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EXECUTIVE SUMMARY 

Vermont Marble Company (VMCO) owns and operates four hydroelectric projects 

in a 50-mile reach of Otter creek i n  west central Vermont. This study con- 
cerns three of the ins ta l la t ions  - Center Rutland, Beldens, and Huntington 
Falls.  The fourth s i t e  i s  known as Proctor and will  be studied separately. 

All four plants operate as run-of-river s ta t ions ,  and the limited reservoir 

storage capacity places severe l imitat ions on any other type of operation. 
VMCO has been aware for  some time tha t  the physical condition of the'  i n s t a l l a -  

t ions i s  poor and tha t  the concrete has suffered deter iorat ion due to  i t s  age, 
repeated freezing and thawing, and the e f fec ts  of t rash .  VMCO a lso recognizes 
tha t  rehabi l i ta t ion ,  upgrading, and replacement of many of the f a c i l i t i e s  i s  
now necessary . to restore  the s t ructures  to  a sa t i s fac tory  condition and to  
maximize energy production a t  each plant.  The plants a re  presently operating 
a t  much lower outputs than can be obtained, because they do not use . the avai l -  
able discharge and head. ... 

The resu l t s  show t h a t ,  under the assumptions made i n  t h i s  study, Beldens and 
Huntington Fa1 1s can be economically improved. The rehabi 1 i ta t ion  of the 
Center Rutland plant did not look economically a t t r ac t ive .  However, the 
improvement of Center Rutland should not be eliminated from further  considera- 
t ion ,  because i t  could become economically ' a t t r ac t ive  i f  the cost of energy 
s t a r t s  escalating a t  a r a t e  of around 10 percent per year. 

The study included a brief appraisal of the exis t ing generating f a c i l i t i e s  and 
condition of exis t ing concrete s t ruc tures ,  a geological reconnaissance o f  the 
s i t e s ,  analysis of the power potent ia l ,  flood s tudies ,  technical and economic 
investigations and comparative evaluations o f  the a1 te rna t i  ves f o r  developing 

the streamflow for  power generation, selection of the, most su i tab le  a1 ternat ive,  
f inancial  analysis,  preparation of drawings, and preparation. of detailed quan- 
t i t y  and cost estimates. 

The s i t e s  and nearby surrounding'areas were inspected, and the condition of 

exis t ing s t ructures  and equipment were appraised. The concrete needs repair ;  

and the equipment is  old,  obsolete,  and i n  need of replacemer~t. The - 



generating units are inef f ic ien t  and a.re .undersized f o r  economical 

exploi.tati,on. of the avai 1 able hydraul i,c resources. No . . geological proh- 

lems were found during the f i e l d  ins.pecti.ons tha t  would prohihit  construc- 

t ion and the s t ructure s i t e s  appear sound. Th.ere i s  some leakage a t  a l l  

s i t e s  that  can he eas i ly  control led by presently available techniques. 

In general, the time has arrived when improvements and rehabi l i ta t ion are ,  

o r  soon will be, necessary. 

The environmental conditions were evaluated and found t o  be mostly favor- 

able. The few conditions tha t  cannot be c lass i f ied  as favorable require 

only simple measures t o  r ec t i fy .  No environmental impact was found tha t  

precludes proceeding w i t h  the contemplated improvements. 

Three basic pbi.losophies were.considered in formulating development 
al ternat iyes .  The f i r s t  makes'maximum use of existing f a c i l i t i e s  and 
resu l t s  in theminimum capi tal  investment; however, i t  does not f u l l y  
'exploi t  the avail able hydraul i c  resources. The second ful ly  exploi ts  the 
hydraulic resources, b u t  requires the largest  capital  expenditure. The 

t h i r d  philosophy is:intermediate between these two and, consequently, 
resu l t s  in inte-rmediate capital  investment. and .energy production. Four 
al ternat iyes  embodying these ph.ilosophies were.formulated and are  shown 
i n  Table S-1. 

Technical evaluations were made of the components of each a l te rna t ive  t o *  
eliminate the l e a s t  feas ib le  and reduce them t o  a more manageable number. 
The  evaluations considered the u n i t  s i z e ,  number of uni t s ,  t o t a l  instal led 
capacity, energy produced, topograp.hic and physical conditions of the s i t e ,  
and the upstream and downstream l imitat ions.  One large u n i t  would be 

inoperative f o r  almost half the time and was eliminated from consideration 
on an energy production basis.  The u n i t  s ize  and upstream urbanization 

resulted i n  select ing a single development fo r  Center Rutland. Upstream 

conditions res t r ic ted  the leyel of the Beldens reservoir ,  and.the relocated. 
powerhouse was eliminated on a cost  basfs. Huntington Fal ls  r,emained as 

or iginal ly  conceived. The nine components shown i n  Table S-2 remained 

a f t e r  completion of these evaluations. 



TABLE S - 1  

DEVELOPMENT ALTERNATIVES 

ALTERNATIVE I 

Upgrade e x i s t i n g  f a c i l  i t i e s ,  minimum cos t  and energy. 

1. Center Ru t l  and Reservo i r  E l .  507.0 

2. Be1 dens Reservoi r  El.  284.0 

3. ~ u n t i n g t o n  Falls Reservoi r  El. 218.0 

ALTERNATIVE I 1  

Maximum dam-raise, maximum costs  and energy. 

1. Center Ru t l  and Reservo i r  E l .  514.0 

2. Beldens Reservoi r  E l .  284.0 

3. Huntington Fa1 1  s  Reservoi r  El.  241.0 

ALTERNATIVE I 1 1  

Intermediate -dam ra i se ,  in termedia te  c o s t s  and energy . -  Cond i t ion  A. 

1. Center Ru t l  and Reservoi r  El.  509.0 

2. Beldens Reservoi r  El'. 284.0 

3. Huntington Fa1 1  s  Reservoi r  El .  230.0 

ALTERNATIVE I V  . . 

In termediate dam ra i se ,  in termedia te  cos ts  and energy - Cond i t ion  B. 

1. Center Ru t l  and Reservoi r  E l .  514.0 

2. Beldens Reservoi r  E l .  284.0; r e l o c a t e  powerhouse one m i l e  
downst ream. 

3. ~ u n t i n g t o n  F a l l  s  Reservoi r  El .  230.0 



TABLE S-2 

PROJECT SELECTION 

ELIGIBLE PROJECTS 

CENTER RUTLAND 

1. Reservoi r  E l .  509.0; 2-1,200 kW un i t s .  
I d e n t i f i c a t i o n  Symbol CR/2-2.4-509 

BELDENS 

1. Reservoi r  E l .  284.0; 3-2,100 kW un i t s .  
I d e n t i f i c a t i o n  Symbol BEL/3-6.3-284 

2: Reservo i r  El. 284.0; 2-2,100 kW un i t s .  
I d e n t i f i c a t i o n  Symbol BEL/2-4.2-284 

HUNTINGTON FALLS 

1. Reservoi r  El. 241.0; 3-3,700 kW un i t s .  
I d e n t i f i c a t i o n  Symbol HF/3-11.1-241 

2. Reservo i r  E l .  241.0; 2-3,700 kW u n i t s .  
I d e n t i  f i c a t  i on Symbol HF/2-7.4-241 

3. Reservoir.  El.  230.0; 3-3,100 kW u n i t s .  
I d e n t i f i c a t i o n  Symbol HF/3-9.3-230 

" 4. Reservoi r  E l .  230.0; 2-3,100 kW u n i t s .  
I d e n t i  f i c a t  i on Symbol HF/2-6.2-230 

5. ~ e s e r v o i r  E l .  218.0; 2 -2 ,300 .k~  un i t s .  
I d e n t i f i c a t i o n  Symbol HF/3-6.9-218 

. . 

6. Reservoi r  E l .  218.0; 2-2,300 kW un i t s .  
I d e n t i f i c a t i o n  Symbol HF/2-4.6-218 



Quantity and cost estimates were prepared, and the average annual eneryy 

production was computed for  the nine projects.   able' 5-3contains  a 

summary of the data. The cost per. kilowatt .  hour i s  discussed l a t e r .  

-. Economic evaluations were made f o r  the nine e l i g i b l e  projects using the 

present worth method of analysis.  The evaluations used 3,  5,  and 7 per- 

cent escalation ra tes ;  35-, 40-, and 50-year analysis periods; and d is -  

count rates  from 6 through 11 percent. A computer was used t o  analyze 
a to ta l  of 81 cases fo r  which the benefit /cost r a t io s  and' internal r a t e s  
o f  return were computed. These.eval.uations Were used on'ly to  se lec t  a 

recommended .devel opment , which was subsequently fur ther  analyzed using 
oth.er methods of analysis . 

No analysis was made fo r  zero escalat ion,  because i t  is  considered t o  be 
unreal is t ic ;  and th.e three r a t e s  selected are  indicat ive of the escala- 
t ion range t o  be expected. Escalation was uniformly applied to  a l l  costs  
and benefits fo r  the f i r s t  half of the analysis period and no fur ther  es- 
calation was used f o r  the second half.. The minimum analysis period cor- 
responds t o  the useful l i f e  of some major project par t s ,  especially the 
generating uni ts .  The l.ongest. represents .a usual ly  acceptable standard .:. 

f o r  hydroelectric economic-evaluation. The discount r a t e s  a re  considered 
t o  be .appl i cab1 e . t o  t . h i  s type of development. 

Benefits are  the value of energy tha t  does not have t o  be purchased from 
an outside supplier and, accordingly, are  based- on the pr ice.recent ly paid. 
The demand charge, transmission charge, and energy mill ra te  were combined 

on a weighted average basis and resulted i 6 25 m i  11 s per ki lowatt  hour. 
T h i s  ra te  was escalated a f t e r  the f i r s t  year on the same basis as the 
costs'. System energy losses were subtracted from gross generation i n  

computing.the to ta l  annual.benefit ,  o r  revenue. The range of the benefit /  
cost  r a t io s  and internal ra tes  of ,return i s  shown i n  Table .S-4. 

. . , . 



TABLE S-3 -. 
SUMMARY .OF PROJECT COSTS AND ENERGY 

RECOMMENDED DEVELOPMENT 

I t em 

To ta l  Cap i ta l  Investment ($)  
Average Annual Energy (kwh) 
I n s t a l l e d  Capacity (kW) 
Cost Per I n s t a l l e d  kW ($)  

To ta l  CapC t a l  Investment ($)  
Average Annual Energy (kwh) 
I n s t a l l e d  Capacity (kW) ' 

Cost 'er I n s t a l l e d  kW ( $ )  

To ta l  Cap i ta l  1nvestmen.t ( $ )  8,760,800 9,079,700 6,936,000 
Average Annual Energy ('kwh) 26,740,000 23,275,000 20,225,000 
I n s t a l l e d  Capacity (kW) 6,200 6,900 4,600 
Cost Per I n s t a l l e d  kW ( 8 )  1,413 1,316 1,508 



TABLE S-4 

RANGE OF BENEFITICOST RAT,IOS 

AND INTERNAL RATES OF RETURN 

SELE,CTION OF RECOMMENDED DEVELOPMENT 

3% Escala t ion 

Center Rut l  and 
Be1 dens 
Huntington Fa l l s  

5% Escal a t i o n  . ...,, . .... .- - =. 

Center Rut l  and 
Be1 dens 
Huntington F a l l s  

7% Escalat ion 

B/C Rat io  

B/C Rat io  :.--- .:.". .- 

B/C Rat io  

Center Rut l  and 
Be1 dens 
Huntington Fa1 1 s 

No bene f i t l cos t  r a t i o  greater  than 1.00 was obtained f o r  Center Rutland; 

and consequently, i t  was e l iminated from f u r t h e r  considerat ion i n  t h i s  

study. Center Rutland s t a r t s  t o  have a bene f i t / cos t  r a t i o  greater than 1.00 

on ly  i f  the cost  o f  energy increases a t  a r a t e  o f  around 10 percent per 

year.-: Re1 a t i  ve ly  low benef i  t / c o s t  r a t i o s  were a1 so obtained for--Hunti ngton ,( r . 
Fa l l s  using three u n i t s  w i t h  reservo i r  l e v e l  a t  E l .  241.0. The remaining 

p o s s i b i l i t i e s  considered i n  t h i s  study were Beldens and Huntington F a l l s  

w i t h  two o r  three un i t s .  A study o f  the bene f i t / cos t  r a t i o s  and i n t e r n a l  

ra tes  o f  r e tu rn  f o r  these p o s s i b i l i t i e s  r esu l t ed  i n  se lec t ing  two 2,100-kW 

u n i t s  a t  Beldens and two 3,100-kW u n i t s  a t  Huntington F a l l s  w i t h  reservo i r  

El.  230.0. 

Further economic analyses and f i n a n c i a l  evaluat ions were made f o r  the two 

selected p ro jec ts  using 5 percent esca la t ion  and a 50-year period. The 

bene f i t l cos t  r a t i o s  obtained from these analyses are shown i n  Table S-5. 



TABLE S-5 

PROJECT AND RECOMMENDED.DEVELOPMENT BENEFITICOST RATIOS 

5% ESCALATION; 50-YEAR ANALYSIS PERIOD 

D i  scount Bene f i t ICos t  Rat ios  

Rate (%) BEL12-4.2-284 HF/2-6.2-230 Development 

Net present va lue  analyses were made f o r  the  Beldens two- and t h r e e - u n i t  

i n s t a l l a t i o n s  and f o r  t h e  Beldens two-un i t  i n s t a l l a t i o n  combined w i t h  

Huntington -Fa1 1 s two-uni t i n s t a l  l a t i o n ,  us ing  a1 1 ' th ree r e s e r v o i r  l e v e l s .  

The i n t e r n a l  r a t e  o f  r e t u r n  i s  9.37 percent  based on 5 percent  esca la t i on  

and a 50-year a n a l y s i s  per iod.  . These analyses conf irmed . the  s e l e c t i o n  o f  

t h e  recommended development. 

An annua1,cost a n a l y s i s  was made f o r  a 5 percent  e s c a l a t i o n  r a t e  and a 

50-year ana lys i s  per iod .  Th is  pe rm i t ted  comparing annual cos ts  and bene- 

f i t s  more..easi l y  than by us ing  - the  - present  -worth .of cos ts  -and b e n e f i t s  

,when.esca la t ion  i s  invo lved.  It a l s o  pe rm i t ted  computing c o s t  pe r  k i l o -  

wat t .hour  f o r  each year  o f  t h e  a n a l y s i s p e r i o d .  Table S-6 shows t h e  

r e s u l t s  o f  t h i s  a n a l y s i s  f o r  se lec ted years  o f  t h e  per iod .  The.years 

shown are  those when annual cos ts  become equal t o  annual revenue (years 11 

and 12), accumulated cos ts  become equal t o  accumulated revenue (years .19 

and 20), end o f  t he  e s c a l a t i o n  p e r i o d  (years 25 and 26), end o f  rep lace-  

ment reserve (years 35 and 36), and t h e  end o f  t h e - p e r i o d  (year 50). 

CONCLUSIONS 

The proposed improvements a r e  s imple and can 'be prov ided e a s i l y .  A t o t a l  

o f  43 months i s  est imated t o  be t h e  t ime r e q u i r e d  be fo re  power can be 



Tota l  Annual Costs ($1 

TABLE S-6 

ANNUAL COST AND REVENUE * 
RECOMMENDED DEVELOPMENT 

Year Beldens Hunt ington F a l l  s To ta l  

To ta l  Annual Revenue ( $ )  

Beldens . Hunt ington F a l l s  To ta l  

M i l l  Rate ** 
Costs 

35.1 

40.9 

41.6 

48.0 

49.1 

55.5 

55.5 

55.5 

54.5 

54.5 

Revenue 

25.0 

40.7 

42.8 

60.2 

63.2 

80.6 

80.6 

80.6 

80.6 

80.6 

* Based on 5% Escal a t  i o n  ; ' 8% I n t e r e s t  ; 50 years. 

** Based on ne t  generated energy = 44,404,000 kWh/year. 



commercially generated. Eighteen months have been allowed fo r  amending 

the existing FERC l icense.  .Final design and bidding documents would be 

prepared during 16 months of t h i s  same period. Another 4 months are  
.required fo r  bidding, bid evaluation, contract award,.and mobilization of 

the selected construction contractor. The construction contract should 

be awarded in time for  construction to  s t a r t  by April ,  so tha t  two non- 
freezing seasons can be used to  complete the work as scheduled. The 

proposed construction schedule envisions award of ttie construction con- 
t r a c t  i n  March 1981,, with actual construction s t a r t ing  the following month, 
a r ~ d  conjpletion during October 1982. 

The market f o r  the power and energy generated already ex i s t s  within the 
VMCO service area,  and e l e c t r i c i t y  t h a t c a n n o t  be produced b y t h e i r  hydro- 

e l e c t r i c  plants i s  presently being purchased from a local u t i l i t y .  Pu r -  
chases from this source will s t i ' l  l be necessary 'when t h e .  proposed improve- 

ments are  completed; therefore,  no question e x i s t s  regard,ing the market- . . . . 

abi l  i t y  of the output resulting from these improvements. 

RECOMMENDATIONS 

The. recommended development -has -been found t o  be technically feasible: and 

economically viable. -Therefore; i t  i s  recommended tha t  Vermont - Marble 

Company poceed immediately w.ith the measures nec.essary to  implement 
improvement of Be1 dens and Huntington Fa1 1 s.  The required measures 
include the fol lowing major i tems : 

. I n i t i a t e  procedures fo r  amending the exis t ing FERC license. 
a I n i t i a t e  project .financing. ' 

8 ' Proceed with f ina l  design, drawi.ngs, contract documents, and 
. ' . spec i f ica t ions  .required f o r  construction. 

e . Obtain the' .necessary -permits .and 1 icenses required by loca.1, 
s t a t e  9 regional _ _  _ . ;' and ' federal agencies. 

a Begin land i cq" i s i t i on2ac t i " i t i e i  f o r a n y  land required t h a t "  
i s ,  not presently owned. ' 



I t  i s  also recommended that  the Central Rutland f e a s i b i l i t y  study be reac- 

t ivated i f  new data forecasts a cost of energy increase a t  a r a t e  higher 1 
than the one assumed i n  t h i s  study. / 
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CHAPTER 1 

INTRODUCTION 

1.1 PURPOSE 

This report  presents the resu l t s  of the technical and economic f e a s i b i l i t y  
investigations of the measures t h a t  could be used to  improve the capacity 

and output of three low-head hydroelectric ins ta l la t ions  on Otter  Creek 
in west central  Vermont. The t h r e e  ins t a l l a t ions  are owned and operated 

by the Vermont Marble Company (VMCO) and are  designated as Center Rutland, 
Beldens , and Huntington Fa1 1 s . Another hydroel e t t r i c  ins ta l  1 a t ion ,  known 

as Proctor, i s  a l so  owned and operated by VMCO, b u t  does not cons t i tu te  
part of t h i s  investigation. However, i t  i s  currently the la rges t  of the 
four VMCO s i t e s  and, consequently, exerts  :an i nf 1 uence on pl anni ng irnprove- 
ments f o r  the other three. Although methods .of improving Proctor a re  to  

be independently investigated a t  a l a t e r  date ,  i t s  influence i s  given 

appropriate consi.derati on i n  th'i s study. 

The three s i t e s  included i n  t h i s  investigation are  located i n  a 50-mile 
reach of Otter Creek, which i s  located i n  the St .  Lawrence River Basin 
and i s  the longest waterway en t i r e ly  within the State of Vermont. Otter 
Creek --f.1 ows general ly  i n  a v-tortherlly-di rection and d i  scharges-.-i nto Lake 

. . 
.I' . ' 

VMCO operates i t s  hydroelectric projects as a 1 icensed pub1 i c u t i  1 i ty and 
generates a portlon o f  the energy required fo r  i t s  industr ia l  i n s t a l l a t ions  
and other 'demands i n  i t s  service area.  .The plant outputs 'presently a re  

insuff ic ient  t o  f u l l y  sa t i s fy  demand a t  a l l ,  times, and additional energy 
must be purchased from other sources in the vicini ty .  The - three plants 

have'a combined ins ta l led  capacity of approximately 3,300 kt4 and produce 
about 21 mi 11 ion kilowatt-hours during an average year. 

Vermont Marble Company i s  expanding i t s  mill capadity, which will  u l t i -  . ' . 

mately reach about four times i t s  pre-expansion capacity. This expansion, 

together with the normal economic growth.in the area, i s  creating an 



increased demand for  e l e c t r i c i t y  tha t  i s  projected t o  continue unt i l  the 

mill capacity reaches i t s  f u l l  expansion ta rge t .  VMCO desires to  meet as 

much of the increased power demand ar i s ing  from i t s  mill expansion and the 
other customers in i t s  licensed service area as can be done by imp'roving 

and using i t s  who1 ly owned hydroelectric fac i  l i t i e s .  The projected 1 oad 

forecast i s  .shown i n  Table 1-1. Evaluations made during the current study 

indicate tha t  a l l  four of the VMCO hydroelectric plants will  not be able 

to  sa t i s fy  the projected demand. 

TABLE 1-1 

LOAD FORECAST 

Load 
Factor 

% 

Deterioration- of the physical - condition of the -plants  .has been- evident f o r  
a number-of years ; and rehabi 1 i t a t i o n ,  -upgrading, or  rep1 acement of the 
faci 1 i t i e s  i s  advisable f o r  safe ty ,  eff ic iency , and economy of operation. 
A t  the present time, the operating ef.ficiency of the plants i s  estimated 
to  be less  than 70 percent, because. of the deter iorat ion 'and age of the 
exis t ing f a c i l i t i e s .  . 

T h i s  . investigation has been made t o  a s s i s t  VMCO in .adopting a future 
course of action regarding the improvement of the hydroelectric potential  
of the three s i t e s .  I t  ,appraises the condition of the e x i s t i n g ' f a c i l i t i e s ,  

analyzes the power potential of each s i t e ,  evaluates the main development 

. a l t e rna t ives ,  and recommends a development plan. 



1 .2  AUTHORITY 

The consulting services were performed under the terms and conditions of 

a "Consul tan t  Agreement" between VMCO and International Engi neeri ng Com- 

pany, Inc. (IECO), dated September 27, 1978. The Consultant Agreement i s  

based on and en t i r e ly  consistent with the "Cooperative Agreement No. EW- 

78-F-07-1793" between the U.S. Department of Energy ( D O E )  and VMCO en t i t l ed  

"Otter Creek Hydroelectric Feasi bi 1 i ty Study". 

1.3 SCOPE OF SERVICES 

The specif ic  scope of services i s  contained i n  Exhibit A t o  the Consultant 

Agreement and the Cooperative Agreement, including Appendix A ,  between DOE 

and VMCO. The scope conforms to  the d e t a i l s  contained .in the PRDA ET-78- 

D-07-1706 proposal submitted by VMCO t o  DOE. In general, the services 

comprise appraisals and comparati ve evaluations to  determine the best plan 

for  developing each of the three s i t e s  and f o r  the combined f a c i l i t i e s .  

In summary, the investigations .include hydrology, geology, condition of 

exis t ing f a c i l i t i e s ,  hydroelectric engineering evaluati.on, i n s t a l  led capac- 

i t y ,  turbine and generator type, energy generated, marketability, project 

1 i f e ,  capital  cos ts ,  -val ue of .  energy,-operation and maintenance cos t s ,  

environmental ..considerations ;-.economic evaluat ions , and schedule f o r  ac t i -  

vating power and energy generation. 
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given those in'djvidual s who actually performed the required f i e l d  work. 
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CHAPTER 2 

EXISTING FACILITIES 

This chapter br ie f ly  describes the exis t ing hydroelectric f a c i l i t i e s  a t  

Center Rutland,. Beldens , and Huntington Fa1 1,s and appraises t h e i r  present 

condition. The descriptions and appraisals a re  based on information 

obtained in discussions with operating and supervisory personnel and on 

observations during several s i t e  inspections tha t  were made both before 

and a f t e r  the inception of the present work. Three major inspections 
were made during September, November, and December 1978 by a l l  st~rdy per- 

sonnel responsible f o r  performance of the .required work. The resu l t s  of 

these inspections a re  contained in thi  s chapter .  

2.1 FIELD INSPECTIONS 

Field inspections were in i t i a t ed  by the Project Director and Geologist 

during the l a s t  week of September 1978 immediately .following receipt  of. 

the formal Notice t o  Proceed with the work. A second major inspection was 

made between November 6 ,. 1978, and November 10, 1978, by the Project 

Director, Project Manager, ~ ~ d r o l  ogi s t ,  Mechanical Engineer, and Electrical 

Engineer. The purposes o f  t h i s  inspection were t o  fami 1 i a r i  ze .key person- 

nel with f i e ld  conditions, ascertain the type and condi-tion of e.xisting.. 

faci  1 i t i e s ,  i n i t i a t e  f ie1  d data.-col lect ion ,' verify .the. accuracy of USGS. ' 
. 

topographic maps, assess the required workj formulate applicable methods 

and techniques, inspect available records and reports ,  and a f fec t  coordina- . 

- .- t ion between VMCO and -1ECO in work perfo'rmance. The .Project Director and 

Project Manager met with representatives. of the Central Vermont Pub1 i c 

Servi,ce Corporation (CVPS) and the DOE on ~ecember 6 ,  1978, f0.r coordina- 

, t ion nf e f fo r t s  and programmatic review. .The three VMCO 'and two CVPS s'i t e s  

were inspected on tha t  date.  The Project Director and Pro.iect Manager 

extended the i r  inspection and data col 1 ection un'ti 1 December 8 ,  1978. 



2.2  DATA COLLECTION AND REVIEW 

The following i s  among the data collected and reviewed during these 

inspections: 

r Report by Jackson and Moreland, Engineers; en t i t l ed  "Report to  
Vermont Marble Company, Equipment and Operation of the Power 
Faci 1 i t i e s  f o r  the Vermont Properties", February 1929. 

Report by Barker and Wheeler, Engineers; en t i t l ed  "Inventory 
and Original Cost", June 30, 1940. . 

e : Report prepared by the U.S. Army.Corps of Engineers; en t i t l ed  
"Letter From the Secretary of War Transmitting Report from the 
Chief of Engineers on Otter  Creek, V t . ,  Covering Navigation, 
Flood Control , Power 'Deve10,pment and Irrigation"' ;  U .  S. 72nd 
Congress; 1 s t  Session, House of Representatives, Document No. 144, 
dated December 10, 1931. 

r USGS quadrangle sheets a t  sca le  of 1:24,000 f o r  the en t i r e  drain- 
age area above Huntington Fal ls .  

r USGS maps of flood-prone areas of Otter.  Creek basin above Hunting- 
-ton Falls.  

r Daily discharge records f o r  East Creek a t  Rutland, Vermont; 
Otter Creek a t  Center Rutland, Vermont; and Otter Creek a t  

. .Middlebury, Vermont, from USGS Water Supply Paper Series,  "Sur- 
face Water Supply of the United States"  and USGS Open-File Report 
Series,  "Surface Water Records of Massachusetts, New Hampshire, 
Rhode Island and'VermontU. 

Flood frequency data . for  Otter Creek a t  Rut1 and, Vermont, and 
Otter Creek a t  Middlebury,. -Vermont. 

r Report en t i t l ed  "The Resources -of New England" - New York -Region, 
Part Two, Chapter XXVII, Lake Champlain Drainage Basin,' New York - 
Vermont, Sections I ,  111, and VI, New England-~ew York Interagency 
Committee, 1954. 

r .Hydrometeorologi cal Report .No. :.51, Probable Maximum Precipitation 
Estimates, United States  East of the 105O Meridian, NOAA, 1978. 

r Technical Paper No. 29, Rainfall-Intensi ty  Frequency .in North- 
eastern United Sta tes ,  USWB. 

r A proposed Streamflow Data Program fo'r Central New England, USGS 
Open- F i  l e  Report, 1970. 

r Flood Magnitude and Frequency of Vermont Streams, USGS open-~i ' l e  
. ' Report 74-134. , 

e Hydrometeorological Report No. 33, Seasonal Variation of the 
Probable Maximum Precipi ta t ion,  East of the 105O Meridian, United 
States ,  USWB, 1956. 



Average Annual Runoff and Precipitation in  the New England - 
New York Area, USGS, Hydrologic Investigation Atlas,  HA-7, 1955. 

Hurricane Floods of September 1938, USGS, Water Supply Paper 867. 

m The Floods of March 1936, Part I ,  New England Rivers, USGS, 
Water Supply Paper 798. 

The New England Flood of November 1927, USGS, Water Supply Paper 
636-6. 

. General Soil Map; Rutland County, Vermont; SCS, 1972. 

General Soil Map; Addison County, Vermont; SCS, 1970. 

Maps, drawings, computations, records-, and related data from the 
Vermont Marble Company f i  1 es . 

2.3 EXISTING PROJECT FEATURES 

A. General 

The existing f a c i l i t i e s  a t  each of the three s i t e s  a re  generally s imilar  

and d i f f e r  only in de ta i l s  of the major features .  The major features com- 

pr i se  a.dam with uncontrolled spillway, forebay and intake s t ruc ture ,  pen- 

stock, power plant,  step-up transformers, and transmission l ine .  Principal 

data f o r  the s i t e s  are  -shown i n  Table 2-1. 

The -three s'i t e s  included i n  t h i s  investigation a r e  located i n  a 50-mi l e  

reach of Otter Creek i n  west central Vermont. Otter  Creek i s  in  the S t .  

Lawrence River Basin and .is the longest waterway . . in  the .s ta te .  I t  f 1 ows 

generally i n  a northerly direction and eventually discharges. into Lake 

Champlain. .The s i t e  locations a re  shown on Figure 2-1 and a re  discussed 

be1 ow.. 

Reliable his tor ical  :data f o r  the three s i t e s  a r e  sketchy, l imited, and not 

readi l y  available. .  ' A  'marble mi 11 and the two dams a t  Be1 dens were in . 

existence when.the s i t e  was purchased by VMCO i n  1904.. The present gener- 

a t ing f a c i l i t i e s  a t  t ha t  s i t e  were constructed i n  about 1913. Even l e s s  

h is tor ica l  data. i s  available fo r  Center Rutland, but i t  i s  reported t o  



TABLE 2-1 

PROJECT DATA 

EXlSTlNG CONDITIONS 

11 Normal Reservoi r Elevat ion-  

Dam Crest Length ( f t )  

Maximum Dam Height ( f t )  

Sp i l lway  Crest E l e v a t i o n  

m illw way Crest Length ( f t )  

~l ashboird Height ( f t  ) 

1 n s t a l l  i d  Capacity (kwG1 

Number Un i t s  

Gross .Head ( f t )  

Generat ion Vo l t  age ( v o l t s  ) 

Transmission Voltage (kV) 

Number Transformers 

Transformer Rating, each -(kVA) 

Average Annual Energy (kwh) 

Number In take 'Gates 

Center Hunt i ngt on 
Rut1 and Beldens Fa1 1 s 

Size In take  Gates ( w i d t h  x h e i g h t - f t )  6.8 x 6.5. . 5.0 x 18.0 4.8 x 19.0 

Penstock Diameter ( f t  ) 6' 12 & ldl 2 @ 1 0  

Penstock -Length ( f t )  - 7 5 50 &3&'. 2 @ '30 . 

. . 
Top o f  f lashboards.,  

East and West dam. 

31 Nameplate r a t i n g .  

12' d ia-50 ' ;  2-10' d ia-30 '  each. 





predate Beldens. The dam and power s ta t ion  a t  Huntington Falls were con- 

structed in about 1910 when VMCO purchased the property and are  much the 

same today as they were when constructed. The f a l l s  had been dammed prior 

to  1910 and a g r i s t  mill existed near the s i t e  of the present powerhouse. 

All of the f a c i l i t i e s  have been operating almost continuously since they 

were acquired. I t  appears l ike ly  tha t  a l l  three s i t e s  originated as g r i s t  

mills or s imilar  ins ta l la t ions  d u r i n g  the ear ly stages of s e t t l i n g  in th i s  

area. 

Center Rutland 

1. Structures and Improvements - The Center Rutland s i t e  i s  located 

about 71 r iver  miles upstream of the creek mouth a t  Lake Champlain. I t  i s  

near the center of the town of Center Rutland, Rutland County, Vermont, 
and i s  about. 350 fee t  upstream of a bridge across Otter Creek on Vermont High- 

way 4. The s i t e  i s  about 1 . 2  miles downstream of the confluence of East 
Creek w i t h  Otter Creek. The creek flows through.the City of Rutland and 
the Town of Rutland upstream of the s i t e .  The upstream reach i s  confined 

t o  a reasonably narrow w i d t h  by the natural configuration of the creek 

channel and i t s  flood 'plain. Industrial  i n s t a l l a t ions  ,-.educational i nst i  - 
tutions , comercia1 developments, and :other urban .s t ructures  a re  located 
above flood level near each bank. The Otter Creek flood plain widens to 

. about 1,000 f e e t  downstream of the s i t e  and continues about 7 miles down-. . 
stream t o  the Proctor damsite. Much of the va.lley between Center Rutland 
and Proctor .is flooded almost yearly during spring runoff. The drainage 

area is  307 square miles, and the average annual discharge is  about 

550 cubic . fee t  per second. 

E x i s t i n g  structures.  include the dam, spillway, forebay and intake s truc-  
ture ,  power plant,  and step-up transformers. There. i s  a comner- 

cia1 lumber ins t a l l a t ion  on the r ight  bank and an abandoned sawmill on the 

l e f t  bank. . Both a re  located essent ia l ly  in  l i n e  w i t h  the dam axis .  A 

steel- t russ  railroad bridge crosses Otter Creek a t  about the midpoint of 



the dam. The abutments of an abandoned highway bridge are  located a short  

distance downstream of the dam and powerhouse. The immediate area i s  con- 
gested by the exis t ing hydroelectric f a c i l i t i e s  and other construction. 

The dam i s  about 190 f e e t  long and about 12 f e e t  average height. I t  i s  
constructed of stone masonry and concrete and is  founded on sound rock 
insofar as ,can  be determined from surface observations. Masonry i s  exposed 
on the downstream face of the dam a t  foundation level .  The dam axis bends 

about 12 degrees near the th i rd  point of the length from the r igh t  abutment. 
The dam section is re la t ive ly  t h i n  and i s  shown t o  be about .6 f e e t  thick on 

old drawings.of the s t ruc ture .  The top of the concrete i n  the spillway 
c r e s t  i s  a t  E l .  504.8. Flashboards a re  used on the c res t  and r e su l t  i n  a 

normal reservoir water surface of E1..507.1. Concrete abutments a re  pro- 
vided a t  both ends of the dam. 

The spillway i s  located on the dam c res t  and is  about 174 fee t  long. I t  
uses 2.3-foot-high timber flashboards, which a r e  raised to  increase the 
head fo r  normal power generation. The flashboards a re  hinged to  the s p i l l -  . 
way a t  t he i r  base and a r e  held in the raised p o s i t i 0 n . b ~  wire t i e s  secured 
t o  the upstream face. The w i r e . t i e s  a r e  broken by the additional pressure 
created -by. the flood surcharge:, and the flashboards ,drop t o  the .crest .  
They cannot- be raised u n t i  1 . the reserv0i.r- level .drops .below .the .crest  e le-  
vation. T h e  spi 1 lway discharge .efficiency i s  low, because of the shape of 

the c r e s t  and interference of the flashboards. 

The forebay and intake s t ruc ture  a re  located on the r ight  bank a t  the 
north end of the dam. The forebay i s  very short ,  b u t  makes an S-bend 
between the reservoir and -the intake. Forebay walls and the intake s t ruc-  

tu re  a re  constructed'of concrete and marble masonry.. Some portions of 
these features a r e  exposed rock wherever sound conditions were encountered 
a t  the time of construction. Steel trashracks and a timber headgate 
mounted i n  a s tee l  frame are  provided a t  t h e  .intake. s t r u c t u r e .  The, head- 

gate is 6'-9" wide by 6'-6" high and is  opened and closed by a manually 



operated handwheel. The t rashrack i s  about 3 1  f e e t  wide by 12 f e e t  high. 

The c lear  opening between t rashrack bars i s  about 9/16-inch. 

The hydrau l ic  e f f i c i e n c y  o f  the i n take  i s  lower than normal o r  necessary. 

The waterway i s  no t  streamlined f o r  hydrau l i c  e f f i c i e n c y  and the t rashrack 

bar spacing r e s u l t s  i n  quick accumulation o f  t rash,  p a r t i c u l a r l y  from leaves 

and small t r e e  branches. Manual methods p resen t l y  i n  use make c leaning 

' d i f f i c u l t .  The penstock entrance i s  square-edged. I ce  creates problems a t  

the in take dur ing win ter ,  espec ia l l y  from i c e  . f l oes  and i c e  break-up.. The 

conlbination o f  the layou t  o f  t h i s  f a c i l i t y ,  t rashrack bar .spacing, poor 

qua1 i t y  concrete, masonry wa l l  s  , and exposed rock resu l  t s  i n  a  h igh coe f f i  - 
c i e n t  of roughness and a correspondingly h igh head loss.  

A 6'-0" wide by 5 ' -6"  h igh s p i l l  gate, o r  s l u i ce ,  i s  adjacent t o  the in take  

on the nor th  side. - The gate i s  constructed . o f  t imber i n  a  s tee l  frame and 

i s  manually operated by a  handwheel on an operat ing deck. There i s  pres- 

e n t l y  a  small leakage through t h i s  gate. The o r i g i n a l  purpose o f  t h i s  gate 

i s  unknown and i t  i s  no t  present ly  used. 

There i s  a  second . intake i n  the l e f t a b u t m e n t  t h a t  i s  no longer used. I t  

i s  connected by a  penstock t o  an abandoned t u rb i ne  house t h a t  a t  one time 

was p a r t  o f  the abandoned sawmil l .  

A 6- foot  diameter, welded-steel penstock extends f o r  75 f e e t  from the 

squarc-cdgcd entrance a t  the i n take  s t r uc tu re  t o  the tu rb ine  i n l e t  i n  the 

powerhouse. .-..About -15 f e e t .  o f  the  t o t a l  1  ength i s  i nside .the powerhouse.. 

The e x t e r i o r  o f  the penstock i s  i n  good condi t ion;  bu t  no i n t e r n a l  inspec- 

t i o n  was made dur ing t h i s  i nves t i ga t i on ,  so i t s  o v e r a l l  cond i t i on  i s  no t  

known. 

The power 'p lant  i s  located on the r i g h t  bank downstream o f  the in take  

s t ruc ture .  It i s  r e c t a n g u l a r . i n  shape and i s  about 33 f e e t  wide by 38 feet  

long. The he ight  i s  about 12 f e e t  from the u n i t  operat ing f l o o r  l e v e l  t o  

the roo f .  The substructure i s  constructed o f  stone and concrete, and the 



operating f loor  i s  constructed of reinforced concrete. Doors, door frames, 

and window frames are  made of wood. 

The roof i s  constructed of timber covered with tar/and gravel and i s  sup- 

ported by a s t ructural  s tee l  frame. The superstructure walls are  con- 

structed of marble blocks and f i e l d  stone, which vary in thickness from 

6 t o  30 inches. 

2. Generating Equipment ' -  The powerhouse contains one generating 

uni t ,  which produces about 275 kW. The uni t  . i s  infrequently u s e d ,  because 
of i t s  low capacity and the constant surveillance required during i t s  

operation. 

