d i r e c t e d  by the  app l i ca t i ons  o f  systems i n t e g r a t i o n  t o  
maximi t e  ef fec t iveness.  

1.3 ADMINISTRATIVE PLAN 

The goals o f  the Admin is t ra t i ve  Plan a re  t o  con t ro l  and coordinate:  

accounting and costs; 

personnel requ i  remen t s  ; and 

equi pment and f a c i ' l  i t y  needs. 

This Plan w i l l  a l s o  t r ack  and moni tor  con t rac t  and.sub-contract  matters 
invo lved  i n  the p ro j ec t .  Cost con t ro l  wi l .1 be provided by the  implemen- 
t a t i o n  of the  Work Breakdown S t ruc tu re  System. 

1.4 PROCUREMENT PLAN 

The goal o f  the  Procurement Plan i s  t o  assure t h a t  a l l  f a b r i c a t i o n  and 
cons t ruc t ion  i s  accomplished i n  accord w i t h  approved . . design and spec i f i -  
ca t ions  . 
The D i s t r i c t  Procurement S t a f f  and consul tants  have experience i n  p rocur ing  
equipment f o r  hyd roe lec t r i c  p ro jec ts .  I n  t h i s  p ro j ec t ,  as i n  o the r  p ro j ec t s ,  
maximum use w i l l  be made o f  the  compet i t i ve .  marketplace t o  achieve maximum 
r e s u l t s  a t  the  lowest f e a s i b l e  cost .  

The Planning S t a f f  w i  11. compile the  requirements from a1 1  sources . t o  esta- 
b l i s h  a  mate r ia l  support p lan t o  meet schedule needs. Ef fec t ive  management 
i s accompl i shed by use o f  un i form methods o f .  c l  ass i  f i  c a t i  on and codi  ng , 
using commercial designat ions gu ide l ines.  

Mate r ia l s  and o f f - t he -she l f  equipment a re  procured on a  purchase order  system. 
Spec ia l t y  i tems and major procurements are  handled by sub-contract  admi n i  s -  
t r a t o r s  who, i n  add i t i on ,  are  respons ib le  f a r  moni tor ing and con t ro l  1  i n g  



.l. 4 PROCUREMENT PLAN (CONT' 0) 

a l l  subcontractor-generated data. Subcontract admin is t ra tors  rece ive  
vendor data and d i s t r i b u t e  i t  t o  engineering; coordinate and review 
comments and techn ica l  responses; and consol idate  them f o r  t r ansm i t t a l  
t o  the  vendor. 

1.5 CRITICAL PATH MODE 

F igure A i s  a  t y p i c a l  C r i t i c a l  Path Mode (CPM) f o r  a  small hydropower 
p ro jec t .  I t  shows t h e  phasing and i n t e r r e l a t i o n s h i p s  of the  var ious 
tasks. The CPM shows the  i n t e g r a t i o n  o f  work, t ime and resources neces- 
sary t o  complete t he  p r o j e c t  w i t h i n  the  proposed t ime frame. 

I 

TYPICAL SITE DEVELOPYENT CRITICAL PATH YEDE (CPY) 

Figure A 



2.0 PROJECT TASKS 

The project Tasks are structured to assure the timely, complete and cost- 
effective fulfillment of a l l  tasks and sub-tasks of the project. 

The Project Si te  Development i s  structured into f ive ( 5 )  tasks. The 
tasks are identified as follows: 

e Task 1 - Engineering Design and Specifications 
Task 2 - Equipment and Materials Procurement 

a Task 3 - Civil Construction 
a Task 4 - Equipment Installation 

Task 5 - Equipment Check-Out and Start-Up. 

2 .1  TASK 1: ENGINEERING DESIGN AND SPECIFICATIONS 

Within th is  task, the preliminary engineering assessment, engineering 
design drawings and specifications, permit and 1 icense appl i cations wi 11 
be prepared. The relevant engi neeri ng di sci pl i nes are hydraul i c ,  ci vi 1 , 
mechanical, and e lect r ical .  This task i s  most active early in the 
development. Upon s t a r t  of construction, most of the engineering has 
been completed and the project emphasis i s  shifted from engineering t o  
construction. However, the engineering function wi 11 be actively sup- 
porting the construction and procurement effor ts  and l a t e r  the start-up 
and check-out operations. The engineering function also has the respon- 
s i b i l i t y  of monitoring the manufacturing and construction effor ts  for 
compl i ance with the drawings and specifications . 

a Prel iminary Enqineerinq: During this  sub-task the fol lowing 
wi 11 be completed: 

. . - collect  a1 1 basic data.  associated:wi t h  the canal system, 
water suppl ies ,  area electr ical  requirements ; 

- conduct so i l s  investigation and geology; 

- develop s i t e  and power plant configurations; 

- develop the instal 1 ed capaci t i e s  ; 

- develop power plant/water release operations ; 

- identify specific concerns which must be worked out with 
regul atory agencies . 

' 

The task ut i l izes  civi 1 , mechanical, electr ical  and geotechnical 
i n p u t s  in addition to the hydrology studies; 

I 

e Civil Enqineering: During th i s  sub-task, the project c ivi l  engi- 
neerina will be com~leted in accordance with the concepts and 
guide1 ines established in the feasi bil i ty assessment. ' This includes, 
b u t  i s  not limited to: . 

- s i t e  layout; 



2.1  TASK 1: ENGINEERING DESIGN AND SPECIFICATIONS ( C O N T ' D )  

Ci v i  1 Engineering (cont'd) 

- s i t e  design and engineering; 

- civil construction sequence and CPM; 

- s i t e  l ayou t  drawings; 

- preparation of  s i t e  excavation drawings; 

- disposition of excavation soi 1 ; 

- preparation of ci vi 1 structure draw'i ngs ; 

- preparation of civi 1 speci ficatons; and 

- construction monitoring t o  assure conformance t o  the 
drawi ngs and specifications . 

Mechanical Engineering: During this sub-task, the project 
mechanical engi neeri ng w i  11 be compl eted i n accordance w i  t h  the 
concepts and guidelines established in the feasibil i ty assessment. 
This includes, b u t  i s  not limited t o :  

- layout and 1 ocati on of .mechani cal equipment; 

- machinery installati.on sequence and CPM; '  

- preparaton of mechanical drawings ; 

- selection of equipment; 

- preparation of mechanical specifications; and 

- monitoring machinery manufacture and instal 1 a t i  on to 
assure compl iance w i t h  drawings and specifications. 

m Electrical Engineering: During this sub-task, the project 
el ectri cal enqineeri nq w i  11 be com~l eted in accordance w i  t h  the 
concepts and guide1 inis established in the feasi b i  1 i t y  assess- 
ment. This includes, b u t  i s  not limited to: 

- layout and location of electrical equipment; 

- 1 ocati on of transmi.ssi on 1 i nes ; 

- electrical equipment instal lation sequence and CPM; 

- selection of electrical equipment; 

- preparation of electrical specifications ; and 

- monitoring electrical equipment manufacture and installa- 
t i  on t o  assure compl i ance with drawings and speci f i cati ons . 

- 5 -  



2.1 TASK 1: ENGINEERING DESIGN AND SPECIFICATIONS (CONT'D) 

a Legal and I n s t i t u t i o n a l :  Dur ing t h i s  sub-task, the D i s t r i c t  w i l l  
f i l e  w i t h  the  Federal Energy Regulatory Commission (FERC) and 
ob ta i n  the necessary l i cense  t o  generate, d i s t r i b u t e  and s e l l  the  
e l  e c t r i  c a l  power produced by the s i  t e  devel opment. 

Also dur ing  t h i s  sub-task, determinat ion from the  State  o f  C a l i -  
fo rn ia ,  D i v i s i o n  of Safety o f  Dams, as t o  the s t r u c t u r a l  design 
i n t e g r i t y  o f  the  e x i s t i n g  s t r u c t u r e  and new power p l a n t  conf igu-  
r a t i o n  w i l l  be requested. 

The D i s t r i c t ' s  Board o f  D i r ec to r s  w i l l  f i l e  an environmental ' 
.statement wjth.. the S ta te .  o f .  C a l i f o r n i a .  t h a t  the re  , i s  no ej lv i  ron- 
mental . impact '  caused. by"  the '  proposed cons t ruc t ion  a t  t h e .  si.te. 

2.2 TASK 2: EQUIPMENT AND MATERIALS PROCUREMENT 

The f unc t i on  o f  t h i s  task i s  t o  have the  appropr ia te  mate r ia l s  and equip- 
ment on the  s i t e  when requ i red  by the  cons t ruc t ion  schedule. Th is  w i l l  
i nc lude  the  preparat ion o f  i n v i t a t i o n s  t o  b id;  eva lua t ion  o f  the  supp l ie rs  
and con t rac to rs  ' b ids  ; the  p repa ra t i on  and placement o f  purchase 
orders; exped i t i on  o f  the  equipment and mate r ia l s ;  record ing of r e c e i p t  
of equipment and mate r ia l s ;  and n o t i f i c a t i o n  of the f i n a n c i a l  s ta f f  t h a t  
the  purchase order has been f u l f i l l e d  and i s  approved f o r  payment. 

Some o f  the  key i tems o f  p a r t i c u l a r  concern t o  t h i s  task are  turb ines,  
generators, con t ro ls ,  swi tch gear, and cons t ruc t ion  mate r ia l s .  The equip- 
ment and mate r ia l s  are  commercially ava i lab le ;  the re fo re ,  no i d e n t i f i e d  
o r  foreseen problems a re  associated w i t h  t h i s .  task. 

a Purchasing-: Dur ing t h i s  sub-task, a l l  o f  the  mate r ia l s  and equip- 
ment i d e n t i f i e d  w i t h i n  the c i  v i  1, mechanical and e l e c t r i c a l  draw- 
ings  and spec i f i ca t i ons  w i l l  be purchased. This includes,  b u t  i s  
n o t  l i m i t e d  t o :  

- preparing equipment and mate r ia l  l i s t s ;  

- prepar ing i n v i t a t i o n s  t o  b id;  

- s o l i c i t i n g  bids;  

- eva lua t ing  bids; 

- . p repar ing and p l ac i ng  purchase orders ; and 

- au tho r i z i ng  payment upon successfu l ly  f u l l f i l l i n g  purchase 
orders. 

a Exp,editinp: During t h i s  sub-task, the purchased equipment and 
mate r ia l  avai  l a b i  1 i t y  on s i t e  o r  i n  the warehouse when requ i red  
i n  the product ion schedule w i  11 be assured. This . inc ludes,  b u t  



2.2 TASK 2: EQUIPMENT AND MATERIALS PROCUREMENT (CONT'D) 

Expedi t ing (Contl d )  

i s  no t  l i m i t e d  t o :  

- communication and coord inat ion w i t h  t he  equipment and 
mater ia l  supp l ie rs  t o  assure t h a t  the purchased items 
w i l l  be ava i l ab le  when spec i f i ed  i n  t he  purchase orders; 
and 

- working o u t  and coord ina t ing  sh i  ppi  ng schedules. 

Communications: The Procurement Task Group w i  11 be the  funnel 
through which a l l  technica l  and business communications w i l l  pass. 
Problems o r  i n q u i r i e s  developed by the engineer ing , cons t ruc t ion  
o r  i n s t a l  l a t l o n  e f f o r t s  associated w i t h  equipment o r  mater i  a1 
suppl ies w i l l  be d i r ec ted  t o  the  supp l ie rs  o r  con t rac to rs  by the  
Procurement Task Group. 

e ~ a n u f a c t u r e r s  ' Conformance Inspect ion:  During t h i s  sub-task, the 
D i s t r i c t  w i l l  assure t h a t  t he  e l e c t r i c a l  and mechanical equipment 
manufactured i s  i n  conformance w i t h  the: 

- drawings; 

- spec i f i ca t i ons ;  

- ASCE spec i f i ca t i ons  ; 

- IEEE spec i f ica t ions;  

- OSHA spec j f ica t ions;  and 

- l o c a l  and s t a t e  codes. 

Per iod ic  inspec t ion  v i s i t s  w i l l  be made t o  t he  manufacturers' shops 
f o r  review and inspec t ion  o f  the  cont racted work i n  progress. 
Mater ia ls ,  f ab r i ca t i on ,  and f a b r i c a t o r ' s  inspec t ion  ho ld  'points • 
w i  11 be checked. The f i n a l  inspec t ion  and equipment operat ion w i  11 
be witnessed i n  t h e  f a b r i c a t o r ' s  shop p r i o r  t o  shipping. 

