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EXECUTIVE SUMMARY 

This  r e p o r t  p re sen t s  t h e  r e s u l t s  of a  f e a s i b i l i t y  a n a l y s i s  f o r  h y d r o e l e c t r i c  

genera t ing  f a c i l i t i e s  on t h e  Merrimack River  at Lowell, Massachusetts.  The 

pro jec ted  f a c i l i t y  would u t i l i z e  t h e  e x i s t i n g  Pawtucket Dam and a  p o r t i o n  of t h e  

e x i s t i n g  Northern Canal. The .p ro j ec t  has been examined f o r  economic, engineer ing ,  

and environmental v i a b i l i t y ,  and t h e  r e s u l t s  a r e  favorable .  

The p ro j ec t ed  f a c i l i t y  would be loca t ed  wi th in  t h e  r e c e n t l y  e s t a b l i s h e d  

Lowell Nat ional  H i s t o r i c a l  Park. Resu l t s  of pre l iminary  assessment a r e  t h a t  t h e  

h y d r o e l e c t r i c  p l a n t  and i t s  a s soc i a t ed  f a c i l i t i e s  can accommodate t o  Park needs 

and, i n  a d d i t i o n ,  make a  con t r ibu t ion  t o  t h e  educa t iona l  o b j e c t i v e s  of t h e  Park 

by pe rmi t t i ng  a  comparison of n ine t een th  and twen t i e th  century  methods of 

u t i l i z i n g  water  power. 

The f e a s i b i l i t y  assessment was performed f o r  Boott  M i l l s  by t h e  Raytheon 

Se rv ice  Company (RSC), w i th  overview and ex tens ive  p a r t i c i p a t i o n  by Boott  M i l l s  

and wi th  t h e  a c t i v e  coopera t ion  of , t h e  ~ a s s a c h u s e t t s  Municipal Wholesale 

E l e c t r i c  Company. 

Two ownership op t ions  a r e  poss ib l e ,  and both were found t o  be  f e a s i b l e .  

I n  t h e  f i r s t ,  t h e  new h y d r o e l e c t r i c  f a c i l i t y  would be  developed j o i n t l y  by 

Boott  M i l l s  and Massachusetts Municipal Wholesale E l e c t r i c  Company.(MMWEC), wi th  

r i g h t s  t o  t h e  power t o  be generated be ing  shared by e n t i t l e m e n t . i n  a  ( t e n t a t i v e )  

60140 (MMWEC/Boott M i l l s )  r a t i o .  MMWEC1.s l a r g e r  en t i t l emen t  i s  based on i t s  

supplying a l l  p r o j e c t  f inanc ing .  The bene f i t - cos t  r a t i o  f o r  t h i s  . op t ion  i s  1.12. 

Under t h i s  arrangement, MMWEC would purchase approximately 10% of Boott  M i l l s  

e n t i t l e m e n t ,  b r ing ing  i t s  t o t a l  t o  70% of t h e  annual  kwh generated.  Its c o s t s  pe r  

kW based upon r ece iv ing  70% of t h e  power ou tpu t  would be  $1497. 
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A s  an a l t e r n a t i v e ,  Boott  M i l l s  might develop t h e  s i t e  i t s e l f ,  w i th  t h e  New 

England Power Company (NEPCO) being t h e  p r i n c i p a l  power purchaser .  The b e n e f i t -  

c o s t  r a t i o  f o r  t h i s  op t ion  is  .99,  o r ,  assuming abatement of h a l f  t h e  proper ty  

t axes ,  1.07. 

I n  e i t h e r  ca se ,  i t  appears  t h a t  t h e  market f o r  t h e  power genera ted  i s  adequate  

t o  suppor t  development of t h e  p r o j e c t .  

P r o j e c t  c o s t  is e s t ima ted ,  based upon a  p re l imina ry  des ign  e f f o r t ,  t o  be 

$15,720,000 a t  1978 p r i c e  l e v e l s .  Th i s  i nc ludes  an allowance of $1,000,000 f o r  

f i s h  passage f a c i l i t i e s  and exc ludes  any allowance f o r  t h e  c o s t  of l and ,  water 

r i g h t s ,  o r  e x i s t i n g  f a c i l i t i e s .  The c a p i t a l  c o s t  pe r  k i l o w a t t  i s  $1,048. 

The p ro j ec t ed  f a c i l i t y  u t i l i z e s  a  4,020 square  m i l e  d ra inage  a r e a  and has  

34.5 f e e t  of g r o s s  head developed by t h e  dam, t h e  c a n a l ,  and a d d i t i o n a l  excava- 

t i o n  a t  t h e  t a i l r a c e .  The p l a n t  would gene ra t e  74,250,000 n e t  k i l o w a t t  hours  

of e l e c t r i c i t y  annual ly  w i th  an i n s t a l l e d  c a p a c i t y  of 15,000 kW. 

The s i t e  is  owned by t h e  P r o p r i e t o r s  of Locks and Canals on t h e  herrimack 

River ,  a  s i s t e r  co rpo ra t i on  of Boott  M i l l s .  Boott  M i l l s  c u r r e n t l y  s u p p l i e s  

power t o  i t s  i n d u s t r i a l  t e n a n t s ,  u s ing  a number of smal l ,  o l d e r  t u r b i n e s  a t  

s e v e r a l  l o c a t i o n s  on t h e  c a n a l  system. It would cont inue  a s  a  s u p p l i e r  t o  t h e s e  

t e n a n t s  i f  t h e  new f a c i l i t y  w e r e  b u i l t .  

The powerhouse w i l l  be l o c a t e d  c l o s e  t o  . the e x i s t i n g  c a n a l ,  on t h e  south  

bank of t h e  r i v e r .  It has  been found economical t o  excava te  f o r  a  t a i l r a c e  of 

approximately 1,000 f e e t  t o  provide a d d i t i o n a l  head. Power w i l l  be f e d  t o  t h e  

l o c a l  23 kV e l e c t r i c a l  system through a t a p  running one m i l e  v i a  c a b l e  and 

overhead l i n e  t o  an e x i s t i n g  s u b s t a t i o n .  The recommended des ign  w i l l  b r i n g  water  

through approximately 2,000 f e e t  of t h e  e x i s t i n g  c a n a l ;  t h e  c a n a l  w i l l  be  modified 

w i t h  a  c o n t r o l  s t r u c t u r e  and a  new c a n a l  r e t a i n i n g  w a l l  d i v e r t i n g  t h e  c a n a l  flow 

t o  t h e  new powerhouse. 

Important  environmental c o n s i d e r a t i o n s  i n c l u d e  p rov i s ions  regard ing  an  

h i s t o r i c  was tega te  s t r u c t u r e  t h a t  must b e  removed, de s ign  of a  f u l l y  adequate  

f i s h  passage f a c i l i t y  and p rov i s ion  f o r  minimum flow requirements  i n  t h e  r i v e r  

below t h e  dam. 

The dam and c a n a l  a r e  i n  b a s i c a l l y  sound cond i t i on ,  and t h e  p r o j e c t  economics 

a r e  f avo rab l e .  The owners i n t e n d  t o  proceed t o  t h e  nex t  s t e p  of n e g o t i a t i n g  a  

f i r m  power purchase agreement. 

2  
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1.0 BACKGROUND 

This  assessment is  one of a  number sponsored by t h e  United S t a t e s  Department 

of Energy (DOE) t o  determine t h e  f e a s i b i l i t y  of low-head h y d r o e l e c t r i c  power 

development a t  s i t e s  wi th  e x i s t i n g  dams. Its purpose is  t o  eva lua t e  t h e  economic, 

, engineer ing  and environmental f e a s i b i l i t y  of development and t o  p re sen t  a  con- 

cep tua l  des ign  f o r  t h e  s i t e .  - 

The f e a s i b i l i t y  assessments a r e  p a r t  of a  n a t i o n a l  program i n i t i a t e d  by DOE 

t o  s t i m u l a t e  t h e  ex t ens ive  u t i l i z a t i o n  of low-head h y d r o e l e c t r i c  power. This  

program was begun i n  response t o  t h e  problems of i nc reas ing  c o s t s  and a v a i l a b i l i t y  

of energy, e s p e c i a l l y  i n  a r e a s  p a r t i c u l a r l y  dependent on fo re ign  o i l  and gas sup- 

p l i e s  f o r  product ion of e l e c t r i c i t y .  

The f e a s i b i l i t y  assessment i s  intended t o  make a n  i n i t i a l  eva lua t ion  of t h e  

v i a b i l i t y  of t h e  proposed h y d r o e l e c t r i c  p r o j e c t .  Economic and engineer ing  a l t e r n a -  

t i v e s  have been analyzed and environmental impacts examined. I n  accordance wi th  

DOE s tudy  d i r e c t i v e s ,  any s i g n i f i c a n t  economic, environmental,  s o c i a l ,  i n s t i t u -  

t i o n a l ,  o r  marketing c o n s t r a i n t s  were eva lua ted  regard ing  t h e i r  o v e r a l l  impact 

upon v i a b i l i t y  of hydropower development. De ta i l ed  a n a l y s i s  of t h e  engineer ing  

design,  t h e  economic a n a l y s i s  and f inanc ing  arrangements,  and measures needed t o  

i n t e g r a t e  t h e  p r o j e c t  wi th  i t s  environment w i l l  b e  undertaken a t  a l a t e r  s t a g e , '  

should t h e  p r o j e c t  go forward. Funding was provided by t h e  Department of Energy- 

wi th  some c o s t  sha r ing  by Boott M i l l s  and Raytheon Serv ice  Company (RSC). The 

s tudy  award was made by DOE t o  Boott M i l l s .  Boott M i l l s  c o n t r a c t e d . w i t h  RSC f o r  

conduct of t h e  s tudy .  Acres American Incorporated provided t h e  t e c h n i c a l  engineer-  

i ng  s e r v i c e s  under a  subcont rac t  t o  RSC. 

A s  a  r e c i p i e n t  of t h e  DOE c o n t r a c t  award, Boott M i l l s  gave o v e r a l l  d i r e c t i o n  

t o  t h e  course of t h e  work. I n  a d d i t i o n ,  Boott M i l l s  developed much of t h e  d a t a  

base,  p a r t i c i p a t e d  i n  meetings wi th  r egu la to ry  agencies ,  and gave generously of 

i t s  experience wi th  smal l  hydro opera t ions .  
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The d e t a i l e d  assessment work was c a r r i e d  out under t h e  d i r e c t i o n  of RSC. 

RSC was a l s o  r e spons ib l e  f o r  t h e  economic and environmental eva lua t ions  i n  

- add i t i on  t o  provid ing  i n t e g r a t i o n  of t h e  s tudy  components. I n  conducting t h e  

a n a l y s i s  of economic f e a s i b i l i t y ,  RSC was a s s i s t e d  by United Engineers  & Con- 

s t r u c t o r s  ( l i k e  RSC, a  s u b s i d i a r y  of Raytheon Company). M e r r i l l  Lynch White Weld 

C a p i t a l  Markets Group provided a s s i s t a n c e  wi th  c e r t a i n  a s p e c t s  of t h e  f i n a n c i a l  

a n a l y s i s .  

Acres American performed t h e  engineer ing  a n a l y s i s ,  inc luding  t h e  conceptua-1 

design of t h e  h y d r o e l e c t r i c  i n s t a l l a t i o n  and t h e  cons t ruc t ion  scheduling and 

cos t ing .  Acres a l s o  provided t h e  s a f e t y  a n a l y s i s .  

MMWEC p a r t i c i p a t e d  i n  p r o j e c t  reviews throughout t h e  course of t h e  a s se s s -  

ment and gave important  guidance i n  a l l  a s p e c t s  of t h e  work. 



rc'q 1 ~ ~ ~ ~ ~ O N  COMPANY 

2 .  ECONOMIC FEASIBILITY 

2 .1  PRINCIPAL RESULTS 

The Lowell h y d r o e l e c t r i c  p r o j e c t  i s  economically f e a s i b l e  by a l l  c r i t e r i a  

examined i n  t h e  f e a s i b i l i t y  assessment.  Th i s  s e c t i o n  p r e s e n t s  a  d e t a i l e d  review 

of t h e  economic a n a l y s i s  performed t o  reach t h i s  conclusion.  

Seve ra l  equipment a l t e r n a t i v e s  were i n v e s t i g a t e d ,  inc luding  two-unit bu lb ,  

S t r a f l o ,  and v e r t i c a l  f i x e d  b lade  p r o p e l l e r  i n s t a l l a t i o n s  and a  four -uni t  i n s t a l l a -  

t i o n  us ing  the  l a r g e s t  s tandard ized  tube  tu rb ines .  The lowest  es t imated  p r o j e c t  

cos t  was achieved us ing  tube t u r b i n e s  and t h e s e  c o s t s  a r e  used i n  t h e  economic 

c a l c u l a t i o n s  of Sec t ion  2. A f i n a l  equipment s e l e c t i o n  has no t  been made, how- 

ever .  This  i s  reserved u n t i l  t he  equipment procurement s t a g e ,  a t  which time f i r m  

b ids  can a s s u r e  t h e  b e s t  p r o j e c t  p r i c e  r e s u l t i n g  from any of t h e  s e v e r a l  equipment 

a l t e r n a t i v e s  considered.  

The f e a s i b i l i t y  assessment i n  i t s  e n t i r e t y  cons i s t ed  of s i x  overlapping 

t a s k s  performed over a  per iod  of n i n e  months. 

Assembly of p r o j e c t  d a t a  

S i t e  examination and eva lua t ion  

Conceptual des ign  

Construct ion cos t  e s t ima te  and schedules  

Environmental and s a f e t y  assessments  

Economic assessment.  

The purpose of t h e  conceptual  design was t o  e s t a b l i s h  cons t ruc t ion  c o s t s  

and l i k e l y  environmental impacts.  Environmental impacts a r e  d iscussed  l a t e r .  

F e a s i b i l i t y  has  been es t imated  f o r  two d i f f e r e n t  cases :  

One hundred percent  Boott  M i l l s  Ownership. I n  t h i s  ca se ,  based on prel imin-  

a r y  d i scuss ions  wi th  t h e  New England Power Company (NEPCO), power i s  presumed t o  

be purchased by NEPCO a t  a  1979 maximum p r i c e  of 40 m i l l s  per  kWh. The p r o j e c t  

would be developed wi th  f inanc ing  a t  i n t e r e s t  r a t e s  a v a i l a b l e  t o  Boott  M i l l s  

(10.5%), wi th  t h e  loan  secured by a  long term power s a l e s  c o n t r a c t .  
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Joint Development by the Massachusetts Municipal Wholesale Electric Company 

(MMWEC) and Boott Mills on a 60140 Entitlement Basis. Under this assumption 

MMWEC would supply all project financing, borrowing at a 7.5 percent rate. In 

return, it would receive an entitlement to 60% of the output from the facility. 

Boott Mills would operate and maintain the project and would receive an entitle- 

ment to 40% of the power in return for land and existing facilities such as the 

dam and the portion of the canal to be used by the project. An agreement in 

principle exists between Boott Mills and MMWEC to develop the project on this 

general basis, with details subject to final negotiation. Of these, the most 

important is a detailed interpretation of the 60140 division of rights to the 

power. 