The turbine has no nameplate and the following description i s  based on 

inspection of the u n i t ,  discussions with operating personnel, and avai lable  

records. I t  i s  a s t e e l ,  cylindrical-case,  side-supply uni t .  The turb ine .  

and Lombard governor were manufactured in 1898 by the Holyoke Machine Com- 

pany and are  ident i f ied as "swing gate 38 inch horizontal Hercules type 90, 

r ight  and l e f t  hand". A new turbine was ins ta l led  in  1940 in the or iginal  

turbi ne. .casing. The uni t  -operates . a t  300. RPM and i s reported to  produce 

about 300 horsepower under 27 f e e t  head. The turbine may become inopera- 

t i ve  a t  any time. Based on the external .appearance and information pro- 

vided by operating personnel, i t  would not be worth repairing i f  any major 

expense were involved. 

The gene.rator i s  a horizontal -shaf-t, open-type ,- synchronous unit  with be1 t- 
driven exci ter .  I t  i s  rated '.at. 275 kW, 415 .amperes;- 480 :volts ; 60 cycles,  

300 RPM, and 0.8 power factor .  I t .  i s  ident i f ied :as form S ,  type ATB-24- 

34M-300. I t  was manufactured by General Electr lc  Company a t  an unknown 

date and was rewound in 1963. 

Three 110-kVA, single-phase, 480/11,000-volt transformers a re  located out- . 

side the powerhouse. 



3. A u x i l i a r y  Equipment - The major  p iece o f  a u x i l i a r y  equipment a t  

Center Rutland i s  t h e  main switchboard, which cons is t s  o f  t h ree  panels. 

The switchboard conta ins  vo l tmeters ,  k n i f e  switches, synchroscope, c i r c u i t  

breakers, rheos ta t  c o n t r o l s ,  ammeters, p o t e n t i a l  t ransformer,  c u r r e n t  

transformer, and miscel laneous minor  i tems.  

C. Beldens 

1. S t ruc tu res  and Improvements - The Beldens s i t e  i s  l oca ted  about 

23 r i v e r  m i les  upstream o f  Lake Champlain i n  an almost unpopulated area a t  

a l o c a t i o n  i d e n t i f i e d  by t h e  same name on t h e  USGS Middlebury quadrangle 

sheet. The New Haven R ive r  .d ischarges i n t o  O t t e r  Creek about 1 m i l e  down- 

stream o f  Beldens and about midway between i t  and Hunt ington F a l l s .  O t t e r  

Creek i s  conf ined t o  a r e l a t i v e l y  narrow v a l l e y  upstream of Beldens f o r  

about 2 m i les  t o  t h e  Lower Middlebury Dam, which i s  owned by t h e  Cent ra l  

Vermont Pub l i c  Serv ice  Corporat ion.  The O t t e r  Creek v a l l e y  i s  a l s o  r e l a -  

t i v e l y  narrow downstream o f  BeTdens u n t i l  i t  reaches the  Hunt ington F a l l s  

damsite 2 m i l e s  downstream. The dra inage area a t  t h e  Beldens s i t e  i s  about 

632 square m i les ,  and t h e  average d ischarge i s  about 982 c u b i c . f e e t  pe r  

second assuming i t  t o  be t h e  .same as a t  t h e  .Mi'ddlebury gaging s t a t i o n  about 

3 r i v e r  m i les  upstream where t h e  dra inage area i s  628 square m i les .  

E x i s t i n g  f a c i l i t i e s  . a t  t h e  Beldens s i t e  i n c l u d e  two .dams -and sp i l lways ,  

forebay and i n t a k e  s t r u c t u r e ,  penstock, power p l a n t ,  and step-up trans- 

formers. A ' p i c n i c  area is .  l o c a t e d  on an e levated te r race ,  w e l l  above t h e  . 

r i g h t  -.abutment; .-'The 1 - e f t  .abutment i s  covered -w i th -  r e l a t - i v e l y  - . t h i ck  t r e e s  . - 

and vegetat ion.  No u rban iza t i on  o r  commercial i n s t a l l a t i o n s  are  i n  c lose  

p rox im i t y  t o  t h i s  s i t e .  

The O t t e r  Creek channel d i v i d e s  a t  Beldens where an east .and west dam a re  

separated by a r o c k  outcrop. The west dam i s  about 57 f e e t  l ong  and about 

12 f e e t  h igh  a t  i t s  maximum h e i g h t .  I t  i s  const ruc ted o f  concrete; and t h e  

abutments a re  ra i sed ,  l e a v i n g  an opening f o r  t h e  sp i l lway .  The eas t  dam i s  



similar t o  the west dam, except tha t  i t  i s  about 56 f e e t  long and about 

18 f e e t  high a t  i t s  maximum point. Pedestrian suspension bridges are pro- 

vided near the axis  of both dams. Both of the dams have sound rock foun- 

dations,  and the f a l l s  below each of them appear in t ac t  as indicated by 

surface inspection of the s i t e .  There i s ,  however, a solution cavern in 

the r ight  abutment. The cavern does not appear t o  be endangering any of 

the structures a t  this s i t e ,  b u t  the resul t ing loss of discharge could be 

recovered for  power generation. The shape of the dam c res t  i s  intermediate 

between a standard ogee and a broad-crested weir. The c r e s t  elevation a t  

both dams i s  about El. 280.5, and the abutments are a t  about El. 283. A 

retaining wall between the r ight  abutment of the eas t  dam and the headgate 

operating deck of the intake s tructure r i ses  t o  about El. 289. Flashboards 

are  used in the weir portion of the dam and provide a normal water surface 

near El. 283.0. 

Spillways are provided in both dams.. The spillway length i s  about 48 f e e t  

f o r  the west dam and about 46 f e e t  fo r  the eas t  dam. Timber flashboards, 

about 2.5 f ee t  high, a re  provided . to increase the head fo r  power generation. 

Their ins ta l la t ion  and the problems encountered fn t h e i r  use are  the same . 

as a t  Center Rutland. The spillway discharge flows through two short gorges 

t o  the t a i l r ace  about 40 fee t  below the dam c res t .  

The forebay.. and intake s tructure are  located on the right.bank, southeast 

of the east  dam. There i s  very l i t t l e  forebay, but flow m u s t  make a 

90-degree bend between the creek and the headgate s t ructure.  The walls 

and s t ruc tu res  a re  constructed of concrete; however, some portions are 
exposed -rock:where -sound.~conditions .were encountered . a t  the time of con- . 

struct ion.  The exposed rock i s  sound, and the .only objection t o  i t  i s  

the higher head loss .  

Six headgates a re  provided a t  the entrance of the intake f a c i l i t y .  They 

, - a r e  constructed.of timber and operate i n  a s t ructural  s tee l  frame:. The 

headgates are 5 f e e t  wide by 18 f e e t  high and are manually operated by , 

handwheels located on a deck a t  about El. 289. The trashracks are  about 



56 fee t  wide by 17 fee t  high and are ins ta l led  a t  an angle of about 60 

degrees to  the direction of flow. The c lear  opening between trashrack 

bars i s  'about 1-1/16'inches. The combination of the inclination of the 

trashrack w i t h  respect to  the direction of flow and the close bar spacing 

resul t s  i n  re la t ive ly  high head losses.  Records show tha t  the penstock 

entrance i s  f lared s l igh t ly ,  b u t  i t  i s  not bell-mouthed. The overall con- 

di t ions of the intake resul t  i n  a lower efficiency than necessary o r  

desired. Trash and other conditions affect ing hydraulic efficiency are 

the same as described for  Center Rutland. 

An 8-foot wide s lu ice ,  o r  spillway, i s  provided i n  the north forebay wall 

immediately upstream of the trashracks. I t  uses timber stoplogs and 
apparently was provided for  use i n  sluicing t rash from the trashracks. 

The penstock is  12 fee t  i n  diameter for  about 50 fee t ;  then i t  bifurcates 
into two 10-foot diameter sections,  each about 30 f e e t  long. The 30-foot 
long sections are  connected to  the turbine i n l e t s .  The penstocks are con-, 
structed of riveted s tee l  plate  w i t h  s t i f f e n e r  angles. The penstock appears 

to  be in good condition, based.on exter ior  inspection; but the in te r io r  was 
not inspected d u r i n g  this investigation, and i t s  condition i s  unknown. 

The power plant -is located on .the r ight  ..bank eas t  of the dam and-intake 

structure.  I t  i s  rectangular i n  shape and i s  about 44 f e e t  wide by 40 fee t  

long. The height is  about 21 f e e t  from the operating f l o o r  level td  the 

roof. The substructure and operating f loor  s lab  are  constructed of con- 
crete .  Wood doors and frames and wood frame windows are  provided. .The 

roof i s  constructed of timber covered w i t h  t a r  and gravel and is  supported 
on timber t russes w i t h  bolted connections. The.superstructure walls are  

constructed of marble blocks, which vary i n  thickness from 15 t o  21 inches. 

2. 'Generating Equipment - The powerhouse esntai n s  two identical 

u n i t s ,  which ark rated a t  about'800 kW each. However, the actual ,output is  

considerably 1 ess  than the rated capacity' due t o  age, present condition, and 
other operating character is t ics .  The u n i t s  were original ly ins ta l led  about 

1913. 

2 - 12 



The powerhouse contains two r iveted-steel ,  cylindrical-case,  horizontal ,  

end-supply turbines. Each has two d i s t r ibu to r s  and runners discharging 

through draf t  tube elbows and a s ingle ,  v e r t i c a l ,  conical d r a f t  tube into 
an open flume beneath the powerhouse. Th'e nameplates indicate  t h a t  they 

were fabricated by S. Morgan Smith. The turbines have 33-inch diameter 
runners and a re  rated a t  1,200 horsepower under 40 f e e t  head a t  a speed of 

300 RPM. The turbine discharge and output is  controlled by f l o a t  leve l ,  

operating through Lombard horizontal gate shaf t  governors connected by 

means of cables, pulleys, gear sec tors ,  and submerged linkages t o  the 

wicket y a k s .  Ttit! r ~ ~ ~ ~ r i e i ' . s  are  of the rl-elncis type and a rc  mounted on a 
single horizontal shaf t  w i t h  two underwater bearings and one outboard, oi 1 - .  

lubricated bearing. The shaf t  i s  d i r ec t ly  coupled t o  the generator and has 
a hand-operated brake mounted on i t .  

The units appear to  have been well maintained, with annual inspections 
including necessary overhaul and periodic runner replacement, according t o  
verbal reports and records. Based on th.is information and t h e i r  external 
appearance, the turbines reasonably can .be expected . t o  continue t o  operate' 
a t  t he i r  present level of performance f o r  some time, provided the present 

.level of maintenance - .is continued.. . However, -sooner or  l a t e r  major compo- 
nents - such as the sha f t s ,  d ra f t  tubes, and pressure cases - w i l l  f a i l  due 

to  corrosion, .erosi.on, fatigue-, wear, o r  a combination of these. A pro- 

longed shutdown and major expense will  be inevi table  when t h i s  occurs. The 

design of . the 'turbines i s  obsolete. No internal  inspection was possible. 

The two generators a re  horizontal , open-type . u n i t s  w i t h  .be1 t - d r i  ven .e-xci t e r s  

and without voltage regulation.-features.  Both uni ts  were fabricated by 

Westinghouse Electr ic  Corporation. The nameplate rat ing i s  800'kW, 241 

amperes, 2,300 v o l t s ,  60 cycle, 300 RPM, and 0..8 power fac tor .  The units 

are  not always .able to  produce rated capacity. Both generators .were upgraded 

and rewound i n  about 1953 and 1954. Annual inspections have been made, and 

the units have been well maintained according t o  reports and records. I t  is  

unlikely t h a t  generator output can be improved under present operating 
condi t i  ons . 



b One 1,500-kVA, 3-phase transformer i s  located i n  a separate building near 

.the.powerhouse. I t  transforms the voltage from 2,300 volts to  46,000 volts 

f o r  transmission i n  the VMCO system. 

3. Auxiliary Equipment - The major auxi l iary equipment comprises a 

four-panel switchboard, a motor generator s e t ,  and overhead hoisting equip- 

ment. The switchboard contains ammeter, voltmeters, rheostat  .controls, 

knife switches, bus connections, synchroscope, frequency meter, power fac- 

t o r  meter, wattmeter, c i r c u i t  breakers, and miscellaneous minor e lec t r ica l  
appurtenances. The motor generator consis ts  of a 61-horsepower induction 
motor connected t o  a 40-kW, 125-volt, 300-ampere, DC generator. The hoist-  

i ng equipment i s  a 10-ton, hand-operated overhead crane. 

D. Huntington Fa1 1s 

1. Structures and Improvements - The Huntington Falls s i t e  i s  
located about 21 r ive r  miles upstream of Lake Champlain and about 1.5 miles 
upstream of the Weybridge Power.PJant, owned and operated by Central Ver- 

mont Public Service Corporation. I t  is  about 2 miles downstream of the 

Beldens s i t e  and about 1 mile downstream of the .confl-uence -of the-New Haven 
River wi t h  Otter Creek. 

The creek i s  confined t o  a re la t ive ly  narrow canyon between Huntington 
Falls and Beldens and fo r  a short  distance downstream. The flood plain 

widens as i t  nears the ~eybr idge  Power Plant.  The drainage area i s  749 

square miles, including 113 square m i  leg of the New .Haven River basin; and 
, the average annual discharge i s  about 1,170 cubic f e e t  per second based on 

transposition of the Middlebury discharge t o  t h i s  s i t e  on a drainage area 

basi s . 

The f a c i l i t i e s  a t  th is  s i t e  consis t  0 f . a  concrete-gravity dam w i t h  an 
.> . 

uncontrolled spillway c r e s t ,  forebay and intake s t ruc ture ,  penstock, power- 
house, and step-up transformers. A1 1 o f  these f ac i l  i t i e s  were c ~ n s t r u c t e d  
i n  about 1910 and'show the i r  age, despi te  having had good maintenance. 



-. 
The dam i s  located a t  the top of a natural waterfall  and i s  about 20 f ee t  
maximum height. The f a l l s  below the dam add about another 20 f e e t  to  the 

head availa'ble fo r  power generation. The dam i s  about 190 fee t  along i t s  

c res t  and most of i t  serves as the spillway. A road bridge w i t h  a 3.5-ton 
load limit crosses Otter Creek about 300 f e e t  upstream of the dam. There 

is  no urbanization a t  lower elevations adjacent t o  the creek, b u t  there are 

several houses a t  considerably higher leve ls .  Other than the storage build- 
ings owned by VMCO, the bridge i s  the only s t ruc ture  tha t  would be affected 
i f  the dam i s  raised. 

The dam i s  constructed of concrete and i s  founded on sound rock insofar as 

could be ascertained by'surface observations. Old pictures show tha t  the 
dam faces have been resurfaced with concrete a t  some time d u r i n g  the i r  l i f e .  
Unfortunately, the pictures a re  not su f f i c i en t ly  sharp to  show the original 
construction materi a1 s . Since the dam was ..constructed when rejected marble- 
blocks could have been used as construction materials,  a core was obtained 
t o  ascertain i f  masonry blocks were used in the internal portion of the dam. 

The boring, extending about 20 f e e t  in to  the foundation of the dam, indi- 
cated tha t  i t  was en t i r e ly  concrete. 

  he spillway occupies about 175 f e e t  of the dam c res t  length and contains 
2.3-foot-high .flashboards. These are ins t a l  led .and operated s imilar ly to  

those a t  Center Rutland and Beldens and experience the same problems. The 

spillway cres t  is essent ia l ly  a broad-crested weir, and the discharge i s  
correspond~ngly low. 

The forebay and intake s tructures  are  located on the l e f t  bank, south of 
the l e f t  dam abutment. All s t ructures  . for  t h i s  portion of the existing 

f a c i l i t i e s  are  constructed of mass concrete, masonry, or  a combination of 
both. Five headgates about 5 f e e t  wide by 19 f e e t  high are located 
s l igh t ly  downstream of an extension of the upstream face of the dam. These 

gates are constructed of.t imber,  operate i n  s t ructural  s teel  frames, and 

a r e  manually opened and closed by handwheels located on a deck a t  a s l igh t ly  
higher elevation than the top of the dam. A s lu ice  f i t t e d  w i t h  timber 



stoplogs i s  provided on the north s ide of the headgates in a wall connect- 

ing the headgate s t ructure with the dam. This f a c i l i t y  i s  apparently 

intended to remove t rash and ice from i n  f ront  of the headgates. A 

forebay channel about 130 f e e t  long extends from the headgates t o  the 

intake structure.  The forebay channel i s  i n i t i a l l y  about 23 f e e t  wide by 

17 fee t  deep, but the width increases to  about 41 f ee t  upstream of the 

intake structure.  The top of the r ight  forebay channel wall ,  adjacent to  

the creek, i s  a t  about El. 219; and consequently, i t  i s  overtopped by h i g h  

reservoir levels .  T h i s  wall i s  located a t  the. top of a sharp topographic 
drop into the creek. 

Steel trashracks about 41 f e e t  wide by 19 f e e t  h i g h  a re  provided upstream 
of the intake s t ructure.  The c l ea r  opening of the trashrack bars i s  about 

13116-inch. A small spillway i s  provided on the r ight  s ide immediately 
upstream of the trashracks. This i s  provided t o  remove t rash and i ce  from 

in front of the racks. Di f f icu l t ies  a re  experienced w i t h  the trashracks,  

which are similar to  those a t  the other two s i t e s  except tha t  the flow is  
direct ly  in'to the racks. 

The intake s t ructure i s  a mass concrete-gravity headwall and i s  located a t  

the top of a sharp drop in topography, which corresponds t o  the waterfall  
i n  the creek -channel. The top .of the headwa'l.1 i s  a t  about El. 220. The 

downstream face  has deteriorated and has.recently been resurfaced w i t h  

reinforced concrete t o  prevent fur ther  deter iorat ion.  

Two 10-foot diameter penstocks about 30 f e e t  long extend from the upstream 
face of the intake headwall t o  the turbine i n l e t s .  The penstocks a re  con- 

structed of riveted s tee l  and are  placed on a s teep grade between the 
intake and the t u r b i n e .  The penstock entrance is  square-edged. The pen- 

stocks appear t o  be i n  good condition, based on what can be seen exter- 
nally; b u t  the . i n t e r io r  was not inspected during t h i s  invest igat ion,  and 
i t s  condition i s  unknown. 



The powerhouse i s  located a t  the base,o f  the topographic drop mentioned 

above. I t  i s  about 44 f e e t  wide by 62 f e e t  long and 23 f e e t  h igh from the 

operat ing f l o o r  t o  the  r o o f  above the generat ing un i t s .  The u n i t s  a re  

located i n  the east, o r  upstream, end o f  the  s t ruc tu re ;  and a serv ice  area 

and transformer v a u l t  are located a t  the west, o r  downstream, end o f  the  

s t ruc tu re .  The r o o f  i s  about 32 f e e t  above operat ing f l o o r  l eve l  i n  the 

west end of the s t ruc tu re .  The high-vol tage leads from the transformers 

r i s e  v e r t i c a l l y  t o  bus cables near the  r o o f  o f  the. t ransformer  vau l t .  The 

bus cables are connected t o  t he  t ransmission l i n e  by means o f  a t ake -o f f  

s t r uc tu re  located on the r oo f .  The subst ruc ture  i s  constructed of concrete, 

al though por t ions  o f  the t u rb i ne  discharge openings are  exposed rock wherever 

feasib le.  The operat ing f l o o r  i s  constructed of r e i n f o r ced  concrete, and 

the  superstructure wa l l s  a re  b r i c k .  The supers t ruc ture  frame i s  constructed 

o f  s t r uc tu ra l  s tee l  and.a lso serves as an overhead crane runway. Steel  

frame windows and wooden doors are provided. The r o o f  i s  constructed of 

t imber  and i s  covered w i t h  t a r  and grave l .  Timber r o o f  trusses w i t h  bo l t ed  

connections are  used to '  support the r o o f .  

'2. Generating Equipment - The powerhouse contains. two generat ing 

u n i t s ,  which are  b a s i c a l l y  the  same as the  Beldens u n i t s  except t h a t  the  

generators were manufactured by General E l e c t r i c  Company ins tead of Westing- 

house Corporat ion and the  u n i t s  were i n s t a l  l e d  i n  1.910 -.instead o f  1913. 

The generators were o r i g i n a l l y  r a t ed  a t  600 kW. 

The generat ing u n i t s  have been repa i red  and new components provided s ince 

they were o r i g i n a l l y  instaqled: One t u rb i ne  was r e b u i l t  i n  1954, both were 

completely. . . rebui l t  i n  1957, two new t u r b i n e  runners were i n s t a l l e d  i n  1968, 

and one tu rb ine  was overhauled i n  1975. New c o i l s  and punchings were pro-  

v ided f o r  one $enerator i n  1948, and i t  was otherwise upgraded t o  produce 

800 kW. S im i la r  p rov is ions  were made.for the second generator i n  1952, 

a t  which t ime  i t  was a lso  upgraded t o  produce 800 kW. One generator was 

rewound i n  1953 and the  o ther  i n  1'954, and. one was rewound again i n  1968. 



Three single-phase, 667-kVA, step-up vol tage transformers are  provided. 

They transform the vol tage from 2,300 v o l t s  t o  46,000 v o l t s  f o r  t rans-  

, mission i n  the VMCO system. 

3 .  A u x i l i a r y  Equipment - The major a u x i l i a r y  equipment a t  Huntington 

F a l l s  comprises a six-panel switchboard and ho i s t i ng  equipment. The switch- 

board contains a synchroscope, ammeters, rheosta t  cont ro ls ,  bus connections, 

k n i f e  switches, voltmeters, power f a c t o r  meters, wattmeters, watthour meters, 

f i e l d  switch, o i l  c i r c u i t  breakers, frequency ' ind icator ,  and miscellaneous 

minor e l e c t r i c a l  appur.tenances. The h o i s t i n g  equipment i s  a 10-ton, hand- 

operated overhead crane. 

E. Transmission L ine 

The VMCO transmission.system present ly  comprises about 36.5 mi les o f  46-kV.. 

l i n e  between Huntington F a l l s  and West Rutland and about 2.6 mi les  o f  

11-kV l i n e  between Center Rutland and West Rutland. The conductor s izes 

and the system l i n e  lengths between c o n t r o l l i n g  po in ts  are  shown schemati- 

c a l l y  i n  the sketch on the f o l l ow ing  page; .T.he e x i s t i n g  l i n e s  are i n  

reasonably good condi t ion;  however, an ana lys is  o f  the conductor s i ze  o f  

. t h e  l i n e  from Beldens t o  the Florence substa t ion ind ica tes  t h a t  i t  i s  

smal ler  -than- i t  should -be; .-and -1 i ne  losses are higher :than .normally encoun- 

tered,.- The analys is  assumes t h a t  a l a r g e r  and .heavier conductor can be 

i n s t a l l e d  on the e x i s t i n g  s t ruc tures.  The r e s u l t s  o f  the ana lys is  and the 

basic data used are shown i n  Table 2-2. '  

A. General 

The f a c i l i t i e s  a t  a l l  th ree s i t e s  included i n  t h i s  i nves t i ga t i on  are o ld ;  

outdated; and understandably r e f l e c t  t h e i r  age, desp i te  having had above- 

average maintenance, pe r i od i c  replacement, and repa i r .  They have reached 





TABLE .2-2 

PRELIMINARY ANALYSIS OF 46 KV TRANSMISSION LINE LOSSES 

BELDENS TO FLORENCE SUBSTATION 

EXISTING CONDITIONS 

ASSUMPTIONS 

Present energy cost  per kwh 
Load f a c t o r  
Transformer e f f i c i e n c y  
Near- by 1 oad 
L ine l eng th  
Power f a c t o r  
I n t e r e s t  r a t e  
Analysi s per iod 
Energy cost  escal a t  i on r a t e  

= 25 m i l l s  
= ?4 % 
= 98.5% 
= 45 kW 
= 26 m i les  
= 0.8 
= 10 % 
= 30 years 
= 7 %  

GENERATION, TRANSMISSION AND LOSS FACTOR 

Capacity generated = 800 + 820 + 780 + 660 = 3060 kW 

kVA t ransmi t ted = (3060 -98-5) - 45 = 3723 
0.8 

Loss . f a c t o r  -correspondi ng - t o  74% 1 oad f a c t o r  = 65% 

PRESENT WOKTH OF ENERGY LOSSES AND NEW CONDUCTOR COSTS 

I tem Conductor Size 

#3 cu* 310 AL 410 AL 250 AL 267 AL * 300 AL 

PW Losses 501,000 312,000 248,000 210,000 173,000 154,000 
PW Cost** 95,000 108,000 119,000 124,000 134,000 

. . '  

Tota l  PW 501,000 407,000 356,000 329,000 297,000 288,000 . . 

* Ex i s t i ng  conductor s ize  
** I n s t a l l e d  cost  

cu = copper 
AL = aluminum 



b the end of the i r  useful l i f e  unless major expenditures a re  made. 'They are 
i n  need of improvement i f  they are  t o  play the i r  proper role  in relieving 

the present energy shortage. These f a c i l i t i e s  use a renewable natural 
resource and can continue to  do so f o r  many more years i f  properly and ade- 

quately upgraded. The condition of the f a c i l i t i e s  i s  shown p ic to r i a l ly  in 
Figures 2-2 through 2-5. 

B. Dams 

All dam concrete i s  i n  poor Cariditiorl ds typified by Figurc 2-3 .  Erosion 

has occurred from the flow of high-velocity water; and damage has been 
. caused by t r ee  trunks, logs,  and other heavy debris as shown i n  Figure 2-4. 

No preventive measures a re  used to  reduce o r  eliminate t rash and i.ce damage. 
The dams show the ef fec ts  of repeated freezing and thawing and other damage 
caused by sol id  i ce  and the impact of ice  f loes .  Spalling i s  evident i n  . . 
many places, and progressive deter iorat ion i s  in progress. 

C. Geology 

No geologic formation was located nor.any . . .  geologic condition encountered 
t h a t  would preclude the improvement of the s i t e s .  All s t ructures  appear 
t o  be founded on sound rock,-and the waterfal ls  a t .  the three damsites 

appear to  be in t ac t .  They withstood the severi ty  of numerous floods, 
especially tha t  of November 1922, which i s  an additional indication of the 
geological soundness O f  the s i tes . 

The most serious geological problem 'encountered was a solution cavern i n  

the r ight  side of the creek upstream of Beldens. I t  i s  estimated that  as 
much as 50 cubic f e e t  per second might be flowing through the cavern. T h i s  

cavern does not appear t o  be endangering the s t ructures  a t  t h i s  s i t e .  ' Fur-  
t he r  discussions of geology a r e  contair~ed i n  Appendix D.  



Hurl t ington Fa1 1s entrance t o  1 Forebay shnwing concrete 
candi ti on. 

FIGURE 2-2 

HUNTINGTON FALLS DAMSITE 

Huntington Fa1 1s Forebay lead- 
i n g  t o  in take s t ruc tu re  i n  
upper r i g h t  comer. Overf 1 ow 
'due t o  surcharged reservo i r .  
Note concrete condi ti on near 
pole a t  l e f t  o f  p ic ture .  

Huntington Fa1 1s forebay 
en trance. 



@ Beldens West Dam showing 
erosion. 

FIGURE 2-3 

BELDENS DAMSITE 

I Beldens East Dam showing' 
erosi on. 

Be1 dens Intake Structure. 
Note seepage indications. 



FIGURE 2-4 

CENTER RUTLAND DAMS ITE 

Center Rutland Dam. Note 
three trunks caught on 
f lashboard. 

Center Rut1 and Powerhouse 
showing masonry block 
s w b s t r u c t ~ . ~ r ~ .  

Center Rutland Powerhouse 
showing d r a f t  tube elbow 
and sluice.  
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D.  Spillways 

The spillways a t  a l l  three s i t e s  a r e  located on the dam c res t  and have 
timber flashboards of various heights t o  increase heads fo r  power genera- 

t i  on. Their ins ta l  la t ion  and operation and the d i f f icu l  t i e s  experienced 

with them are discussed in Section 2.3B and are  applicable to  a l l  three 
spillways. The eroded and damaged concrete, the shape of the spillway 
c res t s ,  and the unpredictable operation of the flashboards combine t o  

yield a low discharge efficiency. Flood studies show t h a t  spillway dis- 
charge capacities must be increased i f  flood severi ty  and damage are t o  
be amel i orated. 

E. Forebays and Intake Structures 

The forebays a t  a l l  s i t e s  a re  r e l a t ive ly  shor t ,  b u t  a re  otherwise hydrauli- 
ca l ly  ineff ic ient .  The hand-operated headgates eliminate e f fec t ive  control 

and require considerable time to  open o r  close. The concrete i n  the walls 
i s  badly eroded as shown by Figure 2-2, and the intake walls leak as shown 

by the lowest picture i n  Figure 2-3. The exposed rock portion of the fore- 

bay channels increases head loss . .  The trashrack bar spacing a lso  increases 
the amount of l o s t  head. The narrow trashrack bar spacing permits t rash to  
accumulate quickly, and the manual cleaning operation presently used makes 
t rash d i  f f i  cul t- t o  remove. Trashrack rakes, 1 og booms, ice  booms, and 
de-icing f a c i l i t i e s  a r e  not provided a s . a  precaution against problems tha t  
a r i s e  from trash and ice .  The waterways a re  not streamlined f o r  hydraulic 
efficiency, and the square-edged penstock entrance creates head loss .  The 

combination of the foregoing conditions resu l t s  i n  an overall hydraulic 
efficiency tha t ,  is  much lower than desirable .  

Penstocks 
--....a- 

Penstocks a re  short  and in re la t ive ly  good conditions, based on external 
inspection. The in t e r io r s  should be inspected t o  ascertain t h e i r  condi- 
t ion ;  however, i t  was not deemed necessary t o  shut the u n i t s  down f o r  



inspection during t h i s  investigation, because no leakage was observed. 
Their continued use and the ro le  they would play in a modernization 

program i s  uncertain. 

G. Powerhouse Structures 

The powerhouse s t ructures  a re  sound and could be used f o r  some purpose 

other than the. i n s t a l l a t ion  of new generating units.  The manner i n  which 
the substructures 'were or iginal ly  constructed .waul d be undercut by the 
excavation required f o r  new uni ts .  Even i f  substructure problems are  over- 
come, the cos t .  of working within the confines of the exis t ing s t ructures  

would be economically unjust i f iable .  

H .  Generating Equipment 

All generating equipment i s  o ld ,  obsolete,  and d i f f i c u l t  and expensive to  

operate and maintain. I t  is of much lower efficiency than new and modern 
equipment would be, i s  appreciably undersized fo r  economical exploitation 

. of the available hydraul i c .  resources, and cannot 'be economical ly  adapted 

f o r  u s e - a t  a higher head.' The overall plant eff ic iency i s  estimated to  be 

l e s s  than 70 percent, u s i n g  the most favorable combination of operating 
conditions .and .individual. e f f ic ienc ies  .- ..The uni ts  a re  not always able t o  
produce rated capacity. The turbines a re  s e t  well above ta i lwater  leve l ,  
and the d ra f t  head i s  only pa r t i a l ly  recovered because of the types of 
d r a f t  tubes avai lable  a t  the time the uni ts  were fabricated. Spare parts 
a re  becoming more.diff icul t  t o  obtain and most must be custom-made, thereby 

s teadi ly increasing maintenance costs .  The transformers a t  Center Rutland 

and Huntington Fal ls  a re  old and core 1osses.may be abnormally high. New 

transformers were ins ta l led  a t  Beldens i n  1977, and , i t  may be possible t o  

use them ,elsewhere i n  the system when t h i s  in s t a l l a t ion  is  improved. 



I .  Au'xi 1 i ary Equipment 

Some of the auxi l iary e l ec t r i ca l  equipment appears to  have been ins ta l led  

a t  the time the faci  1 i t i  es were original ly constructed and, consequently, 

i s  in need of modernization. The newer equipment appears t o  be in s a t i s -  

factory condition. The hoisting equipment a t  Beldens and Huntington Fa1 1s 

may be salvaged and used elsewhere. 

J . Transmission Li ne 

The transmission l ine  losses a re  high, as shown by the r e su l t s  previously 

described and shown in  Table 2-2. Other s tudies  presented i n  Paragraph 

3.6D6 show tha t  the present 46-kV transmission voltage i s  not as econom- 

ical  as 69-kV, provided tha t  the exis t ingtransmission l ine  s t ructures  can 

stand the additional weight and do 'not  ha.ve t o  be replaced. 



CHAPTER 3 

DEVELOPMENT A L T E R N A T I V E S  



CHAPTER 3 

DEVELOPMENT ALTERNATIVES 

This chapter describes the development a l te rna t ives  investigated and the 

methods employed i n  selecting the components of each. The expression 

"development al ternat ive" i s  used t o  s ignify the development.program tha t  

i s  obtained when the -improvements of the s i t e s  are.combined and considered 

. as a unit  for  specified water levels and other c r i t e r i a .  This chapter 

also discusses the selection procedure and the reasons fo r  excluding some 

development poss ib i l i t i e s  without extensive and lengthy study. Finally, 

i t  recommends tha t  Beldens and Huntington Falls with a normal reservoir 

level of El. 230.0 be improved. 

3.1 ALTERNATIVE FORMULATION 

A. Basis of Alternative Selection 

Three basic philosophies were considered in formulating development a l t e r -  

natives. The fi,rst.makes maximum use of exis t ing f a c i l i t i e s  and resul t s  

in the -minimum capital  expenditure; however, i t  does- not fu l ly  exploi t  the 

available hydraulic resources ;. .   he second f u l l y  exploits the hydraulic 

resources, - but requires the largest  .capital expenditure. . The th i rd  i s 

intekmediate between these two and, consequently, resul t s  in intermediate 

capital i nvestment and energy producti on. Four development a1 te rna t i  ves 

embodying these phi 1 osophies were studied and a re  discussed in t h i s  chapter. 

B. Improvement 'Options 

Each alterriii,t-ive is  composed o f  a combination of avail.ablc improvement 

options, which include the following: 

Increase dam height. 

0 ' Ins ta l l  new generating equipment. 



Increase discharge through turbines.  

Repair weathered and deteriorated concrete. 

Reduce lea'kage from a1 1 sources. 
Improve hydraulic efficiency of a l l  waterways. 

Provide more e f f i c i en t  trash control . 
Increase flashboard height or provide c r e s t  gates. 

Excavate t a i l r aces  where gradient i s  steep. 
Improve transmission l ine .  

These options a re  discussed in  Paragraph 3 . 3 .  

3.2 DEVELOPMENT ALTERNATIVES 

Four development a l te rna t ives ,  based on the foregoing philosophies, were 

formulated a t  the outset  of th i s  investigation. The original a1 ternat ives  

underwent refinements and changes as more data became available and more 
analyses were made. The major change was i n  the elevations tha t  were 
obtained d u r i n g  f i e l d  topographic surveys o r  from other more re l iab le  

sources than had been located previously. Flashboards were.replaced by 
hydraulically operated c r e s t  gates .as a r e su l t  .of the flood s tudies .  The 

original and revised development. concepts -are  'discussed . i n  the following 
paragraphs. The four development a l te rna t ives  investigated d u r i n g  t h i s  
study are '  shown i n  Table 3-1. 

A. Alternative I 

1. Oiigi nal Concept - T h i s  a1 ternat ive embodies t h e  minimum capital  
investment philosophy and .uses the applicable upgrading and rehabi 1 i ta t ing 
options 1 i sted i n  paragraph 3 . I B ,  including increased  f l  ashboard heights 
a t  Hunti,ngton :Falls and Center Rutland. The water level a t  Beldens cannot 
be increased, because the exis t ing upstream water level backs' water u p  t o  
the toe of an upstream power dam. Improved methods of placing and removing 

. . 

the flashboards will  be considered. The dam c res t s  will be. retained a t  



TABLE 3-1 

DEVELOPMENT ALTERNATIVE FOR INVESTIGATION 

ALTERNATIVE I 

1. Upgrade and r e h a b i l i t a t e  a l l  s i t e s .  

2. Make maximum use of ex i s t i ng  f a c i l i t i e s ,  except generating uni ts .  

3. Excavate t a i l r a c e s  t o  lower t a i lwate r .  

4. Use wood or rneta1.flastiboards o r  c r e s t  gates.  

5. I n s t a l l  new generating uni ts .  

ALTERNATIVE I1 

1. Raise Huntington Fa l l s  rese rvo i r  from El. 218.0 t o  El. 241.0. 

2. Upgrade and r e h a b i l i t a t e  Beldens and r a i s e  rese rvo i r  from El. 283.0 

t o  El. 284.0. 

3. Raise Center Rutland rese rvo i r  from El. 507.0 t o  El. 514.0. 

4. Excavate t a i l r a c e s  t o  lower t a i lwa t e r  a t  Huntington Fa l l s  and 

Center Rut1 and. 
. . 

ALTERNATIVE I I I 

1. Raise Huntington Fa l l s  rese rvo i r  from El. 218.0 t o  El. 230.0. 

2. 'Upgrade and rehab51 i'tate Beldens and r a i s e  rese rvo i r  from El. 283.0 

t o  El. 284.0. 

3. Raise Center Rutland rese rvo i r  ,from El. 507.0 t o  El. 509.0. 

4. Excavate t a i l  races t o  1 ower t a i lwate r .  

ALTERNATIVE IV 

1. Raise Huntington Fa l l s  rese rvo i r  from El. 218.0 t o  El .. 230.0. 

2. Relocate Beldens powerhouse t o  recover head l o s t  a t  Huntington Fa1 1 s. 
3 .  Raise Center Rutland rese rvo i r  from El. 507.0 t o  El. 514.0. 

4. Excavate t a i l r a c e s  t o  lower t a i lwate r .  



about the i r  present elevation so tha t  flood surcharge does not exceed tha t  

which would occur i f  no changes were made. The crests  will be designed to  

be more hydraulically e f f i c i en t  when the exist ing concrete i s  repaired. 

T h i s  improvement will resul t  i n  e i the r  a lower surcharge, i f  the present 
c r e s t  length i s  retained, or  a shorter  c res t  length, i f  the same surcharge 

, is  adopted. Trash booms will be provided a short distance upstream of a l l  

dams to  reduce trash problems and the accompanying loss of head a t  the power 

intakes. Means for  removing t rash a t  the booms will  be provided, and 
trashrack rakes will be used a t  the intakes t o  remove the trash tha t  bypasses 
the booms. New generating uni ts  will  be provided, because the exist ing uni t  
outputs are greatly below the available hydraul i c  potential .  However, the 
old units may be retained and additional new capaci'ty provided tha t  will  
b r i n g  the combined output of the old and new units  u p  to  the available poten- 

t i a l .  A1 ternative combinations' of old and new equipment wi 11 be investigated. 

A t  Center Rutland, Vermont Highway 4 is about 300 fee t  downstream of the 
dam, and a considerable drop i n  the water surface occurs between the dam 
and the highway. This head can be recovered by excavating the t a i l r a c e  in 
the deepest par t .of  the r iver  channel. Tailrace excavation can be limited 
t o  tha t  required for  turbine discharge and need not include the enti-re 
waterway width. 