2 . 3  TASK 3: SITE CONSTRUCTION 

S i t e  cons t ruc t ion  inc ludes a l l  o f  t he  work on t he  s i t e  except the  i n s t a l -  
l a t i o n  o f  the mechanical and e l e c t r i c a l  equipment. It does include, b u t  
i s  n o t  l i m i t e d  to :  b u i l d i n g  and r e l o c a t i o n  o f  roads; s i t e  survey and l ay -  
out; power p l a n t  excavation; forebay excavation and 1 in ing ;  t a i  1 race exca- 
va t i on  and 1 in ing ;  concrete and s tee l  s t ructures;  and mechanical and e lec-  
t r i c a l  foundations and embedments. , 



2.3 TASK 3: SITE CONSTRUCTION (CONT'D) 

a Construct ion Period: The cons t ruc t ion  pe r i od  i s  unique i n  these 
p ro jec ts .  The pr imary f unc t i on  o f  the D i s t r i c t ' s  Canal System i s  
t o  d e l i v e r  a g r i c u l t u r a l  i r r i g a t i o n  water w i t h i n  the D i s t r i c t .  
The canal system i s  f looded dur ing  the  i r r i g a t i o n  per iod  o f  
March 15 through October 15 and d r y  dur ing  the  n o n - i r r i g a t i o n  
per iod  of October 15 through March 15. Therefore, the construc- 
t i o n  per iod  i s  d i c t a t e d  by the i r r i g a t i o n  schedule and 1 i m i  t ed  
t o  the n o n - i r r i g a t i o n  per iod.  To gain m'ore t ime f o r  s i t e  con- 
s t r uc t i on ,  a  two and one-hal f  (2%)  month per iod  p r i o r  t o  water 
shut-of f  w i l l  be s e t  aside f o r  cons t ruc t ion  s tag ing and s t a r t i n g  
those c i v i l  works which can be accomplished wh i l e  the  canals are  
f i l l e d  w i t h  water. 

a S i t e  Layout: Ear l y  i n  the  s i t e  cons t ruc t ion  sequence, the s i t e  
w i l l  be surveyed and l a i d  ou t  i n  conformance w i t h  the  c i v i l  
drawings and spec i f i ca t i ons .  Throughout the  excavat ion and 
cons t ruc t ion  per iod,  the  var ious c i  v i  1  cons t ruc t ion  features 
w i l l  be monitored by survey t o  assure t h e i r  l o c a t i o n  and char- 
a c t e r i  s t i  cs . 

2.4 TASK 4: EQUIPMENT INSTALLATION 

Equipment i n s t a l l a t i o n  inc ludes a l l  o f  t he  work associated w i t h  the  i n s t a l -  
l a t i o n  o f  the mechanical and e l e c t r i c a l  equipment. It includes,  bu t  i s  
n o t  1  i m i  t ed  to ,  i n s t a l  l a t i o n  o f  the  turb ines,  generators, gates, 1  i f t i n g  
devices , transformers, swi t c h  gear, e l  ec t r on i  c  con t ro l  s  and power t rans -  
mission l i n e s  on the  foundations provided i n  the  c i v i l .  works. 

The equipment i s  commercially known and proven and the design:and l a y o u t  
a re  simple and s t ra igh t fo rward .  Therefore, the re  are  no i d e n t i f i e d  o r  
foreseen problems associated w i t h  t h i s  task.  The i n s t a l l a t i o n  o f  equipment 
i s  n o t  excessively dependent on t h e  i r r i g a t i o n  per iod.  Much of the  work 
can be accomplished a f t e r  water release. 

o Equipment I n s t a l l a t i o n  Plan: The i n s t a l l a t i o n  o f  the mechanical 
equi pment i s d e p e n d e n t r a n d  w i  11 be coordinated wi th ,  the 
concrete works .. Spec i f i c  embedments and/or foundations f o r  the  
mechanical equipment w i  11 be requ i red  a t  s p e c i f i c  t imes f o r  i nco r -  
po ra t ion  i n  the  concrete works. As the  c i v i l  cons t ruc t ion  progresses, 
the i n s t a l l a t i o n  o f  mechanical and e l e c t r i c a l  equipment w i l l  be 
accomplished i n  a  coordinated e f f o r t .  It i s  an t i c i pa ted  t h a t  the  
equipment i n s t a l l a t i o n  e f f o r t  w i l l  extend beyond the water. re lease 
date. By t h a t  time, the  s i t e  cons t ruc t ion  w i l l  have reached a 
stage where water i n  the  canal w i l l  n o t  i n t e r f e r e  w i t h  t he  con- 
s t r u c t i o n  work. 

I n s t a l l a t i o n  of equipment Cs t o  be accomplished w i t h  the  assistance 
of the  manufacturi  ng representat ives as required.  



2.5 TASK 5: EQUIPMENT CHECK-OUT AND START-UP 

This  task  invo lves  equipment s t a r t - up  and check-out. It includes,  b u t  i s  
n o t  l i m i  t ed  to ,  prepar ing the, power p l a n t  operat ion,  s t a r t i n g  a11 o f  the  
i n s t a l l e d  equipment f o r  t he  f i r s t  t ime, checking the operat ion o f  a l l  the 
i n s t a l l e d  equipment, i n t e g r a t i n g  the operat ions o f  the  var ious systems, 
r e s o l v i n g  a1 1 s ta r t - up  and equipment problems, and opera t ing  the power 
p l a n t  under f u l l  load. The power p l a n t  can then be turned over t o  the 
operat ions group f o r  e l e c t r i c  power generat ion.  

The equipment i s  commercial ly known and proven and no d i f f i c u l t i e s  are  
a n t i c i p a t e d  i n  the  design and layout .  The s ta r t - up  and check-out o f  the 
power p l a n t  equipment are  scheduled t o  co inc ide  w i t h  the re lease o f  water 
a t  t he  beginning o f  t he  i r r i g a t i o n  per iod.  

Turbine-Generator: Dur ing t h i s  sub-task, the turbine-generator  
I s  s t a r t e d  up, r un  out ,  checks a re  performed, and machinery o r  
operat iona l  problems a re  resolved, and the equipment and opera- 
t i o n s  a re  accepted. 

Gates and Operating Devices: During t h l s  sub-task, the gates and 
t h e i r  opera t ing  devices are s t a r t e d  up, the machinery and i t s  
operat ions a re  checked out, any machinery o r  operat iona l  problems 
a re  resolved, and the equipment and operat ions a re  accepted. 

Transformer, S w i  t c h  Gear and El e c t r i c a l  Transmi ssi'on Equi pment: 
Dur inq t h i s  sub-tas k, the  t ransformer,  swi tchqear and e l e c t r i c a l  
t ransmission equipment are  activated., - ope ra t i  &a1 checks a re  per-  
formed, any equipment o r  operat iona l  problems are resolved, and 
the equipment and operat ions a re  accepted. 

Power P lan t  Operat ion C.ontrols: Dur ing t h i s  sub-task, the power 
p l a n t  opera t ion  c o n t r o l s  a re  ac t i va ted ,  operat iona l  checks a re  
performed, any equi pment o r  operat iona l  problems a re  reso l  ved, 
and t he  equipment and operat ions a re  accepted,. 

a Power P lan t  Operat ional  : Upon complet ion o f  a l l  equipment and 
operat iona l  checks and commissioning, the  power p l a n t  i s  made 
operat iona l ,  power i s  generated, and t he  opera t ion  o f  the  power 
p l a n t  i s  turned over t o  the  D i s t r i c t ' s  Operating Department. 
Dur ing t h i s  sub-task, the  work i s  coordinated between the  i n s t a l -  
l a t i o n  cont raeter ,  the  equi plnerl t ~ ~ ~ d n u f a c t u r e r  ' s  representatf ve, 
and t he  D i s t r i c t ' s  opera t ing  personnel. 
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4241 REDWOOD AVENUE 
LOS ANGELES, CA. 90066 

Telephone: (21 3) 822-5062 
September 12 ,  1978 

Gentlemen: 

This 1 e t t e r  i s  an i nvi tation for a representative from your company t o  attend 
a manufacturers' briefing on the potential and progress, of the Department of 
Energy's ( D O E )  Funded Turl ock Irrigation District  (TID) "Joint Districts" Hydro- 
power Assessment Study. This meeting will be hosted by Fluid Energy Systems, 
Inc. (FES)  a t  i t s  new fac i l i t i e s  in Los Angeles. As the Prime Sub-contractor 
for TID,  FES will conduct the briefing for the TID Project Manager, Mr. A .  K .  
(A1 ) Hagiwara. 

The purpose of the meeting will be t o  brief i ~ t e r e s t e d  manufacturers on the 
overall "Joi n t  Di s t r i  cts" Hydropower potenti a1 . Additional ly , FES wi 11, outline 
the DOE/TID Project m i  les tones , specific s i t e  potenti a1 s , and sol i ci t equipment 

. manufacturers' support and data information. This information will be used 
d u r i n g  the Assessment t o  determine: 

A. Ci vi 1 versus Equi pment Trade-offs ; 
B .  Equipment Effici-encies versus Heads and Flow Rates; and 
C. Estimated Project Costs and Economi c Analyses. 

Enclosed please find the fol lowing in'formation : 

A.  Meeting Agenda; 
B. Map of FES location; and 
C. Table 1-1, Hydropower Recovery Program Summary. 

I t  i s  requested that a1 1 interested manufacturers respond t o  this i nvi t a t j o n  
e i ther  t o  the writer o r  Ms. Barbara Barker by September 29, 1978. 

On behalf of the "Joint Districts",  we thank you and look fo'rward t o  your reply. 

Yours truly,  

K. Thomas Miller 
President/Di rector of Operations 

KTM:b j b  

encl . 

S P E C I A L I S T S  I N  S M A L L  H Y D R O P O W E R  S Y S T E M S  



MANUFACTURERS ' MEETING 

"JOINT DISTRICTS" HYDROPOWER ASSESSMENT STUDY 

LIST OF INVITED MANUFACTURERS 

Mr. Roger King M r .  Mark Barandy 
Aero je t  Manufacturing Company Post Off ice Box 712 
601 South P lacent ia  Avenue York , Pennsyl vani a 17405 
F u l l  e r t on  , Cal i f o r n i  a 96231 

M r .  J. D. K ise r  
. Empi r e  Company 

Route 1, Box 182 A 
Vul can, Michigan 43892 

M r .  W i l l i am  H. Delp, I 1  
Post Of f i ce  Box 1467 
Noxon , Montana 59853 

M r .  E. Sennhauser - 

Sul zer Bros. , Inc .  
1255 Post St reet ,  Su i te  911 
San Franci  sco, Cal i f o r n i a  94109 

Nissho-Iwai American Corporat ion 
Broadway P l  aze, Sui t e  1900 
700 South Flower S t ree t  
Los Angel es, Cal i fo rn ia  90017 
A t t en t i on :  M r .  W i l l i am  V. Slocum 

M r .  Sah i r  Erispaha, P.E. Border E l  e c t r i  c Company 
Voest-A1 p i  ne I n t e r n a t i o n a l  Corp. 4600 Shi pyard Road 
60 East 42nd S t r e e t  B l  a i  ne, Washington 89203 
New York, New York 10017 

M r .  J. Robert G ro f f  Ate1 i ers  Des Charmi 1 1 es S .A. Geneve 
The James L e f f e l  and Company Cse Postale,  83 
Sp r i ng f i e l d ,  Ohio 45501 CH-1211 Geneve 13, Swi tzer land 

A t t en t i on :  M r .  E. Combe 

M r .  Joseph M. Keating Sorumsand Versted A/S 
Keating Associates N-1920 Sorumsafld , Norway 
2449 Giovanni D r i ve  
P l  acerv i  11 e, Cal i fo rn ia  95667 

M r .  ~ r w i  n' A. Rungal d i  e r  Brown Boveri Corporat i  on 
Voes t-A1 p i  ne 1460 L i v i ngs ton  Avenue 
1923 Magel 1 an Drive North Rrunswi ck,  New Jersey 08902 
Oak1 and, Cal i fo rn i  a 94611 

M r .  Yoichi  S a j i  M r .  A r thur  Mieland 
HJ Lachi America, Ltd.  Bofors-Nohab 
100 Cal i fo rn i  a S t r e e t  One World Trade Center, Su i t e  10225 
San Franci sco, Cal i f o r n i a  94111 New York, New York 10048 

M r .  W .  Jon Versteeg M r .  Daniel W. Loughl i n  
General El e c t r i  c Company Chroma1 1 oy 
9350 East F l a i r  D r i ve  17400 East Chestnut S t r e e t  
E l  Monte, C a l i f o r n i a  91734 C i t y  o f  Indust ry ,  Cal i f o r n i  a 91749 



M A N U F A C T U R E R S  ' M E E T I N G  

" J O I N T  DISTRICTS~ HYDROPOWER A S S E S S M E N T  S T U D Y  -.. 