In either case, Boott Mills will continue to sell power to its industrial 

tenants and certain abutters, thus absorbing about 30% of the power generated 

annually. The remaining Boott Mills power will either be sold by Boott Mills 

to NEPCO, or, in the 60140 ownership case, to MMWEC. 

, The requirements for the program to be feasible are different under each 

form of ownership, but they are strightforward: 

FOR MMWEC 

The project must be able to repay its costs over the bond repayment 

period of 30 years. 

FOR BOOTT MILLS 

The project must return more income than is received from its present 

power generation activities and the additional income must be enough 

to compensate for undertaking the risks of the new proj.ect. 

There must be no periods of negative cash flow. 

In the case of joint development with MMWEC, income received from the 

project must justify surrender of 60% of its ownership rights to the 

Pawtucket Dam and major portions of an important canal system, includ- 

ing locks and real estate. 



It was not  p o s s i b l e  a t '  t h e  l e v e l  of a  f e a s i b i l i t y  assessment t o  determine 

which ownership opt ion  i s  b e s t  from t h e  pe r spec t ive  of Boott  M i l l s .  Th is  d e c i s i o n  

can be  made only a f t e r  power s a l e s  agreements have been nego t i a t ed  and compared 

by t h e  Boott  M i l l s  Board of D i rec to r s .  

Esca l a t ion  Rates .  For any p a r t i c u l a r  r a t e  of cont inuing  p r i c e  i n c r e a s e s ,  

revenues a r e  a f f e c t e d  more than c o s t s  because f inanc ing  c o s t ,  t h e  l a r g e s t  c o s t ,  

remains s t a b l e .  A f t e r  cons t ruc t ion  of t h e  p r o j e c t  has  been completed, t h e  c o s t  

curve i s  r e l a t i v e l y  f l a t  because only c e r t a i n  c o s t s  such a s  ope ra t ions  and 
' 

maintenance cont inue  t o  be a f f e c t e d  by i n f l a t i o n .  

F e a s i b i l i t y  has  been c a l c u l a t e d  a t  Esca l a t ion  Rates  of :  

0%/0% Case 6%/6% Case 6%/9% Case 

Annual Operat ing Costs  0% 6% 6  % 
( o t h e r  than  repayment 
of p r i n c i p a l  and i n t e r e s t )  

Revenues 0% 6% 9% 

Repayment of 
P r i n c i p a l / I n t e r e s t  

I n  t h e  cases  i n  which annual  ope ra t ing  c o s t s  and revenues a r e  e s c a l a t e d ,  t h e  . 

e s c a l a t i o n  has  been appl ied  over  t h e  per iod  of t ime taken up by cons t ruc t ion  and 

then f o r  t h e  f i r s t  t e n  y e a r s  of commercial ope ra t ion .  ( D e t a i l s  a r e  given i n  

Sec t ion  2 . 3  below.) Esca l a t ing  a t  6  percent  f o r  t h i s  per iod doubles t h e  o r i g i n a l  

va lues .  Esca l a t ing  a t  9  percent  more than t r i p l e s  t h e  o r i g i n a l  va lues .  The 

6  percent  e s c a l a t i o n  i s  be l ieved  t o  be conserva t ive ;  i t  i s  l e s s  than  a  f o r e c a s t  

of 6 .5 percent  by Arthur  D .  L i t t l e *  f o r  t h e  annual  r a t e  of i n c r e a s e  f o r  New England 

i n  t h e  p r i c e  of e l e c t r i c i t y  per  kWh f o r  t h e  1978-1990 per iod ,  as shown below. 

The A.D. L i t t l e  s tudy  f o r e c a s t  of e l e c t r i c a l  energy p r i c e s  f o r  t h e  New England 

reg ion  a r e  summarized below: 

*Arthur D.  L i t t l e ,  Imp l i ca t ions  of Lower E l e c t r i c  Power Growth Through 1990, 
February 1979 
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New YorkINew Jersey 4.5 

NEW ENGLAND 4.2 

Middle Atlantic 3.3 

West 3.1 
Central 3.0 

Midwest 2.9 

South Atlantic 2.6 

Southwest 2.4 
North Central 2.3 

Northwest 1.2 

Cents per Kilowatt-Hour 

1976 1990 

Note: Prices are in current dollars; 1990 scale is reduced to compansate for assumed 
average 6% inflation rate, so that slopes represent real price changes. 

Sources: Edison Electric Institute; Arthur D. Little, Inc., estimates. 

NEW ENGLAND 

New YorkINew Jersey 

Southwest 

Central 

South Atlantic 
Middle Atlantic 

Midwest 

North Central; West 

Northwest 

Average E l e c t r i c i t y  P r i c e s  by Region, 1976 and 1990 
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Average P r i c e  (~/kWh) 

Actual  1976 4.2 

Estimated 1978 4.7 

Pro jec ted :  

1980 5.4 

1985 7.0 

1990 11.2 

Deta i led  c o s t  and revenue information i s  given i n  Sec t ion  2.3. A summary 

i s  given below: 

P r o j e c t  Cost inc luding  Fish  Ladders $15,720,000 

Cost of Money 

To Boott  M i l l s  10.5% I 

To MMWEC 7.5% 

Net Annual kWh Produced* 74,250,000 kwh 

Power Value t o  Purchaser  4~/kWh i n  1979 d o l l a r s  

Proper ty  Taxes 50% Assessment, $200 p e r  $1000 

Engineering and Cons t ruc t ion  Time 196 Weeks 

I n t e r e s t  dur ing  Cons t ruc t ion  $1,181,900 

Economic f e a s i b i l i t y  was analyzed i n  t h e  fo l lowing  s t e p s :  . 

1. The c a p i t a l  c o s t  of t h e  p r o j e c t  was determined based upon a s e l e c t e d  

p r o j e c t  design (Figure 3-12). 

2. Annual c o s t s  were e s t a b l i s h e d  inc luding:  

a.  P r i n c i p a l  and i n t e r e s t  payments on t h e  bonds used t o  f i nance  

t h e  p r o j e c t  c a p i t a l  c o s t .  

b. Other y e a r l y  c o s t s :  ope ra t ions  and maintenance, insurance ,  t a x e s ,  

water  charges ,  and gene ra l  and a d m i n i s t r a t i v e  c o s t s .  

*Gross annual  product ion i s  76,150,000 kWh. Net, approximately 2.5% l e s s ,  sub- 
t r a c t s  s t a t i o n  needs and l o s s e s  i n  t ransmiss ion  t o  t h e  s u b s t a t i o n  connect ing 
i n t o  t h e  main power g r i d .  



3.  Revenues were determined based upon a  knowledge of annual  power output  

m u l t i p l i e d  by t h e  va lue  pe r  kwh of t h e  output .  

4. Costs  were sub t r ac t ed  from revenues t o  g e t  n e t  annual cash flow over  

t h e  60-year l i f e  of t h e  i n s t a l l a t i o n .  

5. Net p re sen t  va lue  (NPV) of t h e  60-year cash flow was c a l c u l a t e d  by 

d iscount ing  annual cash flows t o  a  p re sen t  va lue .  

6. A d e t a i l e d  eva lua t ion  of 60-year cash flows was accomplished. 

Pre l iminary  F e a s i b i l i t y  Determination. Net p re sen t  va lue  was used a s  a 

f i r s t  de te rmina t ion  of f e a s i b i l i t y  f o r  t h i s  assessment.  N e t  p r e sen t  va lue  

(NPV) was c a l c u l a t e d  by t ak ing  n e t  cash flows from each year  of a  60-year ca sh  

flow a n a l y s i s  and d iscount ing  them back t o  the  present  a t  t h e  f i nanc ing  r a t e .  Thus, 

when NPV is  zero ,  t h e  investment i s  a break-even investment and t h e  most b a s i c  

c r i t e r i o n  f o r  economic f e a s i b i l i t y  i s  

NPV 2 0 

That is ,  t h e  p r o j e c t  has  a t  l e a s t  t o  break  even on a  n e t  p re sen t  va lue  b a s i s  t o  

be economically f e a s i b l e .  

NPV is  a f f e c t e d  by a l l  t h e  f a c t o r s  which in f luence  t h e  l e v e l  of f u t u r e  

revenue? (cash  income) o r  c o s t s  (cash outf low).  For example, i f  energy c o s t s  

from a l t e r n a t e  sources  a r e  p ro j ec t ed  t o  e s c a l a t e  w i th  t ime, t h i s  w i l l  b e  r e f l e c t e d  
, . 
' 7 ,  

. i n  t h e  cash flow a n a l y s i s  a s  increased  revenue, and NPV w i l l  go up. S i m i l a r l y ,  

i f  c o s t s  a r e  e s c a l a t e d  wi th  t ime,  n e t  cash  flows w i l l  decrease  and NPV w i l l  de- 

c r ease .  This  i s  a convenient  way t o  r e j e c t  a t  a  very e a r l y  po in t  i n  a  f i n a n c i a l  

a n a l y s i s  t hose  p r o j e c t s  whose NPV i s  negat ive .  It i s  a l s o  a  convenient  way t o  

compare t h e  p r o f i t a b i l i t y  of a  p r o j e c t  under d i f f e r e n t  cond i t i ons  of ownership 

( f inanc ing  c o s t )  o r  purchase p r i c e  rece ived  f o r  t h e  power output  o f , t h e  p r o j e c t .  

However, a  p o s i t i v e  NPV does no t  of i t s e l f  guarantee  t h a t  a p r o j e c t  is  

f e a s i b l e .  The y e a r l y  p a t t e r n  of cash  flows generated by t h e  p r o j e c t  must a l s o  

be ' accep tab le .  It i s  n o t  i n c o n s i s t e n t  f o r  an investment w i th  a  p o s i t i v e  NPV t o  

have nega t ive  cash f lows i n  e a r l y  yea r s .  I f  t h e s e  nega t ive  discounted cash f lows - 



I 
COMPANY 

a r e  more than balanced by p o s i t i v e  discounted cash flows i n  l a t e r  y e a r s ,  NPV w i l l  

be p o s i t i v e ,  bu t  some owners may no t  be a b l e  t o  su rv ive  t h e  e a r l y  yea r s  of nega t ive  

cash flows. Also, some owners may have a  p o l i c y  of making investments  only when 

t h e  r e s u l t i n g  cash f lows a r e  p o s i t i v e  i n  every year .  

For Boott M i l l s  100% ownership, t h e  c r i t e r i o n  f o r  f e a s i b i l i t y  i s  t h a t  no t  only 

must NPV be p o s i t i v e ,  bu t  t h e  cash flow i n  each year  of t h e  p r o j e c t  must a l s o  be 

p o s i t i v e .  For MMWEC, i t  i s  h igh ly  d e s i r a b l e  t h a t  cash flow be p o s i t i v e  i n  each yea r .  

I n  o rde r  t o  f a c i l i t a t e  comparison wi th  t h e  r e s u l t s  of o t h e r  Department of 

Energy f e a s i b i l i t y  assessments ,  r e s u l t s  a r e  given i n  terms of bene f i t - cos t  r a t i o s  

(B/C) a s  w e l l  a s  NPV. These two measures provide much t h e  same information.  NPV 

s u b t r a c t s  (discounted)  c o s t s  from b e n e f i t s ,  and B/C d i v i d e s  (discounted)  b e n e f i t s  

by c o s t s :  

NPV = (bl + b2 .. . + bbO) - (cl  + c2  ... + c ) 6 0  

where b  and c  i n d i c a t e  discounted b e n e f i t s  and c o s t s  f o r  each of t h e  60i 
t t 

I -- yea r s  of p r o j e c t  l i f e .  

F e a s i b i l i t y  r equ i r e s :  

NPV 0 - 

NPV i s  given below f o r  t h e  100% Boott M i l l s  ownership case  and f o r  t h e  

60140% j o i n t  development case.  NPV has  been c a l c u l a t e d  wi th  t h e  r e a l  e s t a t e  t a x  

c a l c u l a t e d  a t  t h e  f u l l  r a t e  and aga in  a t  h a l f  r a t e .  The f i r s t  yea r  of commercial 

ope ra t ion  of t h e  f a c i l i t y  i n  which cash flow is p o s i t i v e  is  a l s o  given. 
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BASELINE CASE (6161 

F i r s t  Year of P o s i t i v e  
NPV - Cash Flow B / C  

100% Boott M i l l s  

R.E. Tax @ F u l l  Rate - $ 349,000 

R . E . T a x @ H a l f R a t e  $3 ,709 ,000  

J o i n t  .Development 

R.E. Tax @ F u l l  Rate $ 8,260,000 

R.E. Tax @ Half Rate $13,414,000 1 

Net p re sen t  va lue  i s  c l e a r l y  improved i n  t h e  j o i n t  ownership case ,  r e f l e c t i n g  t h e  

lower cos t  of f inanc ing .  This  would a p p e a r ' t o  argue f o r  development under t h e  

j o i n t  ownership opt ion ,  bu t  i t  should be borne i n  mind t h a t  t h e  f i n a l  ownership 

arrangements w i l l  depend upon t h e  exac t  d e t a i l s  of a nego t f a t ion  among t h e  p a r t i e s  

concerned. 

2.2 DETAILED CASH now STATEMENTS AND INTERPRETATION 

Sixty-year cash f low s ta tements  a r e  given i n  Tables  2-1 - 2-4 f o r  t h e  c a s e  

assuming c o s t s  and revenues both e s c a l a t e  a t  6 percent .  Columns i n  t h e  t a b l e s ,  

reading  from l e f t  t o  r i g h t  a r e :  

Elect. .  Income - Income from s a l e  of e l e c t r i c i t y  

O&M - Operat ions and maintenance c o s t s  

G&A - General and a d m i n i s t r a t i v e  c o s t s  
(G&A is placed underneath O&M) 

H20 - The c o s t  of water 

In s .  - Insurance  

P r i n c i p  - Payments of p r i n c i p a l  

I n t e r e s t  - I n t e r e s t  on t h e  bonds 
( I n t e r e s t  is  placed undernea th .pr inc ipa1)  
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Double Decl in Deprec - Deprec ia t ion  on t h e  f a c i l i t y ,  h e r e  c a l c u l a t e d  us ing  
t h e  double dec l in ing  ba lance  method 

Prop Tax - Real  e s t a t e  t axes  

Mistax - Miscellaneous t axes  

Corp Tax (Cum) - Corporate  income t axes ,  and, underneath,  co rpo ra t e  in-  
come t axes  cumulated 

Pre- tax Net Income (Cum) - Pre-tax n e t  income, and, underneath, pre- tax 
n e t  income cumulated. (Net income i s  based on a g ros s  income t h a t  in -  
c ludes  both income from s a l e  of e l e c t r i c i t y  and i n t e r e s t  income which 
accrues  when payments of p r i n c i p a l  a r e  made i n t o  a s ink ing  fund, as has  
been assumed i n  t h e  c a s e  of 100% Boott  M i l l s  ownership.) 