2. Revisions to  Original 'Concept - The flashboards -were replaced by 

c r e s t  gates to  provide improved flood discharge capacity. Crest gates 
eliminate the problem. of rais ing the flashboards a f t e r  a flood has sub- 

sided and 'provide a bet ter  head condition .for energy . . generation. They a lso  
permit sluicing some of the t rash and i ce  tha t  accumulates in the reservoir .  
I t  was found possible to  ra ise  the BeTdens reservoir level from El. 283.0 

. t o  El. 284.0 as permitted by upstream conditions. The old . generating . u n i t s  
were not used because'of t h e i r  age and condition and because of the d i f f i -  

cu l t i e s  and costs associated w i t h  providing supplemental capacity compared 
. . _.: 

w i t h  those fo r  providing a l l  new equipment. 



B. Alternative I1 

1. Original Concept - This a l te rna t ive  embodies the second philosophy 

of maximum exploi ta t ion of the available hydraulic resources and provides 
the maximum power and energy production of the four al ternat ives .  I t  a lso 

requires the la rges t  capi tal  investment. 

The most important difference between t h i s  a1 ternat ive and A1 ternat ive I  i s  

the increase in  the dam height a t  Huntington Fal ls  and Center Rutland. The 

reservoir level selected f o r  Huntington Falls ' is  El. 241.0, which i s  a l so  
the ta i lwater  level a t  Beldens, the next upstream s i t e .  T h i s  higher level 

i s  t o  be obtained by ' e i the r  rais ing the height of the exis t ing dam a t  i t s  
present location o r  constructing a new dam a t  about the location of the 

exis t ing road'bridge upstream of the present dam. 

Normally, i t  would be expected tha t  use of the present s i t e  would be more . 

economical than a new dam a t  another s i t e ,  b u t . t h i s  may not be t rue in this 

case. The exis t ing dam i s  about 190 f e e t  long, of which about 175. f e e t  i s  

the overflow spillway length. The bridge span i s  only about 140 ' f e e t ,  and 

the  c res t  length difference a t  the two s i t e s  may jus t i fy  construction of a 
new dam a t  or  near the bridge s i t e .  The exis t ing dam i s  a t  the top of a 
natural waterfal l ,  which may:be s t ruc tura l ly  inadequate-to safely withstand'. 
the proposed additional head.   he fa1 1s have successful ly  withstood the 

energy 05 the present flood discharge, but i t  i s  not certain. t h a t  they can 
withstand the added energy when the head i s  increased..  he energy' of the 

flood fo r  the exis t ing s t ruc tu re  i s  dissipated by the roughiless of the f a l l s  
and the r ive r  a t  the base. These' natural energy-dissipating conditions may 

not be able t o  serve s a t i s f a c t o r i l y  f o r  the higher head; a'nd a s t i l l i n g  
basin, or  other type energy d iss ipa tor ,  may be required. 

- 
lhere i s  a crushed rock zone downstream of the dam on the r ight  bank. This 

zone does not appear t o  be endangering the exis t ing s t ructure and probably 
would not endanger a higher s t ruc ture ;  however, i t s  charac ter i s t ics  a re  not 

f u l l y  known a t  t h i s  time; therefore,  i t s  pr6sente in t h e  near v ic in i ty  must 
be considered. 

3 - 5  



The bridge s i t e  of fers  an a t t r ac t ive  a1 te rna t i  ve location tha t  overcomes 

some of the uncertainty of the exis t ing s i t e .  The dam would be shorter ,  

and the water depths a re  essent ia l ly  the same as a t  the exis t ing s i t e .  

However, the depth may prove t o  be greater  a t  the bridge than anticipated 
. 

because the constr ic t ion could have resulted in erosion. The bridge has 

been in p lace , for  a long time, and i t s  abutments appear t o  be founded on 

sound rock from surface inspections and nearby rock exposures. The bridge 

has a 3.5-ton load l imi t  and shows signs of s t ructural  d i s t r e s s  due to  i t s  

age. The topography on the r ight  abutment r i s e s  sharply above the .bridge 
' 

elevation and has numerous rock outcrops. The l e f t  abutment r i s e s  gradual ly  

to  a hiell c r e s t  we1 1 above the.'proposed increased level of the dam. This 

abutment also has numerous outcrops t h a t  appear to  be' sound rock. This s i t e  

of fers  bet ter  and simpler construction diversion potential than the present 
s i t e ,  but requires a longer forebay. I t  i s  anticipated tha t  a diversion 

channel will be used t h a t  a l so  can .subsequently be used f o r  the forebay 
channel to  the intake s t ructure. ,  Consequently, forebay channel veloci t ies  
will be low as a r e s u l t  of the greater  depth and correspondingly increased 

/I cross-sectional area of the waterway. 

The narrower width of the r iver  a t  the bridge. s i t e  will  r e su l t  in a shorter  
spillway c res t  length than i s  available a t  the exis t ing s i t e  and w i l l . b e  
considered i n  flood routing s tudies  . . . The' existing-damwi-1-1 --serve -as an 
afterbay dam fo r  the spillway a t  the'  bridge s i t e  and no' fur ther  .energy. d i s s i -  
pation i s  anticipated. 

Raising Huntington Fal ls  dam t o  El. 241 at e i the r  location will  require 

replacing the bridge and relocat ing about a half-mile of road. The bridge 
. . 

will be' placed on top of the '  dam and' t he '  load. 1 imi t removed, i'f the bridge 

s i t e  i s  used. The exis t ing  bridge will  be raised,-  i f  the exis t ing damsite 

i s  used; and the load l imi t  will remain. 

The faci  1 i t i e s  a t  Beldens .can be only upgraded and rehab'il i ta ted under this 

a1 ternative,  because t h e  Huntington Fa1 1 s headwate'r i s  the t a i  lwater ' 1 eve1 
a t  t h i s  s i t e  and the present Beldens heidwater i s  t he ' t a i lwh te r  a t  the next 



upstream s i t e .  The generation potential i s  only pa r t i a l ly  developed and 

major improvements can be-achieved by using the avai lable  upgrading and 

rehabi l i ta t ion options. There i s  considerable leakage a t  t h i s  s i t e  tha t  
can be reduced o r  eliminated.. Diversion f o r  construction a t  t h i s  s i t e  i s  

f a i r l y  simple, because.the two exis t ing r i v e r  channels will allow flow to  

be diverted t o  one channel.while the features  on the other a re  being 

improved. Final diversion can be routed through the completed channel 
while the remaining improvements a re  constructed. 

The Center Rutland dam will be raised t o  obtain an upstream water surface 

of El. 514.0. Part  of the increased height will  be obtained by longer 

flashboards than presently being used, and the remaining additional height 
wil l  be obtained by rais ing the dam c res t .  There a re  indus t r ia l ,  commercial, 
educational, and transportation ins t a l l a t ions  on both banks upstream of the 
dam; and special a t tent ion will  be required t o  assure tha t  they are  not 
inundated by the proposed increased dam height. 

The existing Center Rutland powerhouse i s  located on the r igh t  bank and 
uses only a small percentage of the avai.lable discharge. This area i s  
congested, and improvement is  limited by a nearby industr ia l  lumber in s t a l -  
la t ion .  The l e f t  bank .is a l so  congested, but mostly by an abandoned sawmill. 
There i s  su f f i c i en t  space..to locate  the powerhouse .on the l e f t  bank without 

seriously disturbing any other ins ta l  la t ion .  Tai 1 race excavation s imilar  

t o  that.  discussed i n  A1 ternat ive I i s  a l so  applicable t o  this a1 ternat ive.  

2. Revi.sions t o  'or iginal  Concept - The flashboards were replaced by 
c r e s t  gates and completely new generating u n i t s  were provided, as was done 

i n  A1 ternative I .  The bridge s i t e  was eliminated, because i t  did not pro-, 
vide suf f ic ien t  flood .discharge capacity wi-thout additional protective 
measures and excessive additional cost .  The. maintenance responsibi l i ty  and 
legal l i a b i l i t y  a r i s ing  from the public use of a privately owned fac i . l i ty  
a l so  influenced the elimination of the bridge s i t e  from fur ther  considera- 
ti on. The crushed zone downstream of the ex i s t ing  dam does not appear to  
endanger the higher dam, and s i t e  geology appears t o  be sound. A .  powerhouse 



on the l e f t  bank a t  Center Rutland was eliminated, because a simple solu- 

t i o n f o r  a r igh tbank  location was found. 

C .  ~ l t e r n a t i v e  I11 . . 

1. Original Concept - Alternative I11 i s  one of two al ternat ives tha t  

are intermediate between Alternatives I and. 11. The improvement options 

are the same as fo r  Alternative 11, except for  the reservoir levels a t  

Huntington Fa1 1 s and- center Rutland. A campground i s  located upstream of 

Huntington Fal ls ,  near the confluence of Otter Creek and the New Haven River. 

The elevation of t h i s  f a c i l i t y  i s  re la t ive ly  low, and i t  may be flooded by 

the higher reservoir water level proposed for .Alternat ive 11. A reservoir 

level of E l .  230.0 may not flood the campground.. I f  the cam.pground level i s  

below El. 230, i t  may be possible t o  e i the r  ra ise  a portion -with f i l l  or  

provide a low dike t o  prevent inundation. There are  also other low areas 
tha t  may be endangered by th i s  reservoir level ,  but they appear not to  be 

as c r i t i c a l  as the campground. Less 1 and' i s  required fo r  the 1 ower reser- 

voir level' than f o r  Alternative 11. Raising Huntington Falls a t  the exis t -  

ing damsite rather  than a t  the bridge will probably be more feasible  and' 

economical than i t  would be fo r  the higher elevation. 

About-3 f ee t  .of the 11-foot head l o s t  a t  Huntington -Fal ls  with -'a . reservoir  

water surface a t  El. 230 can be.recovered by excavating the t a i l r ace  a t  

Beldens.' Tailrace excavation' i s  especially important fo r  th i s  s i t e  t o  

regain as much of the los t  head as.posslble.  
. . 

The Center Rut1 and dam w i  11 be raised t o  only El. 509,0, because of the 

urbanization along' the banks upstream 0.f the dam. In addition, these up- - 

*stream ins ta l la t ions  may en t i r e ly  eliminate the poss ib i l i ty  of rais ing the . . 

dam. Any increased height provided a t  th i s  s i t e  will  be obtained. by a 

combination of a small ra i se  of the concrete c res t  elevation and a moderate 

increase"in the flashboard .height. The improvements a t  Center Rutland com- 

prise , the same options proposed fo r  A1 ternative I I ,  including t a i  1 race 
. 

excavation, except for  the dam height and the manner in which i t  i s  obtained. 



2 .  Revisions' t o  Original Concept - The major revisions made to  t h i s  

a l te rna t ive  are  the replacement of the flashboards by c r e s t  gates and pro- 

vision of en t i r e ly  new generating equipment. 

D. Alternative IV 

1. Original Concept - This a l te rna t ive  i s  the same as Alternative 111, 

except for the reservoir  level a t  Center Rutland and sh i f t ing  the Beldens 

powerhouse to  a downstream.location to  recover the head . l o s t  a t  Huntington 

Fal ls .  I t  was included to  provide data on an additional intermediate 

combi nation. 

The 11 fee t  of head l o s t  by raising Huntington Fal l s  t o  El. 230 rather  than 

E l .  '241 can be regained by sh i f t ing  the Beldens powerhouse about 1 mile 
downstream. The flow can be conveyed t o  the downstream s i t e  by e i the r  

excavating a high-level canal on the l e f t  bank o r  using a flume,on the 

f l a t t e r  part  of t h e .  hi 11 side u n t i  1 i t  reakhes the proposed downstream power-. 
house s i t e .  Although this solution regains the  head l o s t  by a lower dam 

a t  Huntington Fal l s ,  i t  does not generate the same to ta l  energy a t  both 
s i t e s ,  because the New Haven River en ters -Ot ter  Creek-downstream of .  Beldens; 
and therefore, the Huntington Fa1 1s plant .  w i  11 use the .New Haven River dis-  

charge ' a t  a 1 ower head. 

'2. Revisions t o  Original Concept - The major revisions made to  t h i s  

a l te rna t ive  a re  the  elimination of the relocated power plant and development 
of the hydraulic potential a t  the exis t ing zdamsi t e .  These revisions were 

based' on. technical problems related t o  the s i t e  and the h i g h  costs  t o  over- 

come them. The flashboards were rep1aced .b~ c r e s t  gates,  as in the previous 

al ternat ives;  and .completely new generating u n i t s  were provided. 



3.3 DESCRIPTION OF IMPROVEMENT OPTIONS 

A. Dam Height and Location 

1. Existing Dams and Spillways - The exist ing water surface levels 

and spillway c r e s t  lengths are  shown in Table 3-2. The normal reservoir 

and spillway c res t  elevations have been adjusted t o  those obtained during 

t h i s  investigation and.are considered t o  be accurate. The tailwater levels 

have been obtained from f i e l d  surveys, published reports,  and other sources. 
- 

TABLE 3-2 

WATER SURFACE ELEVATIONS AND SPILLWAY CREST LENGTHS 

EXISTING CONDITIONS 

Elevations 
Norma 1 Spi 11 way 

Reservoir Spillway Tailwater Crest Length 
Level * Crest Level ( f e e t )  

Center Rutland 507.1 ' 504.8 . .  477.0 174.0 

Be1 dens 283.0, 280.5 241.1 '94.0 

Huntington Fa1 1 s 218.1 215.8 175.3 175.0 

* Top of flashboards. 

2. Improved Dams and-Spillways - The maximum exploitation of the 

hydraulic resources f o r  power and energy p.roduction would develop a l l  of 

the available head. Consequently, increased dam heights were considered 

for  a l l  s i t e s .  The elevations fo r  the normal reservoir water surfaces, 

tailwater leve ls ,  and net heads f o r  the improvements investigated are 

shown i n  Table 3-3. 

The .maximum reservoir level chosen f o r  Center Rutland i s  El. 514.0 and was 

selected as .being the highest tha t  could be considered without extensive 

upstream i nundat? on of val uable , developed 1 and and property. The 



TABLE 3-3 

SUMMARY OF WATER SURFACE ELEVATIONS AND NET HEADS 

IMPROVED CONDITIONS 

- Eleva t ion  - USGS Datum 
Normal Tai 1 water Net Head 

A1 t e rna t i ve  S i t e  Water Surface Level 

I. Center Rut1 and 507.0 476.0 28.0 

Be1 dens 284.0 238.0 43.0 

Hunt i ng'ton Fa1 1 s 218.0 - 213.0* 175.0 37.5** 

. . 

I I Center Rut1 and 514.0 476.0 35.0 

Be1 dens 284.0 241 .O 40.0 

Hunti  ngton Fa1 1 s 241.0 - 236.0* 175.0 60.5** 

I 1 1  Center Rut1 and 509.0 476.0 30.0 

Be1 dens 284.0 238.0 43.0 

Huntington F a l l s  230;O - 225.0* 175.0 "49.5** , - 

I V Center Rut1 and 514.0 476.0 35.0 

Be1 dens 284.0 230.0 51 .O 

Hunti  ngton Fa1 1 s 230.0 - 225.0* 175.0 49.5** 

* Ind ica tes  drawdown range 

** Based on average normal water sur face 



investigations confirmed tha t  th i s  level could be used for  normal condi- 

t ions ,  b u t  tha t  excessive flooding was l ike ly  t o  occur during large floods. 

Beldens reservoir i s  presently a t  El. .283.0 and can be increased by only 

1 foot because of the tai lwater  a t  the next upstream dam. Consequently, 

al.1 alternatives used El.. 284.0 for  the normal reservoir water surface a t  

Be1 dens. 

The highest normal reservoir operating level selected for  Huntington Falls 

is  El. 241.0, which would back water u p  t o  the t a i l r ace  a t  Beldens. Sinee 

tha t  elevation would inundate two parcels of commercial property, reservoir 

levels  a t  El. 230.0 and El. 218.0 were a lso  considered. 

Two s i t e s  were considered f o r  the improved Huntington Falls dam w i t h  

increased height. The f i r s t  i s  a t  the exis t ing s i t e  and the second i s  

about 30.0 f ee t  upstream of th.e existing s i t e  w.h.ere a low-load-1 imit 

bridge i s  located. The bridge s i t e  appeared t o  be a t t r ac t ive ,  because i t  

'would r e s u l t . i n  a shorter  dam length. However, flood studies showed tha t  

as much spillway length as possible should be provided t o  reduce flood 

surcharge; and the bridge s i  t e  was e l  imi nated from further  consideration. 

In addition, the bridge location envisioned tha t  the road would be located 

on the dam c res t ,  which would introduce maintenance responsi bi 1 i ty  and 

public l i a b i l i t y  r i sks ,  making t h i s  a l e s s  desirable location than the 

exist ing dam. 

Alternative IV was formulated as a means of recovering the head l o s t  a t  

Huntington Falls i f  the reservoir is  limited t o  El. 230.0 or  El. ,218.0. . . .  

I t  'assumes tha t  Beldens powerhouse. would be relocated about 1 mi:le down- 

stream of i t s  .present location and would be a t  the headwater. of Huntington 

Fal ls  reservoir. Preliminary investigations showed th i s  s h i f t  to  be 

impractical because of the head . l  os t  . .in the conveyance faci 1 i ty  , the rug- 

gedness of the intervening topography, and the added cost.  Therefore, 

relocating the Beldens powerhouse was eliminated,from further  consideration. 



Generating Units 

I t  was recognized tha t  the e x i s t i n g  . . generating units could be overhauled 

and upgraded. This option was not used, because the present s i z e  of equip- 
ment .is too small t o  ju s t i fy  this-expenditure i f  the other up,grading options 

a re  implemented. Therefore, new units were used a t  a l l  s i t e s  f o r  a l l  devel- 
opment a1 te rna t i  ves . 

Discharge 

Optimum exploitation of the:  avai lable '  hydraul i c  resources i s  not obtained 
from the exis t ing f ac i l i t i e s - .  This investigation assumed t h a t  l a rge r  

instal  led capaci t ies  would be. provided tha t  could use the discharge equal 1 ed 
or  exceeded 90 percent of the time. 

D. Concrete Structures 

The condition of the exposed concrete f o r  a l l  features a t  a l l  s i t e s  pre- 
cludes leaving i t  as i t  i s  a t  present. Mass.concrete in a l l  dams will  be 
capped, and the added :concrete w i l l  beanchored t o  the o l d  s t ruc tures  and 
the foundation below. Most of the ' s t ruc tu ra l  concrete- in the forebays and 
intake --structures wi 11- have- t o  be' removed.=and iepl aced.. .This -is. due .not 
only. to  the concrete condition, b u t  a lso t o  the prac t ica l i ty  of capping 

these s t ructures  and the 1 imitations imposed on improving the '  hydraul i c  
efficiency of these features .  

. . 
E. Leakage 

Most-features.at a l l  s i t e s  leak to  some extent . .  Leakage will  be'eliminated , 

o r  reduced by 'grouti.ng and other seepage.contro1 measures.. The cavern and 

leakige at Deldens may require ipecial  treatment t o  make i t  water t ight .  



F. Hydraul i c  Efficiency 

Most forebays, and a1 1 intakes a re  hydraul ica i  ly ine f f i c i en t ,  and economical 

improvements can be eas i ly  obtained. These improvements will  be incorporated 

with the new s t ruc tura l  concrete mentioned above. Trash control will  also 
. . improve the hydraulic eff ic iency,  and t rash booms upstream of the dams will 

reduce the amount of t rash  reaching the trashracks.  

. G. Trashcontrol 

Trashrack rakes will  reduce. .or .  eliminate head losses due to  clogged trash- 
racks. Larger c l ea r  spacing than presently e x i s t s  @etween trashrack bars 
can be used with the proposed nek generating uni ts .  The hydraulically 
operated crest: ,gates permit s luicing some trash and ice t h a t  presently 

creates problems and head losses.  

H.  Spillway Gates 

Flashboards were considered f o r  upgrading options; however, hydraulically 
operated cres t  gates were adopted as a r e s u l t  of the -flood and-power-studies., 
Trash control improvements were a l so  considered in  gate select ion.  The 
adopted gates provide a .  means of obtaining be t t e r  51 ood. control and improv- 

i ng .power generati on. 

I .  Tai 1 race Excavation. 

The gradient of . the natural r ive r  bed downstream of the '  powerhouses' resul t s  

in  the loss of several f e e t  of head in  a re la t ive ly  short  distance fo r  nor-, 
ma1 turbine disch.arge. This loss  can be eliminated by excavating a new t a i l -  
rake channel , which needs t o  b e  only wide enough to  accommodate the turbine 
dischege.  Only a minor amount of t a i l r a c e  excavation i s  required, b u t  

adequate  precautions a re  necessary to  ensure tha t  downstream areas a re  not 

harmed by th i s  operation. . 



Flood discharges w i l l  continue t o  f low i n  the f u l l  creek channel. Heads 

dur ing f loods w i l l  be about the same as dur ing o ther  periods, because the 

headwater and t a i l w a t e r  w i l l  tend t o  r i s e  by about the same amount. Un i t  

output  can be maintained a t  i t s  ra ted  capac i ty  duri,ng f loods by .discharging 

I -. - s u f f i c i e n t  f l ow  through the t u rb i ne  t o  o f f s e t  any head d i f f e r e n t i a l  t h a t  may 

occur from unequal r i s e s  i n  headwater and t a i l w a t e r  leve ls .  

J. Transmission Line 

The transmission 1 i ne changes requ i red f o r  increased capaci ty were consid- 

ered i n  formula t ing development a l t e rna t i ves .  The eva luat ion o f  the l i n e  

losses discussed i n  Paragraph 2.3E shows t h a t  l a r g e r  conductors are  j u s t i -  

f i e d  f o r  the present capaci ty.  Larger capac i t i es  than present ly  produced 

w i  11 be t ransmi t ted upon completion o f  the improvements ; and accordingly, 

transmission l i n e  improvements have been incorporated as a p a r t  o f  a l l  

development a l t e rna t i ves .  

3.4 BASIC INPUT DATA 

A. Hydrologic Data and Power Studies 

,Long-term streamflow records i n  O t t e r  Creek bas in  have been compiled by the 

U.S. Geolpgical Survey f o r  East Creek a t  Rutland, o t t e r  Creek a t  Center 

Rutland, and O t te r  Creek a t  Middlebury. These records were ava i lab le  and 

used . f o r  f l ood  and-power generation studies.  Those-.studies are  presented 

and discussed i n  Appendix C. 

B. Geotechnical Data 

Geotechnical data f o r  a l l  th ree s i t e s  were obtained by f i e l d  reconnaissance 
- o f  the s i t e s  and from three d r i l l  holes a t  Huntington Fa1l.s; The r e s u l t s  

of the geotechnical reconnaissance and bor ing  1pgs.are contained i n  Appen- 

d i x  D, and the l oca t i on  o f  the d r i l l  ho les .a re  shown on Exh ib i t s  A-1 and 

A-3 i n  Appendix A. . . 
. . 



C. Appraisal of Existing Faci 1 i t i e s  

The condition of the exis t ing faci  1 i t i e s  was appraised by f i e l d  inspections. 

The resu l t s  of those appraisals a re  contained in  Chapter 2 .  

D. Topography 

Field topographic surveys were made fo r  Center Rutland and Huntington Fal l s ,  

including three r iver  cross-sections upstream and three downstream of both 

dams. Thc USGS topogr-aply wds en1 arged ai ld used f o r  .Be1 dens. 

E .  Drawings and Reports 

Drawings prepared in  1909, 1929, and 1940 were avai lable  and used in per- 

forming t h i s  investigation and fo r  locating the exis t ing f a c i l i t i e s .  Two 

reports,  one published i n  1929 and the other in 1940, were reviewed; and 

pertinent data from them were used. 

3.5 TECHNICAL CONSIDERATIONS 

A. ' Structure Soundness 

The s t ructures  a re  basically sound, despi te  deter iorat ion of the exposed 

concrete surfaces,  and appcar t o  be in no dhrlyer o f  lmed ia t e  fa i lure .  

However: the concrete surfaces have deteriorated t o  a point where they 

must be protected from fur ther  deter iorat ion.  The .thinner s t ructural  con- 

c re te  members probably wi 11 have to  ' be ent i  re ly removed and rep1 aced, but 

much of the mass concrete in  the dams can be used by providing sound con- 

' c r e t e  capping. 



B. Generating Units and Powerhouses 

The main factors  considered in select ing the generating units and power- 

houses are as follows : 

a Provide turbine-generator uni ts  t ha t  a re  best suited to  low- 
head, run-of-river in s t a l l a t ions ,  consistent with economy. 

a Use predesigned uni ts  t o  obta'in maximum economy. 

a Locate and align s t ructures  t o  minimize excavation and the 
corresponding concrete, consistent with operating requirements 
and foundation cenditiorli. 

Provide adequate freeboard to  prevent overtopping. 

Four types of generating units were considered;including the vert ical  

shaf t  propeller, bulb, tube, and rim . . generator types. The project layouts 

contained in Appendix A were prepared f o r  the tube type uni ts .  

Three units were adopted i n i t i a l l y  a t  a l l  s i t e s ,  because they would provide 

maximum f l e x i b i l i t y  of operation and .permit minimum .plant outage. The 

same instal led capacity using two uni ts  and one uni t  were a l so  investigated. 

Finally, i n s t a l l a t ion  .of two uni ts  of the same uni t  s i ze  as the three-unit  

instal la t ion was analyzed t o  ascertain the e f f e c t  of a smaller ins ta l led  

capacity. These.variations in the s i ze  and number of units do not have a 

d i rec t  influence on the formulation of the a l te rna t ives ,  but do exer t  an 

influence on the economics and .selection.of an a.lternative fo r  implementation. 

C.  Spillway Gates and Hoists 

After consideration of the fo l l  owing fac tors ,  hydraulically. operated c r e s t  
gates were selected i n  l i eu  of flashboards: 

a F l  nod requirements , 

a Ice and t rash  problems. 

a Means, of discharging ice  f loes  and t rash.  



8 Positive control for  flood discharge. 

e Immediate return to  f u l l  reservoir level as soon as flood danger 
ceases, so tha t  maximum energy production can be obtained. 

D. Inflow Desian Flood 

1. Selection - The peak inflow selected f o r  spillway design was based 

on data contained i n  the U.S..Army Corps of Engineers' publication en t i t l ed  

"Recommended Guidelines f o r  Safety Inspection of Dams". These guidelines 

a re  not en t i r e ly  applicable in t h i s  case,  because they primarily a re  based 

on the downstream property 'damage and loss  of l i f e  tha t  would r e su l t  from a 

dam fa i lure .  Even though dam f a i l u r e  and downstream damage cannot be 

en t i r e ly  excluded, the discharge charac ter i s t ics  and channel properties of 

Otter  Creek a re  more l ike ly  to  cause upstream flooding and accompanying 

damage than they a r e  t o  cause a dam fa i lu re .  The reservoir volumes are  

re la t ive ly  small, and t h e i r  contribution in reducing flood peak flow would 

not be s ignif icant .  However, the Corps of Engineers' guidelines provide a 

basis for  design tha t  i s  not otherwise available.  Accordingly, the range 

of the inflow spillway design was between the 100-year and one-half prob- 

able maximum flood for  a l l  s i t e s .  The flood with a 500-year recurrence 

interval was selected for  analysis a t  Center Rut1 and, Be1 dens, and Hunting- 

ton Fa1 1s with the reservoir a t  :El. 218..0. -One-half the probable maximum 

flood was selected for  the two higher Huntington Falls reservoir levels .  

The 500-year, a t - s ta t ion  discharge of expected was computed by 
the USGS to  be 18,782,and 14,711 cubic f e e t  per second a t  Center Qltland and . . 
  el dens (Middlebury gage), respectively. '  No s imilar  discharge was computed 

by USGS for  Huntington Fal ls ,  because they have no . gage . a t  t ha t  s i t e .  

2 . '  ~Center'Rutland'and'Beldens - The 500-year flood cannot be di.s- 

cha,rged a t  Center Rutland and Beldens without almost completely replacing 

the existing concrete dams with, gated s t ructures  or  permitti]ng the reser- 

voi rs t o  surcharge. Therefore, reasonable and various sized, gates were 

assumed; and the water levels were computed f o r  d i f fe rent  discharges up to  

the 500-year flood level .  Spillway c r e s t  lengths were e i the r  those exis t ing 



o r  those proposed f o r  the  improved condit ions.  A discharge coe f f i c i en t  of 
2.62 was used f o r  ex i s t ing  condit ions and 3.3 f o r  t he  improved condit ions.  

The resu l t ing  surcharges were lower f o r  the  improved condit ions than they 

were f o r  t he  ex i s t ing  condit ions.  The r e s u l t s  of the  analysis  a r e  shown in  

Table 3-4. 

TABLE 3-4 

CENTER RUTLAND AND BELDENS 

COMPARISON OF FLOOD STAGES 

IMPROVED AND E X I S  I ING CONDITIONS 

Exi s ti  ng 
Improved Conditions Conditions 

Gate Surcharged 
Discharge Height Head Reservoir Head Reservoir 

S i t e  ( c f s )  ( f t )  ( f t )  Elevation ( f t )  Elevation 

Center Rut1 and 4,462 '4.0 4.0 509IO 4.6 509.4 
CenterRutland 18,782* 4.0 10.4 515.4 11.9 516.7 
Bel.dens 3,468 5.0 5.0 284.0 5.8 286.3 
Be1 dens 14,711* 5.0 13.1 292.1 15.3 295.8 

- .  

T h e  data  f o r  ex i s t ing  cond,i.tions .. . were obtained from ava i lab le  records and . . 

a r e  shown i n  Table 3-2. The data f o r  the  improved condit ions a r e  f o r  the  

ga te  s i ze s  and.spil lway lengths shown on Exhibits  A-5, A-6, and A-7. 

3. Huntington Fa l l s  - This i s  a l a rge r  s t r u c t u r e  than e i t h e r  Center 

Rutland o r  Beldens f o r  normal rese rvo i r  water surfaces  of El. 241.0 and 

El. 230.0, and a correspondingly more severe design flood i s  j u s t i f i a b l e .  

Therefore, t he  i n f . 1 0 ~  design flood was based on t he  maximum probable f lood,  

which i s  estimated t o  be 174,000 cubic f e e t  per second and i s  d i scussed , in  

~ p p e n d i x  C. A spi,llway design o u t f 1 . 0 ~  of 70,000 cubic f e e t  per second was 

adopted f o r  these two higher normal rese rvo i r  water sur face  e levat ions .  

The adopted outflow design discharge i s  about 40 percent of the  probable 



maximum flood inflow and will  generally be adequate f o r  one-half probable 

maximum inf.low, i f  upstream storage e f fec t s  are considered. 

The adopted spillway design c r i t e r i a  do not require the application of the 

maximum probable flood conditions t o  a low dam w i t h  normal reservoir water 

level a t  El. 218.0, and insuf f ic ien t  flood data were avai lable  to  prepare a 

re l iab le  flood frequency analysis.  Therefore, i t  was considered expedient 

t o  analyze the surcharge elevations fo r  various spillway discharge capaci t ies  

rather  t h a n  to  design f o r  one spec i f ic  capacity. Computations fo r  the ex i s t -  

ing conditions were made f o r  discharges u p  t o  the 70,000 cubic f e e t  per 

second used fo r  the two higher dams. 

The discharge coeff ic ients  used fo r  Center Rutland and Beldens were a l so  

used for  Huntington Fal ls ,  and the same general procedures were followed. 

The data for  the exis t ing conditions are  the same as shown in Table 3-2. 

Corresponding data f o r  the improved conditions a re  f o r  the gate s izes  and 

spillway lengths shown on Exhibits A - 1  through A-4, inclu'sive. The r e su l t s  

of these analyses are  shown in Table 3-5. 

4. Effects on Development Alternatives - The development a l te rna t ives  

were formulated pr ior  to  the completion of flood s tudies  ; and consequently, 

they,exercised no influence on tha t  aspect of the work. However, i t  was 

known a t  the time the a l te rna t ives  were sele-cted t h a t  floods would play an 
. . .. 

important role  in the a1 ternat ive tha t .  i s  f ina l  ly  recommended fo r  implementa- 

t ion. The flood studies a l so  influenced the -replacement of flashboards by 

hydraulically operated c r e s t  gates. 

E .  . Geotechnical 

Geoloqical, c ~ n d i t i o n s  appear t o  be favdrable a t  a l l  s i t c s  despite the  pres- 
.ence of the solution cave.rn a t  Beldens and minor leakage -a t  other s i t e s .  

Most .excavation will  be in  rock, which can be stockpiled fo r  use in  the 

cofferdams. Rock excavation wi 11 require blasting. . 



TABLE 3-5 

COMPARISON OF FLOOD DISCHARGES 

IMPROVED AND EXISTING CONDITIONS 

Improved Exi  s t  i ng 
- Reservoi r  Co~d-i t l o n s  Cond i t ions  

Water S u r f  ace Head D i  scharqe Head ~i scharqe 
E l  evat i on ( f t )  ( c f s ) -  ( f t )  ( c f s ) -  Remarks 

NORMAL RESERVOIR EL'. 218.0 

218.0 5.0 8,855 2.2 1,496 

225.0 12.0 32,922 9.2 12,794 Br idge l e v e l  

232.9 19.9 70,308 17.1 32,421 

NORMAL RESERVOIR EL. 230.0 

230.0 12.0 34,294 14.2 24,534 

237.3 19.3 69,950 21.5 45,708 Design Q 

244.4 26.4 111,907 28.6 . 70,130 

NORMAL RESERVOIR EL. 241.0 

241 .O 12.0 34,294 25.2 58,002 

248.3 19.3 70,000 32.5 84,950 Design Q 

256.5* 27.5 118,974 4Q.7 119,050 

* Surcharged r e s e r v o i r  l e v e l  where d ischarge i s  approximately t h e  same 
f o r  e x i s t i n g  and improved cond i t ions .  



3.6 COMPARISON OF ALTERNATIVES 

A.  General 

A d i r ec t  comparison o f .  the four development a l te rna t ives  shown i n  Table 3-1 

was not made because of the many variables used i n  t h i s  analysis.  These 

variables include the s i z e  and number of u n i t s ,  to ta l  instal led capacity, 

reservoir water surface leve ls ,  escalation r a t e s ,  discount r a t e s ,  i n t e re s t  

ra tes ,  and the length of the applicable analysis periods. The analyses were 

made fo r  individual s i t e s  fo r  each of the variables;  and the resu l t s  were 
compared as a basis fo r  select ing the most favorable combination, even though 
the components a re  not the same as l i s t e d  in any s ingle  al ternat ive.  

B. Capaci ty  and Energy 

The de ta i l s  of the power s tudies  a re  presented i n  Appendix C and are  summar- 
ized below. Table C-6 of Appendix C shows the capacity and energy produced a t  
each of the three s i t e s  f o r . t h e  'four development al ternat ives  shown i n  

Table 3-1. Table 3-6 shows the resu l t s  of the power studies for  three d i f f e r -  
en t  heads and .four d i f fe rent  . .un i t -  combinations a t  a l l  s i t e s .  In addition, 
the .table shows the percent of time tha t  each component would operate during 
an average year ( %  Time Operable), the percentage of the maximum energy output 
for  the . three heads and .four ins ta l  led -capac.i t i e s  - (% Rating-.@--Fixed. Head), and 
a s imilar  percentage f o r  the s i t e  . (% of Maximum o u t p u t ) .  The capaci t ies  shown 

in the table a,re theoretical and, therefore,  a re  not the actual capaci t ies  
tha t  will have t o  be instal led.  

The resu l t s  i n  Table 3-6 show t h a t  one large u n i t  of the same capacity as 

three small u n i t s .  can operate only about 51 t o  53 percent of the time and 
wlll produce only about 81 t o  82 percent of the energy. therefore,  consider- 

ation of one large u n i t  was eliminated without fur ther  investilgation. The 

tabulated resu l t s  a l so  show tha t  two small uni ts  of the same u n i t  capacity 

as the three-unit ins ta l la t ions  would be able t o  operate the same amount of 
time as the three uni ts  and generate about 87 t o  88 percent of the energy. 



TABLE 3-6 

SUMMARY OF POWER STUDY RESULTS 

IMPROVED CONDITIONS 

Reservoir Net . . - - - . - 
Water Surface Head Applicable No. o f  

' Plant  Elevation ( f t l  (ft) Al ternat ive  Units 

Center .Rutland 514 35 I1 6 IV 3 
2 

1 

i! 

509 30 111 3 
2 

1' 

2 

507 28 . I 3 

2 

1 

2 

Beldens S i t e  284 51 IV 

43 I 6 I 1 1  

U n i t  . 
Capacity 
0 

960 

1,440 

2,880 

YbU 

800 

1,200 

2,400 

800 

770 

1,155 

2,310 

770 

Ins ta l  l e d  
Capacl t y  
0 

Output' 
JkWhr /~r )  

X Time 
Operable 

I Rating 
@ Fixed 

Head 

100.0 

97.2 

81.2 

81 .ti 
100.0 

97.4 

82.0 

.87.6 

100.0 

97.3 

81.5 . 

87.8 

l00.0 

96.0 

80.5 

88.1 

100.0 

96.4 . 
80.7 

87.2 

100.0 

96.7 

81.1 

87.0 

100.0 

96.5 

81.1 

87.0 . 

100.0 

96.6 

81.0 

86.8 

100.0 

97.5 

81.0 

86.9 

X o f  Maximum 
Output 

100.0 

97.2 

81.2 . 

111.8 

85.5 

83.3 

70.1 

74.9 

80.6 

78.4 

65.7 

70.8 

100.0 

96.0 

80.5 

88.1 

85.3 

82.2 

68.8 

74.4 

,79.1 

76.5 

64.2 

68.8 

100.0 
. 96.5 

81.1 

87.0 

82.1 

79.3 

66.5 

71.3 

62.0 

60.5 

50.2 

53.9 

Gross energy generated a t  powerhouses. 



These percentages influenced the degree of importance placed on total  

ins ta l led  capacity in selecting a development a l te rna t ive  for  implementation. 

The table also shows similar percentages for  two larger  units of the same 

to ta l  capacity as the three smaller uni ts .  The two larger  units would 0pe.r.- 

a t e  from, about 83 t o  88 percent of the time tha t  three smaller units would 

and would produce from about 96 t o  97 percent of the energy. 

Three units a t  Center Rutland resulted i n  re la t ive ly  small capacity equipment. 

Two small units of the same u n i t  capacity as the three small units would pro- 

duce only about 88 percent of the energy generated by the three uni ts ;  whereas, 
two larger  units of the same to ta l  capacity as the three units would produce 
more than 97 percent of the energy produced by the three uni ts .  Therefore, 
three small u n i t s  were eliminated from further  consideration. 

Further investigations 'of the 1 and elevations and urbanization upstream of 
Center Rut1 and and the resul ts of flood studies disclosed tha t  the . reservoi r 
water surface should be no higher than El. 509.0. Therefore, fur ther  invest i -  
gations a t  this s i t e  were reduced t o  a two-unit . instal la t ion and one reservoir 
1 eve1 . There was not enough suff icient1 y accurate topographic data avai 1 able 
f o r  Beldens t o  permit making a sound estimate of the head tha t  could be 
gained by excavating . the t a i l r ace  o r  of the volume of excavation tha t  would 
be required. - Therefore, the t a i l r a c e  water --surface was .assumed t o  be a t  
El. 241.0 and resulted in using only one head fo r  fur ther  consideration a t  
tha t  s i t e .  