DATE: OCTOBER 5, 1 9 7 8  

: T IME:  10:OO A.M. 

PLACE: F L U I D  ENERGY SYSTEMS, INC.  
4 2 4 1  Redwood A v e n u e  
Los A n g e l  e s  , C a l  i f o r n i  a 9 0 0 6 6  
( 2 1 3 )  822- 5 0 6 2  

10:OO A.M. - 10 :15  A.M.. - SIGN-IN/INTRODUCTIONS 

1 0 : f 5  A.M. - 10:45 A.M. - STUDY SCOPE 

10 :45  A.M. - 11:15 A.1. - SITE SPECIF IC  DATA 

11:15 A.M. - .11:45 A.M. - MANUFACTURER'S ROLE 

11:45 A.M: - 1:15 P.M. - LUNCH (HOSTED BY FES] 

1:15 P.M. - 2:15 . - P.M. - DISCUSSION, QUESTIONS/ANSWER~ 



4241 REDWOOD AVENUE 
LOS ANGELES, CA. 90066 

Telephone: (21 3) 822-5062 
KTM/FES/0278 

October 10,  1978 

Gent1 emen: 

We were s o r r y  you could  no t  a t t e n d  the scheduled Manufacturers '  
Meeting f o r  t h e  " J o i n t  D i s t r i c t s "  Hydropower Assessment Study on 
October 5 ,  1978. Enclosed p l e a s e  f i n d  a copy o f  t h e  handout t h a t  
was d i s t r i b u t e d  t o  t h o s e  manufacturers  who d i d  a t t e n d .  

Should you elect t o  a s s i s t  i n  t h i s  s t u d y ,  o r  have f u r t h e r  q u e s t i o n s ,  
p l e a s e  c o n t a c t  myself a t  (213)822-5062 o r  Mr. A1 Hagiwara a t  (209) 
632-3861. 

Thank you f o r  $our i n t e r e s t .  

Yours t r u l y ,  

FLUEU ENERGY SYSTEMS, INC. .. 
K. Thomas M i l l e r  
Presi dent/Assessmen t S tudy 
Coordinator  

KTM: b j  b 

cc: A1 Hagiwara, TID 
P r o j e c t  Manager 

S P E C I A L I S T S  I N  S M A L L  H Y D R O P O W E R  S ' f S T E M S  



OSSBERGER 

IN FORMATI ON 



Vicw of Typical OSSUERGER Turbine Xsscmbly 



FUJI ELECTRIC 

INFORMATION 



3ma1r nyaro ueveiopment 
as Energy Resources 

.-._ 

Even, k i n d  of energy resources in the low head and relatively m a l l e r  f l o w  in  solution t o  the fo l lowing points. 
wo r ld  has i ts limit of reserve, and the the  w o r l d  and they are generally le f t  un- Project t o  stand o n  economical basis 
effective ut i l izat ion of energy resources developed. I f  t h o w  smaller hyd ro  sites are Less engineering work  
wh ich  we m a y  ~ o s s i b l y  develop is required developed under economical basis and in Shorter per iod of installation 
in avow e w n t r y  in the wurld. Hydro a rather short period, then such develop Maintenance free operation 
Power is an endless circulating energy re- m e n t  o f  m a l l  and l o w  head hyd ro  could, A s  an answer meeting w i t h  the  above re- 
source and it is quite natural that  ? h i  t o  some extent, be an answer t o  the re- quirernen~s. FUJI ELECTHI(: ha5 corn- 
hydropower has received keen atten- quirdrnent o f  energy development. pleted the standard series o f  "PACKAGE 
t i o n  once again. I n o r d e r t o p r o c e e d w i t h t h e d e v e l o p m e n t  TYPEBULBTURBINE.GENERAT0R". 
There are many sites for  hydro  power of of such m a l l  hydro, we have t o  f i nd  a 



RUNNER 
DISCHARGE RlNG 
TtinBliuC SUAF'I- 
CONIC RlNG 
OUTER WICKET GATE RlNG 
INNER WICKET GATE RlNG 
BULB FOR TURBINE ' . 
GUIDE BEARING FOR TURBINE 
SHAFT SEAL 
REGULATING RlNG 
WICKETGATE , 

STATOR 
ROTOR 
GENERATOR SHAFT 
GUIDE (THRUST) BEARING FOR 
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EXCITER 
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CONNECTING TUBE LINER 
BULB NOSE 
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BRAKE 
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BULB FOR GENERATOR 
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26 LOWER STAY VANE I 

Fig. 6 Sectional Drawing of Bulb Turbine-Generator 





EFFICIENCY 

GATE OPENING 

' . 

( h t e  Opening: Ossbcrgcr vs Francis 

'9 



PERFORMANCE OF TYPICAL OSSBERGER 

TURBINE 

:AT VARIOUS . :HEAD, . .  AND WATER CONSUMPTION 

'(SAME UNIT) 

DISCHARGE (cu.ft/sec) 
EFFICIENCY - % 

- FOR MAX. NET HEAD OF :47, F E E T  MAX DISCHARGE - 113 cu.ft/sec. 
--- FOR MJN. NET HEADOF 35 FEET M I N  DISCHARGE - 21.5 cu.ft/sec 



BROWN B O V E R I  
- - 

CORPORATI ON 

('NORWAY) 



BCte* 6RCl;,':. E5!!z=l 
Brown Boveri Corporation 

M E C H A N I C A L  A N D  E L E C T R I C A L  P O W E R  E Q U I P M E N T  S I N C E  1 8 9 1  

NORTH BRUNSWICK, N. J. 08902 

IN REPLY PLEASE 

REFERTO File 0304 EL 
AREA CODE 201 . 932 - 8000 

MY DIRECT DIAL NUMBER IS 832- 6 11 7 

November 28, 1978 

Mr. K. Thomas Miller 
Presiderit/Dfrector 
Fluid Enerqy Systems, Inc. 
4241 Redwood Avenue 
Los Angeles, CA 90066 

Dear Mr. Miller: 

Reference: Mini-Hydro Power Project 
Turlock Irrigation System 

In response to your request for information concerning ap- 
plication of our mini-hydro package plants for the Turlock 
Irrigation system, we have the pleasure in enclosing here- 
with a list of budgetary prices for the different types of 
units we feel will be most suitable. 

Please note that for some locations we feel the head is too 
low to be accommodated in our production range of turbines. 
Apart from two locations, namely Hukman Spillway and Fran- 
kenheimer, where the high head calls for a Francis Turbine, 
all other locations are best served with our tubular type 
turbines. 

For drop 1 and for Dawson Lake we have suggested the use of 
tubular turbine with a runner diameter of 2.4 meters, the 
largest standard size manufactured; however, it is then only 
possible to utilize approximately 1910 cfs. The full flow 
can, of course, be utilized by usingthree units, each with 
a runner diameter of 2 meters. In this case the solution 
would be more expensive. 

y .' ,*, C ! 

CABLE ADDRESS: BROWNBOVE. NBRU WESTERN UNION TELEX NUMBERS: 844461 AN0 04486 
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Page Two 
November 28 ,  1978 

For general  informat ion on t h e  t u b u l a r  t u r b i n e ,  p l ea se  r e f e r  
t o  t h e  enclosed brochure from Sgjrumsand. 

The generator  i s  a s t r o n g l y - b u i l t  machine and c o n s i s t s  of  a 
conventional  s t a t o r  and a s a l i e n t  pole, system. The genera tor  
i s  f u r t h e r  of t h e  b r u s h l e s s  t ype ,  having r o t a t i n g  r e c t i f i e r s  
and an AC-exciter mounted on ' t he  s h a f t .  

The machine i s  capable  of wi ths tanding s h o r t  c i r c u i t  and 
equipped with our modern t h y r i s t o r r e g u l a t o r  it may be run 
i n  p a r a l l e l  with t h e  g r i d .  

The generator  i s  s e l f - v e n t i l a t e d ,  a i r  cooled,  and t h e  ou tpu t  
t e rmina ls  a r e  arranged f o r  easy acces s  from e i t h e r  s i d e .  

For f u r t h e r  informat ion p l ea se  r e f e r  t o  t h e  enclosed WAB bro- 
chure .  

Furthermore, t h e  c o n t r o l  gear  c o n s i s t s  of  t h e  fo l lowing main 
components: 

- Turbine and genera tor  c u b i c l e  

- Power t ransformer  
- - S t a t i o n  supply 

- High vo l t age  c u b i c l e s  

- .C i r cu i t  breaker  

Necessary p r o t e c t i o n  equipment t o  ensu re  a s a f e  running of  t h e  
p l a n t .  If  a f a u l t  i s  de t ec t ed  t h e  set w i l l  be brought t o  a 
s t a n d s t i l l .  

The p l a n t  may be opera ted  unmanned b u t  r e q u i r e s  a manual 
UP 

s t a r t -  

O u r  p r i c e s  a r e  budgetary, de l ive red  F.O.B., job s i t e ,  i n c l u s i v e  
of  customs duty,  f r e i g h t  charges ,  c l e a r a n c e  c o s t s ,  etc. ,  bu t  
exc lus ive  of l o c a l .  sales and o t h e r  t axes .  

The p r i c e s  a r e  based on an exchange rate o f  5 Norwegian kroners  
t o  one U . S .  d o l l a r .  \ 



==-  . = -  ..' - u.. _ .  . F l u i d  Energy Systems, Inc .  
Paqe Three 

Based on t h e  p r e s e n t  f a c t o r y  load ing ,  d e l i v e r i e s  a r e  
es t imated  t o  be  14 -16  months from t h e  d a t e  o f  a  c l e a r -  
c u t  o rde r .  

W e  t r u s t  t h e  above i n f o m a t i o n  i s  of  a s s i s t a n c e  t o  you. 
Should you need f u r t h e r  c l a r i f i c a t i o n s ,  w e  are always a t  
your service. 

V e r y  t r u l y  yours ,  

B R O P  BOVERI CORPORATION 

S.  Mookerjee 
S a l e s  Manaqer 
Electr ical  Div i s ion  

SM : m s  
cc: G. Pa lka  

Enclosures:  

F r a n c i s  Type T u r b i n e s  
Tubular Turbines  
Budgetary P r i c e s  
WAB - N-0-5551.3E 



BUDGETARY PRICES 

D r o p  1 

I n s t a l l e d  N o .  T y p e  D i a m e t e r  T o t a l  T o t a l  P r i c e  
C a p a c i t y  of of of ~ u r b i n e  I n s t .  Gen. as S p e c i f i e d  

KW U n i t s  T u r b i n e  R u n n e r  R a t i n g  (KVA) U.S.$ 

Drop 2 Too Low Head 

RTRL 

Drop 6  Too Low Head 

~ r o p  9  1 8 0 0  2  RTRL 2 .0  2 0 0 0  9 1 0 , 0 0 0 .  
( 2  X 1 0 0 0 )  

Dawson 2900 2  RTRL 2 . 4  
L a k e  

3 2 0 0  1 , 5 6 0 , 0 0 0 .  
( 2  X 1 6 0 0 )  

C e r e s  
S p i l l w a y  

RTRL 2 . 2  

Hukman 2100 1 F r a n c i s  
S p i l l w a y  

C a n a l  3000 2  RTRL 2 .4  3300  1 , 5 8 6 , 0 0 0 .  
C r e e k  ( 2  x 1 6 5 0 )  

F a i r f i e l d  

B u t r a c k  

Youd 

Woodward 

F r a n k e n -  
h e i m e r  

600 1 RTRL 1 . 6  

280 1 RTRL 1.'6 

Too Low Head 

- - - 
Too Low Head 

2300  1 RTRL 2  .4 

3600  1 Francis ' 

Goodwin 1 1 0 0  1 RTRL 2  -4  
Dam 

P a r k e r  Too Low Head  
&=op 





~r) ALLIS-CHALMERS 
STANDARD 

SIZING 
CHART 

I TEN UNIT SIZES IN MILLIMETERS 1 

DISCHARGE I N  CMS Figure 2 

EXAMPLE (colored line) using operating range curve 
1. Site characteristics: 

- l Head 9 m; 
e-t3tscharge 40 crns 

. l Set at sea level 
(Turbine shaft is located not more than 
2.8 m above full load tailwater eleva- 
tion. This height must be reduZed by 
differences in vapor pressure due to al- 
titude of turbine above sea level.) 