T o t a l  Cost ,  Income - T o t a l  c o s t ,  and, underneath, t o t a l  income 

Cash Flow Net (Cum) - Net cash  flow, and, underneath,  n e t  cash  flow 
cumulated 

Breakeven Cost - Breakeven c o s t  i n  m i l l s  per  kWh (Calcula ted  a s  t o t a l  
annual  c o s t s  on a cash  b a s i s  d iv ided  by y e a r l y  kWh) 

100% Boott  M i l l s  Ownership - F u l l  Taxes. Cash flows a r e  nega t ive  f o r  t h e  f i r s t  

f o u r  y e a r s ,  summing t o  minus $998,241 by t h e  end of t h e  f o u r t h  year .  Large nega t ive  

cash flows a l s o  occur i n  a number of. l a t e r  years .  This  i s  beyond t h e  a b i l i t y  of 

Boott  M i l l s  t o  support .  Cash flow ana lyses  run under d i f f e r e n t  assumptions had shown 

even h ighe r  nega t ive  cash  flows i n  t h e  e a r l y  y e a r s ;  on ly  by inco rpora t ing  a method of 

f i nanc ing  i n  which no payments on p r i n c i p a l  a r e  made dur ing  t h e  f i r s t  f i v e  y e a r s  was 

i t  p o s s i b l e  t o  decrease  e a r l y  nega t ive  cash  flows t o  what i s  shown i n  Table 2-1. 

It can b e  noted i n  Tables  2-1 and 2-2 t h a t  a f t e r  t h e  t e n t h  yea r ,  n e t  t a x a b l e  in-  

come cont inues  t o  i n c r e a s e  even though. revenue from s a l e  of e l e c t r i c i t y  and most c o s t s  

remain cons tan t .  This  i n c r e a s e  r e s u l t s  from a cont inuing  i n c r e a s e  i n  i n t e r e s t  income 

earned on t h e  s ink ing  fund and a cont inuing  decrease  i n  dep rec i a t ion .  The i n c r e a s e  

i n  n e t  t axab le  income causes  an i n c r e a s e  i n  income t axes  and a corresponding decrease  

i n  n e t  cash flows. 

One Half Taxes. I n  re-examining t h e  accounts  t h a t  comprise p r o j e c t  expenses,  

t h e  gllowance made f o r  proper ty  t axes  appears  t o  be  exces s ive  r e l a t i v e  t o  a c t u a l  

t axes  pa id  on s i m i l a r  f a c i l i t i e s .  .This was t r u e  even though t h e  o r i g i n a l  e s t i m a t e  

had been based upon p u b l i s h e d ' t a x  p o l i c i e s  of t h e  C i t y  of Lowell. Based upon t h e  

r a t i o n a l e  presented immediately below, cash  flow was re-examined assuming t h a t  

r e a l  e s t a t e  t axes  paid t o  t h e  C i t y  of Lowell would be  halved.  The r e s u l t s ,  shown 

i n  Table 2-2, a r e  a t t r a c t i v e  t o  a l l  p a r t i e s  and a r e  considered r e a l i s t i c .  
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TABLE 2-1. CASH FLOW 

100% BOOTT MILLS OWNERSHIP, FULL PROPERTY TAXES 

................................................................................................................. 
DOUBLE. PRE-TAX CASH BREAK 

ELECT. DECLIN PROP CORP NET *TOTALS* FLOW EVEN 
YR. INCOME 08M H 2 0  I N S .  P R I N C I P  DEPREC TAX TAX INCOflE COST NET COST 

G 8 A  INTERST MISTAX (CUM) (CUfl) INCDflE. tCUfl) 



RAYTHEON 
SERVlCE 
COMPANY 

TABLE 2-1. (Cont.) 
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TABLE 2-1. (Cont.) 
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TABLE 2-2. CASH FLOW 

1 0 0 %  BOOTT MILLS OWNERSHIP, HALF PROPERTY TAXES 

DOUBLE PRE-TAX CASH BREAK 
ELECT. DECLIN PROP CORP NET *TOTALS* 'FLOW EVEN 

YR.  INCOME 08M H 2 0  I N S .  P R I N C I P  DEPREC TAX TAX INCOME COST NET COST 
G 8 A  INTERST MISTAX (CUM) t CUM) INCOME (CUM) 

................................................................................................................. 



t-11 E:;'FN 
COMPANY 

TABLE 2-2. (Cont .) 
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TABLE 2-2. (Cont.) 
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It would appear  t h a t  t h e  C i ty  of Lowell might consTder a  r educ t ion  of r e a l  

e s t a t e  t a x e s  t o  be in i t s  b e s t  i n t e r e s t s .  Its o v e r a l l  n e t  t a x  r e t u r n s  from t h e  

p rope r ty  would i n c r e a s e  s u b s t a n t i a l l y  over  t h e  es t imated  60 yea r  l i f e t i m e  of 

t h e  hydro s i t e  i f  t h e  new f a c i l i t y  is  b u i l t .  The hydro f a c i l i t y  imposes no known 

demands f o r  a d d i t i o n a l ' c i t y  s e r v i c e s .  Tax income, a s  shown on t h e  cash flow 

p r i n t o u t s ,  i s  summarized below f o r  t h r e e  p o s s i b l e  s i t u a t i o n s .  (This  summary 

a p p l i e s  f o r  e i t h e r  ownership op t ion . )  

60 YEAR PROPERTY TAX RETURN TO LOWELL 

Taxes on F u l l  Taxes One Half 
E x i s t i n g  on Taxes on 
F a c i l i t i e s  New F a c i l i t y  New F a c i l i t y  

Continued Operat ion of t h e  
P re sen t  Equipment $2,578,765 N /A 

New Hydro I n s t a l l a t f o n  ---- $85,423,848 $42,711,924 

A s  f u r t h e r  evidence of t h e  f e a s i b i l i t y  of p rope r ty  t a x  r educ t ions ,  t h e  allowance 

f o r  l o c a l  r e a l  e s t a t e  t axes  was examined f o r  a  r e c e n t l y  approved (by FERC) l i c e n s e  

a p p l i c a t i o n  f o r  t h e  Lawrence p r o j e c t .  The r e s u l t s  cons ide r ing  only  t h e  f i r s t  y e a r  

w e r e  : 

Lowell ( f u l l  t axes )  $825,239 

Lawrence (pe r  FERC 
a p p l i c a t i o n )  $104,000 

Di f f e r ence  $721,239 

I n  a d d i t i o n ,  and i n  r ecogn i t i on  of t h e  importance of p rope r ty  t a x e s  g e n e r a l l y  

on t h e  f e a s i b i l i t y  of small h y d r o e l e c t r i c  p r o j e c t s ,  b i l l s , h a v e  been in t roduced  

i n t o  both houses of t h c  1978179 Massachuset ts  l e g i s l a t u r e  t o  completely o r  p a r t i a l l y  

a b a t e  real p rope r ty  t a x e s  on sma l l  hydro i n s t a l l a t i o n s .  

Va r i a t i on  of I n t e r e s t  Rates .  A s e n s i t i v i t y  a n a l y s i s  was performed f o r  t h e  

p r i v a t e  ownership c a s e  t o  determine t h e  e f f e c t  on t h e  p r o j e c t  of a  decrease  i n  t h e  

i n t e r e s t  r a t e ,  s i n c e  t h e  c o s t  of money i s  v o l a t i l e  (and c u r r e n t l y  a t  very  h igh  

l e v e l s ) .  N e t  p r e s e n t  va lue  of t h e  Lowell h y d r o e l e c t r i c  p r o j e c t  i s  p re sen t ed  a s  a  

func t ion  of t h e  c o s t  of money used t o  f i nance  t h e  p r o j e c t ,  and i s  shown below f o r  

t h e  f u l l  p rope r ty  t a x  case .  
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I n t e r e s t  Rate - NPV 

10.5% - $ 349,000 

9.5% $1,601,000 

8.5% $3,860,000 

MMWEC/Boot 60140 J o i n t  Ownership. An a l t e r n a t i v e  t o  100 percent  ownership 

of t h e  Lowell h y d r o e l e c t r i c  f a c i l i t y  by Boott M i l l s  i s  t h a t  MMWEC would f inance  

t h e  p r o j e c t  i n  r e t u r n  f o r  a  60 percent  e n t i t l e m e n t  t o  power. A l e t t e r  of i n t e n t  

has  been signed by au thor ized  r e p r e s e n t a t i v e s  of MMWEC and Boott M i l l s  t o  t h i s  

e f f e c t ,  based on an assumed r a t i o  of new investment t o  t h e  va lue  of e x i s t i n g  

p r o p e r t i e s  and r i g h t s ,  bu t  f i n a l  terms and cond i t i ons  of t h e  agreement and f i n a l '  

d e f i n i t i o n  of t h e  en t i t l emen t  d i v i s i o n  remain t o  be  nego t i a t ed .  The en t i t l emen t  

d i v i s i o n  a s  app l i ed  t o  pe r iods  of peak demand and low r i v e r  flow is of p a r t i c u l a r  

concern t o  both p a r t i e s .  

Boott  M i l l s  w i l l  be e n t i t l e d  t a  more power than  i t  can use  i n t e r n a l l y  under 

t h i s  arrangement. Its own requirements  f o r  i n t e r n a l  use  inc lud ing  s a l e  t o  p re sen t  

r e t a i l  customers would consume only about 30 percent  of t h e  annual  power output  of 

t h e  new f a c i l i t y .  Based upon a  4 0 ' ~ e r c e n t  en t i t l emen t  t h i s  l eaves  10  percent  

(7,425,000 annual kWh) t o  be s o l d  back t o  MMWEC. 

T o t a l  p r o j e c t  c o s t  per  kW i s  of p a r t i c u l a r  concern t o  MMWEC because i t  w i l l  

b e  provid ing  p r o j e c t  f inanc ing .  I f  c o s t  pe r  kW is  c a l c u l a t e d  on t h e  b a s i s  of t o t a l  

p r o j e c t  capac i ty  of 1 5  mW, t h e  c o s t  per  kW is $1,048. However, a s  faced by MMWEC, 

t h e  c o s t  i s  $1747 pe r  kW based on i t s  60 percent  en t i t l emen t  (9 mW) o r  $1497 per  

kW based on i t s  e n t i t l e m e n t  p l u s  t h e  a d d i t i o n a l  10 percent  i t  would be buying from 

Boott M i l l s .  Whether t h e  $1747 f i g u r e ,  t h e  $1497 f i g u r e ,  o r  some o t h e r  number 

most a c c u r a t e l y  r e f l e c t s  t h e  c o s t  of capac i ty  ' to MMWEC depends upon t h e  exac t  

d e t a i l s  of t h e  agreement t o  be nego t i a t ed  a s  i t  a p p l i e s  t o  r i g h t s  t o  power du r ing  

pe r iods  of peak demand and low flow. 

For purposes of f e a s i b i l i t y  a n a l y s i s  it has  been assumed t h a t  t h e  60140 

en t i t l emen t  r a t i o  w i l l  a c t u a l l y  be n e g o t i a t e d ,  t h a t  Boott  M i l l s '  s u r p l u s  power 

w i l l  be  purchased by MMWEC from Boott a t  40 m i l l s  per  kWh ( i n  1979 p r i c e s )  and 

t h a t  t h i s  r a t e  w i l l  be approved by t h e  DPU. 
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TABLE 2-3. CASH FLOW 

JOINT DEVELOPMENT WITH MMWEC, FULL PROPERTY TAXES 

.................................................................................................................. 
DOURLE PRE-TAX CASH BREAK 

ELECT + DECLIN PROP CORP NET * M T A L S *  FLOW EVEN 
YR. INCOME 08M HZ0 , I N S .  P R I N C I P  DEPREC TAX TAX INCOME COST NET COST 

G 8 A  * INTERST MISTAX (CUM) t CUM ) INCOME . (CUM) 
.................................................................................................................. 
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TABLE 2-3. (Cont .) 
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TABLE 2-3. (Cont .) 
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TABLE 2-4. CASH now 
JOINT DEVELOPMENT WITH MMWEC, HALF PROPERTY TAXES 

................................................................................................................. 
DOUBLE PRE-TAX CASH BREAK 

ELECT. DECLIN PROP CORP NET *TOTALS* FLOW EVEN. 
YR. INCOME 08M HZ0 I N S .  P R I N C I P  DEPREC TAX TAX INCOME COST NET . COST 

G 8 A  INTERST MISTAX (CUM) (CUM) INCOUE ( CUM) 
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TABLE 2-4. (Cont .) 
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TABLE 2-4. (Cont.) 
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. The p r i n c i p a l  d i f f e r e n c e  i n  annual  c o s t s  between t h e  case  of 100 percent  

ownership by Boott  M i l l s  and 60%/40% j o i n t  ownership by MMWEC and Boott  M i l l s  i s  

t h a t  i f  MMWEC i s  t h e  borrower t h e  c o s t  of money w i l l  be  reduced from 10.5% t o  

7.5%. Real e s t a t e  t axes  a r e  unaf fec ted  by t h e  form of ownership because MMWEC,. 

by l a w ,  i s  obl iged  t o  make payments i n  l i e u  of taxes .  

To genera te  cash flow ana lyses ,  RSC was provided wi th  informal  gu ide l ines  

t h a t  e s t a b l i s h e d  an upper l i m i t  f o r  t h e  c o s t  of power p e r  kWh by MMWEC. These 

cannot be publ ished u n t i l  approved by t h e  MMWEC Board of D i rec to r s ,  s o  a s  men- 

t ioned  previous ly ,  t h e  f i g u r e  of 40 m i l l s  pe r  kWh i n  1979 p r i c e s  was used, e s c a l a t e d  

a t  6 percent  annual ly.  This  is  a good approximation of t h e  va lue  of power t o  

MMWEC . 
I n  both  t a x  scena r ios  t h e  p r o j e c c i s  b e n e f i c i a l  t o  MMWEC a s  measured by NPV. 

I n  t h e  case  of h a l f  r a t e  proper ty  t axes ,  MMWEC w i l l  experience nega t ive  cash flows 

' i n  t h e ' f i r s t  f i v e  years .  For f u l l  p roper ty  t axes ,  MMWEC w i l l  experience nega t ive  

..- cash flows which accumulate t o  $3,285,000 by t h e  end of t h e  n i n t h  year .  .This 

could be reduced by us ing  a method of f i nanc ing  i n  which payments on p r i n c i p a l  

were e l imina ted  i n  e a r l y  yea r s ,  bu t  t h i s  approach does no t  correspond t o  MMWEC'S.. 

, c u r r e n t  f i nanc ing  p r a c t i c e s .  

The n e t  p re sen t  va lue  (NPV) r e s u l t i n g . f r o m  two o t h e r  s e t s  of assumptions 

(no e s c a l a t i o n  i n  c o s t  and revenue, and a 6% c o s t  and 9% revenue e s c a l a t i o n )  a r e  

compared wi th  t h e  6%/6% case  i n  t h e  t a b l e  below. NPV i s  shown i n  thousands of . 

' d o l l a r s .  