C. Development Components f o r  Further Consideration 

The elimination procedure discussed i n  the preceding paragraphs reduced the 
number of development components .to the nine shown i n  Table 3-7. 

D. C a ~ i  t a l  ' Costs 

1. Quantity Estimates - Quantity.estimates'were prepared for  the nine 
components l i s t ed  i n  Table 3-7:  The re su l t s  of t h e  detailed estimates a re .  

. . . . . . .  



TABLE 3-7 

DEVELOPMENT COMPONENTS SELECTION DATA 
IMPROVED CONDITIONS 

Reservoir Instal led 
Water Surface Head No. of. Capacity Identification 

Project Site Elevation (ftl Units (kW) Symbol* 

Center Rut1 and 509.0 30.0 2 . 2,400 CR/2-2.4-509 

Beldens ' 284.0' . 40.0 3 6,300 BEL/3-6.3-284 

, 284.0 40.0 2 4,200' BEL/2-4.2-284 

Huntington Fa1 1 s 241.0 60.5 3 11,100 HF/3-11.1-241 

230.0 49.5 3 9,300 HF/3-9.3-230 

218.0 37.5 3 6,900 HF/3-6.9-218 

* Used subsequently for all identification.. 



shown i n  Appendix B. Quantity estimates a re  based on takeoffs from Exhi - 
b i t s  A - 1  through A-7 contained in  Appendix A and are  t o  an accuracy consis- 

t en t  with the present level of investigation. In a few cases, some previously 

computed quantit ies fo r  one project poss ib i l i ty  were adjusted to  obtain cor- 
responding quant i t ies  f o r  another, especial ly  a t  Huntington Falls and, t o  a 

.- 
. l esser  extent,  Beldens. Some quant i t ies  remained constant fo r  the various 

poss ib i l i t ies  being investigated and accordingly were transposed d i r ec t ly  
from one to  another. Land acquisit ion and land r ights  were based on reser-  
voir  area-capacity curves and the reconnaissance of the areas involved. The 

quant i t ies  estimated fo r  some minor items were subsequently combined in to  a 

lump sum amount f o r  the cost estimate. A few quant i t ies  were estimated from 
experience and other standard estimating practices fo r  f e a s i b i l i t y  investiga- 
t i  ons. 

2. Unit Prices and U n i t  Costs - The uni t  prices applied t o  the quantity 

estimates are  based on recently obtained data f o r  s imilar  construction proj- 
ec ts  and have been adjusted f o r  the pr ice d i f f e ren t i a l  between t h e i r  location 

. . and the study area. Some unit prices were influenced by recent bids f o r  simi- 

l a r  construction work. U n i t  prices a re  considered t o  be current prices as  of 

the end of 1978. The ef fec ts  -of escalat ion a re  not included i n  u n i t  p r ices ,  
bu t  a re  appropriately considered i n  other  par ts  of the work. 

The costs of turbines,  governors, and .generators were.- based-.on data obtained 
from equipment suppl iers ,  both f o r  these ins t a l l a t ions  and-others. These 

costs  assume' the use of pre-engineered package uni ts .  The spread between the  

available cost data was small; and therefore,  these costs a re  believed t o  be 
accurate . 

The cost of spillway c r e s t  gates was primarily based on a recently received 
bid f o r  simil'ar gates and on a computation of gate weight and the correspond- 
ing cost per ton of these type gates. Several assumptions.were made i n  e s t i -  

mating both the gate weights'and the u n i t  prices of the gates. 



a . . 
The cost  o f  a u x i l i a r y  e l e c t r i c a l  and mechanical equipment was ca lcu la ted by 

esti.mating the costs o f  the i nd i v i dua l  a u x i l i a r i e s  required and combining 

the r e s u l t i n g  values i n t o  a lump sum amount. This represents a minor cost  

f o r  these i n s t a l l a t i o n s ,  and extreme ref inement i s  considered unnecessary. 

The transmission l i n e  costs f o r  Huntington Fa l l s  and Beldens were estimated 

together; and a p o r t i o n  o f  the t o t a l  was a l loca ted  t o  each s i t e ,  based on ttie 

capaci ty t ransmi t ted and the t ransmission distance. The amount a l loca ted  t o  

Beldens was assumed t o  be the same f o r  both t he . t h ree -un i t  and two-uni t  
- improvements considered f o r  t h a t  s i t e ,  and a l l  cost  va r ia t ions  were charged 

against  Huntington Fa l l s .  Very l i t t l e  change i n  the transmission l i n e  i s  

an t i c ipa ted  f o r  Center Rutland, and on ly  a s.mall lump sum amount was included 

f o r  t h i s  work i n  the estimate. The resu l ts -  o f  an analysis o f  transmission 

l i n e  vol tage are contained i n  Paragraph 3.6D6. 

Land acqu i s i t i on  and land r i g h t  costs a re  based on p reva i l i ng  land ra tes  i n  

the area. The cos t  used f o r  developed land  i s  c lose t o  recent s e l l i n g  pr ices 

f o r  the type o f  f a c i l i t y  involved. P r a c t i c a l l y  no land a c q u i s i t i o n  i s  

required f o r  Beldens and Center Rutland; however, small lump sum amounts have 

been included f o r  both s i t e s .  

3. Contingency - A contingency o f  approximate1.y 15 percent was added t o .  

the .construct ion costs shown .as "Subtotal " on page 4 o f  each o f  the.  estimates 

i n  Appendix B. This contingency i s  considered s u f f i c i e n t ,  because the generat- 

i n g  equipment costs are considered, to be accurate and c o n s t i t u t e  between 20 

and 36 percent o f  the t o t a l  capi ta1, investment.  The c r e s t  gates and operators 

costs are a lso considered t o  be accurate and cons t i t u t e  between about 7 and 

11 percent of the t o t a l  c a p i t a l  investment. 

4. Engineering and Admin is t ra t ion - The cost  o f  engineering and admin- 

i s t r a t i o n  was computed as approximately 10 percent o f . t h e  l i n e  shown as TOTAL 

on page 4 o f  the quan t i t y  and. cos t  est imates i n  Appendix B. . These costs are 

intended t o  cover the fees f o r  consu l t i ng  engineering serv ices,  i nc lud ing  

const ruct ion supervision. 



5. In teres t  ~ u r i  n g  Construction - In teres t  during construction was com- 

puted a t  a ra te  of 10 percent per annum. The amount of in t e re s t  shown i s  

based on a s t r a igh t  l i n e  drawdown and assumes 24 months to  construct Hunting- 

ton Fa1 1 s fo r  a normal reservoir water surface a t  El. 241.0 and 19 months for  
a l l  other project developments. In te res t  during construction was computed on 

the total  cost ,  including engineering and administration, because i t  was 
assumed tha t  the money f o r  'al l  costs would have t o  be borrowed. 

6. Transmission Voltage - A present worth analysis was made comparing 

46-kV w i t h  6 9 - k ~  transmission voltwe. The fol  lowing assumptions were used 
i n  the analysis and a re  basically the same as those used fo r  the analysis of 
the existing transmission l ine :  

Present energy cost per kwh 

Transformer eff ic iency 

Line length 
Power fac tor  

In teres t  r a t e  
Analysis period 
Energy cos t  escal a t i  on . ra te  
Conductor materi a1 

= 25 mills 
= 98.5% 

= 26 miles 
= 0.8 

= 10% 
= 30 years 
= 7% 

= A1 uminum 

The load factors  used a re  those applicable t o  each ins ta l led  capacity. The 

analysis assumed t h a t  new conductors .would be ins ta l led  on the exis t ing poles 

and towers and t h a t  no additional right-of-way would be required. T h i s  analy- 

sis was made pr ior  t o  f ina l  selection of a l l  ins ta l led  capaci t ies ;  and conse-. . 

. quently, some l i s t e d  va-Jues are  not identic'al t o  those adopted. The r e su l t s  
a r e  shown on Table 3-8. 

. . 

7 .  'Total Capital Investment - The to t a l  capital .  investment a t  the time 
the projects become operational was computed .using the c r i t e r i a  descri bed 
above.   he' costs a r e  shown i n  de ta i l  in Appendix B and are  summarized i n  

Table 3-9. 



TABLE 3-8 

RESULTS OF, TRANSMISSION VOLTAGE ANALYSIS 

HUNTINGTON FALLS AND BELDENS TO FLORENCE 

IMPROVED CONDITIONS 

. . 

Present Worth o f  Costs ( $  x 10 3)  

69 KV 46 KV 
I n s t a l  1 ed Capac i ty  Con- 

(MW)* L i n e  Trans- L i n e  Con- duc t  o r  L i n e  Con- 
I HF + BEL = T o t a l  S i ze  fo rmer  Loss d u c t o r  T o t a l  S! ze Loss duc t  o r  To t  a1 - 
N 

W 
I 

* I n s t a l l e d  c a p a c i t i e s  a re  those  i n v e s t i g a t e d  and a re  no t  e n t i r e l y  i d e n t i c a l  t o  t hose  f i n a l l y  adqpted. 03 



TABLE 3-9 

SUMMARY OF INVESTMENT COSTS AND COSTS PER INSTALLED KILOWATT ( 8 )  
IMPROVED CONDITIONS 

Cost Item 

Generat i ng Equi pment 
Other Construction Cost 
Subtotal  
Cant 1 ngency 
Total Construction Costs 
Engineering and Administrat ion 
I n t e r e s t  during Construct ion 
Total Capital  Investment 
Cost per Ins ta l  1 ed K i  1 owatt 

Cost Item 

Generating Equipment . 
Other Construction Costs 
Subtotal  
Contingency 
Total  Construction Costs 
.Engi neeri ng and Admi ni s t r a t i  on 
I n t e r e s t  during Construct ion 
Total  Capital  Investment 
Cost per I n s t a l  1 ed K i  1 owatt 

Cost Item 

Generat i ng Equi pment 
Other -Constructi,on Costs 
Subtotal  
Contingency 

. Total  Construction Costs 
Engineering and Admi ni s t r a t i  on 
I n t e r e s t  during Construct ion 
Total  Capital  Investment 
Cost per Ins ta l  1 ed K i  1 owatt 



E .  Project Selection 

1. 'General - An economic evaluation of the project poss ib i l i t ies  shown 

in Table 3;7 was made t o  ascertain the best' of the nine. This procedure per- 

mitted formulating the plan f o r  an optimum or  near optimum development a l t e r -  

native. The evaluation for  the selected development was subsequently fur ther  

refined and i s  discussed i n  Chapter 4. The evaluation used a standard com- 

puter program tha.t i s  based on the present worth of costs and benefits and 
computes the applicable benefit /cost r a t i o  for  six 'discount rates  and the 
, internal ' iate of return for each combination of variables. The basic v a r i -  

ables included the project cos ts ,  escalation ra t e s ,  and economic analysis 

period. These are discussed fur ther  in the following paragraphs. 

2. Project Costs - The project costs  consist  of the capital  investment, 
operation and maintenance, and a replacement reserve, where required when the 

analysis period exceeds,the useful l i f e  of parts of the projects. A residual 

or  salvage value was used where appl icabl e. 

3 .  Escalation - Escalation ra t e s  of 3 ,  5,  and 7 percent were applied to  
al l .  costs  and benefits.  No case was analyzed fo r  zero escalation because i t  

i s  considered t o  be unrea l i s t ic .  Seven percent maximum escalation was 

selected to  conform t o  the government's request f o r  such a voluntary 1:imit. 
All costs  and benefits were escalated a t  the appropriate rates  for  the f i r s t  
ha1 f of the economi c analysis period and were then he1 d.. constant f o r  the 
second ha1 f .of the period. 

4. Analysis Periods - Analysis periods of 35, 40, and 50 years were 
investigated. The shorter  period was selected because . i t  corresponds. t o  the 
minimum useful, l i f e  of some major parts  of the projects ,  primari ly  the tur- 
bines. The maximum period was selected because i t  represents an acceptab1.e 
standard for  hydroelectric projects.  The 40-year period was selected t o  

determine the ef fec ts  of an intermediate time on project economics. 



5. Discount Rates - 'Six discount ra tes  a re  a standard feature of the 

computer program used fo r  t h i s  analysis.  Discount rates  from 6 through 11 

percent were used,, a1 though the program could have.used other ra tes .  

6. Useful Life - The useful l i f e  of project  features and parts gener- 
a l l y  follows the depreciation guidelines and rules  of the U.S. Treasury 

Department, Internal Revenue Service. Features o r  parts of the work having 

s l igh t ly  d i f fe rent ,  b u t  approximately the same, useful l i f e  were grouped 

together and assumed t o  have the same useful l i f e  t o  simplify calculations.  

7. Residual Value - The residual value of a l l  project fea tures  o r  par ts  

was included in the evaluation i n  conformity w i t h  the individual useful l i f e  
of each and the economic analysis period under investigation. Residual values 

included the e f fec ts  of escalation previously discussed. This was done by 
determining the residual value based on present-day costs  and-then escalat ing 

tha t  amount appropriately. .The present worth of the escalated value was deter- 
mined as the single-payment present worth amount, i f  i t  were made a t  the end 
of the economic analysis period. 

8. Replacement Reserve - A replacement reserve was included by providing 
a sinking fund for  items having a useful . l i f e  l e s s  than the analysis period. 
T h i s  reserve i s  not required fo r  the 35-year analysis period because a l l  
features or  parts-were assumed t o  have a, useful l i f e  of a t  l eas t  tha t ' long .  

Replacement reserve was provided f o r  the 40- and 50-year analysis periods. 
The cos ts  of the replaceable items were ascertained using present-day values. 

These values were then escalated f o r  one-half the analysis period and tha t  
value was the assumed cost a t  the time the replacement had to  be made. The 
amount of the annual sinking fund  contribution was based on 35 years,  a t  which 
time replacements would be required., 

9. Operation and Maintenance - Annual operation and main'tenance costs  
were computed as 3 percent of the to t a l  capi tal  investment fo r  the f i r s t  year 

of operation. The f i r s t -year  costs 'then were escalated f o r  a1 1 subsequent 
years a t -  the appropriate ra tes  as done f o r  other  costs  and benefits. The 



3 percent value was selected a f t e r  analyzing several d i f ferent  means of 

estimating these costs and consists of the following approximate components: 

1.5 percent for  personnel and normal operation and maintenance 
a c t i v i t i e s .  

0.5 percent for  administrative and general expenses. 

1.0 percent f o r  a l l  other costs ,  including insurance; a l l  loca l ,  
s t a t e ,  and federal taxes; and miscellaneous and petty expenditures. 

1.0. Benefits - Benefits from the projects accrue because a l l  energy 
generated does not have t o  be purchased from an outside source. Therefore, 

the u n i t  benefit is  the r a t e  that.  an e lec t r ica l  u t i l i t y  would charge fo r  pro- 

viding the required capacity and energy. The u n i t  r a t e  was selected follow- 

i n g  an analysis of the cost  of energy purchases incurred by VMCO between 
March and November 1978. The costs consist  of an energy charge, demand or  

capacity charge, and.transmission charge. The l a t t e r  two charges are levied 

regardless of the amount of energy purchased, even i f  i t  i s  zero. ' Capacity 
charges varied between $2.50 and $3.86 per kilowatt; and transmission charges 
varied between $1.14 and $1.29 per kilowatt, based on a firm commitment of 
about 1,200 kilowatts out of which about 50 kilowatts were l o s t  i n  transmis- 

. . . sion. The -energy ra t e  varied -from about--15 t o  17 mil ls  .per kilowatt-hour. 

The weighted average of a1 1 three charges converted t o  a kilowatt-hour equi - 
valent resulted i n  adopting 25 mills for  the -un i t  cost  .of the net.energy pro- 

duced during .the f irst  year of operation. This r a t e  includes a1 lowances for  

capacity and transmission charges and was escalated the same as costs.  
.. . 

The gross energy produced by the nine:;projects under consideration a t  th i s '  
.stage of the investigation is  shown i n  Table 3-6. Transmission and other 

' losses  were.subtracted from gross generation i n  computing benefits. Gross 

generation, losses ,  net generation, and the value of the energy delivered t o  
the consumer are shown i n  Table 3-10.. 

A l l  energy generated by the proposed improved f a c i l i t i e s  was assumed t o  be a 
benefit  ar is ing from the improvements, and no reduction was made f o r  the 
energy .presently generated. This decision was based on the assumption tha t  

the exis t ing equipment is well past i t s  useful l i f e ,  and i t  may be only a 

3 - . 3 3  



TABLE 3-10 

. . 
IMPROVED CONDITIONS 

SUMMARY OF ENERGY PRODUCED AND VALUE 

- Gross Generat ion bosses ~ e t '  Generat: i nn *Val IJP n f  Ne t  
P r o j e c t  (kWhr/yr) (kWhr/yr) (kWhr/yr ) Generat ion ( $ / y r )  

* Value f o r  f i r s t  year  operat ion; subsequent years  escalated. 



matter of a re la t ive ly  short  time before the equipment will  have to  be 
en t i re ly  r e t i  red. Operation and maintenance costs  a lso will continue to  
<increase, while output will  continue to  decrease during the remaining period 

i n  which the exis t ing equipment can be kept operable.' 

F. Project Evaluation f o r  Selection 

1. General Considerations - An economic evaluation was made f o r  the 
nine projects l i s t e d  i n  Table 3-7, using the c r i t e r i a  discussed i n  the pre- 

ceding paragraphs. A t o t a l  of 81 variations were analyzed on the computer, 
and the benefit lcost r a t i o s  and internal ra tes  of return were determined. 
The resu l t s  of the evaluation a re  shown i n  Table 3-11 by .groupings under the 
three escalation r a t e s  previously discussed. Major project data f o r  the 
nine projects a re  shown i n  Table 3-12. 

The major resu l t  o f ' t h e . e v a 1 u a t i o n . i ~  t h a t  the improvement of Center Rutland 
as proposed i s  not economically feas ib le  fo r  any of the escalation r a t e s .  The 
benefit lcost r a t io s  and'internal ra tes  of return a re  so low for  t h i s  s i t e  tha t  

i t  appears questionable i f  any improvement concept can be made su f f i c i en t ly  
a t t r ac t ive  to  firmly es tab l i sh  favorable economic f e a s i b i l i t y .  These adverse 
resul ts  a re  primarily due t o  the li.mi ted discharge, which resu l t s  in r e l a t ive ly  
low energy production a t  t h i s  s i t e .  

Beldens i s  the most economically a t t r a c t i v e  of .the three s i t e s ,  and benefit /  
cos t  r a t io s  in excess o f  1.0 and reasonable ra tes  of return were obtained f o r  
a l l  escalation' ra tes .  The two-unit i n s t a l l a t ion  i s  more economical than the 
three-uni t instal  la t ion .  These r e su l t s  a re  primarily due - t o  the re la t ive ly  
low investment costs required t o  improve the s i t e  and maximum u t i l i za t ion  of 
the discharge avai lable  f o r  increased energy production. 

The three-unl t I n s t a l l  at1 on a t  Huntington Fa1 1 s f o r  a1 1 three reservoi r l eve1 s 

considered i s  not economically feas ib le  f o r  the 3 percent escalation r a t e  and 
i s  only marginally feas ib le  a t  the two higher e sca la t ion . r a t e s .  The two-unit 

ins ta l la t ion  i s  only marginally feas ib le  f o r  the 3 percent escalation r a t e ,  



TABLE 3-11 
Sheet 1 o f  3  

ECONOMIC EVALUATION FOR PROJECT SELECTION 

Proj ec t  Data*" 

3% Escalat ion* 

Discount Rate (%) and Benef i t /Cost  Ra t i o  
6 7 8 9 10 11 

I n t e r n a l  Rate 
o f  Return (%l 

-* Escalated a t  i nd ica ted  r a t e  f o r  f i r s t  h a l f  o f  ana lys is  per iod and re -  
t a i ned  constant f o r  second. ha l f .  

** HF/3-11.1-241-50 = Huntington Fa l l s13  u n i t s  - i n s t a l  l e d  capac i ty  (11.1 MW) 
- rese rvo i r  water surface e leva t ion  (El. 241.0) - ana lys is  pe r iod  (50 yrs) .  
HF = Huntington Fa l l s ;  BEL = Beldens; CR = Center Rutland: Typ ica l  f o r -  
a l l  entr ies.  



TABLE 3-11 
Sheet 2 o f  3 

ECONOMIC EVALUATION FOR PROJECT SELECTION 

5% Escal a t i  on* 

Discount  Rate (%) and Bene f i t ICos t  R a t i o  I n t e r n a l  Rate 
P ro j  e c t  Data** 6 7 8 9 . 10 11 - - -  o f  Return (%) 

* Escalated a t  i n d i c a t e d  r a t e  f o r  f i r s t  h a l f  .of ana lys i s  p e r i o d  and . re -  
t a i n e d  constant  f o r  second h a l f .  

** HF/3-11.1-241-50 = Hunt ing ton Fa1 l s / 3  u n i t s  - i n s t a l  l e d  capac i ty  (11.1 MW) 
- r e s e r v o i r  water  ' sur face e l e v a t i o n  (El. 241.0) - ana lys i s  pe r iod  (50 y r s ) .  
HF = Hunt ington F a l l s ;  BEL = Beldens; CR = Center 'Rutland; Typ ica l .  f o r  
a1 1 ent r ies .  



TABLE 3-11 
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ECONOMIC EVALUATION FOR PROJECT SELECTION 

Pro j  e c t  Data** 

. - HF'/3-1.1.1-241-50 
HF/3- 9.3-230-50 
HF/3- 6.9-218-50 
HF/3-11.1-241-40 
HF/3- 9.3-230-40 
HF/3- 6.9-218-40 
HF/3-l l . ' l -241-35 
HF/3- 9.3-230-35 
HF/3- 6.9-218-35 

7% Esca la t ion*  

Discount Rate (%) and Bene f i t ICos t  R a t i o  I n t e r n a l  Rate 
6 7 8 9 10 11 - - - - - -  o f  Return (%) 

* Escalated a t  i n d i c a t e d  r a t e  f o r  f i r s t  h a l f  o f  ana lys i s  pe r iod  and re -  
t a i n e d  constant  f o r  second ha l f . '  

** HF/3-11.1-241-50 = Hunt ington Fa1 l s / 3  u n i t s  - i n s t a l  l e d  capac i ty  (11.1 MW) 
- r e s e r v o i r  water sur face e l e v a t i o n  (El.  241.0) - a r ~ i i l y s i  s per;Sod I 5 O  yrs)* HF = Hunt ington F a l l s ;  BEL = Beldens; CR = Center Rutland. Typica f o r  
a l l  en t r ies .  



TABLE 3-12 
Sheet 1 o f  3  

SUMMARY OF MAJOR PROJECT DATA 
IMPROVED CONDITIONS 

Center Rut1 and Beldens 

P ro jec t  I d e n t i f i -  
c a t i o n  Symbol 

Normal Reservoi r 
E leva t ion  

Dam - 
Crest e levat ion 
Crest  length inc lud ing  

sp i l lway  ( f t )  

Spi 1  1  way 

Crest  e levat ion 
Crest  length ( f t )  
Gate height  ( f t )  

Flood Discharge 

Discharge 8 normal 
reservo i  r 1  eve'l ( c f  s  ) 

Maximum di.scharge ( c f s )  
Reservoi r e l  evat i on 8 

maximum discharge 
Design frequency o f  

maximum discharge 

Penstock 

Diameter ( f t )  
To ta l  length  ( f t )  
Number 

Powerhouse 

I n s t a l  1  ed capaci ty (kW) 
Un i t  capaci ty (kW) 
Number u n i t s  
Average annual 

energy (kwh) 
Net head ( f t  ) 
Normal t a i l w a t e r  

e leva t ion  

TOTAL - CAPITAL 
INVESTMENT ( 8 )  



TABLE 3-12 
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SUMMARY OF MAJOR PROJECT DATA 
IMPROVED CONDITIONS 

-.- Huntington F a l l s  

Pro jec t  I d e n t i f i -  
' c a t i on  Symbol 

Normal Reservoir 
E leva t ion  

Dam - 
Crest e leva t ion  . 250.0 
Crest  length  i nc l ud i ng  

sp i l lway  ( f t )  350 

Spi 11 way 

Crest e l  evat i on 
Crest length  ( f t )  
Gate height  ( f t )  

Flood Di  scharge 

  is charge @ normal 
reservo i  r 1  eve1 ( c f  s  ) 

Maximum. discharge ( c f s )  
Reservoi r e l  evat i on @ 

maximum discharge 
Design frequency o f  

maximum discharge 112 PMF 112 PMF 

Penstock -- 
Diameter ( f t )  . 
Tota l  length  ( f t )  
Number 

Powerhouse 

I n s t a l  l e d  capaci ty (kW) 11 ,100 . 9,300 6,900 , 

Un i t  capaci ty (kW) 3,700 3,100 , . ' 2,300 
Number u n i t s  3 3 3 
Average annual 

energy '(kwh) 37,525,000 ' '30,797,000 ' 23,275,000 
' Net head ( f t  ) 60.5 49.5 37.5 

Normal t a i  1  water. 
e l eva t i on  175.0 175.0 175.0 

TOTAL - CAPITAL 
INVESTMENT ($)  



TABLE 3-12 
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SUMMARY OF MAJOR PROJECT DATA 
IMPROVED CONDITIONS 

Huntington F a l l s  

Pro j  ec t  Iden t  i f i - 
ca t i on  Symbol 

Normal Reservoir 
- E 1 evat  i on 

Dam - 
Crest e levat ion 250.0 239.0 225.0 
Crest length  inc lud ing .  , 

sp i l lway  ( f t )  350 3 20 280 

Spi 1 1 way 

Crest  e leva t ion  229.0 218.0 213.0 
Crest length  ( f t )  250 250 240 
Gate height  ( f t )  12.0 12.0 5.0 

Flood Discharge 

Discharge @ normal 
reservoi  r l eve l  ( c f s )  34,294 34,294 8,855 

Maximum discharge ( c f s )  70,000 70,000 32,922 
Reservoi r e leva t ion  Q 

maximum discharge 248.3 237.3 225.0 
Desi gn .frequency o f  

maximum discharge 112 PMF 1/2 PMF - 
Penstock 

Diameter ( f t )  11.0 
Total  length  ( f t )  440 . . 

i Number 2 

Powerhouse 

Ins,tiil l ed. c a b c l  ty (kW) 9,4U0 6,200 4,600 
Un i t  capaci ty (kW) 3,700 3,100 2,300 
Number un.its ! 2 2 .  2 
Average annual 

energy (kwh) 32,631,000 26,740,000 20,225,000 
Net head (ft) 60.5 49.5 . 37.5 
Normal t a i  lwa te r  

e leva t ion  1.75.0 175.0 175.0 

TOTAL - CAPITAL 
INVESTMENT ($)  11,340,500 8,760,800 6,936,000 



but i s  better a t  the 5 and 7 percent r a t e s .  The benefit /cost ra t ios  and the 

internal rates of return are  consis tent ly  larger  fo r  normal reservoir El. 230.0 
than for  e i ther  of the other two leve ls .  These resu l t s  a re  influenced by the 

costs  of increasing the dam height t o  El. 241.0 and the generating equipment. 

2. Recommended Improvements. - Improvements t o  the Beldens s i t e ,  using 

. two 2,100'-kW .units w i t h  normal reservoir  water surface a t  El. 284.0, and to  

the Huntington Falls s i t e ,  using two 3,100-kW units with normal reservoir 

water surface a t  ' ~ 1 .  230.0, a re  recommended. This recommendation is  based on 
the beneflt/cost ra t l o s  ar~d .inter+r~al w t e s  o f  i.e.tiirn shown i n  Table 3-11. 
Select.ions based on only these two parameters do not always r e su l t  i n  the most 

economical project o r  projects and do not give an indication of the value of 
incremental costs  and benefits.  Net present value analyses are  used fo r  com- 

paring incremental costs and benefits f o r  projects or  combinations of projects.  
Therefore, net present value comparisons were made' fo r  some projects for  which 
the benefit/cost ra t ios  were near the same value and tha t  might be affected by 
t h i s  method of evaluation. In a l l  of the cases, the net present value analy- 
ses confirmed the selection made by benefit /cost r a t io s  and internal ra tes  of 
return.  The net present value analysis  f o r  the recommended development i s  
discussed i n  Paragraph 4.4; 

Improving Center Rutland should not .be en t i r e ly  eliminated from further  con- 
sideration, despite the -low economic feas i  bi 1 i ty  obtained by this study. I t  

should be given additional study t o  determine i f  any cost cutting measures 
a re  possible by available "tradeoffs".: Such means as not .providing a trash- 
rack rake,. retaining flashboards instead of i n s t a l l  ing cr.est gates,  not 

increasing the height of the dam, and s imilar  measures would reduce costs ,  
but would also .result  in foregoing some of the advantages of the proposed 
improvements. 
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CHAPTER 4 

RECOMMENDED DEVELOPMENT 

This chapter describes the Beldens and Huntington F a l l s  developments 

t h a t  were recommended f o r  cons t ruc t ion  i n  Chapter 3. It discusses addi-  

t i o n a l  economic and f i n a n c i a l  analyses made f o r  these two p ro jec ts ,  

the  proposed cons t ruc t ion  schedule, development costs,  assessment of 

environmental impacts, energy produced, and the  market f o r  the  energy 

generated. A summary o f  the  p r i n c i p a l  p r o j e c t  data i s  shown i n  Table 4-1. 

4.1 DESCRIPTION OF SELECTED PROJECTS 

A. Beldens 

1. General - The major mod i f i ca t ions  comprise improving both dams 

and sp i l lways and p rov id ing  e n t i r e l y  new power f a c i l i t i e s ,  i n c l ud i ng  

the  in take s t ruc tu re ,  penstocks, powerhouse s t ruc tu re ,  and generat ing 

equipment. The r e s e r v o i r  l e v e l  i s  r a i sed  from the e x i s t i n g  E l .  283.0 

t o  El .  284.0. The adopted layou t  i s  shown on E x h i b i t  A-8. 

The feature  l oca t i ons  are  genera l l y  the  same as f o r  the e x i s t i n g  cond i t ions.  

The pedestr ian suspension  bridge^ near ' t he  dam axes .are no t  i nd i ca ted  on 

the exhi b i t ,  bu t  they w i l l  be salvaged and used w i t h  the improved f a c i l  i t i e s .  

Access t o  the s i t e  i s  the same as p resen t l y  e x i s t s  p lus  a  minor extension 

t o  the new .powerhouse 1  ocat ion.  

2. Dam and Spi l lway Improvements -.The cond i t i on  o f  the  dam conc.rete 

i s  shown on Figure 2-3. The unsound'concrete w i l l  be removed t o  a  depth of 

about 1  f o o t  o r  u n t i l  ' sound ma te r i a l s  are  exposed. About 3  f e e t  of new 

concrete . is  . provided t o  form a  new dam sec t ion  o f  h igher hydraul i c 



TABLE 4-1 

SUMMARY OF MAJOR PROJECT DATA 

RECOMMENDED DEVELOPMENT 

Hunt ington F a l l s  
HF/2 - 6.2 - 230 

Be1 dens 
BEL/2 - 4.2 - 284 P r o j e c t  Ident  i f i c a t  i on Symbol 

Normal Reservoi r  E l  evat  i on 

Dam 

Crest e l  evat  i on 

Crest l e n g t h  i n c l u d i n g  
sp i l lway  ( f t )  

Sp i l lway  

Crest e l e v a t i o n  

Crest l e n g t h  ( f t )  

Gate height  ( f t )  

F l  ood Di scharae 

Discharge a t  normal reser -  
v o i r  l e v e l  ( c f s )  

Maximum discharge ( c f s )  

Reservoi r  e l  evat  i on a t  
maximum .di scharge 

Des.ign frequency o f  maximum 
..discharge 112 PMF 

, ... 
Penstock 

Diameter ( f t  ) 

Tota l  l eng th  ( f t )  . 

' Number 

Powerhouse 

I n s t a l  l e d  capac i t y  (kW) 4,200 

Un i t  capac i ty  (kW) 2,100 

Number u n i t s  2 

Average annual energy 
(kwh) 18,152,000 
Net head ( f t )  40.0 

Normal tad 1 water  e l  evat  i o n  241.0 
. _: -. 

TOTAL - CAPITAL INVESTMENT ($)  ' e ,  4,803,600 

4 - 2  



e f f i c i e n c y  than t h e  e x i s t i n g  s t r u c t u r e .  The new concrete i s  r e i n f o r c e d  

and anchored t o  t h e  e x i s t i n g  concrete and foundat ion.  The dam abutments 

are  a t  E l .  287.0. The c r e s t  lengths ,  i n c l u d i n g  t h e  sp i l lways ,  a re  approx i -  

mately  60 f e e t  each. 

Both sp i l lways  a r e  l o c a t e d  on t h e  dam w i t h  t h e i r  c r e s t s  a t  E l .  279.0. 

Each i s  47 f e e t  long,  which i s  the  same t o t a l  l e n g t h  as t h e  e x i s t i n g  s p i l l -  

ways. F ive- foo t -h igh  h y d r a u l i c a l l y  operated s p i l l w a y  c r e s t  gates are  pro-  

vided. They a re  f l o a t - c o n t r o l l e d  so t h a t  they  a r e  au tomat i ca l l y  lowered 

t o  t h e  f u l l  open p o s i t i o n  when overtopped by 1' f o o t .  They remain i n  t h e  

f u l l  open p o s i t i o n  u n t i l  t he  r e s e r v o i r  l e v e l  drops t o  E l .  283.0, o r  

1 f o o t  below normal l e v e l ,  a t  which t ime  they  a r e  au tomat i ca l l y  r a i s e d  t o  

the  f u l l  u p r i g h t  p o s i t i o n .  The gates are  shaped t o  approximate a standard 

ogee cres t ,  thereby p r o v i d i n g  maximum s p i  1 lway d ischarge e f f i c i e n c y .  

3. Generation F a c i l  i t i . e s  - The genera t ion  f a c i l i t i e s  c o n s i s t  o f  

the  i n t a k e  s t r u c t u r e ,  penstocks,..powerhouse, two tu rb ine-genera tor  u n i t s ,  

transformer, and accessory e l e c t r i c a l  and mechanical equipment. . The 

turb ine-generator  u n i t s  a re  i d e n t i c a l  and can opera te  independently o r  

i n  con junc t ion  w i t h  each o ther .  

Anew in take  s t r u c t u r e  i s  provided ad jacent  t o  t h e  r i g h t ,  o r  east,  abut- 

ment o f  t he  .east dam; and .the powerhouse .i.s r e l o c a t e d  t o  a s i t e  .on t h e  -east 

bank .downstream of t h e  east '  dam. Th is  r e l o c a t i o n  was made t o  e l  im inate  

the  90-degree waterway bend upstream o f  t h e  i n t a k e  and t o  improve h y d r a u l i c  

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

Trashracks a re  prov ided a t  t he  entrance t o  t h e  i n take ,  which i s  bel l -mouthed 

t o  minimize entrance losses.  The . t rashracks  a r e  cleaned by a t rashrack  

rake t h a t  i s  mounted on r a i l s  t h a t  extend f o r  t h e  e n t i r e  l e n g t h  o f  t h e  

i n t a k e  s t r u c t u r e  deck a t  E l .  287.0. The t rash rack  rake i s  e l e c t r i c a l l y  

operated, and a1 1 c lean ing  .can be performed by one opera tor .  

Separate i n t a k e  gates a re  prov ided f o r  each o f  t h e  two penstocks and are  

located near t h e ' e n t r a n c e  o f  t h e  i n t a k e  s t r u c t u r e .  They a re  r a i s e d  o r  



lowered by e l e c t r i c  motor-driven hoists located a t  El. 287.0 on the in- 

take s t ructure deck. 

Two 80-foot-long by 9.5-foot-diameter penstocks extend from jus t  down- 

stream of the intake gates t o  a but terf ly  valve a t  the upstream end of 

the turbine-generator uni t .  The penstocks a re  fabricated of 318-inch 

s t ee l  plate ,  which i s  the minimum allowable thickness fo r  handling a 

pipe of t h i s  diameter. 

The powerhouse is  located downstream of the intake s t ructure and con- 

t a ins  two 2,100-kW generating units.  The s t ruc ture  i s  45 f e e t  wide by 60 

f e e t  long; however., fur ther  consideration ihould be given to  the possible 

fu ture  expansion discussed in Paragraph 4.5. A crane i s  not provided, 

and erection and maintenance i s  performed by mobile equipment using the 

hatches provided in the roof. A parking and service area i s  provided 

on the eas t  s ide of the s t ructure where mobile equipment can operate and 

have access t o  the roof i f  required. This area and the area upstream of 

the. s t ructure a re  backfi 11 ed to  El . 259.0, one foot  below the roof eleva- 

t ion.  This level i s  above maximum tai lwater  elevation f o r  the spillway 

design flood and is  34 f e e t  above the foundation level .  

The generating equipment i s  a predesigned;self-contained, tube-type, 

package..unit and consis ts  of an i n l e t  v.al.ve, adjustable blade -turbine,  

speed increaser, generator; governing equipment., and associated switch- 

gear. The tube-type u n i t  i s  considered t o  be most applicable of those 

presently available f o r  t h i s  ins ta l la t ion .  

One three-phase transfo'rmer i s  located inside the pow.erhouse and increases 

the voltage from the 2,300 vol t  generation level t o .69  kV f o r  transmission. 

 he transformer i s  rated at '4 ,950 kVa, 2.3 - 69 u. ~ u x i l i a r ~  electri.ca1 
and mechanical equipment i s  provided t o  make the plant f u l l y  self-sustaining. 

The plant i s  unattended and i s  remotely controlled from the main control 

room a t  the Proctor s i t e .  



B. Huntington Falls - 

. 1. General - Improvements a t  Huntington Falls are  s imilar  in many 

respects to  Beldens, and much of the discussion f o r  tha t  s i t e  i s  a lso 

applicable t o  t h i s  s i t e .  

The major modifications comprise increasing the dam height; improving 

the spillway; and providing ent i re ly  new generation f a c i l i t i e s ,  including 

the intake s.tructure, penstocks, powerhouse s t ruc ture ,  and generating 

qquipment.' The adopted layout i s  shown on Exhibits A-9 and A-10. The 

features locations a re  generally the same as the existing f a c i l i t i e s .  

Access t o  the s i t e  i s  the same as a t  present, and a new access road i s  

provided to  the powerhouse area. 

2. Dam and Spillway Improvements - The dam i s  t o  be raised t o  in- 

'crease the normal reservoir level from El. 218.1 t o  El. 230.0. This will 

be accomplished by removing,about 1 foot  of the existing concrete and 

placing a minimum of 3 f ee t  of new concrete. The r ight  abutment of the 

dam i s  a t  El. 239..0, and the l e f t  abutment i s  the intake s t ructure.  

The cres t  length i s  about 320 f e e t ,  including the spillway. 

The spillway i s  located on the dam, and the c r e s t  i s  a t  El. 212.0. Two 

12-foot-high by 1.25-foot-long hydraulically operated gates are  provided. 