1. Sin& 40 cfs is 'beyond sizing curve 
capacity at 9 m head, at least two 
units are required, at 20 crns each. 

2 Intersection of 9 m and 20 crns is 
between 2250 and 2500 mm sizes 
and slightly above 1500 kw. 

A 2250 mm unit provides slightly 
less output and has a lower cost. 

18.4 cms - x 1500 kw .= 1400 kw 
19.5 cms 
Output at maximum blade angle 

A 2500 mm unit provides a higher 
output at maximum blade angle and 
discharges the required amount of 
water at '.better .efficiency 

19 crns -= 
22 crns 86% full load. 

22,O cms 
x 1500 kw = 1690 kw 

19.5 cms 
Output at maximum blade angle 





HYDRO TURBINE PROGRAM 
- . 
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D . n R 0 s a c  - o m - n 

APPLICATION DIAGRAM FOR BOFORS-NOHAB STANDARD TURBINES 





CONTENTS 

EXPECTED GENERATION CONFIGURATIONS 

TURB I N E ~ E N E R A T O R  CONF I GURAT I ONS 

- PELTON 

- F R A N C I S  

- PROPELLER 

- A X i A L  FLOW (TUBE TYPE) 

- AXIAL FLOW (BULG TYPE) 

- AXIAL FLOW (GATE TYPE BULB) 

- CROSS FLOW TYPE 

EXPECTED FERFORMANCE 

DAMS - POWER CHART 

JANUARY 1977 COST ESTIMATES a Y  TUDOR ENGINEER I NG COMPANY 

- M A I N  CANAL 

- WOODWARD RESERVOIR 

- FRANKENHEIMER 
. . . . 

WOODWARD DAM HYDROELECTRIC PROJECT - .GENERAL PLAN AND P R O F I L E ,  



8.3 CONFIGURATIONS 

EXPECTED GENERATION CONFIGURATIONS 

A wide v a r i e t y  o f  turb ine-generator  c h a r a c t e r i s t i c s  can be examined f o r  use 
a t  the  var ious s i t e s .  

Hydropower generat ion i s ,  o f  course, accospl ished by the  use o f  var ious 
types of t u r b i  ne-generator combinations, w i  t h  t u r b i n e  se lec t i on  basi  ca7 l y  
dependent upon the  combination o f  f low,  hesd and s i t e  c h a r a c t e r i s t i c s .  
General c l a s s i f i c a t i o n  o f  tu rb ines  are: 

Pe l ton ( Impulse):  
. . Used w i t h  heads normal ly  exceeding 

300 fee t ,  F igure 1. 

e Franci s (React ion) : Used w i t h  heads from 75 t o  1,GOO 
f ee t ,  FF gure 2. 

Kaplan (P rope l l e r )  : Used w i t h  hesds from 10 t o  120 
fee t ,  F igure 3. 

8 Cross-Flow Types: 
.. - - . . . . . -.. , ., 

Used w i t h  heads from 3 t o  650 fee t ,  
F igure 7. 

e Ax ia l  Flow (Tube Type) : (Hor izonta l  o r  V e r t i c a l  Kapl an) used 
w i t h  heads from 6 t o  60 fee t ,  F igure 

e Ax ia l  Flow (Bulb Type) : (Hor izonta l  Kapl an) used w i  t h  heads 
up t o  100 feet ,  F igure 5 .  

e F u j i  (Gate Type Bulb)  : Used w i t h  heads from 17 t o  59 f ee t ,  
F igure 6. 

With small  flows, impulse tu rb ines  a re  usua l l y  used w i t h  minimum heads o f  
one hundred fee t  o r  h igher,  b u t  w i t h  l a r g e r  f lows, they a re  n o t  used below 
two hundred f e e t  o f  head. They are n o t  p r a c t i c a l  f o r  low-head i n s t a l l a t i o n s .  
For those s i t e s  t h a t  have heads from f i f t e e n  f e e t  up t o  several  t imes the  - • 
s i x t y - s i x  foot  l i m i t  s e t  f o r  t h i s  assessment, r eac t i on  tu rb ines  o r  c rcss-  
f l c w  tu rb ines  a re  t he  most apprcpr ia te  choice. We know t h a t  on s i t e s  o r  
app l i ca t i ons  where the  hezd i s  l ess  than twenty fee t ,  the  runner equipment 
t o  be se lected w i l l  be some type of f i xed  p r ~ p e l l e r .  

With an e f f e c t i v e  head .range o f  4.8 t o  78 f e e t  and re1 a t i v e l y  small flows, 
t he  tu rb ines  most apprcpr ia te  f o r  the  var ious D i s t r i c t s '  s i t e s  appear t o  be 
Franci s , Kapl an (Propel l e r  types),  gate types bulbs and cross- f l  ow types. 
These types have been assessed i n  Sect ion 6.0 f o r  s u i t a b i l i t y  a t  each s i t e .  

Synchronous versus i nduc t i on  generat ion w i l l  be i nves t i ga ted  as a s p e c i f i c  
sub ject .  The bas ic  in format ion developed from t h i s  i n v e s t i g a t i o n  w i l l  then 
be used t o  determine t he  p o s s i b i l i t y  f o  us ing a s i m p l i f i e d  i nduc t i on  genera- 
t i o n  scheme. D i s t r i b u t i o n  o r  t ransmission l ines , i f  a v a i l  aSl e, a t  s p e c i f i c  



8.3 CONFIGURATIONS (CON?' D )  

EXPECTED GENERATION CONFIGURATIONS (Cont ' d )  

locations, can apply the wattless component for excitation current required 
or can economically be controlled t o  allow this  type of generation. Addi- 
tional advantages achieved with induction generation are: 

a Reduced capital equipment costs. 

Overall operation and maintenance savings. 

33-503 instal lat ion costs saving. 

a Reduced technical qua1 i fi 'cati ons o f  power house operators. 

a Less control and protzction equipment requirzd. 

TURBINE GENERATOR CONFIGURATIONS 

PELTON (IMPULSE) 

Figure 1 



8.3 CONFIGURATIONS (CONT'D) 
, 

TURBINE GENERATOR CONFIGGRATIONS 

' . "  FRANCIS (REACTION) . . . . . . . .  . . 
. . . . . . . . . . .  

..... F i  gum -2.. : 
. . , -  " .  

KAPLAN (PROPELLER) 
. 

F igure  3 



8.3 C0P:FIGURATIONS (CONT' D)  

TURBINE GENERATOR CO!!FIGURATIONS 

AXIAL FLOW (TUBE TYPE) 

F i g u r e  4 

AXIAL FLOW (BULB TYPE) 

F i g u r e  5 



8.3 CONFIGURATIONS (CONT' D )  

TURBINE GENERATOR CONFIGURATIONS 
I i 

- FUJI"CGATE-.'TYPE BlJLB) 

F i g u r e  6 

CROSS- FLOW 

CROSS FLOW TYPE 

F i g u r e  7 



8.3 CONFIGURATIONS (CONT'  D )  

Thc rotating equipment's dimensi~ns, the size of auxiliary equipment, and 
clearances wi 11 es tab1  i s  h the power house 1 ayouts . The 1 ayout , si  te ' s 
planned czpaci t y ,  flow and. head variables, and the characteristics of the 
connecting electrical system wi 11 be integrated t o  optimize the s i t e ' s  cost 
versos generation return. 

The p l a n t  will have shut-off sates, or valvss, probably hydrzulfca?ly con- 
trclled,  upstream of the turbine/generators. If possible, the existing 
shut-off or control gates will be retained t o  minimize the new structure 
cost. The gates will be used both for water flow control and fcr isolation 
during periods of shutdcwn for unit repairs. The upstream gates wi 11 be 
protected by trash racks. 

If economically feasible, the downstrsam channel will be modified t o  pick 
up additional feet of head, therefore additional generation capability. 
T h s  structure will have thru-gates allowing water t o  pass when generation 
i s  no t  desired. 

Access ladders and hatches will be built into the structures for easy 
impellor examination o r  for equipment repairs. Clear access t o  the s i t e  
and roadways will be maintained in order t o  a1 low heavy mobile 1 if t ing 
equipment t o  be properly lccated for equipment installation or i f  the run- 
ners o r  generators need t o  be transported or repaired. The transfcrmer 
and electrical switching equipment for load connection will be located on 
a raised pad as close t o  the power plant as possible wi thoot blocking access. 

EXPECTED PERFORMANCE 

In  order for the small hydropower installation t o  be practical, the ef f i -  
ciency in the turbines should range someplace between 85% and 93%, probably 
i n  the 88% t o  91% range. The generator should have an efficiency of approxi- 
mately 95% and the transfomer and swi tch-gear should have approximately a 
99% efficiency. Therefore, the total plant efficiency should be in the 80% 
to 852 range. Water level indicators with. remote readouts should be placed 
both upstream and downstream of the power plant structures and a computer 
program developed so that the central control system will be able t o  ascer- 
tain when conditions a t  the s i t e  are such as to be within the plant's opera- 
ticnal range. Other remcte readout equtpment should be instal led a t  the 
develcped s i t e  sc that a11 required data can be fed back to the centralized 
controlssystem for total remote control.. Localized control that can over- 
ride the rezote control should also be maintained a t  a l l  stations. 

Remotely-sensed data also should be supplied to annunciator boards a t  the 
centralized control station so irregular signals or bad data will activate 
a sound-alarm whenever any part of the generation, electrical , or control 
systems malfunctions, ceases t o  function, i s  damaged or i s  vandalized. The 
handli.ng equipment should be standard enough t o  be available a t  a relatively 
low cost. Maintenance of the system's components should be simple, w i t h  many 
of the ~ i n c r  adjustments, repairs, trouble-shooting and component exchanges 
bei ng wi thi n the capabi 1 i ty of the owner's exi sting hydropower mai ntenznce 
s taff .  The plant should be v'sited a t  least  once a week while i t  i s  opera- 
tional so a visual inspection can be conducted. 
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' . ' JANUARY 197.7 COST ESTIMATES BY TUDOR ENGINEERING COMPANY 

T 
- .  . .  

XERCED IRRIGATION DISTRICT 

Reuben E. S c h m i d t  P o w e r p l a n t  . 