Cost/Revenue Esca l a t ion  

010 - - 616 619 - 

,.-- J o i n t  Development (7.5%) 

NPV, F u l l  Taxes $ 134 $ 8,260 $18,837 

NPV, Half Taxes $4,410 $13,414 $23,382 

The NPV's f o r  p r i v a t e  f i nanc ing  a r e  repea ted  below f o r  convenience of 

A comparison t o  show t h e  g r e a t  advantage of lower c o s t  f inanc ing .  
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CostIRevenue Esca l a t i on  

010 - - 616 6/9 

100% Boott  Mif 1s Ownership (10.5%) 

NPV, F u l l  Taxes ' -$6,352 -$ 349 $ 6,756 

NPV, Half Taxes -$2,950 $3,709 $10,690 

This  can be  observed aga in  i n  d i f f e r e n t  form by comparing t h e  d i f f e r e n c e  i n  

breakeven c o s t  f o r  each year  of ope ra t i on  us ing  Tables  2-1 and 2-3, and 2-2 and 

2-4, r e s p e c t i v e l y .  

Investment Risk. The degree of r i s k  of an investment i n  t h e  p r o j e c t  can be 

r e l a t e d  t o  n e t  p r e sen t  va lue  a s  a percentage  of t o t a l  p r o j e c t  c o s t .  For example, 

cons ide r ing  the  case  wi th  100 percent  Boptt  M i l l s  ownership and h a l f  r a t e  t a x e s ,  NPV 

is  24 percent  of p r o j e c t  c o s t .  An i n c r e a s e  of approximately 7 percent  i n  annual  

- p r o j e c t  c o s t s  o r  a dec rease  of 7 percent  i n  p r o j e c t  revenues would reduce NPV 
-- t o  zero .  Such a margin i n d i c a t e s  some investment r i s k  u n l e s s  t h e r e  were upward 

f l e x i b i l i t y  i n  t h e  payment f o r  power o r  some o t h e r  means of improving NPV and 

cash  f lows.  

Th i s  i n d i c a t e s  t h a t  NPV a s  a percentage  of t o t a l  p r o j e c t  c o s t  is  a u s e f u l  

i n d i c a t o r  of investment r i s k .  These percentages  a r e  given below f o r  t h e  p u b l i c  

and p r i v a t e  f i nanc ing  op t ions  a t  e s c a l a t i o n  r a t e s  f o r . c o s t  and revenue of 0%/0%, 

6%/6%, and 6%/9%. 

NPV A s  A Percentage  of P r o i e c t  Cost 

100% Boott  M i l l s  Ownership 

F u l l  Taxes 

Half Taxes 

J o i n t  Development 

F u l l  Taxes 

Half Taxes 



A s  f u r t h e r  examples of how t o  i n t e r p r e t  t h e s e  f i g u r e s ,  f o r  t h e  6%/6% case  and 

MMWEC f inancing ,  t h e  r i s k  f a c t o r  i s  even l e s s ,  s i n c e  a  12 percent  i n c r e a s e  i n  
A 

annual cos t  i n  t h e  f u l l  t a x  case ,  o r  a  21 percent  i n c r e a s e  i n  t h e  ha l f  t a x  case  

would be requi red  t o  exclude t h e  p r o j e c t  from =ons ide ra t  ion.  With p r i v a t e  owner- 

s h i p  and f u l l  t axes ,  t h e  p r o j e c t  would ope ra t e  a t  breakeven i f  annual c o s t s  were 

t o  decrease  by only one percent .  

2.3 REVENUES AND COST ELEMENTS 

Revenues. For t h e  case  assuming 100% Boott M i l l s  ownership, power s a l e s  

would be made t o  New England Power Company. The p r i c e  of power has been taken 

a s  equal  t o  40 m i l l s  per  kWh i n  1979 d o l l a r s ,  a  f i g u r e  obtained informal.ly from 

NEPCO. (NEPCO w i l l  want t h e  40 m i l l s  supported by a  c o s t  of s e r v i c e  a n a l y s i s . )  

For purposes of t h i s  f e a s i b i l i t y  assessment ,  40 m i l l s  has  a l s o  been taken a s  t h e  

1979 base  va lue  of t h e  power t o  MMWEC. T o t a l  revenues a r e  equa l  t o  t h e  p r i c e  

per  kWh ' t imes t h e - a n n u a l  kWh genera ted ,  o r ,  a t  1979 p r i c e s :  

4~ x 74,250,000 n e t  kWh per  y e a r . =  $2,970,000 per  year  

I n  ca ses  which used a  p r i c e  e s c a l a t i o n  f a c t o r ,  e s c a l a t i o n  was app l i ed  f o r  

t h e  t ime per iod  taken up by cons t ruc t ion  and f o r  t h e  f i r s t  t e n  yea r s  a f t e r  commer- 

c i a l  ope ra t ion  of t h e  p r o j e c t  begins ,  w i th  va lues  he ld  cons t an t  t h e r e a f t e r .  

P r o j e c t  C a p i t a l  Costs .  The t o t a l  es t imated  p r o j e c t  c o s t  a t  1978 p r i c e s  of 

$14,720,000, exc lus ive  of f ishways,  i s  developed i n  Sec t ion  4. An allowance of 

$1,000,000 has  been added f o r  f i s h  passage f a c i l i t i e s ,  making a  t o t a l  of 

$15,720,000. Cons t ruc t ion  c o s t s  have then been ad jus t ed  t o  t h e  (h igher )  p r i c e  

l e v e l s  expected t o  hold dur ing  t h e  cons t ruc t ion  per iod  of 3 y e a r s  and 40 weeks. 

To make t h i s  adjustment ,  cons ' t ruct ion c o s t s  were e s c a l a t e d  a t  a  r a t e  of 8  percent  

through 1980 and 6 percent  t h e r e a f t e r  through t h e  end of cons t ruc t ion ,  u s ing  

f i g u r e s  obta ined  from United Engineers and Cons t ruc tors .  
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P r o j e c t  Financing. For t h e  c a s e  based on MMWEC p a r t i c i p a t i o n ,  t h e  assumptions 

a r e  t hose  requested by MMWEC: 30-year f i nanc ing  a t  7.5 percent  w i th  l e v e l  annual  

payments and r e g u l a r  r e t i r emen t  of t h e  bonds ( a s  i s  f a m i l i a r l y  done wi th  a  mortgage).  

For t h e  c a s e  assuming power s a l e s  t o  NEPCO, t h e  assumptions a r e  t hose  recommended 

by M e r r i l l  Lynch: 25-year f i nanc ing  a t  10.5 percent  w i th  payments on p r i n c i p a l  

de fe r r ed  f o r  t h e  f i r s t  5  yea r s .  The rea f t e r ,  t h e r e  i s  equal  amor t i za t ion  of t h e  

p r i n c i p a l  amount w i th  payments i n t o  a  s ink ing  fund s o  t h a t  t h e  amount . i n  t h e  fund 

a t  t h e  end of 25 y e a r s  i s  equal  t o  t h e  sum needed t o  r e t i r e  t h e  bonds. I n  a c t u a l  

p r a c t i c e ,  t h e  bonds would be  r e t i r e d  wi th  payments from t h e  s ink ing  fund over a  

number of yea r s  according t o  a  schedule t o  be determined. 

I n t e r e s t  During Construct ion.  Rates  of 7.5 percent  f o r  MMWEC f inanc ing  

and 10.5 percent  f o r  p r i v a t e  f i nanc ing  a r e  aga in  used. The p a t t e r n  of borrow- 

i n g  dur ing  cons t ruc t ion  i s  der ived  from t h e  c o n s t r u c t i o n  schedule ,  w i th  

est imated cons t ruc t ion  c o s t s  e s c a l a t e d  a s  i nd ica t ed  above under P r o j e c t  

C a p i t a l  Costs .  I n t e r e s t  dur ing  cons t ruc t ion  i s  c a p i t a l i z e d ,  added t o  t o t a l  

p r o j e c t  c o s t  and then ,  l i k e  o t h e r  elements of p r o j e c t  c o s t ,  amortized over  t h e  

l i f e  of t h e  p r o j e c t .  

Operations and Maintenance. Data based on n a t i o n a l  averages a r e  given i n  

t h e  USDOE Federa l  Energy Regulatory Commission p u b l i c a t i o n  e n t i t l e d  "Fina l  Dra f t  

Hydroe lec t r ic  Power Evaluation" (August 1978),  page 4-22. The d a t a  combine 

manual and automatic  p l a n t s .  Appl ica t ion  of t h e  app ropr i a t e  average c o s t s  from 

the  t a b l e  ( f o r  p l a n t s  0-25MW and a  capac i ty  f a c t o r  of 40-80 pe rcen t )  y i e l d s  an 

annual  c o s t  of $120,000 t o  $130,000 i n  1975 p r i c e s .  

Based on t h i s  f i g u r e ,  i t s  own exper ience  i n  ope ra t ing  smal l  hydro f a c i l i t i e s ,  

and cons ide ra t ion  of t h e  n a t u r e  and s e t t i n g  of t h e  proposed f a c i l i t y ,  Boott M i l l s  

has  es t imated  a  f i g u r e  of $156,000 a t  1978 p r i c e s  f o r  ope ra t ion  and maintenance 

of t h e  f a c i l i t y ,  i nc lud ing  a l l  a s s o c i a t e d  phys i ca l  proper ty .  Although t h i s  v a l u e  

i s  h igher  than  t h e  FERC d a t a  would i n d i c a t e ,  i t  has  been used because i t  accounts  

f o r  maintenance of 0.4 mi l e s  of a  c a n a l  s e c t i o n  and t h e  c a n a l  gatehouse and f low 

c o n t r o l  equipment t h a t  i s  n o t  normally encountered i n  a  p r o j e c t  of t h i s  type.  

The f i g u r e  a l s o  covers  ope ra t ions  and maintenance expenses on t h e  t ransmiss ion  

l i n e  connect ing t o  t h e  Pawtucketv i l le  s u b s t a t i o n .  
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General and Administrat ive.  I n  p r a c t i c e ,  gene ra l  and a d m i n i s t r a t i v e  c o s t s  

a r e  unique t o  t h e  company concerned, vary ing  according t o  s i z e  and o t h e r  cha rac t e r -  

i s t i c s .  Boott  M i l l s  has  es t imated  $220,000 i n  1978 p r i c e s ,  based upon a l l o c a t i o n  

of c u r r e n t l y  i ncu r red  power genera t ion  expenses. 

Cost of Water. A water  charge of 4.7019 m i l l s  per  kwh i s  included a s  t h e  

oppor tuni ty  c o s t  t o  Boott  M i l l s  caused by a l l o c a t i n g  water  t o  t h e  new hydro f a c i l i t y  

t h a t  up t o  now has  been used to '  run e x i s t i n g  older .  t u rb ines .  This  charge has pre-  

cedent  i n  c o n t r a c t u a l  arrangements made t o  cover t h e  Lawrence h y d r o e l e c t r i c  p r o j e c t  

downriver. 

Insurance.  The FERC es t ima te  f o r  insurance  c o s t s  f o r  h y d r o e l e c t r i c  p r o j e c t s ,  

ob ta ined  by phone, i s  0.2 percent  of t o t a l  p r o j e c t  c o s t  (approximately $30,000). 

Boott  M i l l s  now experiences h ighe r  insurance  c o s t s ,  and a  f i g u r e  of $50,000 

a n n u a l l y - h a s  t h e r e f o r e  been used i n  t h i s  a n a l y s i s .  This  h igher  f i g u r e  i s  a l s o  

used because t h e  Nat iona l  Park Se rv i ce  d e s i r e s  t h a t  t o u r i s t s  be  a b l e  t o  v i s i t  t h e  

p r o j e c t ,  and t h i s  w i l l  have t h e  e f f e c t  of i nc reas ing  insurance  r a t e s .  

Real E s t a t e  Taxes. The b a s e l i n e  case  f o r  l o c a l  r e a l  p roper ty  t a x e s  has been 

es t imated  f i r s t  a t  ' f u l l '  va lue :  o r i g i n a l  c o s t  assessed  a t  50 percent  and t a x e s  

a t  a r a t e  of $200'per $1000. (Or ig ina l  c o s t  i s  based on p r o j e c t  c o s t s  contained 

under FERC accounts  ///I 331 and 332 wi th  pro  r a t a  a d d i t i o n s  f o r  cont ingencies  and 

. engineer ing  and a d m i n i s t r a t i v e  c o s t s . )  A s  an  a l t e r n a t i v e  case ,  r e a l  p roper ty  

t axes  were taken a s  h a l f  t h i s  amount, t o  b r i n g  them more i n t o  l i n e  wi th  a c t u a l  

t a x e s  on s i m i l a r  p r o p e r t i e s  w i t h i n  t h e  region.  Th i s  is  be l ieved  t o  be app ropr i a t e ,  

s i n c e  i n  both houses of t h e  Massachusetts l e g i s l a t u r e  b i l l s  have been r e c e n t l y  

introduced (H 3607) t o  completely o r  p a r t i a l l y  a b a t e  r e a l  p roper ty  t a x e s  on sma l l  

hydro i n s t a l l a t  ions .  

Miscellaneous Taxes and Fees. Th i s  i t em covers  an  es t imated  FERC annual  

l i c e n s e  f e e  of $10,000, l o c a l  pe r sona l  proper ty  t a x e s  es t imated  a t  $35,000, and 

l e g a l  and o t h e r  f e e s  of $10,000. 

I n t e r i m  Replacements. A s e p a r a t e  s ink ing  fund f o r  i n t e r i m  replacements has  

not  been inc luded  i n  t h e  e s t ima te s  f o r  annual  p r o j e c t  c o s t s .  A s  noted i n  Sec t ion  

3 , ' t h e  f i r s t  major need f o r  i n t e r i m  replacements ,  b a r r i n g  unusual breakdowns, w i l l  
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come a f t e r  t h e  20th yea r  of p r o j e c t  opera t ion .  More s u b s t a n t i a l  replacements 

t y p i c a l l y  come a f t e r  t h e  40th year .  Expenditures  20 and 40 y e a r s  out  a r e  d i s -  

counted heav i ly  enough t h a t  t h e  e fFec t  on p r o j e c t  f e a s i b i l i t y  would be  small .  

I n  a d d i t i o n ,  major expenses a r e  most l i k e l y  t o  occur  a f t e r  25 y e a r s  when t h e  

p r o j e c t  i s  f u l l y  amortized and h igh  p o s i t i v e  n e t  cash  f lows a r e  thus  r e a d i l y  

a v a i l a b l e  t o  meet replacement needs. 

Cost Esca l a t ion  Rates; A f i g u r e  of 6  percent  has  been used f o r  e s c a l a t i o n  

of non-construct ion c o s t s .  This  has  been app l i ed  dur ing  t h e  n e a r l y  4-year con- 

s t r u c t i o n  per iod  and f o r  t h e  f i r s t  t e n  y e a r s  t h e r e a f t e r .  Es t imates  on t h e  o rde r  

of 6  percent  a r e  found i n  numerous government and p r i v a t e  s t u d i e s .  