The gates are f loat-control led,  s imilar  to  those a t  Beldens, and operate 

with similar 1-foot reservoir variations above or  below normal level .  

The gates are shaped t o  approximate a standard ogee, thereby providing 

the maximum spillway discharge efficiency. 

3. Generation .Fac i l i t ies  - The generation f a ~ i l i t i ~ s  comprise the 

intake s t ructure,  penstocks, powerhouse, generating uni ts ,  transformer, 

and accessory e l ec t r i ca l  and mechani.cal equipment. The units can operate 

together or separately.  

A new intake s t ructure i s  provided on the l e f t  bank of the dam. The 

approach channel t o  the intake s t ruc ture  i s  the same as the diversion 



channel. The.intake i s  basically a mass concrete s t ruc ture ,  b u t  i s  rein- 

forced in areas where required. 

Trashracks are  provided a t  the entrance t o  the intake and extend from the 

entrance channel invert  a t  El. 200.00 t o  the operating deck a t  El. 239.0. 

The large trashrack area permits low.veloci t ies  through the racks with a 

correspondingly low head loss .  The trashracks a re  cleaned by a trashrack 

rake, which i s  identical t o  the one previously described f o r  Beldens. 

The entrance t o  the penstocks i s  e l l i p t i c a l  upstream of the intake gates. 

Separate gates are  provided f o r  each of the two penstocks and are  raised 

and lowered by e l e c t r i c  motor-driven hois ts  on the operating deck a t  

El. 239.0. 

Two 220-foot-long by 11-foot-diameter penstocks extend from jus t  down- 

stream of the intake gates t o  a but te r f ly  valve a t  the upstream end o f  

the turbine-generator units. The penstocks are  fabricated of 7116-inch 

s teel  plate,  which i s  the minimum allowable thickness for  handling a pipe 

of t h i s  diameter. 

The powerhouse i s  located downstream of the intake s t ructure to  the south 

of the exis t ing building. I t  contains two 3,100-kW turbine-generator 

units.  The s t ruc ture  i s  55 feet-wide--by 70 f e e t  long;.however, considera- 

t ion should be given t o  the possible fu ture  expansion discussed in Para- 

graph 4.5. No crane i s  provided,.and erection and maintenance operations 

will be handled by mobile equipment. A parking and service area i s  provided 

on ' the so.uth s ide of the powerhouse where mobile equipment can operate and 

' .  . have access t o  the roof i f  required. This area and the area behind the 
. . 

powerhou.se are  backf i 11 ed to  El. 194.0, 1 foot below the powerhouse roof 

level.  . The roof i s  41 fee t  below the foundation level .and i s  above 

maximum tai lwater  elevation fo r  the spillway design flood. Access to  

the parking and service area i s  by a short  access road originating a t  

the gravel road upstream of the dam. 



The generat ing u n i t s  are predesigned, sel f -contained,  tube-type, package 

u n i t s  and inc lude  the same components as the Beldens u n i t s  except t h a t  

they are r a ted  a t  3,100 kW and operate under a  h igher  head and g rea te r  

discharge. The discussion o f  the  Beldens .un i ts  i s  a l so  app l icab le  t o  the 

Huntington Fa1 1  s  un i t s .  

One three-phase t ransformer i s  located i ns i de  the  powerhouse and increases 

the vol tage from 2,300 v o l t s  t o  69 kV f o r  transmission. It i s  r a t e d  a t  

7,300 kVA, 2.3 - 69 kV. A u x i l i a r y  e l e c t r i c a l  and mechanical equipment 

i s  provided' t o  make the p l a n t  f u l l y  se l f - sus ta in ing .  The p l an t  i s  r e -  

motely c o n t r o l l e d  from Proctor .  

C. Transmission Line . . 

Transmission l i n e  losses were shown t o  be h igh  i n  the eva luat ion o f  the  

e x i s t i n g  f a c i l i t i e s  discussed i n  Paragraph 2.3E. The comparison of 

t he  present worth o f  costs presented i n  Table 3-8 i n  Paragraph 3.6D6 

shows t h a t  69 kV i s  more economical than 46 kV. The second l i n e  o f  

Table 3-8 i s . t h e  same as the  recommended development and shows t h a t  the 

present '  worth o f  a  69-kV system i s  $507,000 compared t o  $591,000 f o r  a  

46-kV system. The comparison assumed t h a t  new conductors could be i n s t a l l e d  

on t he  e x i s t i n g  s t ruc tu res  and w i thou t  .add i t iona l  r ight-of-way.  The pre-  

v i o u s - r e s u l t s  are  adequate f o r  t he  present purposes, and 69 kV has been 

adopted f o r  t he  27.6-mile t ransmission l i n e  between Huntington F a l l s  and 

t he  Florence substat ion.  The h igher  vol tage requ i res  t h a t  a  12,000-kVa, 

69/46 kV autotransformer be provided a t  the substat ion.  'No o ther  changes 

o f  ' the  t ransmission system are requ i red  f o r  the recommended development, 

al though any o ther  change i n  the  system, such as increased capac i ty  a t  

Proctor  o r  improvements a t  Center Rutland, cou ld  a lso  r e s u l t  i n  o the r  

changes. i n  t he  t ransmission system. The t ransmission l i n e  improvement 

can be de fe r red  t o  'a l a t e r  date, i f  desired.  



D. Design and Construction Schedule and Project Costs 

The design and construction schedule fo r  the two projects i s  shown on Fig- 
ure 4-1 and extends over a period of 43 months. This schedule includes 

. . 23 months for  preconstruction a c t i v i t i e s  to  provide time f o r  amending the 

exis t ing FERC l.icense, f ina l  design and investigations,  preparation of bid- 
ding documents and spec i f ica t ions ,  and construction contract bidding and 

. award. The generating u n i t s  and a few other pieces of equipment require from 
12 t o  18 months for  delivery; therefore,  the specif icat ions for  t h i s  equip- 

ment. should be prepared near the beginning o f  the des ign  studies .  

Construction i s  scheduled t o  require 19 months, based on concurrent construc- 
t ion a t  both s i t e s .  The schedule i s  influenced by the severe winter season 
when construction operations of the type required will  have to  be almost 
en t i r e ly  closed down. Diversion of the natural flows also exerts  an inf lu-  

ence on. the construction schedule. 

Project costs required f o r  the recommended improvements a t  Beldens are  con- 
tained i n  Table B-8, and costs f o r  those a t  Huntington Falls are contained 
i n  Tab1e.B-5. These amounts a re  summarized i n  Table 3-9, which contains the 
costs of the nine project improvements considered during the selection pro- 
cedure. Table 4-2 presents a summary of the costs fo r  the recommended 
improvements a t  Beldens and Huntington Fal ls .  
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/ TABLE 4-2 

SUMMARY OF INVESTMENT COSTS ( 8 )  
BELDENS AND HUNTINGTON FALLS 

IMPROVED CONDITION 

Total  
BEL/2 - 4.2 - 284 HF/2 - 6.2 - 230 Development 

Tota l  Construct ion Cost .4,047,200 7,381,300 11,428,500 

Engineering and 
Admi n! s t r a t i o n  

I n t e r e s t  Dur i  ng 
Construct ion 351,700 641,400 993,100 

To ta l  ' Capi ta l  Investment 4,803,600 8,760,800 1.3,564,400 

Cost per I n s t a l  l e d  kW 1,144 1,413 1,304 

4.2 ASSESSMENT OF THE ENVIRONMENTAL IMPACTS 

This  sect ion discusses the environmental impacts t h a t  may a r i s e  dur ing 

const ruct ion and operat ion o f  Bel.dens and Huntington Fa l l s .  1.t i s  a pre- 

1 iminary eva luat ion re l a ted  t o  the  p ro jec ts  and i s  mainly intended t o  

i d e n t i f y  possi b l  e problems so t h a t  they can -be given a more i ndepth 

i nves t i ga t i on  during..a subsequent phase . o f  the work. These p ro jec ts  have 

been operat ing as run-o f - r i ve r  i n s t a l  1 at ions  s ince near 1910 and w i l l  

cont jnue t o  operate the same upon complet ion o f  t he  proposed improvements. 

consequently, on ly  m i  nor adverse environmental changes a re  a n t i c i  pated. 

A. Construct ion Impacts 

The estimated cons t ruc t ion  t ime shown i n  Table 4-1 i s  nineteen months f o r  

Beldens and Hunt ington Fa l ls ,  Some adverse environmental e f f e c t s  cannot 

be avoided dur ing construct ion.  De te r i o ra t i on  o f  a i r  q u a l i t y  w i l l  occur 

i n  the  areas as a r e s u l t  o f  emissions from heavy cons t ruc t ion  equipment 

and t r uck  operat ion and as a r e s u l t  o f  p a r t i c u l a t e  matter, o r  f u g i t i v e  

dust, becoming a i rborne f r o m  blast ing,, t ruck  t r a f f i c  on haul roads, 

..dumping o f  rock spo i l s ,  and s i m i l a r  const ruct ion operations. 



Table 4-3 shows tha t  the amount of work tha t  must be performed fo r  both 

s i t e s  i s  re lat ively small. All quant i t ies  l i s t e d  are  the to ta l  fo r  the 

s i t e  and are rounded values. The ef fec ts  on the environment will be of 

correspondingly small severity and short  duration. 

TABLE 4-3 

MAJOR OUANTITIES THAT AFFECT THE ENVIRONMENT 

Rock excavation (cu yd) 

Concrete demol i t i  on (cu yd) 
Concrete (cu yd) 

Beldens ' Huntington Fal l s  

7 ;OOO 15,000 

1,300 1,300 

2,600 9,200 

Discharge r e s t r i c t ions  or  reductions are  not expected during the construction 

period. Cofferdams will  be.constructed a t  the project locations as part  of 

the diversion schemes. However, they serve only t o  d iver t  the r ive r  flow , 

from the construction area and will have no influence on the natural r iver  

regime. The sediment problems normally associated with cofferdam construction 

will be almost.entirely avoided..because the exis t ing dams will  remain in place 

during. t h i s  .operation, and they will  tr.ap..all but .the f i n e s t  suspended 

sediments. 

Removal of deteriorated concrete, demol i t ion  of exis t ing unserviceable s t ruc-  

tures ,  and t a i l r a c e  excavation may s l igh t ly  and temporarily increase the 

amount of sediment i n  the downstream reaches of the creek, but probably not 

enough t o . c r e a t e  any serious problem; i f  proper care i s  taken. Only a minor 

portion of t h e  exis t ing dams w i l l  be removed; and consequently, they will  be 

a barr ier  t o ' t h e  heavier. sediment components, which will  be trapped e i the r  

by the existing dams o r  i n  the downstream reservoirs.  

Construction impact on population can be expected t o  be minimal, because 

most construction personnel can be obtained from the immediate loca l i ty  and 

. t he re  will be l i t t l e  influx of people as a d i r ec t  r e su l t  of the project 



improvements. Huntington Falls and Beldens a re  located in sparsely popu- 

lated areas,  and there will be minimum displacement of the permanent 

residents. 

B. Operational Impacts 

1. Visual and Aesthetic Value - The Beldens dam will remain almost as 

i t  is a t  present, and the improved concrete surface will enhance i t s  appear- 

ance. The spillway c res t  gates will  have a more pleasing appearance than 
the flashboards presently used. More discharge will  be used fo r  power gener- 

ation than a t  present; and consequently, there will  be less  discharge over 
the dam and f a l l s .  Reduced spillway discharge will resemble the dry periods 

when there i s  l i t t l e  or  no discharge under exis t ing conditions. The Hunting- 
ton Fa1 1s reservoir w i  11 be raised from E l  . 218.1 to  El. 230 .O. The envi ron- 
mental impacts a t  t h i s  s i t e  will be s imilar  t o  those a t  Beldens, except tha t  

the higher reservoir. leve1 . . will  provide a more awesome sight  than i t  does a t  
present whenever there i s  a spillway discharge. 

The new power plants will not s igni f icant ly  a l t e r  or  impair ' the scenic qual i ty  
, . 

of the s i t e s .  They are  located adjacent t o  the r iver  and only two sides a re  

exposed t o  view. The other two s ides  'are excluded from view by backfil l  t o  
within -.l.:foot .of the roof. The -trenches i n  which the penstocks ar'e instal  led, 
are  a l so  backfilled t o  natural-  ground levels  t o  the extent possible by slope 

.' 1 imitations . These backfi 1 led areas can be landscaped and aesthet ical ly  
treated su ,thiiL they blend with the natural environment. 

No new o r  additional transmission 1 ines w i l l  be bu i l t  a t  any of the s i t e s ;  
however, new conductors are  required. They will  use the present right-of- 
way and s tructures ,  thereby resul t ing in minimal change i n  the environment. 

2. Additional Lard Inundated 

a. Normal Operation Conditions - The additional land tha t  will be 

inundated during normal operation of Beldens i s  minimal. Beldens reservoir 
will be r a i sed  only approximately 1 foot ahove i t s  present level , and 



vir tua l ly  no additional lands will be inundated. The Huntington Falls 

reservoir levels wi 11 be raised to  El . 230.0, which wi 11 inundate only 

about 55 acres more than the existing f a c i l i t i e s .  Most of the additional 

permanently submerged area i s 'wi th in  the flood plain of the creek and i s  

covered with grass and l igh t  vegetation. Much of i t  has been flooded dur- 

ing past high r.iver discharge. However, one parcel of commercial property 

i s  affected by the increased reservoi r level . A campground, comprising a 

few acres nea.r the confluence of the New Haven,River and Otter Creek, i s  

located a t  a nominal level .of El. 228; and some of i t  would be inundated by 

reservoi r E l  , 230.0. 

The Morgan Horse Farm Road presently serves fo r  access t o  the Huntington 

Fal ls  s i t e .  Presently, a single lane bridge with a 3.5-ton load l imi t  i s  

located on t h i s  road, about 300 f e e t  upstream of the dam. The bridge and 

road will have t o  be raised for  the increased height of the reservoir level.  

The bridge deck i s  presently a t  approximately El. 227, and i t  will be raised 

t o  El. 242.0. The required improvements will  disrupt t r a f f i c  fo r  a short  

period during construction, but otherwise will  improve transportation f a c i l i -  

t i e s  and have a favorable impact on the appearance of the area. No other 

roads or  bridges were found during this investigation tha t  would be affected 

by the higher reservoir level.  

b. Flood conditions - Flooding will be l e s s  severe for  the improved 

condition than i t  i s  fo r  the existing condition. This resul t s  from provid- 

i n g  hydraulically operated c res t  gates ,  improving cres t  shapes, lowering the 

c res t  level ,  and increasing the length of the Huntington Falls spillway. The 

flood stage a t '  Beldens for  a 500-year design flood of 14,711 cubic fee.t per 

second' would r i  se t o  El . 295.8 for  the exi s t ing  condi t ions , b u t  only t o  

El. 292.1 for  the improved conditions. The corresponding flood stage a t  

Huntington Fa1 1s f o r .  the . . existing condition wi.th 'a normal reservoir level of 

El. 218.1 and a discharge of 70,000 cubic f e e t  per second would r i s e  t o  

El. 244..4 for  the present condition compared t o  El . 237.3 -for the improved 

condition w i t h  a normal reservoir level of El. 230.0. The iower flood stages 

are  a beneficial environmental.impact tha t  a r i ses  from improving these two 

s i t e s .  



3. Hydrology - The proposed improvements will have insignif icant  

impacts on r iver  regime since,  basical ly ,  the plants will continue t o  operate 
as run-of-river plants as they have in the past. The reservoirs have v i r -  
tua l ly  no storage capacity tha t  can provide yearly carry-over o r  seasonal 

storage; and consequently, there  will  be no impacts from large reservoir 

drawdown. However, the plants may be operated during the dai ly  peak load 

period for only a few hours. Peaking operation will necessi ta te  daily vari-  
ation .of reservoi r levels ,  which- could produce 'some inconvenience, b u t  only 
s l igh t  impact on the environment. 

Minimum release f o r  downstream needs wil l  normally be exceeded by power pro- 
duction or spillway discharge, and only peak load operation creates  any prob- 
lem. Recently proposed leg is la t ion  i n  the Vermont Legislature en t i t l ed  
"Steamflow Maintenance Act" spec i f ies  m i n i m u m  discharge for  downstream use. 
The proposed minimum discharges a re  estimated to  be about 98 cubic f e e t  per 
second a t  Beldens and 137 cubic f e e t  per second a t  Huntington Fal ls .  Provi- 
sions have been made t o  sa t i s fy  these m i n i m u m  release requirements. 

4. Water Quality - No change in water qual i ty  i s  anticipated as a 
r e su l t  of project operations. 

5. .Fish a n d ' ~ i ' l d 1 i f e  - F i s h  i n  the study area include a var iety of 
species, depending on the . spec i f i c  location on the main stem of the creek or  
one of i t s  t r ibu ta r i e s .  Some of the species are  brown t rou t ,  rainbow t rou t ,  
smallmouth bass, northern pike, yellow perch, bull head, and rock bass. The 

Vermont Fish and Game Department i s  s t i l l  i n  the ear ly , s tages  of surveying 
Otter Creek t o  ident i fy the species in the creek and t o  formulate a program 

fo r  stocking and managing f i sh  resources i n  the area. The extent '  and nature 
of continued action is  presently uncertain, b u t  i t  i s  li,kely to  continue i n  

some form. No endangered or  threatened f i sh  species are  known t o  be present 
i n  the project waters. 

Fishing ac t iv i t i e s  a re  moderate i n  the study area,  and there seems t o  be no 
great pressure or  desire  t o  increase f ishing ac t iv i ty .  There a re  no fishways 



or f i sh  ladders in any of the dams on Otter Creek, and there i s  no comer- 

cia1 fishing o r  evidence of any such operation being planned. There appears 

to  be no reason to  conclude tha t  f i sh  and fishing in the study area will 

deter iorate  as a r e su l t  of the proposed modifications, and there a re  even 

poss ib i l i t i e s  tha t  both can be enhanced. 

Small game and deer inhabit  the area,  but mostly away from the waterway. 

There is  only minor sport  hunting i n  the area,  and no endangered or  threat-  
ened species have been ident i f ied  as residents of the study area.  

The Fish and Game Service of the U.S. Department of the In ter ior  has recently 
reviewed an application fo r  1,icense f o r  the Weybridge Project,  downstream of 
Huntington Fal ls ,  and had no objection t o  i t s  issuance. The only known reser-  

vation was in regards to  a minimum instantaneous release with which t o  pro- 
t e c t  downstream f i sher ies .  This condition has a1 ready been met, as previously 
discussed; and no adverse impacts a re  l ike ly  t o  a r i se .  

. 6. Recreation - There i s  very l i t t l e  recreational ac t iv i ty  in the study 

area. The known a c t i v i t i e s  include small boats and canoes, limited f i sh ing ,  
and- some hunting. The two s i t e s  proposed for  improvement a re  somewhat remote 
and experience only a s l i g h t  recreational use. Opportunities e x i s t  f o r  
improving recreational faci  1 i t i  es, thereby enhancing the 1 ocal envi ron- 

ment. Small boat .and bank access i s  adequate - i n  the .project .area.  The 

opportunities . for  -improving boating , canoeing , fishing , and other recreational 
a c t i v i t i e s  are  significant. ,  especially a t  Huntington Fa1 1s' where the reservoir  

- area and shoreline distance will  be increased. 
. . 

.7. Archaeology and Historical Resources - No archaeological remains, 
h is tor ica l  shrines,  cemeteries, o r  s imilar  ins ta l  1 ations a re  .known t o  e x i s t  
in the areas affec.ted by the proposed improvements. 

8. Health - No health hazards or.problems are  expected..for human, ani- 
. 

mal , fowl, f i s h ,  or  plant 1 i f e .  . The health of' the area i s  expected t o  remain 
unchanged. 



4.3 E N E R G Y  PRODUCTION AND MARKET 

A.  Base Load O~era t ion  

The Beldens s i t e  contains two 2,100-kW uni t s ,  which generate 18,152,000 kwh 

of energy during an average year. The corresponding values a t  Huntington 

Fal ls  are two 3,100-kW units  and 26,740,000 kwh. The combined to ta l  output 

i s  10,400 kW and 44,892,000 kWh. The foregoing energies a re  the generated 

values and have not been reduced f o r  transmission l ine  losses.  The selection 

of the instal led capaci t ies  i s  discussed i n  Chapter 3, and the power studies 

on which energy generation i s  based are  discussed in Appendix C .  Table 4-4 

clsrllcl i 11s d su~~n~lar~y u f  the power drld energy produced. 

TABLE 4 - .4 

SUMMARY OF POWER AND ENERGY PRODUCTION 

Be1 dens Huntington Fa1 1s Total 

Instal led capacity 
(kW) 2 8 2,100 - 4,200 2 @ 3,100 = 6,200 10,400 
Average year energy 
( kwh ) 

Generated 18,152,000 26,740,000 44,892,000 
Line l'osses 134,000 354,000 488,000 

Net energy 18,018,000 26,386,000 44,404,000 

The power duration curve i s  shown on Figure 4-2, and the corresponding 

energy-duration curve i s  shown on Figure 4-3. 

The Huntington Fal ls  energy production i s  based on 5 f e e t  of reservoir draw- 

down, which i s  not required because the automatically controlled spillway 

gates will maintain the reservoir a t  i t s  highest level fo r  a l l  except a very 

small percentage of the time. Maintaining the reservoir a t  i t s  highest level 

would increase the head by 2.5 f ee t  over tha t  used i n  the power studies.  This 

i s  equivalent t o  a 5 percent head increase and an approximately corresponding 

increase in the potential  energy output. I t  has been considered unnecessary 

t o  make a revision fo r  the extra head, because of simplifying assumptions 
. . 
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used in the power study and to keep the re.'sults conservative and permit 

consideration of daily peak load operation discussed in Paragraph 4.3B. 

However, i t  i s  recognized tha t  more energy can be generated than has been 

computed. 

VMCO qoads are strongly influenced by mi 11 requirements; and consequently, 

. t h e l o a d c u r v e s a r e r e l a t i v e l y f l a t a n d c o n s t a n t f r o m a b o u t 7 : 0 0 a . m . u n t i l  

about 7:00 p.m. The weekday load is  about three times tha t  of the weekend, 

which shows tha t  the mill operation a f fec t s  the load curve. Summer energy 

demands are about 75 percent of winter demands. 

Typical daily load curves for  1976 and ear ly 1977 are  shown i n  Figure 4-4. 

The load has increased since 1976 as a r e su l t  of a recently completed mill 

expansion and presently exceeds the ins t a l l ed  capacity of about 7,200 kW in 

the four VMCO-owned hydroelectric projects.  The maximum load shown on 

Figure 4-4 i s  about 6,000 kW in ear ly 1976 and i s  not fu l ly  indicative of 

the present or  future requirements. 

VMCO has recently expanded i t s  mill capacity and will continue expanding i t  

un t i l  i t  reaches about four times i t s  or iginal  capacity. The mill expansion 

and normal economic . growth i n the area has i ncreased dqnand for  e l ec t r i  c i  ty  , 
wh.ic.h i s  projected t o  continue unt i l  the mil 1 capacity reaches i t s  expansion 

ta rge t .  VMCO desires t o  mee.t-.a's much of the.increased demand as possible by 

improving and using i t s  who1 ly  owned hydroelectric faci  1 i t i e s .  The projected 

load growth i s  shown in Table 4-5. 

TABLE 4-5 

LOAD FORECAST 

Year 

1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 

Load Factor (.%) 

80 
8 5 
60 
70 
80 
80 
80 
80 
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All four of the VMCO-owned hydroelectric plants will not be able to  meet 

t h e i r  system demands. Improvements a t  Beldens and Huntington Fal ls  will  

make a  s ignif icant  reduction in the amount of power and energy t h a t  must be 

purchased from another u t i l i t y .  Table 4-6 contains a  summary of the exis t ing 

and improved generation capabi l i t ies  of the YMCO plants.  The foregoing dis-  
- - 

cussion clearly confirms tha t  VMCO already needs additional e l ec t r i ca l  power 

and energy and tha t  t h e i r  needs will  more than double during the next decade. 

All power and energy generation resul t ing .from the recommended development 

will be used i n  the exis t ing VMCO service area.  

B. Peak Load Operation 

Beldens and Huntington Fal ls  reservoirs  both have limited s torage.capaci ty,  
which places l imitations on peaking poss ib i l i t i e s .  Seasonal peaking i s  not 
feas ib le ,  and both plants must operate basically as run-of-river in s t a l l a -  
t ions.  Nevertheless, the reservoirs have su f f i c i en t  storage capaci.ty t o  
warrant an investigation of .operation during the dai ly  peak hours. However, 

Beldens should not be operated on da i ly  peak because of adverse e f f ec t s  i t  
may have. on the next upstream dam. Operating Beldens on dai ly  peak would 
also a f fec t  Huntington Fal ls  operation because of .the discharge lag time 
between the two s i t e s .  Operating Huntington Fal ls  on daily peak load could 
al-so adversely a f f ec t  the Weybridge Power- Plant,  which i s  located about 
1 .4  mi.les downstream.. Therefore, da i ly  peak load operation i s  not recom- 

mended a t  t h i s  time. 

Despite the foregoing recommendation against peak load operation, i t .  was 

deemed expedient to  analyze Huntington Fal l s  t o  determine the output i f  the 
adverse conditions-did not e x i s t  or  could be overcome and- t o  permit a  com- 

parison w i t h  base load operation. The study was made fo r  a  minimum of 

12  hours .of operation, based on the load curves previously discussed, t o  
simplify the calculations.  A discharge of 137 cubic f ee t  per second was 
released duri.ng the .l2 hours tha t  the plant would not be operating, t o  

s a t i s f y  the minimum discharge discussed in  Paragraph 4.2B3. The difference 

between th i s  minimum release and the inflow was stored i n  the reservoir  ' f o r  



A TABLE 4-6 

EXISTING AND ESTIMATED IMPROVED GENERAT-I-ON-CAPABILITY 
... 

AVERAGE YEAR 

, E x i s t i n g  Cond i t ion  Improved Cond i t i on  Improvement 

Capacity Energy Capacity Energy Capacity Energy 
(kW) (kwh) ' . (kW) (kwh) (kW) (kwh) 

Recommended' Development' 

P Beldens 1,600 9,550,000, 4,200 18,152,000 2,600 8,602,000 
I 

N Hunt ing ton  Fa1 1 s 1,400 10,470,000 6,200 26,740,009 
N 

4,800 16,270,000 

Subto ta l  3,000 20,020,000 10,400 44,892,003 7,400 24,872,COO 

Other VMCO P ro jec t s  

. ' .  Center Rut1 and 275 1,366,000 2,400 7,877,000 2,125 6,511,000 
. . 

P r o c t o r  . ,  3,930 19,952,000 3,930 ' 19,952,000 0 0 

Subto ta l  4,205 21,318,000 6,330 27,829,000 2,125 6,511,000 

GRAND TOTAL ' 7,205 41,338,000 16,730 72,721,000 9,525 31,383,000 

Note: A l l  energy shown hereon1 are  generated amounts and have been rounded o f f .  



the 1 2  hours tha t  the plant was inoperative. Energy was generated by using . 

t h i s  storage plus the inflow during the 1 2  hours when the plant was operating. 

The plant reaches rated output when the turbine discharge i s  1,837 cubic f e e t  

per second, which i s  the discharge equalled or exceeded 36.9 percent of the 

time. The plant can be operated f o r  more than 12 hours per day when the 

discharge exceeds 1,837 cubic f e e t  per second and wi 11 be able to  operate 

24 hours per day when the inflow reaches the rated discharge, which i s  

20.1 percent of the time. The r e su l t s  of the analysis a re  shown in Table 4-7. 

The methods i l l u s t r a t e d  on tha t  table  a re  the same as used f o r  other  power 

s tudies ,  except tha t  they did not require an inflow-outflow computation 

because the plants were operating 24 hours per day, thereby automatically 

sat isfying the m i n i m u m  release requirements. 

If programmed f o r  peak'load operation, the to ta l  Huntington Fal ls  energy 

output i s  estimated t o  be 25,345,000 kwh during an average year (Table 4-7). 

The peak energy output i s  17-,989,000 kwh (.Table C-7) ; therefore,  i t  i s  about 

71 percent of the to ta l  load output. 

The previous economic evaluations used 25 mills per kwh as  the value of base 

load energy. I f  peak load energy i s  assumed to  be worth twice the r a t e  of 

base...l oad energy, or 50 m i  11 s , then the -peak. 1 oad energy, negl ec t i  ng 1 i ne 

losses,  would be worth $899,450 during an average year.  The remaining 

7,356,000 kwh of base energy a t  25 'mil 1s will produce an additional $183,900, 

mak.ing the tn ta l  per average year $.1,083,350. 

T h i s  f igure should be compared w i t h  the previous case when no attempt was 

made to  spec i f ica l ly  program the plant f o r  peak operation:.' The to ta l  output 

in an average year in tha t  case was' 26;740,000 kWh. Assuming tha t ,  even in 

th i s  case., half of the energy produced is  peak energy and, consequently, 

worth. 50 mi l l s ,  the value of the to t a l  energy output becomes $1,002,750 

during . . an average year. 

The foregoing revenue comparisons a re  not overridingly in  favor of programmed 

12-hour peak operation of the Huntington Fal ls  plant.  However, a fur ther  
. - 



TABLE 4-7 

PEAK LOAD POWER AND E N E R G Y  
HUNTINGTON FALLS AT RESERVOIR EL.  230.0 

2 UNITS @ 3,050 = 6,100 kW 

Mi nimum Turbine Average 
% Inflow Release Discharge Output O u t p u t  Operating Hours Energy Generated 

Time ( c f s )  ( c f s )  (cf  s ) (kW) (kW) Internal  Daily kWh/I nterval 
1 2 3 4 5 6 7 8 9 

. . 
100 136 0 
96.9 230 137 323 1072 12 

1149 8 3 95,329 
9 5 253 . 137 369 . 1225 12 

1952 . 1095 2,137,571 
7 0 472 137 807 2679 12 

2845 219 623,081 
6 5 522 137 907 301 1 12 

. 3187 219 697,971 
6 0 575 137 1013 3363 12 

3569 219 781,593 

.. TOTAL 5586 25,344,871 

SAY 25,345,000 
. , 

EXPLANATION OF COLUMNS 

Col. 1 - % Time l i s t e d  discharge equalled o r  exceeded. 

Col. 2 - 24-hour inflow t o  rese rvo i r  a t  l i s t e d  discharge. 

Col. 3 - 12-hour m i n i m u m  re lease  during plant  shut-down. 

Col . 4 - 12-hour turbine  discharge = 24 x Col . 2 - 12 x Col. 3 s 12. 

Col. 5 - kW a t  l i s t e d  turbine  discharge = QHe/ll.8 = 3.324. 

Col . 6 - Average of two outputs i n  Col . 5. 
Col. 7 - Number.hours plant  operates during each time in te rva l .  

Col. 8 - Number hours plant operates da i ly  a t  % Tiw~e. 

Col . 9 - Energy generated during time in te rva l  = Col . 6 x Col. 7 = Col . 9. 

4-24 



study o f  the  Huntington F a l l s  p l a n t  peaking c a p a b i l i t i e s  should be made 

based on more r e l i a b l e  topographic maps, which study should a l s o  i nc lude  

an i n v e s t i g a t i o n  of t he  e f f e c t  of t h i s  peaking opera t i on  on t h e  o the r  

h y d r o e l e c t r i c  p r o j e c t s  l oca ted  on O t t e r  Creek. 

4.4 ECONOMIC AND FINANCIAL EVALUATION 

A.  Economic Analyses 

The recommended improvements a t  Beldens and Hunt ington F a l l s  were se lec ted 

on a p r o j e c t  bas is  , us ing t h e  i n d i v i d u a l  benef i  t / c o s t  r a t i o s  descr ibed i n  

Paragraph 3.6 and shown i n  Table 3-1.1. The two se lec ted p r o j e c t  improvements 

were combined and analyzed f o r . o t h e r  economic and f i n a n c i a l  cons idera t ions ,  

us ing  a 5 percent  e s c a l a t i o n  f a c t o r  and a 50-year ana lys i s  per iod .  The p r o j -  

e c t  .and combined benef i  t l c o s t  r a t i o s ,  based on t h e  present  worth methbd o f  

ana lys is ,  a re  shown i n  Table 4-8. 

TABLE 4-8 

PR0JEC.T AND RECOMMENDED BENEFITICOST RATIOS 
5% ESCALATION; 50-YEAR ANALYSIS PERIOD 

Discount  Benef i t/%os t Rat ios  
Rate (%) .BEL/2-4.2-284 HF12-6.2-230 Development 

Net present  v a l u e  analyses were made f o r  t h e  Beldens two- and t h r e e - u n l t  

i n s t a l l a t i o n s  and f o r  Beldens two-uni t i n s t a l  l a t i o n  combined w i t h  t h e  Hunting- 

t o n  Fa1 1 s two-uni t i n s t a l  1 a t j o n  us ing  a1 1 t h r e e  r e s e r v o i r  l e v e l  s  ' inves t iga ted.  

The p r o j e c t  b e n e f i t l c o s t  r a t i o s  f o r  a t h r e e - u n i t  i n s t a l l a t i o n  a t  Hunt ington 



Falls were too low to jus t i fy  a net present 'value an.alysis. The. r e su l t s  of 

net present value analyses fo r  a 5 percent escalation fac tor  and a 50-year 

analysis period a re  shown in Table 4-9 and Figures 4-5 and 4-6. These 

resu l t s  confirm the ' se lec t ion  of the recommended development. f 

B. Financial Analysis 

A f inancial  analysis was made fo r  the recommended development using the 
annual cost method. T h i s  analysis included amortization and i n t e r e s t ,  

replacement reserve, and .operation' aiid maintenance custr . I t  was assumed 

tha t  the to t a l  capi tal  investment shown i n  the cost estimates would be 
borrowed. ,An 8 percent in t e re s t  r a t e  and a 50-year amortization period were 

used. The sinking fund fo r  replacement reserve was a l so  based on 8 percent 

in t e re s t ,  but for  only 35 years , ,  a t  which time replacements a re  required. 
No replacement reserve was made a f t e r  35 years. An escalat ion fac tor  of 

5 percent was applied against .operation and maintenance cos ts .  The sinking 

f u n d  reserve amount i s  also'based on the 5 percent escalat ion r a t e  t o  d e t e r - ,  
mine escalated value of replaceable items. 

The resu l t s  of this analysis are  shown i n  Table 4-10. I t  shows the mill 

ra te  of costs  for  each year of the 50-year.analysis period and the corre- 
sponding m i l l . r a t e  of revenue. The revenue-mill r a t e  i s  25 mi l l s  during t h e '  

f i r s t  year of operation and i s  escalated a t  5 percent f o r  25 years--(one-half 
of the analysis period) and remains constant thereaf te r .  I t  a l so  shows tha t  
the annual mi,lI r a t e  of costs ,  o r  a,nnual costs ,  i s  .higher than the correspond- 

i n g  mill r a t e  of revenue, or  annual revenue, f o r  about the f i r s t  11 years of 

operation. Therefore, the analysis was expanded to  determine the year i n  

which annual costs become equal t o  annual revenue f o r  i n t e r e s t  . ra tes  from 
. 6 through 11 percent. All other fac tors  remained the same as  previously 

described; - .  The r e s u l t s  of this analysis are  shown in ~ a b ' l e  4-11. A simi 1 a r  

analysis was made t o  determine the year in which to ta l  accumulated costs  

become equal to  to ta l  accumulated revenue, and the r e su l t s  a re  shown in  

Table 4-12. 



TABLE 4-9 

NET PRESENT VALUE ANALYSES ($ x l o 6 ) *  

RECOMMENDED DEVELOPMENT 

COMBINED DEVELOPMENT 

Discount Present Worth Costs Present Worth B e n e f i t s  BIC Net 
Rate (%l p EL/2-284 HF/2-241 To ta l  R a t i o  Present Value - 

BEL/2-284 HF/2-230 To ta l  BEL/2-284 HF/2-230 To ta l  

6 9.691 17.446 27.137 14.664 21.469 36.133 1.33 + 8.996 

7 8.938 , 16.135 25.073 12.404 18.160 30.564 1.22 + 5.491 

I 8 8.346 15.099 23.445 10.646 i5.587 26.233 1.12 + 2.788 

9 7.876 14.274 22.150 9.261 13.558 22.819 1.03 + 0.669 

10  7.498 ' 13.609 21.107 8.154 11.938 20.092 0.95 - 1.015 

I 11 7.193 13.069 20.262 7.258 10.626 17.884 0.88 - 2.378: 

BEL/2-284 HFl2-218 To ta l  BEL/2-284 HF/2-218 Tota l  
I 

. . 

I 6 9.691 13.878 23.569 . 14.664 16.291 30.955 1.31 + 7.386 

7 8.938 12.821 21.759 12.404 13.780 26.184 1.20 + 4.425 

I 8 8.346 11.987 20.333 10.646 11.828 22.474 1.11 + 2.141. 
! 
I 

9 7.876 11.324 19.190 9.261 10.288 19.549 1.02 + 0.359 

10  7.498 10.792 18.290 8.154 ' 9.059 17.213 0.94 .- 1.077 

BELDENS - 2 AND 3 UNITS 

Net Present Worth BEL/2 Net Present Worth BEL/3 
Discount Net Net 
Rate (%1 Cost B e n e f i t s  Present Value Cost B e n e f i t s  Present Value 

* 5% Escalat ion;  ' 5 0  Year Period. 



NET PRESENT VALUE (3x10~ )  



NET PRESENT VALUE ($x106) 



TABLE 4-10 

Year - A I I *  R.R.** O&Pr* Total ---- 
716.110 24.460 263.000 1,003,570 

716.110 24.460 276,000 1,016,570 

716,110 24,460 290.000 1.030.570 

716.110 24,460 304,000 1.044.570 

716.110 24.460 320,000 1.060.570 
716.116 24.460 .335,000 1,075,570 

lib.110 24,468 35t.000 1,092,570 

716.110 24,460 370,000 i , i io ,&o 
716.110 24.460 388,000 1,128.570 

716.110 24,460 408.000 1.148.570 

716.110 24,460 428.000 1.168.570 
716.110 24.460 '450.000 1.190.570 
716,110 24,460 472.000 1.212.570 

716,110 24.460 496,000 1.236.570 

716,110 24.460 520.000 1,260,570 

716.110 24,460 546,000 ' 1.286.570 

716,110 24.460 574,000 1,314.570 

716,110 24.460 602,000 1,342,570 

716,110 24.460 633,WO 1.373.570 

716.110 24,460 664,000 1,404.570 

BEL/2-4.2-284 Total HF/2-6.2-230 t 8EL/2-4.2-284 

R.R.- O&W** Total --- 
18.720 144.000 555.370 

18,720 151,000 562.370 

18.720 159.000 570.370 

18.720 167,000 578,370 

18.720 175.000 586,370 

18.720 184.000 595.370 

!8;7?11 193,000 604.770 
18.720 203,000 614,370 

18.720 213,000 624.370 

18.720 224.000 635.370 

18,720 235.000 646,370 

18.720 247.000 658,370 

18.720 259.000 670.370 

18.720 272,000 683,370 

18.720 285,000 696,370 

18.720 300.000 711.370 

18,720 315,000 726,370 

18.720 330.000 741.370 

18.720 347,000 758,370 

18.720 i64.000 775,370 

O&Mb** Total -- 
407.000 1,558,940 

421,000 1,578.940 

449,000 1,600.940 

471,WO 1.622.940 
495.000 1.646.940 

519.000 1.6T0.940 
545.000 1.696.940 
573,000 1.724.940 

601,000 1.752.940 
632.000 1,783.940 

81 Interest. 50 years; Costs - 58,761,000 HF. $ 1.804,COa EEL. 
** 8% Slnkfng Fund. 35 years; Cost - 14,216,700 IIF. $3.227.M#) EEL. 