Mitxirnun W.  S.  ...................... 300 f e e t  
Normal T a i l w a t c r  ................... 272 f e e t  
Installed C a p a c i t y  - 2  u n i t s  @ 1750  i i W  e a c h  
E n e r g y  P r o d u c t i o n ,  5 2 0 , 0 0 0  a c r e - f e e t :  1 2 . 5  IY Kw h r s .  (Summer On ly )  

20.0,000 a c r e - f o o t :  4.8 M Xw h r s .  ( W i n t e r  I i a t e r )  

ITEM OUANTI~Y UNIT U N I T  AMOUNT 
PRICE 

CAPITAL COSTS: ( J a n .  1 9 7 7 )  4 8 , 0 0 0  CY 4 .00 $192 ,000  
Add C a n a l  wall R.B.  1 0 . 9 0 0 '  1 
to  ra ise  to  H.S. t o  E l '  j o o l  . . . . ! 
Fore  bay E x c a v a t i o n  (Rock)  ., 1 , 0 5 0  
Powerhouse  e x c a v a t i o n  (Rock)  . 570 

C o n c r e t e  
F o r e b a y  L i n i n g  ( P a v i n g )  110.  . 
Ret. . ininq Dam @ F o r e b a y  , 1 , 3 5 0  

I Powerhouse  S t r u c t u r e  1 , 1 0 0  

1 LS O v e r f l o w  S p i l l w a y  G a t e  1 0 , 0 0 0  
G a t e  H o i s t s  b Motors 4 @ LS 2 , 0 0 0  8 , 0 0 0  
G a t e s  - Low Head L e a f  8 ' x 8 '  4 @ LS 3 , 0 0 0  1 2 , 0 0 0  
S t i l l i n g  B a s i n  @ O u t l e t s  2  8 LS 20 ,000  40,00!l 1 
T u r b i n e / G e n e r a  t o r s  29 2000Kw Kw 350 1 ; 4 0 0 , 0 0 0  
A c c e s s o r y  e l e c t r i c a l  e q u i p m e n t  LS 1 6 0 , 0 0 0  
S w i t c h y a r d  s t r u c t u r e  a n d  e q u i p . .  LS 7 0 , 0 0 0  

T a i l w a t e r  C h a n n e l  - Excav .  .60;000 CY 5 . 0 0  300 ,000  1 
F o r e b a y  D i k e s  650  C Y 8 . 0 0  5 , 2 0 0  

T o t a l  ~ i r e c t  C o s t  $ 2 , 5 1 8 , 9 0 0  
i 
i 

I C v c r h e a d s ,  Enqr .  6 C o n t i n q e n -  ' 

c y  35% * 
T o t a l  C a p i t a l  C o s t  

ANNUAL COSTS : .- 
- Debc S e r v i c e  64 O 4 o y r s .  b o n d s  , 

(CRF =. 0706937)  
Annildl 0 n . M 

T o t a l  A n n u a l  C o s t  

I .  E n e r g y  C o s t :  $ 2 6 0 , 0 0 0  + 1 2 . 5  M kw h r s .  
(Summer W a t e r  O n l y  5 2 0 , 0 0 0  A.F.) 

I E n e r g y  C o s t :  2 6 0 , 0 0 0  + 1 7 . 3  i? Kw h r s .  
(Summer a n d  W i n t e r  - 7 2 0 , 0 0 0  A.F .  

20.8 m i l l s  kw h r  I 
15,O m i l l s  kw h r  I 

MAIN CANAL 

- .  . 

* for 1977; 1977 fhru 1982 escalated at ll%/year = $ 5,729,197 

- - . .- . 
. . 

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

Tudor  E n g i n e e r i n g  Comp311y 
J a n u a r y  1977  

L 
-"._ _ . ._._ : . . . . I .  

. - 
. . . . . . . . . . . . . . . . . . . . . . . .  .. 

. . . . . . . . . . .  _ _  . ..__.. . . . . .  _. . . . _ $ .  . , .  



JANUARY I977 COST ESTIMATES BY TUDOR ENGINEERING COMPANY 

SOUTH SAN JOAQUlN IRRIGATION DISTRlCT 

Woodward Reservoir Power Plant i 
rlaximurn W.S. at (at I4oodwardl . . . . . . . .  209 feet . . . . . .  
Normal Tailwarer (in canal) . . . . . . . . . . . .  170 feet 
Installed Capacity - 2 'units 9 900 I<u . . . . . . . .  -1,800 Kw 
Energy Production, 300,000 acre feet . . . . . . . . .  7.5 i;i Kwh 

U!l I T 
ITEM OUANT ITY 1-INIT PRICE AE\OL!::T 

CAPITAL COSTS (Feb. 1977) : 

Powerhouse and Outlet Structure L.S. S 60,000 
Outlet Valves L.S. 41,000 
Penstock - 325' - 8' dia. and 4 2 Tons 2,000 84.COO 

backfill concrete . 
Power Plant 

Turbine-Generators, . 
( 2  @ 900 Kwl 1,800 Kw 335 603,000 
Accessory Elect. L.S. 165,000 

' Switchya. Equipment L.S. 52,500 

I Site Work - Roads, Fencing 
i 
i Total Direct Csst 
1 
i O.H. Engr. 6 Contingency 

1 
i 1977 Total Capital Cost * 
i 
; 

ANNUAL COST: 

6% Bonds - 40 yrs. (.066461 
A R R U A ~  o r n 

Total Annual Cost 

ENERGY COST: 

5122,000 ? 7.5 Kwh = 16 Mllls/Kwh 

Tudor Engineering Comp 

. . . . February 1977 

. . .  
__.:.: .___. -_ >. __  .^_ >_., 5. . . . . . . .  ............ ... . . . . . .  . 

WOODWARD RESERVOIR 

* f or  1977; 1977 .thru '1982 escalated a t  11Xlyear = $2,332,963 



JANUARY 1977 COST ESTIMATES BY TUDOR ENGINEERING COMPANY 

Maxirnu1.1 W.S. ( a t  F o r e b a y )  2 0 3  f c c t  ! .......................... 
Normal  T a i l w a t e r  ................................... 2 1 5  f e e t  
I n s t a l l e d  C a p a c i t y  - 4 u n i t s  @ i s 0 0  Hp ............. 4 , 5 i ~  Kw 
E n e r g y  P r o d u c t i o n ,  3 0 0 , 0 0 0  a c r ' e  f e e t  ............... 1 9 :  5:M Kw I 

i 

ITEM 
UNIT 

QUANTITY UNIT PRICE AElOUNT 

CAPITAL COSTS ( F e b .  1 9 7 7 )  : 

D i v e r s i o n  f r o m  Main  C a n a l  L.S. 5 3 . 5 0 0  
C a n a l  Excav .  ( 1 6 '  b a s e ,  1 . 5 : l )  5 0 . 0 0 0  CY 2 . 9 0  1 4 5 , 0 0 0  
Compacted  Embankment 5 8 , 0 0 0  ' c y  . 7 0  4 1 , 2 0 0  
C a n a l  L i n i n g  . ( 4 "  U n r e i n f )  4 , 7 4 0  C Y SO. 00, 2 3 7 , 0 0 0  

F o r c b a y  E x c a v a t i o n  . 
Embankments 

T a i l w a t e r  C a n a l  E x c e v .  

P o w e r p l a n t  S t r u c t u r e  L.S. 1 0 0 . 0 0 0  
P e n s t o c k  - 9 ' - 6 "  ( I n s t a l l e d )  4 1 5  T o n s  2 , 5 0 0  1 , 0 3 7 , 5 0 0  
P i e r s  s A n c h o r s  - C o n c .  , 3 0  . C Y  2 0 0  6 , 0 0 0  
Upper  P e n s t o c k  ' J a l v e  1 e a .  1 3 5 , 0 0 0  1 3 5 . 0 0 0  

~ u r b i n e / ~ e n e r a t o r s  
4 O s s b e r g e r  @ 1 5 0 0  Hp 
I n s t a l l a t i o n  

A c c e s s o r y  E l e c t .  E q u i p m e n t  
S w i t c h y a r d  b E q u i p m e n t  

T o t a l  D i r e c t  C o s t  

4 e a .  2 8 0 , 0 0 0  1 , 1 2 0 , 0 0 0  
L . S .  1 0 0 , 0 0 0  
L. S.  2 0 5 . 0 0 0  
L.S. 1 4 0 , 0 @ 0  

5 3 , 4 8 0 , 4 0 0  

O v e r h e a d s ,  E n g r .  b C o n t i n -  
g e n c i e s  358  

T o t a l  C a p i t a l  c o s t *  

I -ANNUh L COSTS : 

I De'bt Service: b l  @ 4 0  yr. 
b o n d s  (CRF .= . 0 6 6 4 6 )  

A n n u a l  0 b M 

I T o t a l  A n n u a l  C o s t  

I ENERGY COST: 

Tudor Engineerinq Company 

FRANKENHEIMER 

* for 1977; 1977 thru 1982 escalated. at ll%/year = $ 7,917,245 
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8.4 .1  MANUFACTURERS ' DATA 

ALLIS-CHALMERS 
Product Brochures 

Hydraul i c Turbines 
Standardized Hydroelec t r ic  Generating .Uni t s  
Tube Turbines 
T u b e  Turbines t o  Modernize Hydro P l a n t s  

Corporate Information 
Annual Report 1976 
S. Morgan Smi t h  Memorial Hydraul i c Laboratory 
S i t e  Manufacture of  Grand Coulee 700 mW Francis  Turbine Runners 
Unique Total  F ie ld  Se rv ice  f o r  Hydraul i c Turbines 
Welcome t o  Allis-Chalmers, York, PA. 

BOFORS-NOHAB 
Product Brochures 

Bul b Turbines 
Small Sca le  Hydro Turbine Program 
Water Turbines Reference L i s t  

BROWN-BOVERI 
Product Brochures * Marine A l t e r n a t o r s  Technical Data 

Mini Hydro Power P l a n t s  from Norway 
Tubular Turbines 

Corporate Information 
The People, Purposes and C a p a b i l i t i e s  of  Brown Boveri Corporat ion.  

ESCHER WYSS 
Product Brochures 

The S t r a f l o  Turbine 

GILKES (GILBERT GILKES & GORDON, LTD. ) 
Product Brochures 

Water Turbines f o r  Hydro-Electric Power 

HOME WATER POWER 
Articles 

Farm Water Bower, U . 5 . Department o f  Agri cul ture , Farmers ' 
B u l l e t i n  No. 1658, 1931 

Hydropower (copy i n  FES f i  1 e ,  no bi bl i ographi ca l  informat i  on 
i ncl uded) 

Water Power f o r  Your Home by E. F. Lindsley,  Popular Science ,  
May, 1977. 

Brochures 
Independent Power Developers Hydroe lec t r i c  Power 



8.4.1 MANUFACTURERS ' DATA (CONT' D ) 

KOSSLER 
Product Brochures 

50 Jahre Turbinen (50 Years o f  Turbines) 
Modern Equipment f o r  Small and Medium Sized Hydroelectr ic 

Power Stat ions . 
LEFFEL 

Product Brochures 
Ver t i ca l  Shaft Hydraul i c  Turbines (Bul l e t i n  A-45) 
Hydraulic Laboratory 
Hydraulic Turbine Increases Power Production a t  Wilbur Dam 
Anderson Ranch Power Pro jec t  
Nevada I r r i g a t i o n  D i s t r i c t  
Water Power 
Central Maine Power Company's Bar M i  11 s Stat ion 
Horizontal  Turbine f o r  Pleasant Val 1 ey 
2 L e f f e l  Turbines f o r  Deer Creek 

. Niagara-Mohawk 
Sacramento Municipal U t i  1 i t y  D i s t r i c t  
F l  ami ng Gorge 
Cougar Reservoi r 
Heredia, Costa Rica 
Duke Power Company 
Chelan County Pub1 i c  U t i l i t y  D i s t r i c t  
Laboratory Turbine w i  t h  Franci s and Propel 1 e r  Runners (Bu l l  e t i  n 

NO. HL-1976) 
Pamphlet "A "  

6 

Turbine Water Wheels ( B u l l e t i n  No. 36) 
Improved Ver t i ca l  Samson Turbine (Bu l l  e t i n  No. 38) 
Hydro-El e c t r i  c Power from a Hoppes Hydro-El e c t r i  c U n i t  (Bu l l  e t i  n 

H-49) 
b 

NISSIiO-IWAI (FUJI ELECTRIC) 
Product Brochures 

I n  Step w i t h  Tomorrow 
Hydraulic Turbines and Generators 
F u j i  Hydraulic Turbines 
Record of F u j i  Hydraulic Turbine 
Appl icat ion o f  F i n i t e  Element Method t o  the Stress Analysis of 

Hydro-Turbine Components 
Hydraulic Research Laboratory 
Fu j i -  Franci s Tuybi ne 

306 mW Francis Turbine f o r  Peace River Hydro-Electr ic Pro jec t  
Canada (So 

Jordan River 
Cethana 
Hendri k Verwoerd 

Ver t i ca l  Shaft Kaplan Turbine U I A M  
U I A M  
Ohyodogawa 1 
58,500 kW Kaplan Turbine f o r  Kamose No. 2 Power S ta t ion  

Tahoku E l e c t r i c  Power, Inc. 
Toyomi I 1  



8.4.1 MANUFACTURERS' DATA (CONT'D) 

NISSHO-IWAI (FUJI ELECTRIC) (Continued) 

Product Brochures (Continued) 
F u j i  Gate Type Bulb Turbine and Generator  

Bulb Turbine and Generator f o r  AKA0 Power S t a t i o n ,  Kansai 
E l e c t r i c  Power Co., J 'yoganjigawa.11, 11, IV 

Poatina No. 6 
Bamba j i ma 
Aricota  I 1  

Out l ine  o f  Major Equipment f o r  Chong pyong Pump Storage  of 
Messrs. Korea E l e c t r i c  Co. LTD. 