Summary of Esca l a t ion  Assumptions. Cons t ruc t ion  c o s t s  a r e  es t imated  a s  of 

October 1, 1978. The 196 week per iod  f o r  engineer ing  and cons t ruc t ion  has  been 

assumed t o  begin A p r i l  1, 1979. Thus cons t ruc t ion  c o s t s  a r e  e s c a l a t e d  beginning 

October 1, 1978 f o r  t h e  s i x  months u n t i l  t h e  assumed s tar t  of t h e  engineer ing  and 

cons t ruc t ion  per iod .  Following t h i s ,  they cont inue  t o  be  e s c a l a t e d  u n t i l  spent  

according t o  t h e  schedule  s e t  f o r t h  i n  Table 4-3. The last cons t ruc t ion  payments 

a r e  made by January 8 ,  1983. Esca l a t ion  i s  a t  8  percent  u n t i l  January 1 ,  1981,. 

and 6 percent  t h e r e a f t e r .  

Operat ing c o s t s  a r e  a l s o  es t imated  a s  of October 1, 1978. They a r e  e s c a l a t e d  

f o r  s i x  months t o  A p r i l  1, 1979, then  over t h e  engineer ing  and cons t ruc t ion  per iod  

and f o r  an  a d d i t i o n a l  t e n  yea r s ,  ending January 8 ,  1993. Esca l a t ion  i s  a t  6  percent  

f o r  t h i s  t o t a l  per iod ,  a f t e r  which c o s t s  a r e  assumed t o  be  cons t an t .  

R e v e n u e s a r e  e s t i m a t e d a s  o f A p r i l 1 ,  1979. The i r  e s c a l a t i o n i s  o v e r t h e  

engineer ing  and cons t ruc t ion  per iod  and f o r  an a d d i t i o n a l  t en  y e a r s ,  ending 

January 8,  1993. Two r a t e s  over  t h i s  per iod  a r e  used, 6  percent  and, a l t e r n a t i v e l y ,  

9  percent .  

R e l i a b i l i t y  of Cost Est imates .  Cost e s t ima t ing  methods f o r  p r o j e c t  c a p i t a l  . 

c o s t s  a r e  d iscussed  i n  d e t a i l  i n  Sec t ion  4. P a r t i c u l a r  c a r e  was taken  i n ' e s t i m a t -  

i n g  turb ine-genera tor  c o s t s  and c i v i l  works c o s t s ,  which toge the r  comprise 82 

percent  of p r o j e c t  t o t a l  c o s t s  p r i o r  t o  adding f a c t o r s  f o r  cont ingencies  and 

engineer ing  and admin i s t r a t i on .  A contingency f a c t o r  has  been added t o  account 
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for minor items not included in the'engineering estimate and for reasonable cost 

variation outside of that projected in the unit costs. At the conceptual design 

level of project development, a 15 percent engineering contingency was consider,ed 

by RSC and Acres to be appropriate for this project. 

The principal element of uncertainty in project capital costs concerns 

fishway requirements. An allowance of $1,000,000 for fishway costs was included 

in the calculations of net present value above. However, determination of the 

design and cost of fish passage facilities that will meet requirements entails 

more extensive investigation than is possible in a feasibility assessment of this 

kind, and the final estimate may be higher. 

Annual costs have been conservatively estimated. The most significant 

element of uncertainty is in the estimate for the rate of escalation for revenue 

and, to a lesser extent, costs. The uncertainty in escalation rates for revenue 

has been addressed by calculating NPV for a range of escalation rates in Section 

.2.2 above. 

Delay in approval of the FERC license could increase construction costs. 

The time allowed for license approval is 70 to 85 weeks, approximately the same 

length of time required for license approval for a site of similar size at 

Lawrence, Massachusetts. FERC approval for major projects now typically takes 

nine to twelve months. A longer time has been allowed for the Lowell hydro- 

electric facility because it must be integrated with the Federal and state parks, 

and park planning will not be complete for approximately two years. 

Cost and Revenue Estimates Used in Concept Design. The Section 3 concept 

design work was largely completed prior to receipt of all the cost and revenue 

information used in Section 2. Thus the Section 3 estimates for cost and revenue 

inputs differ in some respects. Operating costs in Section 3 were taken as 

equal to FERC national averages. Revenues were taken as equal to the annualized 

costs of investment in the least costly alternative new source of similar inter- 

mediate load power, assumed to be a combined cycle generating plant. Re-working 

Section 3 using Section 2 costs and revenues would make little difference to the 

results in Section 3. At most, there would be a small effect on overall sizing 

of the project. 
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The methodology of Section 3 also differs in that calculations were made 

in'terms of benefit-cost ratios rather than net present value.' This makes no 

difference to the results, and the somewhat simpler benefit-cost calculations, 

using levelized costs, are appropriate, to t h e  concept design phase of the 

assessment. 
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3.0 DEVELOPMENT OF THE DESIGN CONCEPT 

3.1 SUMMARY 

This  assessment has  found t h e  development of a  new gene ra t i ng  s i t e  on ' the  

Merrimack River  a t  Lowell, Massachuset ts  t o  be t e c h n i c a l l y  f e a s i b l e .  The l o c a t i o n  
. . 

of t h e  p ro j ec t ed  f a c i l i t y  i s  shown i n  F igure  3-1. It is  t o  be  on t h e  s o u t h e a s t e r l y  

s i d e  of t h e  Merrimack River  immediately downstream of t h e  Moody S t r e e t  Bridge. 

I n  developing d e t a i l e d  des ign  (and c o s t )  d a t a ,  t h e  approach us ing  v e r t i c a l  

p r o p e l l e r  t u r b i n e s  w a s  i n i t i a l l y  chosen because i t  is  a  proven technique  wi th  

many p rev ious ly  s u c c e s s f u l  a p p l i c a t i o n s ,  and t h e r e  appeared t o  be no s i g n i f i c a n t  

d i f f e r e n c e s  i n  e s t i m a t e s  of t o t a l  c o s t s  among any of t h e  a l t e r n a t i v e s  t hen  be ing  

'considered. A f t e r  t h e  d e t a i l e d  e s t i m a t i n g  process  was w e l l  underway, however, 

q u o t a t i o n s  f o r  t h e  tube  t u r b i n e s  were rece ived  and proved t o  have a  s i g n i f i c a n t  

c o s t  advantage over  t h e  v e r t i c a l  p r o p e l l e r  design.  Consequently,  t h e  concept 

de s ign  and most of t h e  c a l c u l a t i o n s  which assume a  p a r t i c u l a r  equipment choice  

g iven  i n  t h i s  s e c t i o n  a r e  presen ted  i n  terms of t h e  tube  t u r b i n e  i n s t a l l a t i o n .  

Data which were i n i t i a l l y  c a l c u l a t e d  assuming a  v e r t i c a l  p r o p e l l e r  i n s t a l l a t i o n  

a r e  given i n  a  few i n s t a n c e s  where t h e  conc lus ions  drawn would hold f o r  any of - 

t h e  v a r i o u s  t u r b i n e  i n s t a l l a t i o n s  considered.  

The development c o n s i s t s  of i n s t a l l i n g  a  new i n t a k e  channel ex tending  from 

an e x i s t i n g  c a n a l  wa l l ;  c o n s t r u c t i n g  a  c o n t r o l  s t r u c t u r e  w i t h i n  t h e  80 f t .  wide 

cana l  t o  d i v e r t  f low t o  t h e  i n t a k e ;  c o n s t r u c t i n g  a  powerhouse roughly 96 f t .  long 

by 108 f t .  wide housing fou r  3.75 MW hydrau l i c  t u r b i n e s ,  gear  boxes and gene ra to r s ;  

and f i n a l l y ,  excava t ing  a  60 f t .  wide t a i l r a c e  channel  about 1000 f t .  long i n  t h e  

rock bed of t h e  r i v e r .  F igu re  3-1 shows t h e . p r o j e c t  l o c a t i o n ,  and F igu re  3-2 shows 

t h e  p r o j e c t  f a c i l i t y  plan.  

The f a c i l i t y  w i l l  have a  nominally r a t e d  capac i ty  of 15,000 KW a t  34 f t .  des ign  

head i n  t h e  t u r b i n e  and a flow of 6000 c f s .  The g ros s  gene ra t i on  expected from t h e  

p r o j e c t  is 76,150,000 kWh p e r  year .  N e t  g ene ra t i on  may be up t o  2.5 pe rcen t  less, 

o r  74,246,250 kWh per  yea r .  Net genera t ion  t a k e s  i n t o  account p l a n t  needs and 

power l o s s e s  between t h e  gene ra t i ng  f a c i l i t y  and t h e  connect ion t o  t h e  power g r i d  

. a t  t h e  Pawtucke tv i l l e  Subs ta t ion .  Est imated p r o j e c t  c o s t  of t h e  f a c i l i t y ,  a s  d i s -  

cussed i n  Sec t ion  4  of ' t h i s  s t udy  i s  $14,720,000 ( a t  ,1978 p r i c e  l e v e l s ) ,  p l u s  a 

$1,000,000 allowance f o r  f ishways.  
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It was found t h a t  t h e r e  was s u f f i c i e n t  a v a i l a b l e  d a t a  t o  s u b s t a n t i a t e  w i t h i n  

a  reasonable  degree of accuracy t h e  t e c h n i c a l  f e a s i b i l i t y ,  c o s t  and expected 

p r o d u c t i v i t y  of t h e  p ro j ec t ed  f a c i l i t y .  Fu r the r  op t imiza t ion  of p l a n t  s i z e  and 

more a c c u r a t e  e s t ima t ion  of expected gene ra t i on  is  p o s s i b l e  wi th  f u r t h e r  h y d r a u l i c  . ' 

a n a l y s i s  and s imu la t i on  of flow v a r i a t i o n s  i n  t h e  r i v e r  above and below t h e  p l a n t  

s i t e  and i n  t h e  ~ o r t h e r n  Canal. However, power purchasers  would have t o  supply 

more r i go rous  d e f i n i t i o n  of capac i ty  and energy va lues  f o r  t h e s e  ana lyses  t o  be  

e f f e c t i v e  i n  f u r t h e r  op t imiza t ion  of p l a n t  design.  

3.2 PRELIMINARY DESIGN APPROACH 

The e x t e n t  t o  which t h e  p ro j ec t ed  h y d r o e l e c t r i c  f a c i l i t y  makes u se  of t h e  

t o t a l  a v a i l a b l e  r i v e r  f low is  shown i n  F igure  3-3 Eelow us ing  an annual  flow 

d u r a t i o n  curve. 

. . -. . . -. . . . - - . 

. . 

% OF TIME EQUALED OR EXCEEDED UTILIZED BY IMPOUNDMENT 

Figure  3-3. Proposed Operat ing Schedule f o r  Four 3.75MW Tube Turbines  
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This  curve shows t h a t ,  on t h e  average,  only 70% of t h e  t o t a l  annual  r i v e r  

flow can be u t i l i z e d  by t h e  p ro j ec t ed  new f a c i l i t y .  The l i m i t a t i o n  is  imposed .-- 
no t  by t h e  f a c i l i t y  i t s e l f  bu t  by t h e  capac i ty  of t h e  Northern Canal i n  r e l a t i o n  

t o  t h e  maximum acceptable  v e l o c i t y .  The maximum design v e l o c i t y  of 5 .8 f p s ,  

which is  reached when t h e  hydro turb ines  a r e  drawing water  a t  t h e i r  f u l l  capac i ty  

of 6,000 c i s ,  i s  s l i g h t l y  below t h e  v e l o c i t y  a t  which water becomes t u r b u l e n t .  

Higher v e l o c i t i e s  a s soc i a t ed  with h igher  flows would s a c r i f i c e  a v a i l a b l e  ope ra t ing  

head due t o  f r i c t i o n  l o s s e s  i n  t h e  canal.. 

A t  t imes when t h e  r i v e r  flow is  g r e a t e r  than 6,000 c f s . ,  excess  water  can 

be drawn by t h e  Pawtucket Canal t o  power e x i s t i n g  t u r b i n e s  t h a t  o therwise  w i l l  

be he ld  on stand-by. From Figure  3-3, excess  r i v e r  flows w i l l  be a v a i l a b l e  f o r  

t h e s e  stand-by genera t ing  s t a t i o n s  about 38% of t h e  t ime. (Fur ther  cons ide ra t ion  

of t h e  f e a s i b i l i t y  of cont inuing  t o  use e x i s t i n g  genera t ing  capac i ty  was beyond 

the  scope of t h i s  work.) 

By i n t e g r a t i n g  the  a r e a  under t h e  flow dura t ion  curve, applying t h e  system 

e f f i c i e n c y  a long  each po in t  on t h e  curve,  and by assuming a  f i xed  schedule o r  

mode of ope ra t ion ,  t h e  average annual  k i l o w a t t  hour output  of t h e  system can b e  de- 

termined. A computer program determined t h a t  t h e  annual  genera t ion  would be  

76,150,000 kWh g ross  o r  74,250,000 kwh n e t  f o r  four  tube  t u r b i n e s .  (For g r e a t e r  

accuracy,  computations were based on monthly flow da ta . )  Net output  d i f f e r s  from 

g ross  by t h e  s u b t r a c t i o n  of s t a t i o n  needs and l o s s e s  i n  t ransmiss ion  t o  t h e  sub- 

s t a t i o n  where connect ion i s  made t o  t h e  power g r i d .  

While Figure 3-3 i s  s p e c i f i c  t o  t h e  tube  t u r b i n e  i n s t a l l a t i o n ,  a  s i m i l a r  

a n a l y s i s  could be made f o r  o t h e r  t u r b i n e  types  and conf igu ra t ions .  And, indeed 

t h i s  type  of a n a l y s i s  was appl ied  t o  va r ious  types  and conf igu ra t ions  of t u r b i n e s  

t o  opt imize t h e  p r o j e c t  benef i t -cos t  r a t i o  p r i o r  t o  t h e  d e t a i l e d  c o s t i n g  of a  

b a s e l i n e  approach t o  be used i n  t h e  economic f e a s i b i l i t y  t e s t s  descr ibed  e a r l i e r  

i n  t h i s  r e p o r t .  
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3.3 PROJECT SITE 

3.3.1 s i te  Advantages 

The s i t e  s e l e c t e d  is  loca t ed  on t h e  s o u t h e a s t e r l y  s i d e  of t h e  Merrimack River  

immediately downstream of t h e  Moody S t r e e t  Bridge and about 2000 f t .  downstream of 

t h e  Pawtucket Dam. The i n t a k e  channel  w i l l  draw water  from t h e  Northern Canal. 

S ince  t h e  Northern Canal is  immediately ad j acen t  t o  t h e  Merrimack River  a t  t h i s  

l o c a t i o n ,  being separa ted  only by a  masonry w a l l ,  t h e  s t r u c t u r e s  requi red  f o r  d iver -  

s i o n  and genera t ion  a r e  minimal. While i t  would be  p o s s i b l e  t o  develop up t o  25 f t .  

of head a t  t h e  base  of t h e  masonry w a l l ,  t h e  r e l a t i v e l y  s h o r t  t a i l r a c e  which has  

been added i n  t h e  design d iscussed  he re  w i l l  i n c r e a s e  t h e  ope ra t ing  he'ad t o  34 f e e t .  

Photographs showing t h e  dam, t h e  Northern Canal and t h e  p r o j e c t  s i t e  a r e  given i n  

Sec t ion  5 .  below. 

Cons t ruc t ion  of t h e  powerhouse at t h e  bank of t h e  r i v e r  channel  does no t  

r e q u i r e  use of otherwise va luab le ,  developable land and o f f e r s  no g r e a t e r  obstruc-  

t i o n  t o  f lood  f lows a t  t h i s  l o c a t i o n  than  does t h e  n a t u r a l  upstream channel .  