*** Escalated P 5Z per annun far 25 ycars. 

Total HF/2 8EL/2 
Cost Revenue*** 

Net (mt l ls l  ' (mt l ls l  
kh%/Ycar kWh) iiH) 



TABLE 4-11 

TOTAL ANNUAL COST AND REVENUE ($ ) *  

BREAK-EVEN ANALYSIS 

RECOMMENDED DEVELOPMENT 

Caol t a1 Total Cost 
I n te res t  ~ecove ry  Amort izat ion and In te res t  Sinking Fund SInking Fund Excluding i Rate (%) Factor Factor bEL12-4.2-284 HF/2-6.2-230 O&M 

In te res t  
Rate (%) Year 

'Excl udi  ng 
O&M 

Annual Cost 
O&M 

bEL/2-4.2-284 Hb/2-6.2-230 Total 

184,000 335,000 1,446,350 

193,000 . 352,000 1,472,350 

203,000. 370,000 . 1,609,600 

213,000 388,000 1,637,600 

235,000 428,000 1,814,980 

247,000 450,000 1,848,980 

259,000 472,000 2,002,860 

272,000 496,000 2,039,860 

285.000 520,000 2,200,430 

300,000 546,000 . -  2,241,430 

' 3110,000 546,000 . 2,367,880 

315,000 574,000 . 2,410,880 

Based on 5% Escalation; 50 Year Period. 

Annual Revenue 
BELI2-4.2-284 HF/2 - . -  6 2 230 Total 



TABLE 4-12 

I n t e r e s t  
R-3te ( % I  Years 

ACCUMULATED ANNUAL COST AND REVENUE ($ ) *  
BREAK-EVEN ANALYSIS 

RECOMMENDED DEVELOPMENT 

Accumul a ted  Annual Cost Accumul a ted  Revenue 
O&M 

Ad1 + R.R. BEV2-4.2-284 HF/2-6.2-230 . To ta l  BEL/?-4.2-284 HF/2-6.2-230 T o t a l  

ik 
Based on 5% Exca la t i on ;  50 Year Per iod.  



Subsequently, a financial  analysis was made to  see what happens i f  the 

future cost escalat ion,  especial ly  fo r  energy, i s  higher than the one e s t i -  

mated now. I t  was assumed tha t  the to ta l  capi tal  investment shown in the 

cost  estimates would be borrowed a t  .lo percent i n t e r e s t  with a 50-year 
amortization period. The sinking fund f o r  replacement reserve was also 

based on 10 percent i n t e r e s t ,  b u t  f o r  onl'y 35 years ,  .at which time replace- 

ments a re  required. An escalation fac tor  of 8 percent was applied against 

operation and maintenance costs.  This time, the cost  and revenue per kWh 

were computed based only on the incremental energy produced by the project 

impravements (see Table 4-6). The r e su l t s  of this analysis are  shown on 
Tables 4-13 and 4-14. 

The revenue mill r a t e  was s e t  a t  35 mil ls  d u r i n g  the f i r s t  year of operation, 

assuming tha t  i n  1982-1983 t h i s  may be the prevailing r a t e  i n  the Vermont- 
New Hampshire area. The benefi t lcost  r a t i o s ,  based on the data presented 
in Tables 4-13 and 4-14, a re  1 .16  f o r  Center Rutland and 1.58 fo r  Beldens 
and Huntington Fal ls  considered together. 

4.5 FUTURE'EXPANSION 

The benefit lcost r a t io s  obtained fo r  two- and three-unit  ins ta l la t ions  a t  

Huntington;Falls during the project select ion procedure a re  close enough t o  
each other t o  ju s t i fy  considering an increase in the instal led capacity in the 

future.  The r e su l t s  of the peak load operation analysis a lso indicate tha t  
additional capacity could become desirable  i f  technical d i f f i c u l t i e s  related 
t o  i t  can be resolved. I t  i s  suggested tha t  consideration be g'iven to  pro- 
viding for  this expansion a t  t h i s  time;.because i t  would be re la t ive ly  inex- 
pensive and could add s igni f icant ly  t o  peak power potential and the corre- 

sponding revenue. A s i m i l a r  consideration may a1 so be appl icable t o  the 

Be1 dens s i t e .  



TABLE 4-13 

FINANCIAL ANALYSIS 
TOTAL ANNUAL COST AND MILL RATES 

(H1GHE.R ESCALATION RATES) 

Year A&I + R.R? - 0&M2 

1 516,946 123,726 
2 516,946 - 133,624 
3 516,946 144,300 
4 516,946 155,800 
5 516,946 168,200 
6 516,946 181,600 
7 5.16,946 196,100 
8 516,946 211,800 
9 516,946 228,700 
10. 516,946 247,000 
11 516,946 266,800 
12 516,946 288,100 
13 516,946 311,100 
14 516,946 336,000 
15 516,946 362,900 
16 516,946 391 ; 900 
17 516,946 423,300 
18 516,946 457,200 
19 516,946 493,800 
20 516,946 533,300 
2 1 516,946 575,960 
2 2 516,946 621,970 
2 3 516,946 671,600 
2 4 516,946 725,300 
25 516,946 783,300 
2 6 517,000 845,960 
2 7 517,000 913,630 
28 517,000 . 986,720 
29 517,000 1,065,630 
30 517,000 1,150,840 

Total kWh/yr3 

640,672 6,511,000 
650,570 6,511,000 
661,300 6,511,000 
672,800, 6,511,000 
685,200 6,511,000 
698,600 6,511,000 
713,100 6,511,000 
728,800 6,511,000 
745,700 - 6,511,000 
764,000 6,511,000 
783,800 6,511,000 
805,700 6,511,000 
"828,100 6,511,000 
853,000 6,511,000 
879,900 6,511,000 
908,900 .6,511,000 

, 940,300 6,511,000 
974,200 6,511,000 

1,010,800 6,511,000 
1,050,300 6,511,000 
1,092,960 6,511,000 
1,138,970 6,511,000 
1,188,600 6,511,000 
1,242,300 6,511,000 
1,300,300 6,511,000 
1,362,960 ' 6,511,000 
1,430,630 6,511,000 
1,503,720 6,511,000 
1,582,630 6.,511,000 
1,667,840 6,511,000 

Cost 
(mills 
/kwh) 

98.4 
99.2 
101.6 
103.3 
105.2 
107.3 
109.5 
111.9 
114.5 
117.3 
120.4 
123.7 
127.2 
131 .O 
135.1 

- 139.6 
144.4 
149.6 
155.2 
161.3 
167.9 
174.9 
182.6 
190.8 
199.7 
209.3 
219.7 
230.9 
243.1 
256.2 

Revenue4 
(mills 
/kwh) 

35.0 
38.5 
42.4 
46.6 
51.2 
56.4 
62 .O 
68.2 
75.0 
82.5 
90.8 
99.9 
109.8 
120.8 
132.9 
146.2 
160.8 
176.9 
194.6 
214.1 
235.5 
259.0 
284.9 
313.4 
344.7 
379.2 
417.1 
458.8 
504.7 
555.1 

' .lo% interest, 50 years; 10% sinking fund, 35 years. 
8% escalated at 8% per annum for 50 years. 
Energy exclusive of present generation. 
Escalated at 10% per annum for 50 years. 



TABLE 4-13 (Continued) 

Year - 

31. 
3 2 
3 3 
34 
35. 
36 

. 37 
38 
39 
40 
41 
4 2 
4 3 
44 
45 
46 
4 7 
48 
49 
50 

Total 

Cost 
(mills 
/kwh 

270.3 
285.6 
302.1 
319.9 
339.1 
366.8 
391.0 
417.2 
445.5 
476.0 
508.9 
544.6 
583.0 
624.0 
669.0 
717.9 
770.2 
826.7 
887.7 
953.6 

Revenue4 
(mills 
/kwh) 

610.7 
671.7 
738.9 
812.8 
894.1 
984.5 

1,081.8 
1,igo.o 
1,309.0 
1,439.0 
1,583.9 
1,742.2 
1,916.4 
2,108.1 
2,318.9 
2,550.7 
2,805.8 
3,086.4 
3,395.0 
3,734.6 



TABLE 4-14 

FINANCIAL ANALYSIS 
TOTAL ANNUAL COST AND MILL RATES 

(HIGHER ESCALATION RATES) 

TOTAL HF/2+6.2-230'AMD'BEL/2-4.2-284 

Year A&I + R1R.l 

1 1,700,100 
2 1,700,100 
3 1,700,100 
4 1,700,100 
5 '  1,700,100 
6 1,700,100 
7 1,700,100 
8 1,700,100 
9 1,700,100 
10 1,700,100 
11 1,700,100 
12 1,700,100 
13 1,700,100 
14 1,700,100 
15 . 1,700,100 
16 1,700,100 
17 ,I, 700,100 
18 1,700,100 
19 . .  1,700,100 
20 1,700,100 
21 , 1,700,100 
22 1,700,100 
.23 1,700,100 
24 : 1,700,100 
25 ; 1,700,100 
26 :. - '1,700, loo 
2 7 1,700,100 
2 8 1,700', 100 
2 9 1,700,100 
30 1,700,100 

Total 

1,963,000 
1,984,000 
2,006,700 
2.,031,200 
2,057,700 
2,086 ,300 
2,117,200 
2,150,500 
2,186,500 
2,225,400 
2,312,800 
2,361,800 
2,414,700 
2,471,870' 
2,533,500 
2,600,200 
2,672,200 
2,74.9,970 
2,833,900 
2,924,600 

Cost 
(mills 
1 kwh 1 

78.9 
79.8 
80.7 
81.7 
82.7 
83.9 
85.1 
86.5 
87.9 
89.5 
93 .O 
95.0 
97.1 
99.4 
101.9, 
104.5 
107.4 
110.6 
113.9 
117.6 
121.5 
125.8 
130.4 
135.3 
140.7 
146.5 
152.7 
159.4 
161.3 
168.7 

Revenue 
(mills 
/kwh 1 

35.0 
38.5 

' 42.4 
46.6 
51.2 
56.4 
62 .O 
68.2 
75.0 
82.5 
90.8 
99.9 
109.8 
120.8 
132.9 . 

146.2 
160.8 
176.9 
194.6 
214.1 
235.5 
259.0 
284,9 
313.4 
344.7 
379.2 
417.1 
458.8 
504.7 
555.1 

10% interest, 50 years; 10% sinking fund, 35 years. 
8% escalated at 8% per annum for 50 years. 
Energy exclusive of present generation. 
Escalated at 10% per annum for 50 years. 



TABLE 4-14 (Conti n.ued) 

Year 

31 
32 
33 
34 
35 
3 6 
3 7 
38 
39 
40 
41 
42 
43 
44 
4 5 
46 
4 7 
48 
4 9 
50' 

Total 

4,395,700 
4,611,300 
4,844,200 
5,095,700 
5,367,300 
5,329,600 
5,G4C,400 
5,988,600 
6,358,200 
6,757,300 
7,188,400 
7,653,900 
8,156,700 
8,699,700 
9,286,200 
9,919,600 

10,603,600 
11,342,400 
12,140,300 
13,509,300 

Cost 
(mills 
/kwh) 

176.7 
185.5 
194.8 
204.9 
215.8 
214.3 
227.0 
240.8 
255.6 
271.7 
289.0 
307.7 
327.9 
349.8 
373.4 
399.8 
426.3 
450.6 
488.1 
543.2 

Revenue4 
(mills 
/kwh) 

610.7 
671.7 
739.9 
812.8 
894.1 
984.5 

1,081 .8 
1,190.0 
1,309 .O 
1,439.0 
1,583.9 
1,742.2 
1,916.4 
2,108.1 
2,318.9 
2,550.7 
2,805.8 
3,086.4 
3,395 -0  
3,734.6 



4.6 GOVERNMENTAL REQUIREMENTS 

I A1 1 local ,  s t a t e ,  regional, and federal regulations have been respected in 
performing t h i s  investigation; and nothing contrary to  any of them i s  pro- 

I -. posed. The environmental impacts a re  more 1 ikely t o  be favorable than they . 

are to  be adverse, especially those related to  flooding. 

The State  of Vermont's Water Resources Board, Public Service Board, and Natural 
Resources Conservation Dis t r ic t  have jurisdicti.on over these improvements; and. 
the approval O f  one o r  a l  l i s  required before construction can begin. The 
Sta te  Department of F i s h  and Wildlife and the Highway Department will  a lso 

1 have to  be contacted and t h e i r  authority established i n  regards to the proposed 
improvements. 

The U.S. Army Corps of Engineers has ruled that  Otter Creek i s  navigable only.$;,, , ,  

up to  Vergennes'; which i s  a1mos.t .14 miles below the Huntington Falls s i t e .  
However, t he i r  approval and tha t  of the U.S. Department of Housing and Urban .. . 

Development may be required i n  regards t o  flooding. 

. The present Federal Energy Regulatory Commission license m u s t  be amended pr io~p. :  
t o  the s t a r t  of construction. This i s  the major governmental regulation tha.t':;-:. 
m u s t  be s a t i s f i e d ,  and the others will  be f a i r l y  straightforward when t h i s  ' is. . , 

done. Existing regulations require submittal of an appl icat ion with complete 
documentation of the proposed project improvements. Since the improvements 
comprise more that1 1,500 kW, many e x h l b l t s  must be prepared, including s t a t e -  
ments on water r igh t s ,  proposed financing, project operation, and an environ- 
mental, impact statement. A proposa'l t o  establ ish a short  form application f o r  
projects of l e s s  than 15,000-kW capacity i s  under consideration, and the pro- 
cedure fo r  obtaining a FERC l icense fo r  a power development will  be great ly  
simplified i f  t h i s  proposal i s  approved by Congress. 





APPENDIX A 

FOREWORD 

Exh ib i t s  A - 1  through A-7 were prepared f o r  use dur ing the se lec t ion  o f  a  

recommended development a l t e rna t i ve .  Exh ib i t s  A-8 through A-10 show the 

recommended development a t  Beldens and Huntington Fa l l s .  The recommended 

development cons is ts  o f  improvements a t  Beldens and Huntington Fa l l s ,  con- 

s i s t i n g  o f  a  dam f o r  r ese rvo i r  water surface E l .  284.0 and a  powerhouse con- 

t a i n i n g  two 2,100-kW un i t s ,  and a  dam f o r  water surface E l .  230.0 and a  

powerhouse conta in ing two 3,100-kW un i t s ,  respec t i ve ly .  



APPENDIX A 

EXHIBITS 

LIST OF EXHIBITS 

Exh ib i t  

A-l- Huntington' F a l l s  Dam, Reservoir  E l .  241.0 and 230.0, General 

P! a!! 

A-2 Hunt ington F a l l s  Dam, Reservoir  El .  241.0 and 230.0, Sections 

A- 3 Hunt ington Fa1 1s Dam, Reservoir  E l .  218.0, ~ e n e r a l  P l  an 

A-4 Hunt ington Fa1 1 s Dam, Reservoir  E l .  218.0, Sect ions 

A- 5 Be1 dens 'Dam, Reservoir E l  . 284.0, General Plan and Sections 

Center Rutland Dam, Reservoir  E l .  509.0, General Plan A-6 

A- 7 Center Rut1 and Dam, Reservoir  E l .  509.0, Sections 

. . . . 

- A-8 ~e1'd.ei-i~ Dim, Recommended ~ e v e l  opment, ~ e i e r v o i  r E l  . 284 .O, 

General Plan and Sections 

A- 9 Hunt ington ~ c i l l  s  Dam, Recommended Devel opment , Reservoir 

E l . .  230.0; ~ e n e r a l  Plan 

A-10 Hunt ington F a l l s  Dam, Recommended Development, Reservoir 

E l .  230.0, Sections 





S E C T I O N  E - E  





I EXHIBIT A -  , 

Top of 

iora ted concrete 

S E C T I O ! ~  G - G  
MODIFICATION OF EXISTING DAM 

3.0' min. new concrete 

Foundation 

S E C T I O P J  c - c  
I M P R O V E D  DAM 

S E C T  I O P I  D,-D, 
S E C T  I0 N D2-D2 

S E C T I O N  E - E  

L E G E N D  

Original ground k:?a existing conctek -- 
I J ~ N  concrete capplnq 

Remove deteriorated concrete 
and cap w i t h  new concrete 

Anchor block S E C T ~ O I ~  f - F  N O T E S :  
- 

For locatlen o f  Sections see Exhibit A 9  

VERtlONT t lARBLE COtlPANY 
PROCTOR. VERMONT 

OTTER CREEK 
HYDROELECTRIC FEASIBILITY STUDY 

HUNTINGTON FALLS DAM 
RESERVOIR EL. 218.0 

SECTIONS . - 
I m I m  ENGINLRING c o m w ~  IWC 

DRNlINO NO. 

Scale 0 10 20 30 40 f t  
I , ~ l l l 1 1 1  I 



'I EXHIBIT A -  



1 EXHIBIT A - 6  
I I 



EXHIBIT A-7 

I 

Gate operator 

El. 505 

5 - 0 ~ a l  
I ground 

El. 476 a 0  

/ C ~ a c k  mchors 
CTyplcal ) 

SECT!O:~ A-A 
1 

S E C T I O ~  D-0 S E C ~ ~ O ~ J  E-E S E C T I O ~ J  G - G  
TWTTAL 6 ATE S NBTE: Crest  gateo in Sections 8-8, C-C,D-D and E-k are not shown 

with operator Scale 0 5 F t .  
u I 

For Sections A-A thru E-E 

rarhrack rake 

Ues~iy~f r Uf.S El. 509.0 - -- -- - -- 

I 

L E G E N D  

E:$~I -- Existing conclvh 

w: Existing stone and marble 

m: New c o n t r e k  copping 

m; Remove dcteriora+ed concmte 
and cap w l f h  new concrete 

N O T E S :  
+or iocutlon of Sections see E x h t b H - 6 .  

Scale 10 20 3P 
n l n r a t l  

I 

VERHONT HARBLC COHPANY 
PROCTOR* VERMONT 

OTTER CREEK 
HYDROELECTRIC FEASIBILITY STUDY 

CENTER RUTLAND DAM 
RESERVOIR EL. 509.0 

SECTIONS 
INTEmIONFL ENCSINELRINQ -W)(PANY. IIC. 

SIV( FRIUEI8CO. CKIFORWIll311M 
em--- m 1 m  NO. 



TYPICAL DAM SECTION 



- - . . . . - . . . . - 

Reservoir Water Surface El. 230.0 

k r  Surface El. 230.0 

For Section- see Exhibit 'A-10. 
Topography shown hereon obtained from 

topo survey of Nov. - Dec. 1978. 



1 EXHIBIT A - I 0  

firashrack rake 

A A 

C gg 
&G - * 
3" UI XI 

I1 1 I 

I 1  1, 

c - 
Lo 

%a 
15 - % lntake gate- 
011) 

y .  

SECTIONAL PLAN B - 0  

Top of Structure 
El. 239.0 

I 
Crest res. ~ o t e  

I opamtz "0, s h  

u;styrn ~1 
o .ex1 ng. et$otion varies 

SECTION C-c S E C T I O N  D I - D t  
S E C T I O N  Da-Dr 

SECTION E-E 

SECTION 6-6 S E C T I O N  F - F  
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QUANTITY AND COST ESTIMATES 



Table 

Huntington F a l l s  - 
Huntington F a l l s  - 
Huntington F a l l s  - 
Huntington F a l l s  - 
Huntington F a l l s  - 
Huntington F a l l s  - 
Beldens - W.S. E l .  

Beldens - W.S. E l .  

Center Rutland - W 

APPENDIX B 

QUANTITY AND COST ESTIMATES 

TABLES 

Page 

W.S. E l .  241 .O; 3-3,700 kW Uni ts  

W,.S. E l .  230.0; 3-3,100 kW u n i t s  

W.S. . E l .  218.0; 3-2,300 kW Uni ts  

W.S. E l .  241.0; 2-3,700 kW U i l ' i l ~  . 

W.S. E l .  230.0; 2-3,100 kW Uni ts  

W.S. El .  218.0; 2-2,300 kW Uni ts  

284.0;. 3-2,100 kW Uni ts  

284.0; 2-2,.100 kW Uni ts  

S. E l .  509.0; 2-1,200 kid Units . 



TABLE B-1 
Sheet 1 o f  4 

HUNTINGTON .FALLS '- W.S. EL. 241.0 
3-3,700 KW UNITS 

QUANTITY AND COST ESTIMATE 

U n i t  P r i c e  'Tota l  Cost 

U n i t  ~ u a n t  i t y  ($1 ( f ) '  

LAND AND LAND RIGHTS 

Rural  a c 160 . . 500.00 80,000 

Devel oped L.S. 200,000 

Reservo i r  C l  e a r i  ng a c 160 100.00 16,000 

To ta l  

DIVERSION AND CARE 
OF THE R I V E R  L.S. 

To ta l  

U r ~ c l  dss . i f  i ed Excavat ion 

.Foundation ~ r e ~ a r a t  i o n  

Removal o f  D e t e r i o r a t e d  
Dam Concrete 

Demo1 i t  i on and Removal 
o f  Concrete S t ruc tu res  

, Concrete 

Rei n f  orcement 

Foundat ion Anchors 

Crest  Gates and opera tors  

To ta l  

cu yds . 2,500 

cu yds i ,suu 
sq yds 1 ,'loo 

cu yds 3 50 

cu yds 1,000 

cu yds . 10,000 

tons  200 

ft 6,400 

each . 2  



. . 

TABLE B-1 
Sheet 2 o f  4 

HUNTINGTON FALLS - W.S. EL. 241.0 
3-3,700 KW UNITS . . 

QUANTITY AND COST .ESTIMATE . . 

. . 

. . 
U n i t  P r i c e  , ' , Tot a1 Cost 

U n i t  quant I ey ' ($)* ($)  
. . .  

INTAKE STRUCTURE . . .  . . .  

5,400 10.00 . .. 54,000 ' Rock Excavat ion cu yds 

U n c l a s s i f i e d  Excavat ion cu yds 600 5.00 . . ' .  3,000' 

Concrete cu yds 3,400 200.00 680,000 

Rei nforcement tons 8 5 1,000.00. . 85,000. . . - 
Gates and Ho is t s  each . . 3 45,000.00 135,000 

18 
' ' 

Trashracks tons  3,000.00 ' ' 54,000 

'Trashrack Rake each 1 . 150,000.00 150,000 

Trash, Boom L.S. . ' . 8.,000 

Embedded Metal  and Mis- . . 
c e l  laneous Metalwork. . ' tons 10 3,000.00 . 30,000 

Tot a 1 

PENSTOCKS ' ' 

Rock ~ x c a v a t  i on cu yds 

Uncl ass. i f  i e d  ~ x c a v a t ' i o n  cu yds 

Concrete cu yds 

Rei nforcement tons. 

~ a c k  f i 1 1 

Penstock Stee l  . 

To ta l  

cu yds 

tons  



TABLE B-1 
Sheet 3 o f  4 

HUNTINGTON FALLS - W.S.,EL. 241.0 
. . 3-3,700 .KW UNITS. 

QUANTITY AND COST ESTIMATE . . 

Uni t .  ' p r i ce  1 ~ o t a l  Cost 

: Un i t  Q u a n t a  . ($1 ($1 

Rock Excavation cu yds 8,600 10.00 

Unc lass i f i ed  Excavation cu yds 900 5.00 

Substructure Concrete cu yds 2,300 150.00 

Superstructure Concrete cu yds 400 200.00 

Reinforcement tons 100 1,000.00 , 

B a c k f i l l  cu yds 2,000 5.00 10,000 

.Embedded Metal and M i  s- '. 

c e l l  aneous Metalwork tons 25 3,000.00 . . 75,000 

D r a f t  Tube Bulkhead 
Gate and Hois t  each 3 30,000.00 . . 90,000 

Generat i ng Equipment 
i nc l  udi  ng Turbine, Gene- 
r a to r ,  Bu t t e r f l y ,  Val ye, 
Governor and Associated. 
S w i  tchgear. 

Auxi 1 i ary E l e c t r i c a l  and 
Mechanical Equipment 

Service Road and Parking 
Area 

Transformer 

C i r c u i t  Breakers 

C i  r c u i  t Breakers 

Tot a1 

each ' . 3 ~1,160,000.00 

L.S. 

L.S. 

each 1 . 190,000.00' 
. . . . 

.each . ,, . . 3  10,000.00 

each . 1 .  
. . 

30 ; 000.00 



. . TABLE B-1 . 
. . 

. . Sheet 4 o f  4 

HUNTI.NGTON.FALLS.- W.S. EL ... 241.0 . '  ' 

3-3,700 KW UNITS 
. . 

. . . . 

QUANTITY AND COST ESTIMATE , 

ROAD IMPROVEMENT 

Roadway Embankment and 
Gravel Sur fac ing  ' 

~ a i s e '  E x i s t i n g  B r i dge  

New Br idge Spans 

U n i t  , P r i c e  

.Uni t  Q u a n t i t y  ($ )  . 

.mi 0.35 130,000.00 ' 

L.S. 

sq ft 3,000.. 70.00 

To ta l  Cost . . 

($1 

To ta l  305,500 

. . 

TRANSMISSION LINE 

Conductor m i  . 26 7,000.00 . : i82,000 

Transformer each 1 : 91,000.00 91,000 

Tot a 1 . . 273,000 

. . 
Cont i ngency 

TOTAL 

Engineer ing and ,Admi n i  s t r a t i o n  

TOTAL. 
I 

I n t e r e s t  Dur ing  Const ruc t ion  

GRAND TOTAL' 



TABLE .B-2 , . . . 

Sheet 1 o f  4 . . . . 

HUNTINGTON FALLS - W.S. EL. 230.0 . . 
3-3,100 KW UNITS 

QUANTITY AND COST ESTIMATE 

b 

U n i t  P r i c e  Tota l  Cost 

U n i t  Quai t y ($ )  - -  ,. . 

LAND AND LAND RIGHTS ' . 

Rura l  ac 100 500.00 50,000 - 
Devel oped L.S. 100,000 

Reservoi r C l  e a r i  ng a c 100 100.00 10,000 

DIVERSION AND CARE 
. . OF THE R I V E R  

Tot a 1 

Rock Excavat ion ' 

U n c l a s s i f i e d  ~ x c a v a t i o n  

~ o u n d a t  i o n  Prepara t ion  

Removal o f  De te r i o ra ted  '. 

Dam Concrete , . 

Demol i t ion  and Removal 
o f  Cohcrete St ruc tu res  , . 

Concrete 

Rei n f  orcement 

.Foundation Anchors 

Crest  Gates and Operators 

To ta l  

L.S. 

cu yds 

cu yds 

sq yds 

cu yds 

cu yds 

cu yds 

tons 

f t  

each 



TABLE 8-2 
Sheet 2  o f  4 

HUNTINGTON FALLS - W.S. EL. 230.0 
3-3,100 KW UNITS 

QUANTITY AND COST ESTIMATE 

INTAKE STRUCTURE 

Rock Excava t ion  

Uncl a s s i  f i e d  Excava t ion  

Concrete 

~ e i  n f  orcement 

Gates and H o i s t s  

Trashracks 

Trashrack Rake 

Trash Boom . . 

Embedded Meta l  and Mi.s- 
c e l l  aneous Metalwork 

T o t a l  

'PENSTOCKS 

U n i t  Q u a n t i t y  

cu yds 

cu yds 

cu yds 

t ons  

each 

t ons  

each 

L.S. 

tons  

Rock Excava t ion .  cu yds 

Uncl a s s i f . i e d  Excavat ion cu yds 
?. 

Concrete cu yds 

Rei nforcement t ons  

B a c k f i l l  cu yds 
., Penstock S tee l  t ons  

To t  a  1  

U n i t  P r i c e  . ,. To ta l  Cost 



. . 

TABLE B-2 . . 

Sheet 3 o f  4 

HUNTINGTON FALLS - W.S. EL. 230.0 
3-3;100 KW UNITS 

QUANTITY AND COST' ESTIMATE . .. 
. . 

. . 

U n i t  P r i c e  . ~ o t a l  Cost 

POWERHOUSE AND TAILRACE 

Rock Excavation 

Unc lass i f i ed  Excavation 

Substructure Concrete 

Superstructure Concrete , . 

Reinforcement 

Backf i 11 

Embedded Metal and Mis-. 
c e l l  aneous Metalwork 

D r a f t  Tube Bulkhead 
Gate and Ho is t  

U n i t  

cu yds 

cu yds 

cu yds 

cu yds 

tons 

cu yds 

tons 

each 

Q u a n t i t y  

Generat i ng Equi pmenf . ' 

i n c l  ud i  ng Turbi  ne, Gene- 
r a t o r ,  ' B u t t e r f l y ,  Valve, 
Governor and Associated 
Switchgear each 3 ' ' ~,OOO,OOO.OO. : 3,000,000 

: Auxi 1 i ary  ~ . l  e c t r i c a l  and ' . . 
.. . 

. . 
. .  . . . 

Mechani c'al Equ'i pment . . .  . 50,000 

Serv ice  Road and Park ing 
Area L.S. . ' . . .  50,000 

.. . . . 
~ r a n s f o r m e r  , . .  . each '1 156,000.00 ' " .  1.5G,000 

~ i , r c u i  t Breakers each 3 . .  . 10,000. 00- '. 30,000. . . 
. . 

C i  r c u i  t 'Breakers each .: 1 :. 30,000.00' , 30,000 
. . 

Tot a1 ' 4,056,000 . . 



. .  . 

. . TABLE 8-2 . . . . 
Sheet 4 o f  4 

HUNTINGTON FALLS - W.S. EL. 230.0 
3-3,100 KW UNITS 

QUANTITY AND COST ESTIMATE 

U n i t  P r i c e  Tota l  Cost 

U n i t  Q u a n t i t y  ($1 ($1 

' ROAD IMPKOVEMENT- 

Roadway Embankment and 
Gravel Su r fac i  rtg m i  0.06 130,000 .OO .7,800 

Raise E x i s t i n g  ' ~ r i d ~ e .  ' ' L.S. 30,000 

New Br idge Spans 

To ta l  

TRANSMISSION LINE 

Conductor m i  , . 26 7,000.00' : 182,000 

Transformer each 1 .74,000.00 
. . . . 

. , 74,000 

To ta l  

SIIRTOTAI.. 

Cont i ngency 

TOTAL 

Engi nee r i  ng and A d m i n i s t r a t i o n  

TOTAL 

I n t e r e s t  Du r ing  Cons t ruc t i on  

GRAND TOTAL 



LAND ACQUISITION 

T o t a l  

TABLE B-3 . - 
. . 

Sheet 1. o f  4 . . . . 

HUNTINGTON FALLS - W.S: EL. 218.0 " 

3-2,300.KW UNITS 

QUANTITY ..AND COST' ESTIMATE . . 

L.S. 

DIVERSION AND CARE . . 

OF THE R I V E R  L.S. 

Tot  a 1 

DAM - 
I 

Rock ~ x c a v a t i o n  

U n c l a s s i f i e d  Excavat jon 

Foundat ion Prepara t ion  ' . 

Removal o f  D e t e r i o r a t e d  
Dam Concrete 

Demolit i .on and Removal 
o f  Concrete S t ruc tu res  

Concrete 

Rei nforcement . . 

Foundat ion Anchors 

Crest  Gates and Operators 

To ta l  . 

cu yds 

cu yds 

sq yds 

cu yds 

c.u yds 

cu yds 

tons  

.f t 

each 

U n i t  P r i c e  Tota l  Cost 

.A 
50,000 

50,000 



TABLE B-3 
Sheet 2 o f  4 

HUNTINGTON FALLS - W.S. EL. 218.0 
3-2,300 KW UNITS 

QUANTITY AND . COST. ESTIMATE 
. . 

. . 

U n i t  P r i c e  . ' To ta l  Cost . . ' - 
' . .  U n i t  Q u a n t i t y  ; .'  ($1  . ($)  

Rock ~ x c a v a t  i oi 

U n c l a s s i f i e d  Excavat ion 

Concrete 

Rei n f  orcement 

Gates and Ho is t s  

Trashracks 

Trashrack Rake . . 

t rash Boom 

Embedded Metal and Mi's,- 
c e l l  aneous Metal work 

T o t a l  .. 

cu yds 

cu yds 

cu yds 

tons 

each 

tons 

each 

L.S. 

tons 

. . 

PENSTOCKS 
. ~ 

Rock Excavatfon .. cu yds 7,700. .'10.00 . . 77,000 

900 U n c l a s s i f i e d  Excavat ion cu yds 5.00 4,500 ' . . 

Concrete cu yds 1,400. . 150.00 210,000 

Reinforcement . : tons 4 0 1,000.00 40,000 
. . . . . . 

Backf i 11 cu yds 4,000 5.00 20,000 
. . 

Penstock Stee l  tons. 160 2,300.00 .. 368,000 

Tot a 1 719,500 



.. . 
. . 
. . . . 

. . . . 

TABLE 8-3 
Sheet 3 of 4 . . 

HUNTINGTON FALLS - W.S. EL. 218.0..  . . 
3-2,300 KW UNITS 

' '  QUANTITY AND COST .ESTIMATE . . 

POWERHOUSE AND TAILRACE 

Rock ~ x ~ a v a t i o n '  

unc lass i f i ed '  Excavation 

Subst.ructure Concrete 

Superstructure Concrete 

Rei nForcement 

Backf i 1 1 

Embedded Metal and Mis- 
cel laneous Metalwork 

D r a f t  Tube Bulkhead 
Gate and- Ho is t  

Generat i ng Equi'pment 
i n c l  ud i  ng Turbi  ne, Gene- 
r a t o r ,  B u t t e r f l y ,  Val ve, 
Governor and Associ ated: 
S w i  tchgear 

.Auxi 1 i .ary E l e c t r i c a l  and 

.Mechanical Equipment 
. . 

Serv ice doad a'nd ~ a r k i  ng 
Area 

Transformer 

C i r c u i t  Breakers 

C i  r c u i  t Breakers 

Tot a1 

U n i t  

cu yds 

' .cu yds 

cu yds 

cu yds 

tons 

cu yds 

tons 

each 

- U n i t  P r i c e  Tota l  Cost 

. . 
each 3 900,000.00 . 2,700,000 

. . . .  . 

L.S.. 

. . 
L.S. . . 

each ' . 3. 10,000.00 . :  :30,000 
L 

1 30,000 .' each 30,000.00 . ' 

': 3,604,000. . 



TABLE. B-3 . . , 

Sheet 4 o f  4 

HUNTINGTON FALLS - W.S.  EL. 218.0 
3-2,300 'KW UNITS . . 

. .  QUANTITY AND COST ESTIMATE 

ROAD' IMPROVEMENT' AND 

MAINTENANCE 

Stren'gthen E.xi s t  i 'ng Br idge 

Tot a 1 

U n i t  P r i c e  

L.S. 

Tot'al Cost 

0 

TRANSMI SS I O N  L I NE . . 

2 6 '  . . '  106,600 conductor . . mi' , . 4,100.0b. 

each 

To ta l  . : 

SUBTOTAL 

. . 
Engi neeri ng and  ~ d m i  n i  s t r a t i o n  ' . 765,000 

TOTAL . . 
. . 

. . 8.,414,900 
. . 

I n t e r e s t  Dur ing Const ruc t ion  664.800 
. . I 

GRAND TOTAL. 9,079,700 . 

. . . . 



TABLE 'B-'4 . . 

Sheet 1 o f  4 

HUNTINGTON FALLS - W. s., EL. 241.0 
2-3,700 KW UNITS 

. . 

' QUANTITY AND COST ESTIMATE 
. . . . 

u n i t  p r i c e  .' To ta l  Cost 

U n i t  

LAND AND' LAND RIGHTS 

Rural , . a c 160 500.00 
. . 

Developed L.S. 

Reservo i r  C lea r ing  a c 160 : 100.00 

Tot  a 1 

DIVERSION AND CARE 
OF THE R I V E R  L.S. 

Tot  a 1 . . 
. . . . 

. . 

DAM - 
. . . Rock Excavat ion . cu yds . 2.,500 . . 10.00 '25  ,UUU 

U n c l a s s i f i e d  Excavat ion 

Foundation Prepara t ion  
. .  . 

Removal o f  .Deter to ra ted  
Dam Concrete 

Demo1 i t i o n  and' Removal . . . 

o f  concret.6 St.ruct.ures 

Concrete 

Rei nforcement 

Foundation Anchors 

Crest  Gates and Operators 

Tot a 1 . . 

- .  

cu yds 350 100.00 . .  35,000 

cu yds. . 1,000 50.00 50,000 

C U Y ~ S  . 10,000 : . 110.00 ' 1,100,000 

tons . . .  ' . 200 : ~ ,OOO.OO 200,000 

ft 6,400 z~i.00 
. . 160,000 

each 2 460i000.00 . . 920,000 

. . 2,508,500 
. . 

. .. " .  B - 13 . . . . . . .  



TABLE B-4 
Sheet 2 o f  4 

HUNTINGTON FALLS - W.S, EL. 241.0 
2-3,700 KW UNITS 

. . U n i t  P r i c e  . To ta l  Cost 

U n i t  . Q u a n t i t y  ($ 1 ( 8 )  

INTAKE STRUCTURE 
. . 

Rock Excavation cu yds 3,500. ' ' . . 1 0 . 0 0  . '  35,000 
. . 

U n c l a s s i f i e d  Excavation cu yas . . , 600 5.00 :' . ,  3,000 

Concrete cu yds. 2,400 200.00 . 480,000 
Rei n f  orcement tons . .  58 . 1,000.00, 58,000 :.. . 

. . Gates .and. Hoi s t s  each 2 ' . 45,000.00 
. . 90,000 P Trashracks tons . .  12 . 3,000.00. . ,  36,000 

. . 

Trashrack ' ~ a k e  each 1 150,000.00 150.,000 , 

Trash Boom L.S. . . . . 8,000 
, . 

Embedded Metal and Mis- 
c e l l  aneous Metalwork tons 7 3,000.00 ., 21,000 

Tota l  . .  . . . . 

PENSTOCKS ' .  . . 

Rock Excavation cu yds 5,000 " . 1.0.00 50,000 

Unc lass i f i ed  Excavation - .  . cu yds.  500 .5.00 . . 
. . 2,500 . .  . 

Concrete . . cu yds. . . i ,  100 " . ' .  1.50.00 165,000 
Rei nforcement . tons . 30 . . 1,000.00 

.. . 30,000 
Backf i 11 

penstock'. S tee l  

: cu yds 3,000 

tons ' . , 128 



TABLE B-4 . 

.Sheet 3 o f  4 

HUNTINGTON FALLS -.W.S. EL. 241.0 
2 - 3,700 KW UNITS 

QUANTITY AND COST ESTIMATE 

U n i t  P r i c e  

($1 .. .. 