F u j i  E l  ectro-Hydraul i c Governor 
Transi  dyn Type 
Signal  Converter  and Hydraulic  Operat ing Mechanism 

F u j i  Valves 
F u j i  Hydraulic Turbine Generator  

Peace River 
Soyang Gang 
Toyomi. I 1  

F u j i  Thrus t  Bearing f o r  Water Turbine Generator  
F-Resin I n s u l a t i o n  (New I n s u l a t i o n  System f o r  .S ta to r  Co i l s  of 

Large A l t e r n a t o r  
Automatic Voltage Regulator  f o r  Synchronous Generator  
Hydraul i c  Turbines and Generators  (Supply L i  s t )  

Corporate Information 
Annual Report 1976 

OSSBERGER 
Product Brochures 

Water Power from Weissenburg 
Ossberger Turbine Generat ing S e t s  (Stapenhors t  , Inc. ) 
Water Power - Ossberger (F.W.E. S tapenhors t )  

VOEST-ALPINE 
Product Brochures 

S t r u c t u r a l  Steelwork 
Infomati on 
Impul se Turbines 
Const ruct i  on of  Hydro E l  ec tri c Power P l  a n t s  
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. User Reference Manual. Los kngeles. 

. WYLBUR Reference Manual. Los Angeles, 1Y76. 

Na t i  onal Academy o f  Sciences . Energy f o r  Rural 'Devel opmen t, Renewabl e 
Resources and .A1 t e r n a t i  ve Techno1 ogies f o r  Deve'lopi nq Countr i  es. 
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ENERGY RESOURCES CONSERVATION 
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The economic value of new hydroelectric gemrat ion in California Fn 1981 i s  
detcA-mine.j by the opportunity cost of thermal generation in that time franc. 
@portunity cost i s  the cost tha t  California u t i l i t i e s  w i l l  have t o  pay t o  

.povi.de the equivalent e l e c t r i c i t y  fo r  t h e i r  customers i f  they do not pur- 
chase the hydroelectricity. 

For firm power and energy tne value i s  equl l  t o  the t o t a l  cost of new the-mal 
generation. The - attached rnmoraxium by C d s s i o n e r  Reed s u p p r t h g  e lec t r i c  
ccgeneratim i n  Califonzia proyrides capital  cost estimates f o r  new oil-firzd 
bascload stat ions in 1978 dcS2zrz equal t o  $$-30 t o  3700 per M o v e t t  and 
operating costs of 2.8 t o  3.0 cents per kh?. . The capi ta l  costs  add 1.1 t o  
1.4 cents. t o  the operating costs ki th  a consen-ative capi ta l  cha.rge of 1% 
and a 75% plant factor. Thus a t  todays prices we have 3.9 t o  4.4 cents per 
kHh a s  the nopportunity valuen of rim thennal generat im,  and can assums 
these costs w i l l  escalate a t  a ninimum of 6% per annulil. Coal-fired, or 
nuclear generation costs  are not likely t o  be lower. 

Thus the economic value of r im hydxwelectzic energy i s  equal t o  3-9  t o  4.4 
cents rwr KWH LI 1Y78 dollars-at b% m r  m w .  

- ., 

For nonfinn hydroelectric energy the op2ortunity value i s  equal at  a m i d m u g  
t o  the cost of o i l  u t i l i zed  t o  generate the equivalent e l e c t r i c i t y  in California'  
oil-fired generating station. T h i s  i s  t h e  gezeration which w i l l  be displaced 
by the utilities i f ' t h e y  purchase additional non-fim hydroelectricity.  

These costs are equal t o  approf i a t e ly  25 mills per Wh in 198 dollars.  T C s  
value will also escalate a t  a minimum of 6% per annm in to  the ear ly 1980's. 
This i s  the economic value placed on the acquisi t ion of additional non-fin 
secondary e n e r a  from the new Pacific tiorthwest hydroelectric generation stst ions 
in the attached study of Paci r i t  Ilc=hwest tra-tsmissioil h t e r t i e s .  

m ~hus .;the economic value of non-firm hy&"oelectric energy generated i n  Califor,.i;l 
e m '  be ~ l a c c d  a t  n m i n i m u r n  c?f 25 mills per E;,% in 1978 dollars, escaLa t i~g  ~t 

A 

37- per arinum.. 



MEMORANDUM 

October 27, 1978 

TO: 

FROM : 

RE: 

K. THOMAS MILLER 

ANTHONY LINHARDT 

PHASE D: TECHNICAL ASSESSMENT 
TID - 78-1 

The available power to be generated a t  the individual drops may be relatively 
small , b u t  the combined power input of al l  s i tes  w i  11 constitute a considerable 
percentage of the total energy used i n  the District. When this additional power 
i s  fed into the existing distribution network, i t  will affect i t  two basic ways: 

1. Some sections of the network have to be increased to be able t o  carry 
the add1 tianal 1 oad. 

2. The short c ircui t  duty  of the various nodes of the network will be 
strongly affected; that may necessitate the replacement or recalibration 
of the exi sting .di sconnecti ng and protecti ve devices . 

These i s  a need to evaluate the feasibili ty of building transmission lines from 
the fa r  s i t e s ,  such as the Merced and San Joaquin s i tes .  The cost of these 
transmission lines may be prohibitive; selling the power from these s i tes  directly 
to PG&E may be more economical, subject to a feasibili ty study. 

If these transmission lines are ,decided to be bui  1 t ,  they also have t o  be con- 
nected to the power g r i d .  The point of connection has to be carefully chosen. 
The geometrically most advantageous point may not be economically suitable due 
to major a1 terations for accepting the increased load. 

As a concl usion, the fol 1 owing recommendations may be considered: • 
1. The overall network has to be subjected to an evaluation to establish 

the points where the newly generated power can be fed i n .  

2. Based upon the result o f  Drop One, the network has to be redesigned. 
The current-carrying capacities have t o  he increased at  some placas t o  - 

accommodate the increased load. 

3. The redesigned network has to undergo a short c ircui t  analysis t o  
establish the faul t  duty a t  various nodes and to coordinate and/or 
recalibrate the protective relays, fuses, etc. 

4. A feasibi l i ty  study has to be conducted t o  see i f  the building of the 
transmission lines from far  s i t e s  would be economical versus direct 
selling to PG&E. 



I t.~:it. t h e  a - k a k c  informatior: *All assist you in a p p r a i o k  the e w n d c  v a ? : ~ ~  
r?f y3ur new hyrfroelectfic gc::cration plar~ts in C a l i f o ~ a .  

2 )  Gppof.~~<t.y t.6 fm.;: Ecpmricd Pac i f ic  C ~ r t h w e s t -  
Calif o r i r : . ~  3-3wer S.jaten In tecra t ion  by the Cor.struction . 
af P..!,di t :~ona.l. Transzi,c..sion I n t a ~ t i  es by Stanton R. ,%th; 
Calii'r:r?j Znzrx,- C d s s i o n ,  January 1978. 
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333 EAST C A N A L  DRIVE 

TURLOCK. CAI~IFORNIA 9x180 
( 2 0 9 )  632-3861 

October 26, 1978 

Lee Royalty 
Fluid Energy Systems 
4241 Redwood Avenue 
Los Angeles, CA 90066 

Dear Lee: 

On your l a s t  t r i p  t o  Turlock (10-20-78)' you asked f o r  
addi t iona l  s i t e  da ta  from the  Turlock system. The following 
da ta  is enclosed per your request. 

1. FPC opinion No. 420 which descr ibes  f i s h  water 
requirements a t  La Grange. 

2. Turlock Lake e leva t ion  and outflow c h a r t s  1966 t.hv.1 
1978 (3 shee ts ) .  

3 ~ a i l y  flow records a t  La Grange Dam powerhouse and 
T.1.D- Main Canal (1967 thru 1976). 

4. Sketches showing T.I.D. 12 KV d i s t r i b u t i o n  l i n e s  
near  Drop 42, Drop #7 and Ceres S p i l l  and descr ip t ion  
of l i nes .  (3 shee t s  p lus  map) 

5 -  Canal r i g h t  of way maps a t  Drop #2, Drop ,fl and Ceres 
Spill. 

I n  addi ton,  t o  confirm our  dGcussions on 10-20-78, the 
following is offered. 

1. Winter flows through Ceres and Hickman drops p r i o r  
t o  1973 is nonexistect s ince  there  were no f i s h  
water regulat ions p r i o r  t o  New Don Pedro power p lant .  

2 .  Estimates made by our Water Superintendent of the  
flow capacity a t  the  s p i l l  s t ruc tu res  a r e  as 
follows : 

Ceres S p i l l  
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thru  gates  400 c f s  
thru  channel 500 c f s  
thru  s p i l l  300 c f s  

Hickman S p i l l  

th ru  gates  400 c f s  
thru  chamel  600 c f s  
thru s p i l l  350 c f s  

3. Water sur face  elevat ion in our main canal  is normally 
kept high t o  enable making gravi ty  s i d e  d e l i v e r i e s  
and also t o  reduce de l ivery  times. 

Yours very t r u l y ,  

m O C K  IRRIGATION DISTRICT 

A s s t .  E l e c t r i c a l  Department Manager 

m:im 
Enclosures 
cc: Ben Lusk 

Leroy Kennedy 
Bob Ruether 



"JOI FiT DISTRICTS HYDROPOWER ASSESSMFNT STUDY 11 

RFVIFY MFFTING 

DATE: NOVEMBER 15, 1978 

TIME: 9:00 A.M. t o  3:00 P.M. 

PLACE: FLUID ENERGY SYSTEMS, INC.  

4241 Redwood Avenue 
Los Angeles, CA 90066 

A G E N ' D  A 

9:00 A.M. - 9 ~ 1 5  A.M. INTRODUCTIONS AND SIGN-IN 

9:15 A.M. - 9:45 A.M. STATUS AND OVERVIEW - K. T.  M i l l e r  

9:45 A.M. - 10:20 A.M. SITE DATA AND PHASE REPORT STATUS - Lee Royalty 

10:20 A.M. - 10:40 A.M. BREAK 

10:40 A.M.  - 11:30 A.M. PHASE D ASSESSMENT: 
*Power Market ing - A. L. (Tony) L inha rd t  
*Env'i-ronrnental Problems - Wall ace Stokes 

11:30 A.M. - 1:15 P.M. LUNCH HOSTED BY FES 

1:15 P.M. - 1:45 P.M. PHASE D ASSESSMENT (Continued): 
*Technical Problems - Ben Lusk 
*Schedule Problems - K. T. M i l l e r  

1:45 P'.M. - 2: 15 P.M. PROPOSED STATEMENT OF WORK - A1 1 
SCHEDULE CHANGES - K. T. M i l l e r  

2:15 P.M. - 3:00 P.M. DISCUSSIONS - A l l  
PROBLEM RESOLUTIONS 

\ :-:- 
ATTENDEES: 

* 
TID 

* Ernes t  Geddes 
* A1 Hagiwara 

FES 
* K. Thomas M i l l e r  
* A. L. L i n h a r d t  
* Ben Lusk 

F * Lee Roya l ty  
* Wal ly  Stokes, I11 



STAN~SUUS A.Vn X E R C X D  COm~I~S.C~~1~t)~h.lA 

P. 0. BOX 0 4 0  

959 EAST CANAL DRIVE 

TURLOCK. CALIFORNIA 9 3 8 0  
( 2 0 9 )  632-3861 

November 17 ,  1978 

M r .  Tom Miller 
Fluid Energy Systems 
4241 Reduood Avenue 
Los Angeles, C a l i f o r n i a  90066 

Dear Tom: - 

This w i l l  confirm our  telephone conversat ion of November 17, 1978 wi th  
regard to  geologic  condi t ions  wi th in  the fou r  p a r t i c i p a t i n g  D i s t r i c t s .  