Ready access  t o  t h e  s i t e  is  a v a i l a b l e ,  and connect ion t o  a  power s u b s t a t i o n  

wi th in  a  d i s t a n c e  of one mi le  is  p o s s i b l e  by means of e x i s t i n g  conduit  and pole  

l i n e .  

3.3.2 S i t e  Condit ions Af fec t ing  t h e  Work 

The s i t e  examination was on October 9 ,  1978. E x i s t i n g  s t r u c t u r e s  and s i t e  

cond i t i ons  were examined. A thorough i n v e s t i g a t i o n  of t h e  e x i s t i n g  dam and cana l  

s t r u c t u r e s  and t h e  proposed powerplant s i t e  was p o s s i b l e  due t o  low flow condi- 

t i o n s ,  wi th  t h e  pond a t  one f o o t  above t h e  dam c r e s t  and t h r e e  f e e t  below t h e  top  

of f lashboards .  The r iverbed  below t h e  dam, cana l  and proposed powerhouse s i t e  was 

e f f e c t i v e l y  dry ,  providing e x c e l l e n t  i n spec t ion  cond i t i ons .  However, a s  a  r e s u l t  of 

i n a c c e s s i b i l i t y  of one s e c t i o n  of t h e  dam and some leakage through t h e  boards,  on ly  

' p a r t i a l  observa t ion  of - t he  dam w a s  poss ib l e .  The e x i s t i n g  s t r u c t u r e s  were a l l  found 

t o  be  i n  a  sound and t i g h t  cond i t i on  wi th .minor  except ions  i n  p o r t i o n s  of t h e  Northern 

Canal. The l o c a t i o n  f o r  t h e  proposed power f a c i l i t y  was found t o  be  accep tab le  i n  

terms of e f f i c i e n t  u se  of e x i s t i n g  s t r u c t u r e s  and topography wi thout  s i g n i f i c a n t  
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upse t  of present  land use. Add i t iona l ly ,  acces s  appears  t o  be  reasonably good and 

t h e r e  a r e  no unusual geo log ica l  r e s t r i c t i o n s  expected t o  be  encountered. 

It was found t h a t  t h e r e  was a need f o r  a c o n t r o l  s t r u c t u r e  a c r o s s  t h e  

Northern Canal a t  t h e  s i t e  of t h e  new h y d r o e l e c t r i c  i n s t a l l a t i o n .  This  s t r u c t u r e  

is  needed t o  al low the  Northern Canal l e v e l  t o  f l u c t u a t e  according t o  p l a n t  

ope ra t ing  needs without  a f f e c t i n g  t h e  remaining cana l  system. A g a t e  w i l l  be 

provided f o r  c o n t r o l l i n g  water supply t o  t h e  cana l  t oge the r  wi th  a bay which 

w i l l  permit  t h e  a d d i t i o n  of a boat lock  a t  a l a t e r  da t e  i f  r equ i r ed  by t h e  

Nat iona l  Park Serv ice  t o  a l low proposed t o u r i s t  barges t o  t r a v e r s e  t h e  e n t i r e  

cana l  system. 

3.3.3 Hydraulic Data 

Streamflows. The dra inage  a r e a  of t h e  Merrimack River a t  Pawtucket Dam i s  

4,020 square mi les .  Flow upstream of t h e  dam i s  c o n t r o l l e d  t o  a moderate e x t e n t  

by t h e  ope ra t ion  of t h e  Amoskeag P l a n t ,  33 mi les  upstream, which has  a maximum 

discharge  of approximately 5,000 c f s .  Streamflow d a t a  was a v a i l a b l e  from t h e  

U.S. Geological  Survey (USGS) WATSTORE system. The USGS stream gage n e a r e s t  t o  

t h e  dam (NO. 01100000) is downstream at t h e  confluence of t h e  Concord and Merrimack 

Rivers  i n  Lowell. The drainage a r e a  a t  t h i s  g a t e  is 4,425 square mi les .  A l l  

streamflow d a t a  were ad jus t ed  t o  r ep re sen t  flow a t  t h e  dam by us ing  a f a c t o r  equal  

t o  t h e  r a t i o  of t h e  r e s p e c t i v e  dra inage  a reas .  The annual  flow dura t ion  curve 

i s  shown i n  F igure  3-4. Table 3-1 shows t h e  monthly v a r i a t i o n  of flow dura t ion  

da t a .  Flow dura t ion  curves  f o r  each month were used t o  e s t a b l i s h  t h e  average 

monthly flows a v a i l a b l e  f o r  genera t ion .  

Flood Flows. The f lood  d ischarge  curve f o r  flow over t h e  c r e s t  of t h e  dam 

i s  shown i n  F igure  3-5, wi th  r e t u r n  per iods  provided by USGS WATSTORE. A 100-year I 

f lood  would raise the  headwater s u r f a c e  e l e v a t i o n  t o  E1.92 (Locks and Canals 

Datum) o r  4 f e e t  below t h e  cana l  gatehouse non-overflow e l eva t ion .  The maximum 

f lood  of record i n t e r p o l a t e d  from USGS gage records  is  es t imated  a s  157,000 c f s .  

This  f lood  rose  t o  E 1 . l O O  on t h e  upstream s i d e  of School S t r e e t  Bridge, which was 

apparent ly  t h e  c r i t i c a l  c o n t r o l  p o i n t  f o r  t h e  upstream f lood  s t a g e .  The co r re s -  

ponding f lood e l e v a t i o n  above.Moody S t r e e t  Bridge, near  t h e  proposed s i te ,  was 
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'10 OF TIME EQUALED OR EXCEEDED 

Figure 3-4. Annual Flow Duration Curve 



TABLE 3 .1  

MONTHLY FLOW DURATION DATA 

r 

Percent  of Time Exceeded 

MONTH 95% 90% 75% 70% . 50% 25% 10% 

January 1,730 2,280 3,460 3,730 5,100 7,280 11,830 

February 2,000 2,640 3 , 8 2 0 .  4,100 5,280 .7 ,920 11,830 

March 3,640 4,460 . 6,280 6,730 9.010 13,650 20,930 

A p r i l  7,190 8,460 10,920 11,830 16,380 22,750 29,120 

May 3,640 4,550 6,190 6,730 9,100 14,560 18,200 

June 1,460 1,910 2,820 3,090 4,280 6,830 10,920 

J u l y  720 1,090 1,640 1,730 2,370 . 3,550 5,370 

August 5 30 ' 850 1,370 1,460 1,910 2,820 4,370 

September 550 8 70 1,370 1,460 1,910 3,000 4,640 

October 620 1,000 1,550 1,730 2,370 3,820 6,190 

November 1,090 1,550 2,550 2,820 4,000 6,730 11,830 

December 1,730 2,180 3,280 3,550 5,010 8,010 12,740 



RIVER FLOW ( I p 0 0  cf8) 

Figure 3-5. Flood Discharge Curve 
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shown on t h e  Locks and Canals r e f e r ence  contour  drawing (dated September, 1936) 

a s  E1.895 and t h e  downstream USGS gage r eco rds  show a s t a g e  a t  E1.68.4. The 

r i ve rbed  p r o f i l e  between t h e s e  two p o i n t s  i s  such t h a t  water  l e v e l s  a t  t h e  s i t e  

of t h e  proposed powerhouse under t h e  maximum f lood  cond i t i on  would have been 

g r e a t e r  than t h e  maximum p r o j e c t  des ign  t a i l w a t e r  l e v e l  of E1.70 which is  l i s t e d  

i n  p a r t  (d)  below. Ra i s ing  t h e  t a i l w a t e r  des ign  e l e v a t i o n  should be considered 

i n  f u r t h e r  d e t a i l  p r i o r  t o  f i n a l  des ign  of t h e  p r o j e c t .  

Pondage. The impoundment behind Pawtucket Dam extends  approximately 18  mi l e s  , 

upstream. However, t h e  e f f e c t i v e  pondage, which would c o n t r i b u t e  t o  gene ra t i on  

flow, was considered t o  on ly  extend approximately 9 m i l e s  upstream t o  t h e  v i c i n i t y  
I 

of t h e  Massachusetts-New Hampshire bo rde r ,  due t o  t h e  long  narrow n a t u r e  of t h e  

impoundment. The volume of pondage w i t h  f l a shboa rds  on t h e  dam is es t imated  t o  be  

approximately 8,000 c fs -hrs  p e r  f o o t  of depth (660 a c r e - f t / f t ) .  

Hydraul ic  Design Data. The fo l lowing  h y d r a u l i c  d a t a  was u s e d i n  t h e  con- 

c e p t u a l  des ign  of gene ra t i ng  f a c i l i t i e s :  

Headwater Level  maximum E1.89.0 

normal max. E1.86.0 ( t op  f l a shboa rds )  

normal E1.85.0 

minimum E1.80.0 

Ta i lwa te r  Level 

Normal Gross Head 

Normal Net Head 

Average River  Flow 

Design Flow Range 

maximum 

normal 

minimum 

34.-5 f e e t  

32.5 f e e t  

6,540 c f s  

5,500 - 8,000 c f s  

A head los s  a n a l y s i s  determined t h e  n e t  head a v a i l a b l e  a t  t h e  powerhouse s i te .  

Headloss i n  t h e  cana l  was computed us ing  a  s t e p  method f o r  determining l o n g i t u d i n a l  

r i v e r  p r o f i l e .  An average  c a n a l  s e c t i o n  was assumed, based on a v a i l a b l e  s e c t i o n a l  

d a t a  on t h e  cana l .  The c a n a l  headlosses  were determined f o r  both an 86'  and 82'  

headwater e l e v a t i o n .  The r e s u l t i n g  t o t a l  headloss  curve i s  shown below i n  F igure  

3-6. 
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CANAL FLOW ( 1 0 0 0  c fs )  

Figure  3-6. Head Loss Through I n t a k e  and Canal 

A t a i l w a t e r  r a t i n g  curve was developed from USGS s tage-d ischarge  d a t a  f o r  

t h e  downstream gage. The curve was developed by assuming t h e  same s tage-d ischarge  

r e l a t i o n s h i p  2 f e e t  h ighe r  than t h e  gage through normal flow ranges.  The 

r e s u l t i n g  t a i l w a t e r  curve -is shown i n  F igure  3-7. 
. . 
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F L0.W ( 1000 cfs 

Figure 3-7. Ta i lwater  ~ a t i n i  Curve 

3.4 EQUIPMENT SELECTION METHODOLOGY 

A s  noted a t  t h e  end of Sec t ion  2, t h e  economic methodology used i n  Sec t ion  3  

d i f f e r s  i n  some r e s p e c t s  from t h a t  of Sec t ion  2, b u t  no t  i n  ways which a f f e c t  

r e s u l t s  s i g n i f i c a n t l y .  There a r e  some d i f f e r e n c e s  i n  c o s t  and revenue assumptions, 

a s  s p e c i f i e d  i n  Sec t ion  2 .  Also, Sec t ion  3 c a l c u l a t i o n s  were made i n  terms of 

bene f i t - cos t  r a t i o s ,  r a t h e r  than  n e t  p re sen t  va lue  which was emphasized i n  Sec t ion  

2 .  A s  noted e a r l i e r ,  use of bene f i t - cos t  r a t i o s  r a t h e r  than  n e t  p re sen t  va lue  

makes no d i f f e r e n c e  t o  t h e  r e s u l t s ,  and use of t h e  somewhat s impler  bene f i t - cos t  

c a l c u l a t i o n  is  appropr i a t e  t o  t h e  concept des ign  phase of t h e  assessment.  

The bene f i t - cos t  r a t i o  of each competing design a l t e r n a t i v e  was computed 

i n  o rde r  t o  d e f i n e  t h e  b a s e l i n e  t e c h n i c a l  approach f o r  t h e  d e t a i l e d  a n a l y s i s  of 

economic f e a s i b i l i t y  given i n  Sec t ion  2. The bene f i t - cos t  ana lyses  l ead ing  t o  

equipment s e l e c t i o n  were performed us ing  an Acres American computer model. The 

computer program used flow d l r a t i o n  d a t a  somewhat more d e t a i l e d  than  t h a t  pre- 

sen ted  i n  F igure  3-4. The c o s t  d a t a  used f o r  concept design a r e  FERC n a t i o n a l  

average c o s t s .  Levelized c o s t s ,  i d e n t i c a l  i n  a l l  p r o j e c t  yea r s ,  were used,  wi th  
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no cons ide ra t i on  given t o  e s c a l a t i o n  of c o s t s  o r  revenues.  Resu l t s  were compared 

wi th  t h e  c o s t s  of investment i n  a  combined cyc l e  gene ra t i ng  p l a n t  ( taken  a s  t h e  

l e a s t  c o s t l y  a l t e r n a t i v e  method of producing similar in t e rmed ia t e  l oad  power) as 

a  pre l iminary  measure of f e a s i b i l i t y .  

For t h e  purposes  of t h e  Acres Computer Program, t h e  t u r b i n e  "rated" ou tput  

i s  de f ined  a s  ou tput  a t  t h e  s e l e c t e d  des ign  n e t  head and maximum flow. For pre-  

l im ina ry  des ign  purposes ,  a l l  u n i t s  are assumed t o  have wicket  g a t e s  which w i l l  

be f u l l y  open a t  t h e  "ful l -gate1 '  o r  maximum flow condi t ion .  Maximum e f f i c i e n c y  i s  

assumed t o  occur  a t  t h e  "best  ga te"  cond i t i on ,  say  90 pe rcen t  of f u l l  g a t e ,  f o r  

which t h e  flow w i l l  be correspondingly l e s s  than t h e  maximum f o r  t h e  p a r t i c u l a r  

head. The e f f i c i e n c y  a t  f u l l  g a t e ,  and f o r  a l l  o t h e r  heads and g a t e  s e t t i n g s ,  is  

l e s s  than  maximum by vary ing  amounts. 

I n  a d d i t i o n ,  c e r t a i n  r u l e s  of ope ra t i on  a r e  assumed, inc lud ing:  

Reservoi r  ope ra t i ng  r u l e s  f o r  maximum and minimum water  l e v e l s ,  

sp i l lway  and minimum streamflow r e l e a s e s .  

Maximum and minimum p e r i o d s  of p l a n t  ope ra t i on ,  weekdays and 

weekends. 

P re fe r r ed  g a t e  s e t t i n g s  and minimum ope ra t i ng  f lows f o r  u n i t  

opera t ion .  

3 .4 .1  S i t e  P o t e n t i a l  

The genera t ion  p o t e n t i a l  of t h e  p r o j e c t  s i t e  was c a l c u l a t e d  on a  monthly 

b a s i s  s u b j e c t  t o  t h e  fo l lowing  cond i t i ons :  

(1) Four f e e t  of f l a shboa rds  be ing  maintained du r ing  t h e  months of June 

through.December, w i th  no boards f o r  t h e  remainder of t h e  yea r .  

(2) Pondage of 8,000 c f s  h r s / f t .  

(3) Canal headwater l o s s e s  a s  i n  F igure  3-6. 