To ta l  Cost 

' : ($1 Quant 1 t y  

POWERHOUSE. AND TAILRACE 

Rock Excavation cu yds 

cu yds 

cu yds 

cu yds, 

tons 

cu yds 

U n c l a s s i f i e d  Excavation 

.Substructure Concrete 

Superstructure Concrete 

Rei nforcement 

Backf i 11 

~mbedded Metal and Mis- 
c e l l  aneous Metalwork tons 

D r a f t  Tube Bulkhead 
Gate. and Ho is t  each 

Generating Equipment 
i n c l  ud i  ng Turbi  ne, Gene- 
r a t o r ,  B u t t e r f l y ,  Valve, 
Governor and Associated 
Switchgear each 

Auxi 1 i ary  . E l e c t r i c a l  and 
Mechanical': Equipment L.S. 

Serv ice Road and Park ing 
Area L.S. 

each 

each 

each 

50,000. 

I. 30, ooa 
, 20,000- 

30,000 

3,147,500 

Transformer 

C i  r.cui t Breakers 

C i r c u i t  Breakers 

Tot a1 



TABLE B-4 
Sheet 4 u f  4 

HUNTINGTON FALLS - W.S., EL. 241.0 
2-3,700 KW LlN.ITS 

QUANTI-TY AND COST ESTIMATE . . 

l Jn i t  P r i c e  ~ o t a l  Cost 

U n i t  Q u a n t i t y  . ' ($1 ($). 

ROAD IMPROVEMENT 
. . 

Roadway Embankment and 
Gravel Su r fac ing  m i  0.35 130,000.00: . 45,500 . . 

Raise E x i s t i n g  ~ r i d ~ e  L.S. 50,000 : 

New Br idge Spans sq ft 3',000 70.00 210,000. 

To ta l  305,, 500 

TRANSMI SS ION. LINE 

Conduct o r  

Transformer each . . 

To ta l  209. ,400 

SUBTOTAL 

Cont i ngency 

TOTAL 

Engineer ing 'and ~ d m i  n i s t r a t i o n  

TOTAL 

I n t e r e s t  Dur ing  Const ruc t ion  

GRAND TOTAL 



. . 

TABLE B-5 . . . 
Sheet 1 o f  4 
.. . 

HUNTINGTON F A L ~  - W.S. EL. 230.0 '. 

2-3,100 ..KW UNITS . 

QUANTITY AND'COST ESTIMATE 

LAND AND LAND RIGHTS 

Ru'ra 1 

Devel oped . . 

Reservoi r  C l  eari 'ng 

To ta l  

U n i t  P r i c e  

a c 100 500.00 

L.S.' 
. . 

ac . 100 100.00 

Tota l  Cost 

L 

DIVERSION AND CARE 
OF THE R I V E R  L.S. 245,000 

Tota l  245,000 

DAM - 
Rock Excavation 

U n c l a s s i f i e d  Excavation 

Foundation Preparat ion 

Removal ' o f  De te r io ra ted  
Dam Concrete 

Demo1 i t  i o n  and Removal 
of Concrete St ruc tures  

Concrete 

Reinforcement , .  

Foundation Anchors 

Crest Gates and Operators 

Tota l  

cu yds 1,700 10 ; 00 

cu yds 600 , . .  5.00 

cu yds 350 ' " 100.00 

cu yds 1,000 50.00 

cu yds 4,000 110.00 

tons 80 1,000.00 

ft 3,400 ' 25.00 

each 2 460,000.00' 



TABLE B-5 
Sheet 2 o f  4 

HuNTINGTON'FALLS - W.S. EL. 230.0 
2-3,100 KW UNITS 

Un i t  P r i ce  Total  Cost 

Un i t  ~ u a n t  i ty ($1 ($ ) 

INTAKE STRUCTURE 
- 

Rock Excavation cu yds 3,000 10.00 30,000 

Unc lass i f i ed  Excavation cu yds 400 . 5.00 2,000 

Concrete cu yds 2,000 200.00 400,000 

Rei n f  orcement tons 5 0 1,000.00 50,000 

Gates and Hoists each 2 45,000.00 90,000 

'Trashracks tons 10 3',000.00 30,000 

Trashrack Rake . ' . each. 1 150,000.00 150-,000 

Trash Boom L.S. 7,000 

Embedded Metal and M i  s- 
c e l l  aneous Metalwork tons 6 3,000.00 18,000 

Tota l  

PENSTOCKS 

Rock ~ x c a v a t  i on cli yds 5,000 

Unc lass i f ied  ~xc 'avat  i on cu yds 500 

Concrete cu yds 1,100 

Reinforcement tons 30 

Backf i 11 cu yds 3,000 

penstock Steel tons 128 

Tot a 1 

B - 18 



TABLE B-5 
Sheet 3 o f  4 

HUNTINGTON FALLS - W.S. EL. 230.0 
2 - 3,100 KW UNITS 

QUANTITY AND. COST. ESTIMATE . . 

POWERHOUSE AND TAILRACE 

Rock Excavation 

Unc lass i f ied  Excavation 

Substructure Concrete 

Superstructure Concrete 

Reinforcement 

Backf i 11 

U n i t  ,. 

cu yds 

cu yds 

cu yds 

cu yds 

tons 

cu yds 

. . 

. . Un i t  P r i ce  

($1 
Total  Cost 

($1 

Embedded Metal and Mis- 
c e l l  aneous Metal work tons 15 3,000.00 45,000 

. . 
D r a f t  Tube Bulkhead 
Gate and Hois t  each 2 - 30,000.00, 60,000 

Generat i ng .Equipment . . 

i nc l  ud i  ng Turbi ne, Gene- 
ra to r ,  Bu t t e r f l y ,  Valve, 
Governor and Associated . . 

' ' Switchgear each 2 1,003,000.00 2.,006,000 
. . 

. Auxi 1 i ary ~ l e c t r i c a l  and . . 

Mechanical Equipment L.S. 40,000 

Service Road and Parking . . . .  

Area L.S. 50,000 

Transformer  each 

C i r c u i t  Breakers , . ' each 

C i r c u i t  Breakers each 



TABLE B-5 
Sheet 4 o f  4 

HUNTINGTON. FALLS - W.S. EL. 230.0 
2-3,100 KW UNITS 

U n i t  ' Q u a n t i t y "  

ROAD IMPROVEMENT . , 

Roadway Embankment and 
Gravel Su r fac ing  m i  0.06 

Raise E x i s t i n g  Br idge L.S. 

New Br idge Spans sq ft '1,000 

To ta l  

U n i t  P r i c e  Tota l  Cost 

($1 ($)  

. . 
TRANSMISSION LINE 

Conductor 

Transformer 

Tot a1 

SUBTOTAL 

Contingency 

m i  2 6 4,600.00. 

each . . 1 52,200.00 

TOTAL 7,381,300 

Engi nee r i  ng and Admi n i  s t r a t  i o n  738,100 

TOTAL 5,119,400 

I n t e r e s t  Dur ing  Const ruc t ion  641,400 

GRAND TOTAL . . 8 ,.760,800 



TABLE B-6 
Sheet 1 o f  4 

HUNTINGTON FALLS - W.S. EL. 218.0 
'2-2,300 KW UNITS 

QUANTITY AND COST ESTIMATE 

U n i t  P r i c e  
I 

Tota'l Cost 

. U n i t  ~ u a n t  i ty  ($1 0 
LAND ACQUISITION L.S. 50,000 

To ta l  50,000 

DIVERSION AND CARE. 
OF THE RIVER L.S. 

Tot a  1  

DAM - 
Rock Excavat ion 

U n c l a s s i f i e d  Excavat ion 

Foundation Prepara t ion  

, : Removal o f  u e t e i i  o ra ted  
Dam Concrete 

Demol i t ion  and Removal 
o f  Concrete S t ruc tu res  

Concrete 

Rei nforcement 

Foundation Anchors 

Crest Gates and Operators 

Tot a  1  

cu yds 

cu yds 

sq yds 

cu yds 

cu yds 

cu yds 

tons 

f t 

each 

i o o  .oo 



TABLE' B-6 
Sheet 2 o f  4 

HUNTINGTON FALLS - W.S. EL. 218.0 
2-2,300 KW UNITS 

QUANTITY AND COST ESTIMATE 

U n i t  P r i c e  Tota l  Cost 

( $ 1  ($ j  ' ,  * U n i t  Q u a n t i t y  

INTAKE STRUCTURE 

Rock Excavat ion 

U n c l a s s i f i e d  Excavat ion 

Concrete 

Rei nforcement 

Gates and Ho is t s  

Trash racks 

Trashrack Rake 

Trash Boom 

Embedded Metal and Mis- 
cel laneous Metalwork 

To ta l  

cu yds 

cu yds 

cu yds 

tons 

each 

tons 

each 

L.S. 

tons 

PENSTOCKS 

Rock Excavat ion cu yds 5,000 

U n c l a s s i f i e d  Excavat ion cu yds 500 

Concrete 

Rei nf,orcement 

Back f i  11 

Penstock Stee l  

To ta l  

cu yds 1,000 ' 150.00 

tons 28 1,000.00 

cu yds 2,800 5.00 

tons 100 . 2,300.00 



TABLE B-6 
Sheet 3 o f  4 

HUNTINGTON FALLS - W.S. EL. 218.0 
2 - 2,300 KW UNITS 

QUANTITY AND COST ESTIMATE 

POWERHOUSE AND TAILRACE 

Rock Excavation 

Unc lass i f i ed  Excavation 

' -Substructure Concrete 

Superstructure Concrete 

Reinforcement 

Backf i 1 1 

Embedded Metal and M i  s- 
c e l l  aneous Metalwork 

D r a f t  Tube Bulkhead 
Gate and Ho is t  

Generating Equipment 
i n c l u d i n g  Turbine, Gene- 
r a t o r ,  B u t t e r f l y ,  Val ve, 
Governor and Associated 
Switchgear 

Auxi 1 i ary  E l e c t r i c a l  and 
Mechanical Equipment 

Serv ice Road and Parking 
Area 

Transfnrmer 

C i r c u i t  Breakers 

C i r c u i t  Breakers 

U n i t  Quant 1 ty  

cu yds 4,200 

cu yds 600 

cu yds 1,200 

cu yds 240 

tons 55 

cu yds 2,000 

tons 13 

each 2 

each 2 

L.S. 

L.S. 

each 1 

each 2 

each 1 

U n i t  P r i c e  

( 8 )  
Tota l  Cost 

A 

Tota l  



TABLE B-6 
Sheet 4 o f  4 

HUNTINGTON FALLS - W.S. EL. 218.0 
2 - 2;300 KW UNITS 

QUANTITY AND COST ESTIMATE 

U n i t  P r i c e  To ta l  Cost 

U n i t  Q u a n t i t y  ($1 0 
ROAD IMPROVEMENT 
AND MAINTENANCE 

. . 
L.S. 

Strengthen E x i s t i n g  Br idge L. S. , 30,000 

Tot a1 60,000 

TRANSMISSION LINE 

Conduct o r  

Transformer 

Tot a 1 

SUBTOTAL 

Contingency 

TOTAL 

Engi neer i  ng and Admi n i  s t r a t  i on 

TOTAL 

I n t e r e s t  Dur ing Const ruc t ion  

tikAND TOTAL 

m i  

each 



TABLE 'B-7 
Sheet 1 of 4 

BELDENS - W.S. EL. 284.0 
3-2,100 KW UNITS 

QUANTITY AND COST ESTIMATE 

U n i t  P r i c c  Tota l  Cost 

U n i t  Q u a n t i t y  ($1 0 
. . 

LAND ACQUISITION L.S. 50,000 

Tota l  50,000 

DIVERSION AND CARE 
OF THE R I V E R  

Tot a1 

L.S. 

DAM - 
Rock Excavation 

Unc lass i f ied  Excavation 

Foundation Preparat ion 

Removal o f  Deter io ra ted 
Dam Concrete 

Concrete 

~ e i  nfo'rcement . 

Foundation Anchors 

Crest Gates and Operators 

Tota l  

cu yds 

cu yds 

sq yds 

cu yds 

cu yds 

tons 

ft 

each 



TABLE 8-7 
Sheet 2 o f  4 

INTAKE STRUCTURE 

Rock Excavation 

Unc lass i f i ed  Excavation 

Demolation and Removal o f  
Concrete St ruc tures  

Concrete 

Rei nf6rcement 

' Gates and Ho is t s  

Trashracks 

Trashrack Rake 

Trash Boom 

Embedded Metal and Mis- 
cel laneous Metalwork 

Tot a1 

PENSTOCKS 

Rock Excavation 

Unclassified Excavation 

Concrete 

Reinforcement 

Backf i 11 

Penstsek Steel  

Tota l  

BELDENS - W.S. EL. 284.0 
3-2,100 KW UNITS 

QUANTITY AND COST ESTIMATE 

U n i t  

cu yds 

cu yds 

cu yds 

cu yds 

tons 

each 

tons 

U n i t  P r i c e  ~ o r ' a l  ~ o s t  
Q u a n t i t y  ( 8  ) '0 

each 1 150,000.00 150,000 

L.S. 6,000 

tons 6 3,000.00 18,000 

441,500 

cu yds 2,500 10.00 25,000 

cu yds 200 5.00 1,000 

cu yds 350 150.00 52,500 

tons 10 1,000.00 10,000 

cu yds 1,600 5.00 8,000 

tons 5 6 2,300.00 . 128,800 

225,300 



TABLE B-7 
Sheet 3 o f  4 

BELDENS - W.S. EL. 284.0 
3-2,100 KW UNITS 

QUANTITY AND COST ESTIMATE 

Un i t  P r i ce  Total  Cost 

Un i t  Quan t i t y  ($1 0 
POWERHOUSE AND TAILRACE 

Rock Excavation 

Unc lass i f ied  Excavation 

Substructure Concrete 

Superstructure Concrete 

Reinforcement 

Backf i 11 

Embedded Metal and Mis- 
c e l l  aneous Metal work 

D ra f t  Tube Bulkhead 
Gate and Hoist  

Generating Equipment 
inc lud ing  Turbine, Gene- 
ra to r ,  Bu t t e r f l y ,  Val ve, 
Governor and Associated 
Switchgear 

A u x i l i a r y  E l e c t r i c a l  and 
Mechanical Equipment 

Access Road Improvement 
and Parking Area 

Transformer 

C i r c u i t  Breakers 

C i r c u i t  Breakers 

Tot a1 

cu yds 3,500 10.00 35,000 

500 cu yds 5.00. 2,500 

cu yds . 1,200,. 150.00 180,000 

cu yds 300 200.00 60,000 

tons 5 5 1,000.00 55,000 

cu yds 500 5.00 2,500 

tons I 5  3,000.00 45,000 

each 3 20,000.00 60,000 

each 3 . . 760,000.00 2,280,000 

L.S. 30,000 

L.S. 40,000 

each 1 106,000.00 , 104,000 

each 3 10,000.00 30,000 

each 1 27,000.00 
. . 

27,000 

2,953,000' 



TABL'E 9-7 
Sheet .4  o f  4 . 

BELDENS - W.S.' EL. 284.0 
3-2,100 KW UNITS 

. . 

QUANTITY AND COST ESTIMATE 

U n i t  P r i c e  T o t a l .  Cost 

U n i t  Q u a n t i t y  : ( $') 0 
TRAINING WALLS 

Rock Excavat ion 
1 .  Concrete 

Cu Yds, 50 

.Cu Yds 150 

8 Reinforcement Tons . ' . . 1,000.00 8,000 

To ta l  34,000 

TRANSMISSION LINE 
. . 

Conductor . m i  2 4 4,000.00 . ' 96,000 

Transformer each 1 51,000.00 51,000 

To ta l  147,000 

SUBTOTAL 4,585,,800 

Cont i ngency 687,900 . . 

TOTAL 5,273,700 

Engineer ing and Admi n i  s t r a t i  on 527,400 

TOTAL 5,801,100 
I n t e r e s t  I)~lri ng Const ruc t ion  450.300 

GRAND. TOTAL 6,259,400 



. . 
TABLE B-8 . 

. . 

Sheet, 1 o f  ' 4  

BELDENS - W.S. EL. 284.0 
2-2,,100 KW UNITS 

QUANTITY AND COST ESTIMATE 

u n i t  P r i c e  T o t a l  Cost 

U n i t  Q u a n t i t y  ($) ( 8 )  

LAND ACQUISITION. L.S. 50,000 

Tot  a 1. 50,000 

DIVERSION AND CARE 
OF THE R I V E R  L.S. 

T o t a l  

DAM - 

Rock Excava t ion  

U n c l a s s i f i e d  Excava.t ion 

Foundat ion P repa ra t i on  , .. 

Removal o f  D e t e r i o r a t e d  
Dam Concrete 

Concrete 

Rei nforcement 

Foundat ion Anchors 

Cres t  Gates and Operators 

T o t a l  

cu yds 

c u  yds 

sq yds 

. . 
cu yds 

cu yds. 

tons  

f t  

each 



TABLE. B-8 " : 
Sheet 2 o f  4 

. . 

BELDENS - W.S. EL. 284.0 
2-2,100 KW UNITS 

' QUANTITY' AND COST .ESTIMATE. 

. . 

U n i t  P r i c e  T o t a l  Cost 

U n i t  Q u a n t i t y .  

Rock Excava t ion  cu yds 460 10.00 4,600 

U n c l a s s i f i e d  Excava t ion  cu yds 140 5.. 00 700 

Demolat ion and Removal o f  . . 

Concrete S t r u c t u r e s  cu yi ls 1,000 .50.00 50,000 

245 200.00 49,000 Concrete cu ' yds 

Rei n f  orcement t ons  18 '1,000.'00. 18,000 

Gates and H o i s t s  each . 2 33,000.00 66,000 
4 Trashracks t ons  . 3,000.00. ' -  ' 12,000 

Trashrack Rake each 1 150,000.00 150,000 
. . 

 rash ~ o o m  L.S. 6,000, . . 

Embedded Meta l  and Mis-  . . 

ce l laneous  Metalwork tons  4 3,000.00 . . 12,000 
. . 

T o t a l  . . .. . 36t1,300 

. . 

PENSTOCKS 

Rock Excava t ion  

U n c l a s s i f i e d  Excava t ion  

Coticr7e1e 

Rei n f  orcement 

'Backf  i 11 

Penstock S tee l  : 

cu yds 

. cu yds 

cu yds 

t ons  

cu 'yds 

t o n s  

Tot  a  i 



TABLE' 9-8 
Sheet 3 of 4 

BELDENS - W.5. EL. 284.0 . . 

. 2-2,100 KW UNITS . . . 

QUANTITY AND COST ESTIMATE 

. . 

U n i t  P r i c e  
. . 

U n i t  Q u a n t i t y  ( 8 )  

Rock Excavation . cu yds 2,450 . . ' 10.00 

U n c l a s s i f i e d  Excavati.on cu yds 360 5.00 

subst ruc ture  concrete . ' ' cu yds ' 840 . .  . . 150.00 . ' 

Superst ructure Concrete cu y d s .  210 .. 200.00 

Rei n f  orcement . . tons 39 1,000.00 

Backf i 11 cu y d s  . 500 : 5.00 

Embedded Metal and Mis- 
c e l l  aneous Metal work tons' . I 1  . . 3,000.00 

Dra f t  Tube Bulkhead 
Gate and ' Ho is t  each 2 20,000.00 

Generating Equipment 
i n c l u d i n g  Turbi  ne, Gene- 
r a t o r ,  But te r f l y . ,  Val ve, 
Governor and Associated 
Switchgear each 2 '760 ; 000.00 

'. Auxi 1 i a r y  E l e c t r i c a l  and . . 

Mechanical Equi pment L.S. 
. . 

Access Road Improvement 
and Park ing Area L.S. 

Transformer each 1 7'5,000.00 
. . 

C i r c u i t  Breakers each 2 10,000~.00 

C i r c u i t  Breakers each 1' 27,000.00 

Tot a1 

Tota l  Cost 

0 



TABLE B-8 
Sheet 4 o f  4 

BELDENS - W.S. EL. 284.0 
2-2,100 KW UNITS 

. QUANTITY AND COST ESTIMATE 

TRAIN I NG WALLS 

Rock ~ x c a v a t  i on 

~ o n c r e t  e 

Reinforcement 

To ta l  

U n i t  P r i c e  

U n i t  Q u a n t i t y  ( 8 )  

> .  

cu yds i do . l0.00 
cu yds 2 50 170.00 

12 tons  1 ,000.00 , 

' TRANSMISSION LINE 

..Conductor: . . .mi  

Transformer each 

To ta l  

SUBTOTAL 

~ o n t  i ngency . . 

TOTAL 

Engineer ing 'and Ad.mi n i s t r a t i o n  

Tota l  Cost 

A) 

TOTAL 4,451,900 

I n t e r e s t  Dur ing Const ruc t ion  351.700 

. . 
GRAND TOTAL - '4,803,600 



TABLE B-9, 
( i  Sheet 1 o f  4 

CENTER RVTLAND - W.S. EL. 509.0 
2-1,200 KW UNITS 

.QUANTITY AND COST ESTIMATE . . 

. . U n i t  Pr ice .  To ta l  Cost 
U n i t  Q u a n t i t y  ($1 ($ )  : 

LAND ACQUJITIQN 

Tot a1 

D I V E R S I O N  AND CARE 
OF THE RIVER 

Tota l  

DAM - 

Rock Excavat ion 

Unc lass i f i ed  ~ x c a v a t  i o n  

Foundation Prepara t ion  

Removal o f  De te r i o ra ted ,  
Dam Concrete 

Demo1 i t i o n  and Removal 
o f  Concrete nil9 M ~ S U I I I . ~  
Struc tures .  

Concrete 

~ e i  nforcement 

Foundation Anchors. 

Crest Gates and opera tors  

Tota l  

L.S. 

L.S. 

. . 
cu yds . 2 00 20.00 

cu yds 5  00 . . :5.00 

.sq yds 150 , ' 10.00 

cu yds 150 

cu yds 1 0 0  

c u y d s - "  550 

tons 20 

f t 1,500 
L.S. 



TABLE B-9 . 
Sheet 2 o f  4 

CENTER RUTLAND - W.S.' EL:509.0 
2-1,200 KW U N I T S .  

QUANTITY AND COST ,ESTIMATE 

U n i t  P r i c e  Tota l  Cost 

( S )  U n i t  Q u a n t i t y  ' ($ ) .  

I NTAKE STRUCTURE 

cu y.ds 

L.S. U n c l a s s i f i e d  ~ x c a v a t i o n  

Demol i t  i o n  and Removal o f  
Coi lcrete . and Maso'nry 
S t ruc tu res  cu yds 

cu yds 

tons  

each 

tons  

each 

L. S. 

Concrete 

Rei nforcement 

Gates and Ho is t s  

Trashracks 

Trashrack Rake 

TrashBoom . .  

Embedded Metal and Mis- 
c e l l  aneous Metal work tons 

Tot  a1 

PENSTOCKS 

~ o c k  Excavat ion cu yds ' 800 

U n c l a s s i f i e d  Excavat ion cu yds 400 

Demol i t i o n  and Removal o f  
Concrete and Masonry 
S t ruc tu res  cu yds 5 0 

Concrete 

Reinforcement 

B a c k f i l l  

Penstock Steel 

cu yds 150 

tons  4 

cu yds 500 

tons  3 5 

Tota l  
. . 



TABLE' 0-9 
Sheet 3 o f  4 

POWERHOUSE AND .TAILRACE 

Rock Excavat ion 

Unc.lassi f i e d  Excavat ion 

CENTER RUTLAND - W.S. EL. 509.0 
2 - 1,200 KW UNITS 

QUANTITY AND COST ESTIMATE 

Demo1 i t  i on and Removal o f  
Concrete and Masonry 
S t ruc tu res  

Substructure Concrete 

Supers t ruc ture  Concrete 

Rei nforcement 

Back f i  11 

Embedded Metal and Mis- 
c e l  l'aneous Metalwork 

D r a f t  Tube Bulkhead 
Gate and Ho is t  

U n i t  Q u a n t i t y  

cu yds 3,400 

cu yds 2,000 

cu yds 450 

cu yds 600 

cu yds 200 

tons 40 

cu yds 700 

tons 14 

U n i t  P r i c e  

' ( 8 )  

each 2 25,000.00 

Generat i ng Equi pment 
i n c l u d i n g  Turbine, Gene- 
r a t o r ,  But te r f . l y ,  Valve, 
Governor and Associated 
Switchgear each 2 675,000.00 

A u x i l i a r y  E l e c t r i c a l  and 
Mechanical Equipment L ..S . 
Serv ice Road and Park ing  
Area L.S. 

Transf ormer each 1 36,000.00 

C i r c u i t  Breakers each 2 10,000.00 

C i r c u i t  Breakers each 1 27,000.00 

Tota l  

To ta l  Cost 

($)  



TABLE B-9 
Sheet 4 o f  4 

CENTER RUTLAND - W.S. EL. 509.0 
2-1,200 KW UNITS - 

U n i t  P r i c e  Tota l  Cost 

U n i t  Q u a n t i t y  ( $ )  0. 
TRANSMISSION LIME 

Conductor and Accessories 

Tot a1 

SUBTOTAL 

Cont i ngency 

TOTAL 

Engi neer i  ng and Admi n i  s t r a t  i o n  

TOTAL 

I n t e r e s t  Dur ing Const ruc t ion  

GRAND TOTAL 

L.S. 
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APPENDIX C 

HYDROLOGY AND POWER STUDY 

This appendix describes the hydrologic investigations and power s tudies  

made f o r  three hydroelectric projects on Otter Creek and ident i f ied as 
Center Rutl,and, Beldens, and Huntington Fa1 1s.  I t  b r ie f ly  discusses the 
drainage basin, streamflow data and charac ter i s t ics ,  flood flows and f re -  

quencies, and power s tudies  performed t o  evaluate the improvements most 

appl icable t o  the in8-i v idudl prujects and ehe ~dmbi ned development . 

A. Description of Drainage Basin 

The Otter Creek basin i s  s i tuated in west central Vermont and i s  shown on 
Figure C-1 .  Otter Creek is  the longest waterway en t i r e ly  contained within 
the s t a t e  and.originates near Freedleyville in the Green Mountains. I t  
flows. north to  Rutland, continues s l igh t ly  west of north t o  the New Haven 
River, and then flows northwest into Lake Champlain. The drainage area i s  
749 square miles a t  Huntington Falls - the downstream l imi t  of the study 
area -about 5 miles downstream of Middlebury. Streams draining the heavily 
forested western slopes of the divide formed by the principal range of the 
Green M~untains a re  stee.p and flashy. Plain tr'ibu,tar.ies are Mill River, 
Col d ,  R i  very East Creek, C1.arendon River, Furnace Brook, Neshobe River, 

Leicester River, ~ i d d l k b u r ~  River, and New Haven River. The surface area 
of natural lakes and storage reservoirs i n  the basin i s  about 5 square 
miles , of which 1 .6  square miles a re  i n  Lake Dunmore. and 1 . 2  .square miles 
are in Chittenden Reservoir. 

The Otter Creek valley from the headwaters to  Clarendon i s  confined by 

steep, forested mountains, 1 imiting the. valley f loo r  to  a width of about 
1,500 feet .  The average wid th  of the valley bottom between Clarendon and 
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Brandon i s  about 112 mile, except fo r  constr ic t ions a t  Center Rutland and 

Proctor. The slope of Otter Creek from Brandon to  Middlebury i s  very mild, 

and the  alley width varies from .l to  2 miles.  The widening forms a f l a t  

plain of about 23 square miles area,  which has a storage capacity of about 

14,000 acre-feet f o r  each foot of r i s e  of water elevation. This area i s  

inundated on the average of once every 2 years.  Under extreme flood condi- 

t ions ,  the valley bottom throughout the e n t i r e  length of Otter Creek i s  

inundated. The waterway below Middlebury i s  essent ia l ly  res t r ic ted  to  the 

ch.anne1 width as Otter Creek passes through rol l.ing h i l l s .  The average 

elevation of the divide formed by the Green Mountains to  the eas t  i s  about 

2,500 fee t ;  the highest point, Killington Peak, reaches 4,241 f e e t  above 

sea level.  The divide on the west below Proctor is generally below eleva- 

t ion .1,000 fee t .  

The en t i r e  course of the Otter Creek val ley i s  over calcareous rocks, 

except for  a,band of quartz in Rutland. The Green Mountains chain t o  the 

eas t  i s  composed of quartz and grani.te and to  the west, below Pi t t s ford ,  

of talcoid schis t  formations. Extensive beds ofmarble  occur in the 

western part of the upper reaches of th.e Otter Creek valley. The principal 

outcrops. occur near West Rutland and Proctor. 

Table C - 1  sh.ows drainage areas above selected points on Otter Creek and 

the draina,ge areas of the principal t r i b u t a r i e s .  Table C.-2 l i s t s  dam 

c r e s t  and t a i l r ace  elevations of ex is t ing  dams on Otter Creek within the 

study area. . 

B. 'Climate 

1. ' ' Precipitation - Mean annual prec ip i ta t ion ,  including water equi - 
valent 'of  snow, averages about 44 inches over the 749 square miles of 

drainage area a t  Huntington Falls.  Annual precipi ta t ion i s  usually evenly 

dis t r ibuted throughout the year. The most intense ra infa l l  generally 

occurs duri.ng summer thunderstorms. Average seasonal snowfall. i s  about 

. 80 i.nches. 



TABLE C - 1  

DRAINAGE AREAS OF OTTER CREEK AND PRINCIPAL TRIBUTARIES 

Locat ion 

R i v e r  
M i  1 es 
Above 
Mouth 

Huntington F a l l s  

Beldens 

M i  rirll ~hl~r-y 

L e i  ces te r  Junct ion  

P roc to r  

Center Rut1 and 

Rut land above East Creek 

Wall i n g f o r d  

South Wal l ingford 

Danby 

Freed1 e y v i l l e  ( v i c i n i t y )  

Averiage 
Land 

El evat i on 
( fee t  ) 

Tota l  
Dra i nage 

Area 
( s q  mi)  

20 

Negl i g i  b l  e 

TRIBUTARIES AT MOUTH 

New Haven R ive r  22. 240 11 3 
M i  dd l  ebury R ive r  

L e i  ces te r  R i  ve r  

Neshobe River  
. . 

Furnace Brook 

C l arendon R ive r  

East Creek 

Co1.d R ive r  

M i l l  R i ve r  

. . .  

Source o f  data: References 11, 12 and 13. 



TABLE C-2 

EXISTING DAMS ON OTTER CREEK 

Vergennes* 

weybr i die+ 

Huntington Fa l l s * *  

Be1 dens** 

M i  ddl  ebury Lower 

M i  ddl  ebury Upper 

Proc tor  

Center Ru t l  and** 

R i  p l  ey (Rut l  and) 

E x i s t i n g  E l e v a t i o n  ( f e e t )  
Normal 

R i v e r  M i  1 es Sp i l lway  Water 
Owner Above Mouth Crest Tai  1 race  Surface 

* . Downstream o f  study area. 

** Study I n s t a l l a t i o n .  

Owner Designat ion 

1. Vermont Marble Company. 

2. Central  Vermont Pub l i c  Serv ice  Corporat ion. 

3. Green 'Mountain Power Corporat ion. .. 

4. Owner uncerta in.  

Note: E levat ions  f o r  study i n s t a l l a t i o n s  are  based on USGS datum. Other 
e leva t ions  are  not  necessar i l y  r e f e r r e d  t o  t h a t  datum. 

Source o f  Data: Reference 13, f i e l d  survey o f  s tudy i n s t a l l a t i o n s  .and 
o t h e r  publ ished in format ion .  



2. Temperature - J u l y  i s  t h e  warmest month of t h e  y e a r  with tempera- 

t u r e s  usua l ly  between 57" and 81°F i n  t h e  v i c i n i t y  of Rut1 and. January  i s  

t h e  co ldes t  month wi th  tempera tures  u s u a l l y  between 11" and 30°F. 

C. S o i l s  and Land Use 

S o i l s  i n  t h e  a r ea  range from poor ly  d r a i n e d  s i l t y  s o i l  i n  t h e  lowlands 

- t o  well d ra ined  loamy s o i l  i n  t h e  h i l l s .  P r i n c i p a l  land use i s  devoted 

t o  cropland,  p a s t u r e  and woodland. Timber s t a n d s  of p ine ,  oak, c h e r r y ,  

maple, ash and ceda r  a r e  abundant and cover about  75 percent  of t h e  area. 
The f l o o d p l a i n  is s p a r s P l y  covered and t h e  h i l l s i d e s  a r e  t h i c k l y  wooded. 

About 50 percent  of  t h e  r eg ion  i s  farmed. The major c rops  a r e  corn  and 

hay which a r e  grown f o r  use i n  d a i r y  farming. 

C.2 HYDROLOGIC STUDIES 

A. Streamflow Data 

Long-term records  of  s t r eamf l  ow i n  Otter Creek bas in  have been obta ined  

by t h e  U.S. Geological Survey (USGS) a t  t h r e e  s i t e s - i n  t h e  s tudy  a r e a :  

USGS Drai nage Average Per iod  o f  
S t a t i o n  Area Fl ow Record Avai 1 a b l e  
Number S t a t i o n  Name ( s q  mi) ( c f s )  From To 

2815 East Creek a t  Rutland 5 1 96.8 8/40 9/77 
2820 Otter Creek a t  Center  Rut land 307 

2825 Otter Creek a t  Middlebury 6 28 



The gage a t  Center Rutland i s  located just.below the dam and powerhouse 

operated by Yermont Marble Company. The gage a t  Middlebury i s  about 2 miles 

upstream of the dam and powerhouse a t  Beldens, which is. a lso operated by 

Vermont Marble Company. Two small dams and one powerhouse, operated as 
run-of-the-river instal3at ions by Central Vermont Public Service Corporation, 

a re  located between the Middlebury gage and Beldens. Accuracy of the dai ly  
discharge records i s  generally considered to  be w i t h i n  10 percent, except 

at times during the winter months when the e f f ec t s  of ice  r a i se  the l imit  

t o  15 percent. 

B. 'Streamflow'Analysis 

The streamflow records a t  Center Rutland are  d i r ec t ly  applicable to  the 

dam and power operation a t  t ha t  s i t e .  Flows a t  the Beldens s i t e  a re  
essent ia l ly  the same as those recorded a t  the Middlebury gage. A simple 

drainage area r a t i o  adjustment of 7491628 was applied t o  the flow records 
of the Middlebury gage t o  estimate flows f o r  the ~un t ing ton  Fa1 1s s i t e .  
An essent ial ly  s imilar  r a t i o  i s  obtained from estimating uni t  runoff of the 
New Haven'River basin by means of a comparison w i t h  un i t  runoff fo r  the 
areas -above the gages a t  Center Rutland and East Creek: Streamflow a t  the 

study area s i t e s  i s  regulated to  a small extent ;  principally by .storage i n  

Chittenden Reser.yoir, which was completed i n  1902. 

The residual-mass curve of annual flows a t  the Middlebury gage fo r  the 
water years 1929 t o  1977 i s  shown on Figure C-2. The minimum year was 
1965 and occurred i n  the se r i e s  of below-average years between 1961 and 
1967. The maximum year was 1976 and occurred i n  the se r i e s  of above- 
average years beginning i n  1971. These extremes are  f o r  the en t i r e  period 
of recorded flow beginning i n  1903. 

Flow-duration curves.based on mean dai ly  discharges a t  Center Rutland, 
Be1 dens; and Huntington Fa1 1s s i t e s  are  shown on -Figures C-3, C-4 ,' and 

C-5, respectively. Points fo r ' p lo t t ing  the curves f o r  Center Rutland 
and ~ e t d e n s  were obtained from the USGS. The frequency of discha,rge 

occurrences a t  Beldens was assumed t o  be ident ical  w i t h  those a t  
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FIGURE C-3 
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FIGURE C-4 
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Middlebury. The estimated curve f o r  Huntington F a l l s  i s  based on t h e  

drainage area r a t i o  adjustment o f  f lows a t  Middlebury. There i s  an i n -  

s i g n i f i c a n t  d i f fe rence  between the  Middlebury gage fl ow-durati on curve 

f o r  the  t o t a l  per iod o f  record and a shor te r  per iod from 1929 t o  1976. 

C. Flood Frequency 

F l  ood-frequency analyses, based on 1 og-Pearson Type I I I curve f i tt i ng 

- f o r  Center Rutland and Middlebury gaging s ta t ions,  were obtained from 

t h e  USGS and are shown as t he  a t - s t a t i on  values i n  Table C-3. Regional 
. ' equations developed by the  USGS (Reference 1 )  were used t o  est imate t he  

f l o o d  magnitude and frequency a t  Huntington F a l l s  shown i n  Table C-3. 

The standard e r r o r  o f  t he  reg iona l  formulae ranges from 38 percent f o r  

t he  2-year t o  5.9 percent f o r  ' the 100-year frequency; therefore,  c lose 

agreement i s  not t o  be expected between- t he  a t - s t a t i on  and regional  

values. A f a c t o r  f o r  channel storage e f f e c t s  i s  not included i n  t h e  
. . reg iona l  .equations. F a i l u r e  t o  inc lude  t h i s  f a c t o r  may exp la in  t he  

v a r i a t i o n  i n  computed M i  dd l  ebury val  ues and increase the  uncer ta i  n t y  o f  

Huntington Fa1 1 s f l  ood frequency estimates. 

F l  ood-frequency analysi  s f o r  the  Center Rut1 and gaging s i te ,  inc luded 

i n the  -Fl ood Insurance- Study .(Reference--2:) o f  t h e  -U-. S. Department - o f  

Housing and Urban Development (HUD) and shown i n  Table C-3, d i f f e r s  from 

t h e  USGS a t - s ta t i on  analysis. The dev ia t i on  presumably r e s u l t s  from the  

re1 a t i v e  amounts o f  h i  s ' tor ic  f l ood data - incorporated and the  choice o f  

skew values used i n  the  common analy t ic .procedure recommended by t h e  

Water .Resources Council (Reference 3) and fo l lowed by both agencies. 

D. I n f l ow  Design Floods 

Reference 4 provides genera l ly  accepted c r i t e r i a  f o r  se lec t ing  i n f l o w  

design floods, subject  t o  i n t e r p r e t a t i o n  and engineering judgment. I n  

accordance w i th  these standards, t h e  ranges f o r  se lec t ion  o f  i n f l  ow de- 

s i gn  f loods a t  the study damsites a re  as fo l lows:  



TABLE C-3 

FLOOD FREQUENCY AT DAMSITES 

Recurrence 
I n t e r v a l  

Years 

At -Sta t ion Discharge ( c f s )  
USGS 

Expected P r o b a b i l i t y  HUD 

CENTER RUTLAND 

MIDDLEBURY = BELDENS 

4,332 

5 ,.go7 

7,043 . 7,550* 

8,585 9,440* 

9,860 

11,204- '. 11, OOO* 

12,711 

14,711 16,000* 
. . 

HUNTINGTON FALLS 
(Ungaged) 

* Pre l  i m i  nary unpubl i shed values. 