Noel Negley has  informed m e  t h a t  the  Frankenheimer s i t e  i s  s i m i l a r  t o  
t h e i r  Woodward Reservoi r  ' location.  S o i l  condi t ions  a t  t h i s  l oca t ion  i s  
expected to be a l l u v i a l ,  s i l t y  v i  t h  cobbles up t o  about 2 inches i n  diameter. 
H e  f e e l s  t h a t  c i v i l  c o s t  es t imates  should be based on the above s o i l  condi t ioas .  

Noel a l s o  informed m e  t h a t  he forwarded Xerox copies  of f low information 
a t  Goodwin Darn f o r  both the SSJID and Oakdale divers ions.  You and I agreed 
t h a t  t h i s  informat ion would be s u f f i c i e n t  f o r  t he  Goodwin Dam locat ion.  

I a l so  t a lked  wi th  Ken McSwain o f  the  Merced I r r i g a t i o n  D i s t r i c t  and he 
f e e l s  t h a t  similar s o i l  condi t ions  could be expected i n  the  Merced District 
area, except where he  s p e c i f i c a l l y  c a l l s  o u t  hardpan a r e a s  i n  excavation da t a  
t h a t  was s e n t  t o  you wi th  o t h e r  water  opera t ing  data.  He a l s o  f e e l s  t h a t  
c i v i l  cos t  e s t ima te s  should be based on these s o i l  condi t ions .  Hz es t imates  
c o s t  of excavat ion f o r  the  hard p a t e r i a l s  t o  be around $10 per  yard and f o r  
s o f t  ea r th  a t  $1.50 pe r  yard. 

Ken f e e l s  t h a t  the  s t r u c t u r e  a t  t he  Escaladian Drop should be replaced 
i f  a power f a c i l i t y  i s  in s t a l l ed .  A l l  o t h e r  s t r u c t u r e s  a r e  good. 

I f  there  a r e  no o t h e r  complications,  Ken and I f e e l  t h a t  the  Canal Creek 
s i t e  should r e p l a c e  the Pisher  s i t e  f o r  DOE report ing.  Canal Creek appears 
t o  be a more w o r ~ i l e  s i t e  t o  consider.  

A s  f a r  a s  t h e  Turlock I r r i g a t i o n  District sites a r e  concerned, s o i l  
condi t ions  should be considered to  be a l l u v i a l  and e x i s t i n g  s t r u c t u r e s  s t ab l e .  



Mr. Tom Miller 
Fluid Energy Systems Page 2 November 1 7 ,  1978 

Very truly yours, 

TIRLOCK IRRIGATION DISTRICT 

Alvin R. Hagiwara, 
Assistant Electric  Department Manager 

cc: Noel Negley 
Ken McSwain 
Ernest Geddes 
Roger Masuda 
Norman Boberg 
Leroy Kennedy 





THE CALIFORNIA ENVI RONMEMTAL ASSESSMENT PROCESS 

An. environmental assessment o f  the p r o j e c t  w i l l  be requ i red  i n  accordance 

w i t h  the Cal i f o r n i  a  Environmental Qua1 i t y  ~ c t  o f  1970 (CEQA) , as c u r r e n t l y  

amended, and t he  cu r ren t  guideli.nes - f o r  implementation of the Act  as issued 

by the  Resources Agency of the  Sta te  o f ' c a l i f o r n i a .  

. .  . 

I n  accordance w i t h  the  p rov is ions  o f  CEQA, the Lead .Agency respons ib le  f o r  

the environmental assessment s h a l l  be the pub1 i c  agency which has the  

p r i n c i p a l  responsi b i  1  i ty  f o r  ca r r y i ng  ou t  o r  approving the p r o j c c t .  The 

Lead Agency f o r  t h i s  p r o j e c t  may be an i r r i g a t i o n  d i s t r i c t  o r  another 

agency t h a t  may be respons ib le  f o r  p r o j e c t  development. I n  a d d i t i o n  the  

environmental assessment process must inc lude  t he  p a r t i c i p a t i o n  of a1 1  

"Responsible Agencies." A respons ib le  agency i s  any p u b l i c  agency t h a t  w i l l  

e i t h e r  be ca r r y i ng  ou t  t h e  p r o j e c t ,  o r  w i l l  have d i sc re t i ona ry  approval 

au tho r i  t y  over the p ro j ec t .  A1 1  environmental determi nat ions requ i  r e  the  

approval o f  a11 the  respons ib le  agencies as w e l l  as the  Lead Agency. As 

an example, the  respons ib le  agencies w i i l  i nc lude  the S ta te  o f  C a l i f o r n i a  

D i v i s i o n  o f  Safety o f  Dams s inse they w i l l  exerc ise approval over the design 

and cons t ruc t i on  of the  p ro j ec t .  

The respons ib le  p u b l i c  agencies must f i r s t  make a determinat ion if the 

p r o j e c t  i s  sub ject  t o  requirements o f  CEQA and i s  n o t  exempt i n  accordance 

w i t h  the  CEQA guide l ines.  The p r o j e c t  does n o t  appear t o  meet t he  requ i re -  

ments f o r  exempt s ta tus  as m i n i s t e r i a l  , emergency o r  d isc re t ionary ,  o r  

ca tegor i ca l  l y  exempt p ro jec ts .  

Fo l lowing the f ind ings of CEQA a p p l i c a b i l i t y  the  Lead Agency i s  respons ib le  

f o r  the  preparat ion of an I n i t i a l  Study. The purposes of an I n i t i a l  Study 

a r e  t o :  

I d e n t i f y  environmental impacts; 

Enable an app l i can t  o f  Lead Agency t o  modify a  p ro j ec t ,  m i  t i g a t i n g  

adverse impacts before an EIR i s  w r i t t e n :  

e Focus an EIR, if one i s  required,  on p o t e n t i a l l y  s i g n i f i c a n t  

envi ronmental e f fec ts  ; 



e Faci 1  i t a t e  environmental assessment e a r l y  i n  the design o f  a  

p ro jec t ;  

r Provide documentation of the  f ac tua l  bas is  f o r  the f i n d i n g  i n  

a  Negative Dec la ra t ion  t h a t  a  p r o j e c t  w i l l  n o t  have a s i g n i f i c a n t  

e f f e c t  on the  environment; 

r El  i m i  nate unnecessary EIR' s . 

An I n i t i a l  Study s h a l l  conta in  i n  b r i e f  form: 

r A desc r i p t i on  o f  the p ro j ec t ;  

' o An i d e n t i f i c a t i o n  o f  the environmental se t t i ng ;  

r An i d e n t i f i c a t i o n  o f  environmental e f f e c t s  by use o f  a  check l i s t ,  

mat r ix ,  o r  o ther  method; 

r A d iscuss ion o f  ways t o  m i t i g a t e  the s i g n i f i c a n t  e f f e c t s  i d e n t i -  

f i e d ,  i f  any; 

r An examination o f  whether the  p r o j e c t  i s  compatible w i t h  e x i s t i n g  

zoning and plans; 

e The name o f  the  person or" persons who prepared o r  p a r t i c i p a t e d  i n  

the  I n i t i a l  Study. 

Fol lowing the complet ion o f  the I n i t i a l  Study the  Lead Agency s h a l l  make a 

determinat ion o f  whether the  p r o j e c t  may have a s i g n i f i c a n t  e f f e c t  on the  

environment i n  accordance w l  t h  the CEQA guide1 ines  and requirements. It i s  

p resen t l y  an t i c i pa ted  t h a t  , there w i l l  be a  f i n d i n g  of non-signi f icance and 

t h a t  a  complete Environmental 1mpa.ct Report w i l l  n o t  be required.  

Fol 1 owi ng a  determi n a t i  on o f  non-si gn,i f i cance a Negati ve Decl a r a t i  on coul d  be 

prepared by t he  Lead Agency i n  consul t a t i o n  w i t h  a l l  of the  respons ib le  agen- 

c ies .  A Negative Dec lara t ion would inc lude:  

A b r i e f  desc r i p t i on  o f  the p ro j ec t ,  i n c l u d i n g  a  commonly used name 

fo r  the  p ro j ec t ,  i f  any; 

The l o c a t i o n  o f  t he  p r o j e c t  and the  name o f  the p r o j e c t  proponent; 

r A f i nd ing  t h a t  the p r o j e c t  w i l l  n o t  have a s i g n i f i c a n t  e f f e c t  on 

the enui ronmen t ; 

m An attached copy o f  the  I n i t i a l  Study documenting reasons t o  sup- . 

p o r t  the f i nd ing ;  

a M i  t i g a t i o n  measures, i f  any, inc luded i n  t h e .  p r o j e c t  t o  avo id  

p o t e n t i a l l y  s i g n i f i c a n t  e f f e c t s .  



The p repara t ion  o f  t he  I n i t i a l '  Study and Negative Dec la ra t ion  would r e q u i r e  

a mi.nimum of about f o u r  ( 4 )  t o  e i g h t  (8 )  weeks. 

A p u b l i c  n o t i c e  and review o f  a "reasonable" per iod  i s  requ i red  fo l low ing  

t he  p repara t ion  o f  a Negative Declarat ion.  General ly ,  a minimum of 30 days 

i s  considered a reasonable per iod.  However, i f  a s t a t e  agency, such as the  

D i v i s i o n  o f  Safety o f  Dams, i s  designated as a respons ib le  agency the minimum 

p u b l i c  n o t i c e  and review pe r i od  w i l l  be 45 days. 

Fo l lowing the rev iew pe r i od  and a dec is ion  o r  dec is ions t o  ca r r y  ou t  o r  

approve the  p r o j e c t  by the  ,Lead Agency and respons ib le  agencies the  i ead  

Agency s h a l l  prepare and f i l e  a No t i ce  o f  Determinat ion w i t h  a eopy o f  the 

Negative Dec lara t ion.  The Not ice s h a l l  inc lude:  

The dec is ion  o f  the  agency t o  approve the p ro j ec t ;  

@ The determinat ion o f  the  agency whether the p r o j e c t  w i  11 have a 

s i g n i f i c a n t  e f f e c t  on t he  environment; and 

e A statement t h a t  no EIR has been prepared pursuant t o  the  p rov is ions  

of CEQA. 

Fo l lowing the f i l i n g  o f  the  Not ice w i t h  the  County Clerk  the  p r o j e c t  may pro- 

ceed sub jec t  t o  l ega l  chal lenge w i t h  a 30-day s t a t u t e  o f  l i m i t a t i o n s .  

I f  a f t e r  complet ion o f  the  l n i  ti a1 Study, t h e  Lead Agency f i n d s  t h a t  t he  

p r o j e c t  may have s i g n i f i c a n t  e f f e c t  on the environment, o r  i f  there  i s  ser ious 

pub1 i c  controversy concerning the  environmental e f f e c t  o f  the  p ro j ec t ,  an 

environmental impact  r e p o r t  must be prepared by the Lead Agency. The EIR 

process i s  s i m i l a r  t o  b u t  s i g n i f i c a n t l y  more leng thy  than t h a t  f o r  the  

Negative Declarat ion.  The EIR process requ i res  : 

@ Ear l y  consul t a t i o n  w i t h  a1 1 respons ib le  agencies and concerned 

organ1 zatf sns o r  i n d i v i d u a l  s ; 
Preparat ion o f  t he  d r a f t  EIR; 

Pub l i c  n o t i c e  and reveiw o f  the  d r a f t  EIR; 

@ Lead Agency eva lua t ion  o f  the  d r a f t  EIR; 

Preparat ion of the  f i n a l  EIR; 

C e r t i f i c a t i o n  t h a t  the f i n a l  EIR has been completed i n  accordance 

w i t h  CEQA and the  s t a t e  gu ide l ines;  

Not ice o f  determinat ion f o l l o w i n g  p r o j e c t  approval; and 



F i l i n g  o f  the  f i n a l  EIR. 

I n  accordance w i t h  CEQA, the  E I R  must inc lude:  

a Descr ip t ion  o f  Pro jec t ;  

Descr ip t ion  o f  Environmental Set t ing;  

a Envi ronmental Impact: 

- The s i g n i f i c a n t  environmental e f f e c t s  o f  the proposed p ro j ec t ;  

- Any s i g n i f i c a n t  environmental e f f e c t s  which cannot be avoided 

i n  the  proposal i f  implemented; 
- M i  t i g a t i o n  measures proposed t o  minimize the s i g n i f i c a n t  effects; 

- A1 t e r n a t l  ves t o  the  prapased act ion;  

- The r e l a t i o n s h i p  between l o c a l  short- term uses o f  man's environ- 

ment and the  maintenance and enhancement o f  long-term produc t i -  

v i  t y ;  

- .Any s i g n i f i c a n t  i r r e v e r s i b l e  envi ronmental changes which would 

be invo lved  i n  the  proposed a c t i o n  should i t  be implemented; 
- The growth-inducing impact o f  the proposed act ion.  