(4) One f o o t  of headloss  through t h e  i n t a k e  and powerhouse water  passages  

( i nc lud ing  r acks ) .  
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(5) Tai lwater  based on Figure 3-7. 

(6) Maintenance of a r i v e r  flow of 500 c f s  dur ing  non-generating per iods  

t o  account f o r  o t h e r  flow requirements .  

Design flows considered were between 5,500 c f s  and 8,000 c f s .  Loss of head 

from f r i c t i o n  i n  t h e  cana l  is  excess ive  above 6,500 ( see  F igure  3-6), and a s  a 

more conserva t ive  f i g u r e  6,000 c f s  was chosen a s  t h e  design flow. This  cor res -  

ponds t o  an i n s t a l l e d  capac i ty  of 15,000 kW. Table 3-2 below shows annual  

expected gene'ration a s  a func t ion  of i n s t a l l e d  capac i ty .  A s  t h e  right-hand 

columns show, t h e  i n c r e a s e  i n  genera t ion  f o r  l a r g e r  s i z e  i n s t a l l a t i o n s  is  small .  

TABLE 3-2 

ANNUAL EXPECTED GENERATION AS A FUNCTION OF INSTALLED CAPACITY 

FLOW CAPACITY INCREASE GENERAT I O N  INCREASE 
c f s  kW %kW MWH (MWH) % 

5,500 13,750 75,177 

6,000 15,000 9% 77,576 2,400 3.2 

6,500 16,250 8% 79,818 2,241 2.9 

7,000 17,500 7% 81,150 1,332 1 .7  

7,500* 18,750 7% 84,218 3,068 - 
8,000* 20,000 . 6% 84,512 294 0 . 3  

The e s t ima te s  of kWh generated given i n  Table 3-2 a r e  based on a v e r t i c a l  

p r o p e l l e r  t u r b i n e  i n s t a l l a t i o n .  For each r a t e  of flow some v a r i a t i o n  i n  generat-  

i ng  capac i ty  and kWh output  could be expected from d i f f e r e n t  types  of equipment. 

The d i f f e r e n c e s  a r e  not  g r e a t  enough, however, t o  a l t e r  t h e  conclusion t h a t  

6,000 c f s  and 15,000 kW of i n s t a l l e d  capac i ty  a r e  c o r r e c t  nominal des ign  va lues  

a t  t h i s  s i t e .  

"Requires cana l  excavat ion.  
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3.4.2 A l t e r n a t e  Locations of Powerhouse 

Two p l a n t  l o c a t i o n s  were examin.ed. The f i r s t  (Moody S t r e e t  s i t e )  is  loca ted  

on t h e  Northern Canal immediately downstream of t h e  Moody S t r e e t  Bridge and ap- 

proximately 2,000 f e e t  from t h e  e x i s t i n g  gatehouse. The second l o c a t i o n  i s  on a  

cana l  which would be extended from t h e  f i r s t  s i t e  a long t h e  south  bank of t h e  

Merrimack River.  This  second s i t e  has an a d d i t i o n a l  10  f$et of head r e l a t i v e  t o  

t h e  t a i l w a t e r  e l eva t ion .  However, i t  is  a l s o  poss ib l e  t o  o b t a i n  t h e  a d d i t i o n a l  

10 f e e t  of head a t  t h e  f i r s t  s i t e ,  by excavat ion  of a  15,300 cubic  yard t a i l r a c e  

channel.  The c a l c u l a t i o n s  shown below summarize t h e  bene f i t - cos t  a n a l y s i s  which 

was used t o  determine t h a t  i t  was more advantageous t o  deve lop , the  e x t r a  10 f e e t  

of head a t  t h e  Moody S t r e e t  s i t e ,  r a t h e r  than  use t h e  a l t e r n a t i v e  loca t ion .  For . 

t h i s  reason,  t h e  Moody S t r e e t  s i t e  has  been s e l e c t e d .  

POWERHOUSE LOCATION OPTIMIZATION - COST - BENEFIT ANALYSIS 

Head a t  Moody S t r e e t  S i t e  (Gross) = 24.5 f e e t  

A d d i t i o n a l  Head t o  cana l  S i t e  = 10 f e e t  

T o t a l  Avai lab le  Head (Gross) = 34.5 f e e t  

INCREMENTAL COST OF DEVELOPING TOTAL HEAD 

A. T a i l r a c e  Construct ion (chosen a l t e r n a t i v e )  
T o t a l  $790,000 ( inc lud ing  contingency, E+A) 

B. Extending Canal Downstream 
T o t a l  $2,100,000 ( inc lud ing  contingency, E+A) 

INCREMENTAL VALUE OF DEVELOPING TOTAL HEAD 

C a p i t a l  Value Per  Foot = $ 600,00O/ft. 

T o t a l  Value of Increased  Head = $6,000,000 

BENEFIT: COST RATIO 

A. Moody S t r e e t  6,000,000 = 7 ,6  
S i t e  790,000 

B. Canal S i t e  6,000,000 = 2 , ~  
2,100,000 
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3.4.3 I n t a k e  and T a i l r a c e  Modi f ica t ions  

The e x i s t i n g  g a t e  house has  10 headgates ,  each 8 '  x  15 '  wi th  a  s i l l  a t  

E1.67.0. The l o s s  of head through. t h e  g a t e  s t r u c t u r e  was es t imated  t o  be on t h e  

o rde r  of 0.2 f e e t .  The head l o s s e s  could no t  be s i g n i f i c a n t l y  improved upon by 

mod i f i ca t i on  of t h e  g a t e  s t r u c t u r e .  However, i t  is  considered t h a t  r e h a b i l i t a t i o n  

of a l l  t e n  g a t e s  is  probably necessary .  No d e t a i l e d  assessment of t h e s e  r equ i r e -  

ments has  been p o s s i b l e  due t o  l i m i t e d  acces s  t o  t h e  e x i s t i n g  s t r u c t u r e s  dur ing  

s i te  in spec t ion .  A t o t a l  c o s t  of $70,000, i nc lud ing  cana l  w a l l  r e p a i r s ,  ha s  

been p r o v i s i o n a l l y  es t imated  f o r  t h i s  work. 

The maximum cana l  flow when . the  headwater i s  a t  E1.82 is approximately 

6,500 c f s .  However, cons ide ra t i on  was given t o  i n c r e a s i n g  t h e  c a n a l  flow a t  t h e  

E1.82 head l e v e l  by excavat ion.  The excavat ion considered was based on provid ing  

t h e  des ign  f low a t  6  f p s  v e l o c i t y .  An excava t ion  of about 22,000 cub ic  yards  of 

rock (approximately 3.7 f e e t  average depth)  from t h e  c a n a l  bottom would provide  

an 8,000 c f s  f low wi th  approximately t h e  same head l o s s  a s  f o r  a  6,000 c f s  flow 

i n  t h e  e x i s t i n g  channel.  This  amount of work might be expected t o  have a  t o t a l  

es t imated  cons t ruc t ion  c o s t  i n  t h e  o rde r  of $1,000,000. However, t h i s  a l t e r n a t i v e  

was n o t  considered f u r t h e r  because .of t h e  s i g n i f i c a n t  p o t e n t i a l  of d i s t u r b i n g  

t h e  e x i s t i n g  cana l  s t r u c t u r e s  dur ing  cons t ruc t ion  o r  inducing foundat ion  bedrock 

i n s t a b i l i t y  l a t e r  on i n  t h e  p l a n t  l i f e .  

3.4.4 Dam Modif ica t ion  A l t e r n a t i v e s  

The economic f e a s i b i l i t y  of i n c r e a s i n g  t h e  dam he igh t  was cons idered .  Four 

f e e t  of f l a shboa rds  a r e  c u r r e n t l y  used on t h e  e x i s t i n g  dam. These f l a shboa rds  

f a i l  when they a r e  c r e s t e d  and thus  provide  increased  pond he igh t  on ly  du r ing  

pe r iods  of low f low when t h e  b o a r d s . a r e  n o t  i n  danger of f a i l u r e .  Maintaining 

t h e s e  f l a shboa rds  is  es t imated  by Boott  M i l l s  t o  c o s t  approximately'$10,00O pe r  

year .  
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Four des ign  a l t e r n a t i v e s  were a v a i l a b l e :  

1 )  Raise  t h e  c r e s t  of t he  dam permanently wi th  a  two f o o t  h igh  concre te  

cap and two f e e t  of f l a shboa rds .  Ra is ing  t h e  dam c r e s t  w i th  a  

permanent 2  f o o t  h igh  conc re t e  cap would.,require 940 cubic  ya rds  of 

concre te  and, du r ing  cons t ' ruc t ion ,  a  67,000 cubic  yard cofferdam. 

2) Raise  693 f e e t  of t h e  dam wi th  t w o ' f e e t  of permanent conc re t e  ! 

and two f e e t  of f l a shboa rds  and i n s t a l l  Bascule g a t e s  on t h e  re -  
I 

maining 400 f e e t  of dam. The Bascule g a t e s  would a l l ow  t h e  d i s cha rge  

of excess  flow over t h e  dam c r e s t  a t  a  lower head, t h u s  provid ing  

b e t t e r  upstream f lood  p r o t e c t i o n .  Some 67,000 cubic  yards  of 

cofferdam m a t e r i a l  and 1,200 cub ic  yards  of conc re t e  would be re- 

qui red  f o r  t h e  dam mod i f i ca t i on  and Bascule g a t e  i n s t a l l a t i o n .  

3) Raise  t h e  dam c r e s r  f o u r  f e e t  wi th  a  permanent conc re t e  cap. Th i s  

cap would provide a  completely new upstream dam face .  A f o u r  f o o t  h igh  

cap would provide fou r  a d d i t i o n a l  f e e t  of head nor  normally a v a i l a b l e  

a f t e r  f lashboard  f a i l u r e .  The cap and f a c i n g  would r e q u i r e  4,300 cubic  

yards  of conc re t e  and a  94,000 cubic  yard cofferdam dur ing  cons t ruc t ion .  

4) Raise  t h e  dam c r e s t  f ou r  f e e t  wi th  a permanent conc re t e  cap,  a s  i n  

a l t e r n a t i v e  #3) and use an a d d i t i o n a l  f o o t  of f l a shboa rd  i f  upstream 

e f f e c t s  a r e  acceptab le .  

The bene f i t - cos t  a n a l y s i s  summarized below compares t h e s e  a l t e r n a t i v e s  wi th  

cont inued use of t h e  p re sen t  f lashboard  system. Each a l t e r n a t i v e  has  a  bene f i t -  

c o s t  r a t i o  of less than one, i n d i c a t i n g  t h a t  t h e  p re sen t  system i s  most c o s t  

e f f e c t i v e .  I 

Increased  Annual 
T o t a l  Cost Annual Cost Generat ion (1)  Bene f i t  

($1 ($) Improvement (kwh) Cost 

(1)  Raise  2 '  1,282,000 159,000 3,041,000 0.63 

(2) Raise  2 '  + 2,916,000 362,000 3,041,000 0.28 
400' Bascule 

(3 )  Raise  4 '  2,870,000 356,000 6,523,000 0.60 

(4)  Raise  4' + 2,870,000 356,000 7,671,000 0.71 
. 1' Flashboard 

(1) Inc rease  over use  of f l a shboa rds  (4 '  h t . )  

3-18 
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3.5 EQUIPMENT SELECTION 

3.5.1 I n s t a l l e d  Capaci ty  

The p ro j ec t ed  h y d r o e l e c t r i c  power i n s t a l l a t i o n  w i l l  t ake  f u l l  advantage of 

t h e  e x i s t i n g  s i t e ,  a v a i l a b l e  head, r i v e r  flows and power va lues .  The f u l l  g a t e  

r a t e d  capac i ty  of 15,000 kW was s e l e c t e d  deduc t ive ly  based on t h e  fo l lowing  

cons ide ra t i ons :  
I 

S e l e c t i o n  of Design Flow. The e x i s t i n g  Northern Canal s t r u c t u r e s  and channel ,  

being completely rock ,  can t o l e r a t e  f a i r l y  high v e l o c i t i e s  wi thout  damage. With 

t h e  water  l e v e l  a t  t h e  dam c r e s t ,  v e l o c i t i e s  w i l l  be  approximately 5.8 f p s  a t  

6,000 c f s ,  7.1 f p s  a t  7,000 c f s  and more than 10  f p s  a t  8,000 c f s .  Re fe r r ing  t o  

t h e  head los s  curve of F igure  3-6 i t  can be seen  t h a t  6,500 c f s  i s  about t h e  upper 

l i m i t  f o r  u t i l i z i n g  t h e  e x i s t i n g  c a n a l  f a c i l i t i e s .  A des ign  flow of 6,000 c f s  

would l i m i t  v e l o c i t i e s  t o  a  more conse rva t ive  l e v e l  f o r  long term cana l  maintenance 

cons ide ra t i ons .  Th i s  a l s o  would n o t  r e s t r i c t  ope ra t i on  under t h e  p o s s i b l e  

occas iona l  need t o  d i v e r t  a d d i t i o n a l  f lows t o  t h e  remaining Lowell c ana l  system. 

The a l t e r n a t i v e  of modifying t h e  c a n a l  hyd rau l i c  s e c t i o n  was d i scussed  i n  Sec t ion  

3.4.3 and d ismissed ,  due t o  t h e  s u b s t a n t i a l  e x t e n t  of e x i s t i n g  s t r u c t u r e s .  

S e l e c t i o n  of Design Head. Normal g ros s  head of 24.5 f e e t  is  a l r e a d y  calcu-  

l a t e d  t o  be a v a i l a b l e  a t  t h e  s e l e c t e d  power p l a n t  l o c a t i o n .  Development of an 

a d d i t i o n a l  10 f e e t  of head t o  a  t o t a l  of 34.5 f e e t  g r o s s  i s  r e a d i l y  j u s t i f i a b l e  

i n  t h e  form of a  t a i l r a c e  channel c o n s t r u c t i o n  a s  eva lua ted  i n  Sec t ion  3.4.2. 

Estimated head l o s s e s  a t  t h e  p l a n t  amount t o  2.0 f e e t ,  r e s u l t i n g  i n  a  normal n e t  

des ign  head of 32.5 f e e t .  The s e l e c t e d  des ign  head f o r  t h e  u n i t s  is  34 f e e t .  