USGS Regi onal 
Equation 

( c f s )  



S i t e  I n f l ow  Design Flood 

Center Rut1 and 100-year t o  1/2 PMF 

Be1 dens 100-year t o  1/2 PMF 
I .Huntington F a l l s  ' 100-year t o  1/2 PMF 

/ 

The l a rges t  known f l ood  a t  o r  near each s i t e  i s  as fo l l ows :  

Drainage Area 
Peak Discharge 

S i t e  ( c f  s ) F l  ood Date 

. , Center Rut1 and 306 281 21,600" NOV. i927 

M i  ddl ebury 682 582 13,600 Nov. 1927 

749 703 Huntington F a l l s  18,800 Nov. 1927 

* A t  Rip1 ey Dam 

The above data were ext rac ted from Reference 5, which a l so  provides peak 

discharge est imates f o r  outstanding f loods s ince 1811. Most o f  t h e  l a r g e r  

storm events have occurred dur ing t he  l a t e  summer and f a l l  seasons. The 

f l o o d  o f  ~ovember 1927 resu l ted  from .a general New England storm o f  3-day 

durat ion,  which o r i g i na ted  i n  t h e  t rop ics .  Tota l  r a i n f a l l  over t h e  O t te r  ,. 

. , Creek basin duri-ng--that---storm .was -about 7 inches.. 

Estimates o f  the  probable maximum f l ood  (PMF) were made on ly  f o r  t he  

Huntington F a l l s  s i te .  The probab'l e maximum p r e c i p i t a t i o n  (YMP) was 

assumed t o  occur i n  the fa1 1 o f  -the year. Procedures f o r  t he  f l o o d  e s t i -  

mate and t he  r e s u l t s  are discussed i n  t h e  f o l l ow ing  paragraphs. 

I 

1. Uni t  Hydrographs - The f a l l  i n  O t t e r  Creek, from i t s  source near 

Freedleyv i l le ,  i s  about 300 f e e t  i n  t he  35-mile d istance t o  Rutland. The 

p r i n c i p a l  t r i b u t a r i e s  i n  t h i s  reach are M i l l  R iver  and Cold River,  which 

are steep and more i n d i c a t i v e  of t he  c r i t i c a l  concentrat ion cha rac te r i s t i c s  

o f  the Ot te r  Creek basin above Rutland. The cascade formed by Rip ley  and 



Center Rutland dams proyides a re la t ive ly  concentrated,drop of about 40 fee t  

a t  Rutland. Otter Creek then f a l l s  about .l4 fee$ in the 7 miles t o  Proctor, 
' 

where the creek drops about 115 f ee t  a t  Sutherland Fa1 1s.  Proctor marks the 
beginning of the principal storage basin in the course followed by Otter 
Creek t o  Middlebury. A drop in water level of about 15 f e e t  occurs in the 
intervening 37 miles between the Proctor damsite and Middlebury. Recorded 
flood peaks of some large floods a t  Center Rutland and Middlebury indicate a 

flood-wave travel time of a t  l eas t  3 days between these locations. Timing 
and amount of t r ibutary  inflow from the e a s t  is. another factor  in t h i s  rela-  

t ibnship. The New Haven diver enters Otter Creek jus t  upstream of Huntington 
Fa1 1s. I t s  charac ter i s t ics  with respect t o  c r i t i c a l  concentration closely 
resemb,le those of the area above Proctor. Therefore, the peak of l.arge 
floods a t  Huntington Falls may resul t  from New Haven River outflow followed 
by a l a t e r ,  b u t  l e s se r ,  peak coming from Otter Creek. However, the peak of 
abnormally large floods a t  Huntington Fa1 1s wil.1 r e su l t  from the discharge 
of Otter Creek a t    el dens building on the recession discharge of the New 
Haven River. 

To account for  the response of the study area t o  storm i n p u t ,  the basin was 
divided into .the :fol lowing three -sub-areas -for flood .s-tudi.es and development 
of u n i t  hydrographs: 

Sub-area A: above Proctor 363 sq m i  

Sub-area B: between Proctor and Beldens 273 sq m i  

Sub-area C: New Haven Kiver basin 1i3 Qq 

The Taylor-Schwarz .method (Reference 6) was used to.- develop the synthetic 
u n i t  hydrographs f o r  each sub-area, because - i n  addition to  i t s  convenience 
- the method is based on studies of basins w i t h  drainage areas ranging from 

20 t o  1,600 square miles located in the Middle Atlantic s t a t e s .  Some of the 
basins used i n  developing the Taylor-Schwarz method are located in New Hamp- 

shi re ,  Vermont, ~ a s s a c h u s e t t s  , and New York. 



A per iod o f  two hours was selected as t h e  u n i t  du ra t ion  f o r  the  hydrograph 

computations because o f  t he  113-square m i l e  s i ze  o f  the  New Haven River 

basin. Derived values o f  lag, o r  the  t ime from t h e  cen t ro id  o f  r a i n f a l l  

excess t o  the t ime of unit-hydrograph peak, and u n i t  hydrograph peak d is -  

charge are as fo l lows:  

Lag Peak D i  sc harge 
Sub-area (hrs)  ( c f s )  

The shapes o f  these unit-hydrographs are shown on Figure C-6. 

2. Probable Maximum Prec ip i t a t i on  - The probable maximum p rec ip i t a -  

t i o n  (PMP) over the study area o f  749 square mi les  was determiied from 

Hydrometeorological .Report 51 (Reference 7) t o  be 20.9 inches gross i n  

72 hours. The PMP design arrangement o f  incremental t ime periods and 

incremental r a i n f a l  l f o l  lowed t h e  -sequence .g iven i n  Reference-8 f o r  com- - 

putat i 'on o f  i n f l o w  design f loods -east -  o f  t he  105O merid ian.  

, . 

D i rec t - runof f  increments were computed usi,ng t h e  r a i n f a l l - r u n o f f  r e l a t i o n  

developed by t he  U. S. Soi 1 Xonservat i on Service. The predomi nant 'hydro- 

l o g i c  s o i l  group f o r  each sub-area was determined from general s o i l  maps 

o f  the area (References .9 and 10) .. For antecedent .moisture cond i t i on  I I 

(AMC-I I ) ,  r a i  n f a l  1 - runo f f  curve numbers were computed based on hydro1 ogic 

so i  1 -cover compl exes estimated from topographic maps (References 11 and 12) 

and a minimum re ten t i on  loss  r a t e  was selected. The r e s u l t s  fo r  each sub- 

area were the same:. Hydrologic S o i l  Group C, AMC-11, Curve Number 73 and 

minimum re ten t i on  r a t e  o f  0.12 inches per  hour. The gross PMP, losses and 

d i r e c t  runo f f  are shown i n  Tab1 e C-4. 
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TABLE C-4 

(ending hour) 

GROSS PMP, LOSSES AND DIRECT RUNOFF 

INCREMENTAL AND TOTAL 

.Gross PMP 

( inches)  

0.9 

1.0 

1.3 

5.7 

1.7 

1.0 

3.3 

2.4 , 

2.8 

Losses 

( inches)  

0.89, 

0.73 

0.60 

1.07 

0.14 

0.12 

0.72 

1.44 

2.8 

D i  r ec t  Runoff 

( inches) 

7 2 0.8 0.8 0 

Total 72-hours 20.9 . .  - 9.31 11.59 

3. Probable Maximum .Flood 'a t  Huntington Fa l l s  -- The u n i t  hydrographs 

developed f o r  each sub-area were used t o  d i s t r i b u t e  t h e  direct-runoff i n -  

crements and form the  respect ive  net f lood hydrographs. A constant  base- 

flow was added t o .  t he  ne t .  flood hydrographs: 2,000 c f s  f o r  Sub-area A ,  

1,500 c f s  f o r  Sub-area B ,  and 700 .c fs  f o r  Sub-area C .  The flood hydrograph 

f o r  sub-area A was routed t o  ~ u n t i n g t o n  Fa l l s ,  using Muskingum constants 

K = 24 hours, x = 0.15, and t = 2 hours, and.added t o  the flood hydrographs 

of Sub-areas.. 5 and C. The resu l t ing  es t imate  of t h e  probable maximum' 

f lood hydrograph a t  Huntington Fa l l s ,  w i t h  a peak discharge of 174,000 

c f s ,  i s  shown on Figure C-7. . 
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I. C.3 POWER STUDY 

A. General 

Power studies were made f o r  three heads and f o r  from one t o  three uni ts  fo r  
... 

each of the heads a t  Center Rutland, Beldens,. and Huntington Fal ls .  Simpli- 
fying assumptions were required because of the limited amount and accuracy 

of available data and the short  time d u r i n g  which this study has been per- 

formed. Simp1 i f i ca t ions  were made fo r  head determination, hydraulic losses ,  
, unf t ef f  i c i e r ~ ~ y ,  rcser-voir drawdown, and the manner i n  which the flow- 

duration curve data was applied. 

B. Head 

The normal headwater and ta i lwater  levels  were e i the r  known or  were estab- . 

lished w i t h  reasonable accuracy during this investigation. However, suf f i -  
c ient ly  accurate data f o r  preparing r e l i ab le  reservoir area-capacity curves 
and tailwater-rating curves were not available.  Therefore, i t  was assumed 
tha t  the headwater and ta i lwater  f luctuat ions were identical so tha t  the 
head remained constant. The e f fec t s  of flood stages were neglected, -because 
of the.assumption made f o r  fluctuation uniformity and because t h e r e - i s  ample 
di scha,rge during f 1 oods. ' to  produce rated.  ou tput.-under .varyi ng head conditions . 

The Huntington Fa1 1 s reservoir  was assumed t o  undergo a 5-foot.  drawdown. 
The head used f o r  t h i s  s i t e  was the  average obtained from the normal reser- . . ,.... 
voir level and the drawdown.leve1. The other two s i t e s  were assumed t o  

, .. 

operate a t  a constant, .reservoir level .  

Headwater and Tailwater Rating Curves . . 

Reseryoir area-capacity curves were prepared using USGS topographic quad- 
rangle sheets having a contour interval of 10 f e e t  a t  Huntington Fal'ls 

and Beldens and 20 f e e t  a t  Center Rutland. The resul t ing area-capacity 



curves did not  provide any reservoir fluctuation d a t a  t h a t  were considered 

t o  be any more reliable for determining head t h a n  resulted from the uni- 

form headwater-tailwater fluctuation assumption. 

Three river cross sections were surveyed during. this  investigation for 

the Huntington Falls and,Center Rutland tailraces and were intended t o  
serve as a basis for tailwater studies. However, they were only about  

150 feet a p a r t  and did not  clearly show the drop in water levels and 

other d a t a  required to  accurately compute hydraulic properties of the 

sections. Normal turbine discharges flow over exposed rocks and cascade 
down several small drops in the tailraces a t  bo th  of these sites. 
Sections upstream and downstream of the cascades are required for back- 
water studies under low flow conditions. I n  addition, i t  was assumed 

t h a t  the tailraces would be excavated to  eliminate these drops and lower 

the tailwater. The cascades are drowned out during higher discharges. 

The tailwater level a t  Huntington Falls i s  controlled by the backwater 

of the Weybridge Dam, about  1.5 miles downstream. The discharge a t  all 

three si tes was also approximate; therefore, i t  was not  practicable t o  
I 

make a tailwater-ratimg curve of an acceptable degree of re1 i abil i ty. 

D. Conveyance Losses 

Hydraulic losses in the conveyance system were computed for several 
assumed conditions. Entrance, friction, exit and minor losses were in- 
cluded. The total losses were subsequently combined and rounded off t o  
three feet for a1 1 analyses. 

E. Unit Efficiency 

The overall unit efficiency was assumed to  be 79 percent for all operating 

conditions. This percentage was essentially derived as a weighted average 

for the range of operating conditions likely t o  be encountered. The aver- 
age percentages used i n  approximating the overall efficiency basi cal1.y were 

87 percent for the turbine, 98 percent for the gear reducer, 95 percent for 

the generator and 98 percent for the transformer. 



I. F. Power Computations 

All three plants will operate as run-of-the-river in s t a l l a t ions ;  and the 

flow-duration curves shown on Figures C-3, C-4, and C-5 were used for  power 

studies.  The curves a re  based on mean dai ly  discharges fo r  the period of 

record. The discharge equalled or  exceeded about 10 percent of the time 

was used i n i t i a l l y , f o r  computing the to ta l  power potential  a t  each s i t e  and 

was assumed to  be the ins ta l led  capacity. Ins ta l la t ion  of three uni ts  a t  

I each s i t e  was i n i t i a l l y  adopted to  provide f l e x i b i l i t y  of operation and per- 

.mit n~.ir~.iinu~n plant outage. The same ins ta l led  capacity using two uni ts  and 

one u n i t  was also investigated. Finally,  i n s t a l l a t ion  of two uni ts  of the 

same unit  s ize as the three-unit i n s t a l l a t ion  was analyzed t o  ascertain the 

e f f ec t  of a lower ins ta l led  capacity. The smaller ins ta l  led' capacity 

resulted in u t i  1 i zi ng the discharge tha t  was equal 1 ed or  .exceeded about 

20 percent of the time.' 

The flow-duration curves were divided into percentage time intervals  and 

the discharge a t  each point determined. The duration of the intervals  was 

varied so that  they conformed closely t o  the degree of curvature of the 

flow-duration curves and permitted-minimizing the -effects of the averaging 

method used in the analyses. The discharge a t  each selected point was con- 

verted to  kilowatt capacity, and-the capaci t ies  a t  the beginning and end of 

each interval were averaged to  obtain the equivalent capacity during each 

time interval.  The hours during each interval were computed as  a percentage 

of the total  hours during a year. The kilowatt-hours f o r  each interval were 

obtained by mu1 t i  plyi ng the average k i  1 owatt capacity by the appl i cab1 e 
number of hours. The incremental outputs were added t o  obtain the to ta l  

output for  an average year.. . 

Using the percentage. time inte.rva1 i~iethod described above resu l t s  i n  an 

insignificantly,  greater  amol~nt o f  energy than would be produced i f  the flow- 

duration curves were integrated. However, there a re  two of fse t t ing  influences 

tha t  have been neglected i n  the analysis.  .No overload has been used and the 

.- units were assumed to  be en t i re ly  inoperable when the uni t  discharge f a l l s  

. .  . 



t o  25.percent o f  the ra ted  ~ a l u e .  However, the u n i t s  can be overloaded 

when there i s  s u f r i c i e n t  discharge and par t - t ime operat ion can be used f o r  

low discharges. The e f f ec t s  o f  these two possi b i  1 i t i e s  w i l l  more than 

o f f s e t  the excess introduced by using the percentage p o i n t  method o f  analysis.  

The power studies were made f o r  each i n d i v i d u a l  s i t e  and the app l icab le  

heads. The separate r e s u l t s  were combined i n t o  f o u r  development a l te rna t i ves ,  

each o f  which inc luded a1 1 three s i t e s .  The four development a1 ternat ives 

are shown i n  Table C-5, and the corresponding r e s u l t s  t o  the power studies 

are shown I n  Table C=6. T h e ' f i r s t  a l t e r n a t i v e  made maximum use o f  e x i s t i n g  

f a c i l i t i e s ,  because t h i s  would r e s u l t  i n  the  minimum cap i t a l  expenditure; 

however, i t  would n o t  f u l l y  develop the ava i l ab le  hydrau l i c  resources. The 

second would f u l l y  develop the hydrau l i c  resources, bu t  would requ i re  the 

la rges t .  cap i t a l  expenditure. The o ther  two a l t e rna t i ves  are intermediate 

between the f i r s t  two and were .selected t o  inc lude  the f u l l  range o f  develop-. 

ment p o s s i b i l i t i e s .  The se lec t ion  o f  p r o j e c t  components and t h e i r  combina- 

t i o n  i n t o  development a l t e rna t i ves  was made i n  a manner t h a t  permits making 

o ther  combinations, i f  desired. 

G.  Peak 'Load Po ten t ia l  

Two studies were made f o r  peak load operat ion a t  the Huntington..Fal ls s i t e  

w i t h  the reservo i r  water surface a t  E l .  230.0 and El .  218.0. These studies 

were conducted f o r  t h i s  s i t e  using the data f o r  two u n i t s  a t  3,050 k W  each, 

as 6huw1.1 i n  A l t e r n a t i v e ,  111, . f o r  r ese rvo i r  E l .  230.0 and f o r  two, u n i t s  a t  

2;300 kW each, as shown i n  A l t e rna t i ve  I, f o r  r ese rvo i r  El .  218.0. Both 

studies.assumed a 12-hour operat ion per iod  a,nd al lowed f o r  a minimum release 

o f  137 cubic f e e t  per  second dur ing the o ther  12 hours, when the p l a n t  i s  

completely.shutdown. The minimum releas'e conforms t o  pending l e g i s l a t i o n  i n  

the Vermont Leg is la ture .    he base load and peak output  f o r  these two analy- 

ses are shown i n  Table C-7. 



TABLE C-5 

PRELIMINARY DEVELOPMENT ALTERNATIVES 

ALTERNATIVE I 

1. Upgrade and r e h a b i l i t a t e  a l l  s i t e s .  

2. Make maximum use of ex i s t ing  f a c i l i t i e s ,  except generating un i t s .  -. 

3.. Excavate t a i l  races  t o  lower t a i l  water. 
4. Use wood or  metal f l  dsl~lsoards or  crcst gates. 

5. Ins ta l l  new generating uni ts .  

ALTERNATIVE I I 

1. Raise Huntington Fa l l s  rese rvo i r  from El. 218.0 t o  El. 241.0. 

2. Upgrade and r e h a b i l i t a t e  Beldens and r a i s e  reservoir  from El. 283.0 

t o  El. 284.0. 

3. Raise Center Rutland reservoir  from El. 507.0 t o  El. 514.0. 

4. Excavate t a i l r a c e s  t o  lower t a i l w a t e r  a t  Huntington F a l l s  and 

Center Rut1 and. 

ALTERNATIVE .I11 

1. Raise Huntington Fa l l s  rese rvo i r  from El. 218.0 t o  El. 230.0. 

2. Upgrade and r e h a b i l i t a t e  Beldens and r a i s e  reservoir  from El. 283.0 

t o  El. 284.0. 

3. Raise Center Rutland rese rvo i r  from El. 507.0 t o  El. 509.0. 

4. Excavate t a i l r a c e s  t o  lower t a i lwate r .  

ALTERNATIVE IV 

1. Raise Huntington Fa l l s  rese rvo i r  from El. 218.0 t o  El. 230.0. 

2. Relocate Beldens powerhouse t o  recover head l o s t  a t  Huntington Fal ls .  

3. Raise Center Rutland reservoir  from E l .  507.0 t o  El. 514.0. 

4. Excavate t d i l  races  t o  1 ower t a i l  water. 



POWER STUDY 
SUMMARY OF RESULTS 

Head I n s t a l l e d  Capacity Output I n s t a l  l e d  Capacity Output 
'PI  ant  l% (kW) (kWh/yr) ( M )  (kWhlyr) 

' ALTERNATIVE I 

Center Rut1 and 28.0 3 @ 770 = 2,310 
Be1 dens 43 :O 3 @ 2,250 = 6,750 
Huntington F a l l s  37.5 - 3 8 2,30b = 6,900 

Tota l  ' 3 15,960 

Center Rut land 28.0 9 @ 2,310 = 2,310 
Be1 dens ' 43.0 1 @ 6,750 = 6,750 
Huntington Fa1 1s 37.5 - 1 @ 6,900 = 6,900 

Tota l  3 15,960 

. . ALTERNATIVE I 1  

Center Rutland 35.0 3 @ 960 = 2,880 9,453,000 2 @ 1 , 4 4 Q =  2,880 
Be1 dens 40.0 3 @ 2,067 = 6,200 20,855,000 2 @ 3,lOCl = 6,200 
Huntington Fal 1 s 60.5 - 3 @ 3,700 = 11,100 37,525,000 - 2 @ 5,550 = 11,100 

Tot a1 9 20,180 67,833,000 6. 20,180 

Center Rut1 and 35.0 1 @ 2,880 = 2,880 7,674,000 2 @  9 6 0 =  1,920 
Be1 dens 40.0 1 @ 6,200 = 6,200 16,915,000 2 8 2,067 = 4,134 
Huntington F a l l s  60.5 - I @ 11,100 = 11,100 30,423,000 - 2 8 3,700 = 7,400 

Tota l  3 +'" .. 20,180 55,012,000 6 13,454 



POWER STUDY 
SUMMARY OF RESULTS 

Head I n s t a l  1 ed dapaci ty Output 
P l a n t .  . (ft) (kW) (kWh/yr) 

ALTERNATIVE I I I 

Center Rut 1 and 30.0 .. 3 @ 800 = 2,400 8,088,000 
Be1 dens 43.0 3 (9. 2,250 = 6,750 22,484,000 
Huntington F a l l s  49.5 . - 3 @ '3,050 = 9,150 

I ,  
30,797,000 

To ta l  9 1 '  18,300 61,369,000 
. . I ! 

Center Rut 1 and 30.0 1 @ 2,400 = 2,400 6,632,000 
Be1 dens 43.0 1 @ 6.,750 = 6,750 18,134,000 
Hunt ington F a l l s  49.5 - 1 @ 9,150 = 9,150 24,932,000 

Tot  a1 3 18,300 49,698,000 

ALTERNATIVE I V  

Center Rut 1 and 35.0 3 @ 960 = 2,880 9,453,000 
Bel, dens ' 51 .O 3 @ 2,650 = 7,950 26,349,000 
Huntington F a l l s  . 49.5 - 3 @ 3,050 = 9,150 30,797,000 

Tot a1 9 19,980 66,599,000 

Center Rut1 and 35.0 1 @ 2,880 = 2,880 7,674,000 
Be1 dens 51 .O 1 @ 7,950 = 7,950 21,212,000 
Huntington Fa1 1 s 49.5 - 1 @ 9;150 = 9,150 24,932,000 

Tot a1 3 19,980 53,818,000 

I n s t a l l s d  Capacity 
(kW) 

Output 
(kWhlyr) 



TABLE C-7 

HUNTINGTON FALLS DAM 

COMPARISON OF' BASE LOAD AND PEAK LOAD ENERGY PRODUCTION 

Reservoir I n s t a l  l e d  
Water Surface Capacity Energy Product ion (kWhlyr) % 

E l  evat i on kW Base Load Peak Load Peak t Base 

NOTE: Energy product ion based on 12-hour operation. Longer 

operat ing periods are  poss ib le  dur ing high discharge 

and woul d produce correspondingly more energy. 
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APPENDIX D 

GEOTECHNICAL INVESTIGATION 

. - 
-. - This appendix contains the  f ind ings  o f  geotechnical i nves t iga t ions  per- 

.:+ = 

.J;. - formed fo r  three hydroe lec t r i c  p ro jec ts  on O t t e r  Creek known as Huntington 
, .. Fa1 1  s, Beldens and Center Rut1 and. It discusses the  geological  condi t ions 

o f  the. reg ion and a t  each o f  t he  three s i tes .  It contains the  logs o f  

th ree  d r i l l  holes t h a t  were made a t  Huntington F a l l s  dur ing t h i s  i n v e s t i -  

gat ion and recommends add i t i ona l  geotechnical i nves t iga t ions  f o r  t he  next 

stage o f  work leading t o  const ruct ion o f  proposed improvements. 

A f i e l d  inspect ion o f  the  th ree  s i t e s  was conducted dur ing the  l a s t  week 

o f  September 1978 and surface geology observed. Pub1 ished geological  

data were reviewed dur ing t h i s  inspection. The d r i l l i n g  was performed be- 

tween December 7, 1978 and December 20, 1978. 

REGIONAL GEOLOGY 

The topography o f  the e n t i r e  s ta te  o f  Vermont was profoundly a l t e red  by 

. . t h e  g l ac i a t i on  ending about 10,000 years ago. Large areas are present ly  
covered by g l a c i a l  t i l l and many o f  t he  exposed rocks e x h i b i t  pol ished . 

and s t r i a t e d -  surfaces produced by g lac ia t ion .  
..* 

O t te r  Creek, on which a1 1  o f  t he  Vermont Marble Company's hydroe lec t r i c  

developments are located, f lows general l y  toward t he  nor th  through western 

Vermont, eventual ly  emptying i n t o  Lake Champlain about 21  mi les  nor th  o f  

t h e  study area. 

The meandering o f  O t t e r  Creek i s  genera l ly  r e s t r i c t e d  t o  t he  eastern l imb  

o f  the Middl ebury Syncl inorium, which s t r i k e s  north-south and d ips  gen t l y  

t o  moderately west. The Middlebury Syncl inor ium consists o f  a  sedimentary 

sequence of. carbonate and qua r t z i t e  rocks deposited dur ing Cambrian and 



Ordovic ian times. The re1 a t i v e l y  f l  a t ,  g l a c i a l  l y  scoured val  l e y  o f  t h e  

Middlebury Syncl inor ium i s  f lanked t o  t h e  east by t h e  mountains o f  t h e  

west-verging Green Mountain Ant ic l inor ium.  The core, which i s  predomi- ' 

nan t l y  exposed throughout t h e  range axis,  cons is t s  o f  Precambrian gneiss 

o v e r l a i n  by Cambrian and Ordovic ian sch is ts ,  amphibol i tes, p h y l l i t e s ,  

s la tes ,  and quartzpi tes. South o f  Brandon, t h e  mountains o f  t h e  Taconic 

K l i ppe  r i s e  t o  the  west, cont inu ing south beyond t h e  s t a t e  border. The 

Taconic K l  ippe i s  a sedimentary sequence o f  shales, s l a t e s  and p h y l l  i t e s  

w i t h  minor dolomite, l imestone, marble and sch is t .  Thrust from t h e  east, 

t h e  Taconic K l i ppe  unconformably o v e r l i e s  sediments o f  t h e  Middlebury 

Syncl i n o r i  um. 

The Middlebury Syncl inorium, through which O t t e r  Creek f l  ows, cons is ts  

o f  l imestones, dolomites, quar tz  and calcareous sandstones, marbles, and 

quartzites. Between Weybridge and Center Rutland, O t t e r  Creek cu ts  across 

t h e  m a j o r i t y  o f  t h e  Middl ebury Syncl i n o r i  um s t ra t ig raphy.  The Huntington 

F a l l s  damsite near Weybridge, s i t u a t e d  on t h e  western l i m b  o f  t h e  Middle- 

bury Syncl inorium, i s  i n  t h e  massive gray weathered do1 omi t i c  1 imestone 

o f  t h e  Beldens Formation. West o f  Huntington F a l l s ,  O t t e r  Creek cu ts  

sequent ia l  l y  through t h e  Crown P o i n t  Limestone and t h e  Bascom Formation. 

The Beldens Formation c o n s t i t u t e s  t h e  core  o f  t h e  syncl inor ium and as 

O t t e r  Creek proceeds from t h e  town o f  Beldens, i t  meanders through t h e  

eastern 1 imb o f  t h e  syncl inorium. From Beldens t o  Center Rut1 and, O t te r  

Creek cu ts  down-section through t h e  l imestones, dolomites, q u a r t z i t e s  

and marbles o f  t h e  Beldens, Bascom, Cut t ing,  Shelburne, Clarendon Springs 

and Danby Formations. Fur ther  east, i t  f lows through t h e  dolomites and 

q u a r t z i t e s  o f  t h e  Winooski, Monkton, Dunham, and Cheshire Formations. 

The Center Rutland damsite i s  i n  t h e  Cheshire q u a r t z i t e  which i s  an ex- 

t remely massive, wh i te  t o  p ink o r  b u f f ,  v i t reous  quar t z i t e .  The Center 

Rutland dam i s  j u s t  east uf a f a u l t  along which t h e  Cambrian Cheshire 

was t h r u s t  over carbonaceous s l a t e s  and p h y l l i t e s  o f  t h e  Ordovic ian 

H o r t o n v i l l e  Formation. 



Formation o f  s o l u t i o n  channels' i n  t h e  marbles and dolomites i n  t h e  area 

o f  t h e  damsites i s  no t  uncommon and has reached advanced stages o f  devel- 

opment i 'n some places. 

D.2 SITE GEOLOGY 

A. Huntington Fa1 1s 

The rock i s  interbedded dolomite and 1 imestone, general l y  gray t o  blue- 

gray i n  co lo r ,  moderately hard t o  hard and q u i t e  fresh. Thickness o f  

bedding va r ies  from 118 inch  through 4 fee t .  Beds a re  18 inches t o  4 f e e t  

t h i c k  a t  dam c r e s t  t o  near t a i l w a t e r  l eve l .  Beds average 118 i n c h  i n  

th ickness f o r  some d is tance downstream o f  t h e  base o f  t h e  dam. 

The rock i s  l o c a l l y  folded. The a x i s  o f  an a n t i c 1  i n e  l i e s  a sho r t  d i s -  

tance downstream and approximately p a r a l l e l  t o  t h e  dam axis. The dam 

i t s e l f  i s  on t h e  upstream d ipp ing f l a n k  o f  t h i s  a n t i c l i n e ;  bedding s t r i k e s  

about north-south and d ips  35"-55O east (upstream)'. 

The rock i s  broken by t h e  f o l l o w i n g  j o i n t s  set :  

East-west d ipp ing 70" N through 70° S - spacing on t h i s  promi- 
nent set  i s  between 1 and 6 fee t .  

a About N 20" E/30n - 35" SW spdced 2 i r ~ c t ~ e s  t t ~ r ~ u y t i  1 foot.. 

About N 70' E - north-south/70° N - v e r t i c a l .  

About N 10" E/60° W. 

There i s  some rock so lu t ion ,  as evidenced by c a v i t i e s  along t h e  bedding 

downstream on the  r i g h t  abutment. No actual  leakage around t h e  dam was 

found; however, t h e  p o s s i b i l i t y  o f  such leakage developing upon impound- 

i n g  h igher  r e s e r v o i r  water l e v e l s  cannot be r u l e d  out. Some grout ing  o r  

o ther  remedial work might be requ i red  i f  t h i s  occurs. 



Three exp lo ra to ry  holes were d r i l l  ed du r ing  December 1978. The approxi - 
mate l o c a t i o n s  o f  these d r i l l  holes a re  shown on E x h i b i t  A-1  i n  Appendix 

A. The d r i l l  logs and desc r ip t i ons  o f  t h e  cores are shown on F igure  D-1, 

D-2 and D-3. 

A r e p o r t  prepared i n  1929 by Jackson and Moreland, Engineers, expressed 

t h e  p o s s i b i l i t y  o f  t h e  ex is tence o f  a  crushed zone w i t h i n  o r  near t h e  

foundat ion o f  a  dam o f  increased height .  There i s  a  quest ionable area 

downstream on t h e  r i g h t  abutment; however, no convinc ing evidence t h a t  

a  crushed zone passes through o r  c lose  t o  t h e  expanded foundat ion area 

cou ld  be found. Nevertheless, it was not  poss ib le  t o  conc lus i ve l y  e l i m i -  

na te  t h e  ex is tence o f  such a  zone and f u r t h e r  subsurface i n v e s t i g a t i o n  

w i l l  be requ i red  t o  determine ac tua l  cond i t i ons . '  

There are a t  1  east t h ree  a1 t e r n a t  i ves  a v a i l a b l e  f o r  i n v e s t i g a t i n g  t h e  

ex is tence and ex ten t  o f  t h e  crushed zone. These are: 

Perform s u f f i c i e n t  d r i l l i n g  t o  determine i f  t h e  zone e x i s t s  and 

t o  de f i ne  i t s  extent--probably a  minimum o f  4 t o  5 holes. 

i Expose the  rock cont inuous ly  w i t h  t.renches p l i s  any d r i l l i n g  

requ i red  t o  c l a r i f y  t h e  ex ten t  o f  such a  zone, i f  encountered. 

) 

~ e s i g n  t h e  ra i sed  dam as i f  n'o such zone e x i s t s  and modify t h e  

design o r  p rov ide  t h e  requ i red  foundat ion t reatment  i f  founda- 

t i o n  excavat ion revea ls  t h a t  such a  zone ex i s t s .  

Concrete aggregates and impervious f i l l . f o r  t h e  cofferdam are  the  two most 

important  cons t ruc t i on  ma te r ia l s  t o  be , local . ly  obtained. The f o l l o w i n g  

t h r e e  p o s s i b i l i t i e s  e x i s t  f o r  concrete aggregates: 

Adequate q u a n t i t i e s  o f  s u i t a b l e  ma te r i a l s  may be loca ted down- 

stream o f  t h e  .dam. 
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r Rock from required excavation could be crushed. 

Material may be purchased from a local commercial source. 

Impervious material will have t o  be brought t o  the s i t e  from several 
nearby locations. 

B. Beldens 

The rock i s  an i nterbedded bl ue-gray 1 imestone and white marb1.e. There 

are numerous solution cavi t ies ,  generally following a joint se t  a t  about 
N 50" E/70° W t o  ver t ical .  One such cavern, evidently following one or. 

more intersections of t h i s  joint  system with the 'bedding (N 50" W/15" NE), 
i s  iiui.te well developed and i s  passing an estimated 50 cubic fee t  per 
second of water around the dam. 

Bedding i s  uniform and only two persistent joint  se t s  were located: 

N 15" W dipping 70" W t o  vertical and spaced from about 1 foot 
through about 10 fee t .  

N 50" E dipping 85" N and spaced a t  about 3 feet .  

Locally there are other joints ,  b u t  they appear t o  be of very limited 
1 ateral extent. 

No present 'or potential problems of s t ab i l i t y  were observed. 

Reducing or el imi nat i ng the 1 eakage through the cavern described above 
could probably be accompl i shed by f i 11 i ng the cavern with concrete. ' . 

No geologic condition was found a t  the s i t e  which would indicate any 

problems with the continued operation of the dam and power pl ant as i t  i s ,  
or with a moderate head increase consistent with topography and water 



supply. I f  t h e  dam were r a i s e d  i t  might  be .adv isable t o  p rov ide  a  seepage 

b a r r i e r ,  such as a  c u t o f f  wa l l  o r  g rou t  c u r t a i n .  F i l l i n g  o f  t h e  e x i s t i n g  

cavern would improve e f f i c i e n c y  and prov ide  some a d d i t i o n a l  f i r m  water 

supply, whether t h e  dam i s  r a i s e d  o r  l e f t  a t  i t s  present e leva t i on .  

C. Center Rut land 

The. rock i s  a  f ine-gra ined wh i te  t o  gray q u a r t z i t e  unde r la in  a t  about 20 

f e e t  below t h e  dam c r e s t  by a  t h i n l y  laminated shale which i s  dark brown 

i n  co lo r .  The q u a r t z i t e  i s  moderately hard, f r e s h  and massive. Two j o i n t  

se t s  a re  v i s i b l e  i n  t h e  q u a r t z i t e :  

N  15" - 35" W d i p p i n g  v e r t i c a l l y  and spaced about 6  f e e t  apart .  

Bedding o f  t h e  q u a r t z i t e  i s  N-S,dipping 35" E. Beds appear t o  be about 

1 f o o t  t h i c k ;  however, t h e r e  a re  i n c i p i e n t  bedding planes spaced approx i -  

mate ly  1 inch  apar t .  Bedding i n  t h e  shale undulates, bu t  i s  gene ra l l y  

concordant w i t h  t h a t  o f  t h e  quar tz i te . .  Shale j o i n t i n g  i s  N 30" E/60° SW 

ori, 3- inch t o  3 - foo t  centers. 

C u l t u r a l  a c t i v i t y  i n  t h e  'area has masked most o f  t h e  rock. An ab.andoned 

sawmi 11 on t h e  l e f t  v i r t u a l  l y  covers t h e  abutment. Powerhouse, r e t a i n i n g  

wa1,ls and an o l d  b r i dge  abutment cover most rock on t h e  r i g h t .  , . 

No s t a b i l i t y  o r  o t h e r  geology r e l a t e d  problems were found. There i s  no 

apparent leakage. As f a r  as can be determined, t h e r e  i s  no g e o l o g i c .  

reason f o r  concern i n  t h e  cont inued opera t ion  o f  t h i s  f a c i l i t y .  



b .  D.3 SEISMICITY 

There have been a  number of earthquakes i n  t h e  area. Those w i t h  ep icenters  

near Boston, Massachusetts; along t h e  the  S t .  Lawrence River ;  and near 

A t t i c a ,  New York, are among t h e  more s i g n i f i c a n t .  

The map appearing as Figure 1 i n  t h e  U.S. Army Corps o f  Engineers pub1 i- 

cat ions  "Recommended Guide1 i nes f o r  Safety Inspect ion  o f  Dams" and o ther  

seismic zone maps genera l l y  p lace  t h e  p r o j e c t  area w i t h i n  Zone 2. F ig -  

u r e  D-4 on t h e  f o l l o w i n g  page i s  a  reproduct ion  o f  t h e  Corps o f  Engineers' 

F igure 1. Zone 2 i s  described as those areas where p o t e n t i a l  damage i s  
. . 

expected t o  be moderate, w i t h  a  c o e f f i c i e n t  o f  about 0.056. 

A map prepared by the  Department o f  t h e  I n t e r i o r  (USGS). i n  1976 shows 

an expectable l e v e l  o f  earthquake shaking f o r  t h e  p r o j e c t  area o f  about 

0.1G. 

Any earthquake-generated acce lera t ions  are l i k e l y  t o  be o f  shor t  durat ion.  

D.4 RECOMMENDED FURTHER GEOTECHNICAL EXPLORATION 

The f o l l o w i n g  -recommendations assume t h a t  a1 1  th ree  ' s i t e s  w i  11 be improved. 

Changes t o  t h e  recommendations may be requ i red  du r ing  performance o f  t h e  

exp lora t ions ,  i f  t h e  improvement program d i f f e r s .  from t h a t  i n d i c a t e d  he re in  

o r  i f  any ' o f  t h e  s i t e s  are not improved. 

A. Hunt ing ton  F a l l s  

D r i l l  holes 30 f e e t  i n t o  bedrock i n  t h e  l e f t  abutment, r . igh t  , 

abutment and channel j u s t  downstream o f  t h e  e x i s t i n g  dam. 

Expose t h e  rock w i t h  a  bu l l doze r  t rench along t h e  extension o f  . 
t h e  a x i s  on the  l e f t  abutment. 
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a Run a r e s i s t i v i t y  survey along t h e  a x i s  o f  t h e  dam and along 

t h e  downstream t o e  o f  t h e  dam t o  l o c a t e  any major o r  l a r g e  

s o l u t i o n  c a v i t i e s .  

a . Perform a radar' survey o f  t h e  s i t e .  This  survey should de tec t  

smal le r  c a v i t i e s .  

B. Beldens 

a Examine t h e  s o l u t i o n  cavern by .a phys ica l  inspec t ion .  

. a Perform a r e s i s t i v i t y  survey along t h e  a x i s  and downstream t o e  

o f  t h e  dam. , . 

a Perform a radar '  survey o f  t h e  s i t e .  

C. Center Rut land 

a D r i l l  a  ho le  through t h e  dam and about 20 f e e t  i n t o  t h e  bedrock. 

D r i  11 a t  l e a s t  two ho les  through t h e  o l d  sawmi 11 area on t h e  

l e f t  abutment, 20 t o  30 f e e t  i n t o  bedrock. . . 

a D r i l l  one o r  two holes 20 t o  30 f e e t  i n t o  bedrock, on t h e  r i g h t  

abutment. 