A l l  respons ib le  agencies s h a l l  cons'ider the Lead Agency's f i n a l  E I R  before 

a c t i n g  upon o r  approving the  p ro jec t .  

The complete EIR process would normal ly r equ i re  th ree  ( 3 )  t o  s i x  (5 )  months, 

o r  more. 
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Elec t r ica l  and control equipment is the primary in te r face  f o r  t!!e user i n  

the  operation of a hydroelectric plant.  This report  introduces Oy Strom- 

berg A! a s  a company with long experience i n  t h i s  f i e l d ,  one i n  which the 

company is a recognized s p e c i a l i s t  i n  s m a l l  induction and synchronous gen- 

erators .  The select ion of main c i r c u i t  diagram, voltage leve ls  and com- 

ponent types involves both technical  and economic analysis.  A modern con- 

t r o l  board is  an integrated factory-tested u n i t  capable of remote control  

applications and rapid ins ta l la t ion .  

1 General 

E lec t r i c i t y  generation has long been the primary way t o  u t i l i z e  hydro 

power. In modern unmanned and automated plants ,  which a r e  of ten operated 

by remote control ,  the  r o l e  of the  control  systems has become extremely 

important. 

Oy Stromberg Ab has long experience i n  hydroelectric engineering. A s  ear ly  
.. . . 

as 1889, the young Finnish engineer Gatffr id  Stromberg founded an elec- 

t r i c a l  workshop i n  H e l s i n k i  and manufactured his f i r s t  d.c. dynamo. This 

was the start of Oy Stromberg Ab, which today is the leading e l e c t r i c a l  

manufacturing enterpr ise  i n  Finland. 



Stromberg e l e c t r i c a l  equipment can be found i n  mos t  Finnish hydroelectric 

p lan ts  and i n  pro jec t s  overseas. The company today spec ia l izes  i n  small 

s i z e  un i t s  which, i f  required, can include custom e l e c t r i c a l  and control  

systems. Stromberg products - generators,  switchgears, transformers and 

other e l e c t r i c a l  equipment - a r e  characterized by high qua l i ty  and per- 

formance data. With spec ia l  surface treatment, they a r e  su i t ab l e  f o r  use ' 

i n  corrosive conditions and i n  the tropics.  

2. Generator 

Power s ta t ions  are generally equipped w i t h  synchronous generators,  es- 

pec ia l ly  when: 

- the  u n i t  power is large,  2 MVA or  more 

- the  s t a t i on  is t o  be used in isolated operation 

- power f ac to r  improvement is needed 

When planning s m a l l  hydro power s t a t i ons ,  there  are s i t ua t ions  when the use 

of an induction generator is the  m o s t  economic solut ion:  

- small unit, less than 2 MVA 

- no need fo r  o r  poss ib i l i t y  of remote operation 

- the  ro t a t i ona l  speed of the  turbine. is high 

Generally, an induction generator is advantageous only f o r  the generation 

of addi t ional  energy i n  c o n j k c t i o n  w i t h  a la rger ,  r e l i a b l e  system. 



The generator type is selected according to the turbine data.  The voltages 

of 400 V, 450 V o r  660 V a r e  generally used i n  small generators; i n  larger  

generators, the high voltage can be selected from the range of e.g. 3 kV t o  

10.5 kV. According t o  the ro ta t ion  speed of the turbine and taking in to  

account a possible gear, the ro ta t ion  speed of small generators i s  usually 

500 rpn t o  1800.rpm a t  the  frequencies 50 Hz o r  60 Hz.  The small generators 

a r e  usually of brushless design. In t!!s case, the exci ta t ion parer is  

taken from the exc i te r  i n s t a l l ed  i n  the generator sha f t  through a ro ta t ing  

r e c t i f i e r  bridge (Fig. 1). Bigger un i t s ,  especially when the speed is 

slower than 300 rpm, a r e  often delivered with s t a t i c  exc i te rs  (Fig. 2 ) .  

The generator frame is often of welded design and the ro ta t ing  p a r t s  a r e  

dimensioned according to the runaway speed determined by the water turbine. 

Stromberg manufactures generators mainly with a .horizontal shaf t  (Fig. 31,  

but a l l  induction and W synchronous generators can a l s o  be delivered with 

a ve r t i ca l  shaf t .  

a,.' Synctrr~noas LV (up to 660 V) generators 
190 kVA - .3000 kVA 

b. Synchronous IN (3.3 - 13.8 kV) generators 
1.5, MVA - 20 MVA (the upper l imi t  depending 
of the ro t a t i ona l  speed) , 

c, Asynchronous LV generators up ta 1000 kW 

d. Asynchronous HV generators up to  6000 Is'# 



These modern and r e l i a b l e  machines a r e  remarkably e f f ic ien t .  The use of 

new technology i n  magnetic c i r c u i t s  and insulating mater ia ls  has resul ted 

i n  comparatively small, compact, high performance equipment. Thus when 

modernizing: 

- today a new generator that is the same s i z e  a s  an older machine 
operates a t  higher camcity or better eff ic iency 

- a maehine with the 3 m e  capacity a3 its predecessor needs 
l e s s  space 

For small un i t s  up to ' about 2000 kVA, it is, i n  general, recommended t o  

choose an LV generator. In  these cases,  the use of a gear between the tur-  

bine and the generator is  economical and often,  in  f a c t ,  the only ra t iona l  

choice. 

3 Switchgears 

The choice of main circuit diagram is based on an analysis  of the al ternat ives:  * 
- purchase prices  

- the  eff ic iency and/or l o s s  of efficiency when taking 
i n t o  account the duration of diPf ezekkt situations 

- ava i l ab i l i t y  and operating costs 

- poss ib i l i t y  o r  need fo r  latei: expansions of the p lan t  

- the  ac tua l  s i tua t ion  (construction of a new p lan t ,  
enlargement, modernization, changes) 



In general, it is recommended; 

- not t o  ground the generator neutral  point  d i r ec t ly  

- t o  use a transformer between the generator and network 

- to connect the s t a t i o n  supply d i r ec t ly  t o  the network (Fig. 4 ) .  
I n  same cases, however, the connection t o  generator terminals 
o r  a switchover poss ib i l i t y  t o  e i t he r  of the a l t e rna t ives  is 
advantageous. 

A plant  w i t h '  an induction generator (Fig. 5 )  has some special  features:  

- the economic savings due to an induction generator a r e  largely l o s t  

i f  the  plant is equipped with control  systems f a c i l i t a t i n g  i so la ted  operation; 

- the synchronization i s  i n  general performed by connecting t o  network 

the unexcited generator running a t  about ra ted speed. Thus, the phase- 

angle control is not necessary; 

- the excitation current  can be taken from network, but this causes 

considerable extra losses. It is m o r e  economical t o  connect a capacitor 

bank to the generator terminals a f t e r  synchronization. When the  network 

connections a r e  tripped o f f ,  causing in general a runaway s i t ua t ion ,  these , 

capacitors should be .rapidly disconnected to  avoid overvoltages. 

7, 
8 A plan t  w i t h  s m a l l  un i t s  of ten has an LV main switchgear.. Indoor-type LV 

switchgears f o r  i n s t a l l a t i o n  i n  dry e l e c t r i c a l  rooms can be equipped with 

fixed o r  withdrawable type c i t c u i t  breakers. The connections between the 



main transformer and the LV switchgear can a t  small units be arranged by 

heavy current cable systems. However, either an open or an enclosed busbar 

is  frequently selected. 

The LV switchgear i s  of multicubicle type and often forms a compact unit 

containing a lso  the control b a d ,  the stat ion supply b a r d  and the aw-  

i l i a ry  d.c. board. The structures are of hot-galvanized s t ee l  sheet 

painted with epoxy and are suitable for d i f f i cu l t  environmental conditions. 

Indoor-type HV switchgears for instal lat ion in  dry e lect r ica l  rooms are 

available a t  voltages of 3.6 to  24 kV as  factory-made, metal-enclosed 

switchgears. The switchgears can be equipped either with fixed or with- 

drawable type c i rcu i t  breakers. The standard type switchgear structures 

are arc-pressure tested, taking into consideration the safety cf the per- 

sonnel. Switchyards for voltages over 24 kV are usually of outdoor open- 

terminal type- 

4. Transformers 

The power of the main transformer of the station is chosen in accordance 

with the power of the generator. The transformers are of standard type and 

. f u l f i l l  W raquisements of IEC Recommandations 7611976. They are self-  

cooled, oil-insulated three-phase transformers equipped with an o i l  con- 

servator, and are suitable both for indoor and outdoor installation. 



The power of the s ta t ion  service  transformer is determined i n  accordance 

with the demands of the s ta t ion.  For. example, standard type transformers 

of 16, 30, 50, 100 and 200 kVA a r e  available.  

5. Control and Protection Equipment 

The control  panel consis ts  of the  following main par t s :  

- s ta t ion  supply. a. c. 

- auxiliary d.c. system 

- manual controls,  instruments and displays 

- automation equipment 

- protection and alarm system 

The exci ta t ion equipment and the protect ive re lays  of l a rger  generators a r e  

i n  separate cubicles located i n  dry e l e c t r i c a l  rooms. The voltage regu- 

l a t o r s  of s m a l l  generators a r e  usually placed on top of the generator and 

the  protective relays can be mounted, e.g. i n t o  the control  panel. 

The control  panel a l so  includes the doc. board which c a p r i s e s  displays,  

ba t te ry  monitor and auxi l iary voltage supplies. The r e c G f i e r  and battery 

a r e  normally delivered separately. A lead acid bat tery is  su i t ab l e  f o r  

ordinary cases,  and an a l k a l i c  ba t te ry  is delivered f o r  spec ia l  conditions. 

One of the main parts of the  control  system is the water l eve l  control ,  

where today d i r e c t  pressure measurement is mainly used (Fig. 6) .  



6. Remote Control 

In industr ia l ized countries,  s m a l l  hydroelectric p lan ts  have a s  opera- 

t iona l  features:  

- unmanned operation 
- automatic operation with the poss ib i l i t y  of complete 

manual control  in 'except ional  conditions 
- remote control  i n  normal times 

Even i n  cases when the p lan t  is i n i t i a l l y  operated loca l ly ,  provision 

should be made fo r  easy hook-up t o  remote control  equipment of: . 

- operational commands - s t a t e  indications 
- alarms - measurements 

In ordinary cases,  the  primary delivery includes: 

- the  operational changeover switches i n  the  control  board - the  wiring of control  s igna ls  to  terminal blocks i n  
switchgears and the  control  board 

- space reservations f o r  measuring transducers and 
a w i l i ~ ~  re lays  

Other Elec t r i f ica t ion  

The complete e l e c t r i f i c a t i o n  also includes such other aativities and com- 

ponents, pa r t l y  delivered by l o c a l  companies, as: 

- c i v i l  works for outdoor switchyard and . e l ec t r i ca l  , 

rooms in the s t a t i o n  building - supporting s t ruc tures  
- earthing systems 
- i n t e r i a l ,  external  and emergency l igh t ing  . . 

- cables and cable shelves - i n s t a l l a t i on  
- commissioning 



V-u 
Main Excitation Permanent 
generator generator rnagne t 

generator 

Generator unit 

F i g .  1 Brushless excitation 

Reference value 

I 

Voltage 
regulator 

L 

r ----------- 

I Rotor 

LL 
I - - - - - - - - - - A 

- 



Fiq .  2 S t a t i c  excitation 

. ... 

- 
- Reference value 

Voltage 
regulator 

7 

r ----- 1 

I Rotor L-,,,, 

- Generator unit 
i 

1 
A 





20 kV line 
- 

111 I <: 4 1 - - 

6 Fig. 4 A miniplant with synchronous generator 



20 kV line 

G E N  200 kW 
0.89 P F  0,4 kV 
3 P H  50 Hz 1500 rpm 

Fig. 5 A miniplant w i t h  induction generator 
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