Annual Generation. The seasona l  and d a i l y  v a r i a t i o n s  , i n  r i v e r  flow a r e  

adequate ly  covered by a  development u t i l i z i n g  6,000 c f s .  Re fe r r ing  t o  Table  3-3 

below, v i r t u a l l y  a l l  of t h e  r i v e r  flows would produce gene ra t i on  i n  J u l y  through 

October. For t h e  months of January,  February,  June,  November and December, t h e  

median f lows a r e  s i g n i f i c a n t l y  less than t h e  6,000 c f s  gene ra t i on  demand flow 

t h a t  makes f u l l  u t i l i z a t i o n  of t h e  15 mW i n s t a l l e d  capac i ty .  This  means t h e r e  is  

only occas iona l  s u r p l u s  f low du r ing  t h e s e  months. Only i n  March, A p r i l  and May 

would a  s i g n i f i c a n t  amount of s u r p l u s  f low be a v a i l a b l e ,  and du r ing  those  pe r iods  
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TABLE 3-3 

EXPECTED GROSS MONTHLY GENERATION 

Month Generat ion kwh Capaci ty  Fac to r  % 

January 6,834,000 

February 7,476,000 

March 8,621,000 

A p r i l  9,289,000 

May 8,292,000 

June 7,078,000 

J u l y  4,119,000 

3,375,000 August 

September 3,445,000 

October 4,343,000 

November 6,685,000 

December 8,019,000 

TOTAL 77,576,000 kwh 
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t h e  f l a shboa rds  would be off  t h e  dam r e s u l t i n g  i n  a  lower head condi t ion .*  Table  

3-2, Annual Expected Generation, shows t h a t  t h e  aggrega te  impact of s ea sona l  

flow v a r i a t i o n  and head l o s s e s  i n  t h e  e x i s t i n g  waterways r e s u l t s  i n  a  very  sma l l  

gene ra t i on  i n c r e a s e  when cons ider ing  l a r g e r  i n s t a l l a t i o n s .  This  i s  due t o  t h e  

increased  headloss  wi th  t h e  h ighe r  ope ra t i ng  f lows and l a c k  of a  s i g n i f i c a n t  

amount of s u r p l u s  water  t o  provide a d d i t i o n a l  genera t ion .  

3.5.2 Number and Types of Hydraul ic  Turbines  

The a l t e r n a t i v e  gene ra t i on  u n i t s  considered f o r  t h e  Lowell f a c i l i t y  a r e  

descr ibed  below. 

No. of Uni t s  Type Unit  Rated kW 

V e r t i c a l  ~ a p l a n  15,000 

Hor izonta l  Bulb ( a d j u s t a b l e  b l ades )  15,000 

Hor izonta l  Bulb ( f i xed  b l ades )  7,500 

V e r t i c a l  Fixed Blade P r o p e l l e r  7,500 

Standard Hor i zon ta l  S t r a f l o  ( f i xed  b lades)  7,500 

Standard Hor i zon ta l  Tube ( f i xed  b l ades )  3,750 

3.5.3 .Se l ec t i on  C r i t e r i a  - Technica l  

Unit  e f f i c i e n c y  c h a r a c t e r i s t i c s  d i d  no t  weigh h e a v i l y  i n  gene ra t i ng  u n i t  

s e l e c t i o n .  The peak e f f i c i e n c i e s  of a l l  u n i t s ,  except  t h e  s t anda rd  tube ,  a r e  

w i th in  approximately 1 percent .  I n s t a l l a t i o n s  us ing  a  s.ing1.e gene ra t i ng  u n i t  

were r e j e c t e d  because the're was no s i g n i f i c a n t  c o s t  advantage and because m u l t i p l e  

u n i t  de s igns  have g r e a t e r  ope ra t i ng  f l e x i b i l i t y  and advantages dur ing  outages o r  

when r e p a i r  work is  needed. 

The two u n i t  i n s t a l l a t i o n s  a r i  a l l  comparable. This  i nc ludes  o v e r a l l  s t r u c -  

t u r e  s i z e ,  u n i t  e f f i c i e n c i e s  and expected ou tpu t ,  and c o s t .  Dependent upon f i n a l  

manufacturers '  b i d s  and op t imiza t ion  of t h e  powerhouse s t r u c t u r e ,  any of t h e s e  . 

u n i t s  could p o t e n t i a l l y  provide t h e  lowest c o s t  two u n i t  i n s t a l l a t i o n .  

*Data i n  F igure  3.3 a r e  f o r  t h e  v e r t i c a l  p r o p e l l e r  t u r b i n e ,  bu t  t h e  same con- 
c l u s i o n s  would hold f o r  o t h e r  type  i n s t a l l a t i o n s .  
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The s tandard  conf igu ra t ion  c o n s i s t i n g  of fou r  tube  u n i t s  provided t h e  most 

p o t e n t i a l  f o r  c o s t  r educ t ion  s i n c e  it was quoted a t  approximately $2,000,000 l e s s  

. than  competing two u n i t  conf igura t ions .  This  more than  o f f s e t  i t s  lower e f f i -  

c iency.  

The .opera t ing  c h a r a c t e r i s t i c s  of systems cqmposed of two and fou r  gene ra t ing  

u n i t s  can be compared by examining Figure  3-3 above and Figure  3-8 below. 

It can be observed t h a t  t h e r e . i s  very  l i t t l e  d i f f e r e n c e  i n  e f f i c i e n c y  of water  

use a t  t h e  Lowell s i t e ,  a t t r i b u t a b l e  t o  t h e  f a c t  t h a t  t h e  two t u r b i n e  system 

b e n e f i t s  by t h e  a b i l i t y  t o  s t o r e  l a r g e  q u a n t i t i e s  of water  i n  t h e  pondage a r e a  

behind t h e  Pawtucket Dam. 

- -- . . .. - - -- --- . - . . . - . - . . - 

FLOW DURATICIN CUR\IE 

% OF TIME EQUALED' OR EXCEEDED Lf LOW UTILIZED BY IMPOUNDMENT 
AND INTERMITTENT TURBINE 
OPERAT 1 ON 

Figure  3-8. Proposed Operating Schedule f o r  Two 7.5 mW Blade P r o p e l l o r  Turbines 
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R e l i a b i l i t y .  A l l  u n i t s  a r e  expected t o  provide  r e l i a b l e  s e r v i c e  over  t h e  

~ l a n t  ' s l i f e .  

The convent iona l  v e r t i c a l  p r o p e l l e r  ha s  by f a r  t h e  most o p e r a t i o n a l  h i s t o r y  

wi th  excep t iona l  d u r a b i l i t y  and performance t o  be expected.  The f i r s t  s i g n i f i c a n t  

maintenance i t e m s  may a r i s e  wi th  t h e  wicket  g a t e  bushings and s t a t o r  c o i l  windings,  

which would normally be expected t o  l a s t  30 yea r s  b e f o r e  r e p a i r  i s  necessary .  The 

bulb u n i t  a l s o  h a s  a  good performance record ,  bu t  p r i n c i p a l l y  i n  Europe, where i t  

has  rep laced  t h e  v e r t i c a l  p r o p e l l e r  a s  t h e  ' convent iona l '  i n s t a l l a t i o n .  For t h e  

bulb u n i t  a  s h o r t e r  c o i l  l i f e  might be expected due t o  t h e  smal l  gene ra to r  s i z e  

and c i r c u l a t i o n  r e s t r i c t i o n s  i n  t h e  housing. 

The S t r a f l o  t u r b i n e  suppl ied  by Escher-Wyss (Sulzer )  u t i l i z e s  r i m  t ype  gen- 

e r a t o r s .  Seventy-three of t h e s e  u n i t s  were i n s t a l l e d  a t  v a r i o u s  s i t e s  i n  Germany 

and A u s t r i a  between 1937 and 1950. Engl i sh  E l e c t r i c  en t e r ed  i n t o  a  r e s e a r c h  

program i n  t h e  1960's  and i n  1970 Escher-Wyss resumed development of t h e  concept .  

The c o n t r o l l i n g  maintenance f a c t o r  is  t h e  wear of t h e  l i p  s e a l s .  These seals, 

according t o  Escher Wyss's (Sulzer )  l i t e r a t u r e ,  r e q u i r e  overhaul  i n t e r v a l s  of 

about 2-5 years .  The procedure i s  considered a  minor overhaul  because t h e  s e a l s  

a r e  r e a d i l y  a c c e s s i b l e .  

The s t anda rd  tube t u r b i n e s '  l i f e  expectancy i s  c o n t r o l l e d  mainly by t h e  

bea r ings  and gea r  box. According t o  l i t e r a t u r e  from Bofors-Nohab, l i f e  expectancy 

of bo th  t h e  guide and t h r u s t  bea r ings  and speed i n c r e a s i n g  gear  boxes a r e  about  

100,000 hours .  For Lowell, wi th  a  capac i ty  f a c t o r  of about 60 pe rcen t ,  t h i s  

l i f e  expectancy would be on t h e  o r d e r  of about 20 yea r s .  

3.5.4 U s e  of Induc t ion  Generators  

A s  o r i g i n a l l y  planned, t h e  p o s s i b l e  use of i nduc t ion  gene ra to r s  was examined. 

They proved n o t  t o  be economic i n  t h i s  i n s t a l l a t i o n  because t h e  r eac t ance  (VAR) 

requi rements  would no t  be met by NEPCO. They would have t o  be m e t  by adding cap- 

a c i t a n c e  t o  t h e  gene ra to r s ,  which would c o s t  a s  much a s  $50,000. I n  a d d i t i o n ,  t h e  

use of swi tch ing  of t h e  capac i tance  t o  p r o t e c t  a g a i n s t  overvol tage  and over- and 

underfrequency c o n d i t i o n s  i n  case of s e p a r a t i o n  from t h e  system might a l s o  be re- 

qu i r ed .  I n  sum, i nduc t ion  gene ra to r s  may be  economically f e a s i b l e  i n  some i n s t a l l a -  

t i o n s ,  bu t  no t  he re .  
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3.6 PRELIMINARY FACILITY DESIGN (Refer t o  F igure  3-2 above.) 

3.6.1 In t ake  and T a i l r a c e  Channels 

The i n t a k e  channel t o  t h e  powerhouse would be c rea t ed  by c o n s t r u c t i n g  a  

mass concre te  g rav i ty '  s e c t i o n  r e t a i n i n g  w a l l  between t h e  Moody S t r e e t  Bridge and 

t h e  powerhouse loca t ion .  The new i n t a k e  channel would be approximately 200 f e e t  . 

long and approximately 110 f e e t  wide a t  t h e  powerhouse. The bed would be excavated 

i n  t h e  e x i s t i n g  r i v e r  channel rock,  and would s l o p e  downwards from t h e  e x i s t i n g  

cana l  t o  a  maximum depth of approximately 20 f e e t  below r i v e r  bed l e v e l .  The 

nominal water  .depth a t  t h e  powerhouse i n t a k e  would vary ,  from approximately 

43 f e e t  f o r  tube u n i t s  t o  68 f e e t  f o r  bu lb  tu rb ines .  

Approximately 160 f e e t  of e x i s t i n g  cana l  w a l l  would be removed a t  t h e  en- 

t r a n c e  t o  t h e  new in t ake .  , 

A s  prev ious ly  mentioned a  c o n t r o l  s t r u c t u r e  would be  loca t ed  on t h e  Northern 

Canal immediately downstream of t h e  s i t e .  Th i s  would be  conc re t e  wi th  a  s l i d i n g  

g a t e  t o  maintain minimum flow and water  s u r f a c e  e l e v a t i o n  i n  t h e  c a n a l  downstream 

of t h e  s t r u c t u r e .  Also, a  s t o p  l o g  bay i s  included which could b e  u t i l i z e d  f o r  a' 

nav iga t ion  lock  i f  requi red  i n  t h e  f u t u r e .  

Since water  l e v e l s  i n  t h e  remaining cana l  w i l l  no t  be  permi t ted  t o  r i s e  

t o  an e l e v a t i o n  of more than  two f e e t  above dam c r e s t ,  t h e  c o n t r o l  s t r u c t u r e  is  a 

n e c e s s i t y  f o r  f u l l  f low u t i l i z a t i o n .  It a d d i t i o n a l l y  w i l l  s i g n i f i c a n t l y  improve 

t h e  e f f e c t i v e  n e t  head a t  t h e  p l a n t  i n  comparison t o  s u b j e c t i n g  t h e  p l a n t  opera- 

t i o n  t o  l i m i t a t i o n s  of the whole c a n a l  system. 

A 1,000 f o o t  long t a i l r a c e  channel  w i l l  be  c r ea t ed  by rock excavat ion  i n  t h e  

e x i s t i n g  r i v e r  bed. The channel  excavat ion  w i l l  be  approximately 60 f e e t  wide 

by 20 f e e t  deep. The t a i l r a c e  w i l l  be p ro t ec t ed  from high  r i v e r  flows by a  5 f o o t  

maximum he igh t  concre te  t r a i n i n g  w a l l ,  which w i l l  channel  r i v e r  f lows away from 

t h e  t a i l r a c e .  (Excavation a t  t he  powerhouse w i l l  be deeper ,  going t o  a  depth of 

28 f e e t  f o r  t h e  tube  t u r b i n e  i n s t a l l a t i o n  o r  35 f e e t  f o r  t h e  p r o p e l l e r  u n i t  

a l t e r n a t i v e . )  



3.6.2 Powerhouse 

Four powerhouse configurations are given in Figures 3-9 through 3-13 respect- 

ively, corresponding to the four principal turbine configurations that were 

considered. 

Each powerhouse alternative incorporates a separate conventional intake 

structure, hydraulically shaped, for each unit. Each.intake is equipped with 

'removable trash racks and intake .and drift tube gate slots with permanent or 

bulkhead style gates for emergency shutdown and dewatering purposes. The single 

and two unit installations include a vertical fixed wheel headgate. For the bulb 

and Straflo units the headgate is in the draft tube instead of the intake to take 

advantage of the smaller gate size. Each arrangement includes provision for a 

single set of bulkhead gates for unit maintenance purposes. In the case of the 

four tube unit alternative, each standard unit includes a butterfly control valve 

so that a sliding bulkhead gate (rather than a more expensive automatically 

operating headgate) will suffice for maintenance. 

Gates may be handled by one of a variety of alternative hoist or mobile crane 

arrangements shown in Figures 3-9 through 3-13 dependent upon powerhouse orientation 

and design criteria.' Gates will normally be stored dogged in their guides. 

The powerhouse designs in all but two of the drawings which follow show a 

superstructure. These have been included because they simplify maintenance, 

especially during winter weather. However, savings could be achieved by eliminat- 

ing the superstructure and utilizing either gantry type cranes or temporary cranes. 

Fixed gantry cranes could be used with the vertical fixed blade propeller and bulb 

installations. In the tube turbine installation, both the superstructure and 

crane could be eliminated, and a mobile crane used with access to the equipment 

by means of hatch type roof covers. Figure 3-12 shows the tube turbine installation 

with a powerhouse superstructure and Figure 3-13 shows it with the hatch covers. 

The potential savings are shown in Table 3-4. 



TABLE 3-4 

POWERHOUSE SUPERSTRUCTURE COSTS 

r 

2 Vertical Units 2-Bulb Units 4-Tube Units 
Item Powerhouse No Powerhouse Powerhouse No Powerhouse Powerhouse No Powerhouse 

Superstructure $240,000 - - $160,000 -- $250,000 -- 

Crane 200,000 225,000 190,000 205,000 170,000 $ 5,000** 

Subtotal 440,000 225,000 350,000 205,000 420,000 -- 

Total* 635,000 325,000 500,000 295,000 605,000 $ 5,000 

Potential 
Savings $310,000 $205,000 $600,000 

*The total includes 20 percent Contingencies and 20 percent Engineering and Administration 
**Rental Cost during construction. 
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3.6.3 E l e c t r i c a l  Equipment 

E l e c t r i c a l  equipment and s t a t i o n  p r o t e c t i o n  equipment a r e  shown i n  F igure '  

3-14'. The des ign  provides  completely au tomat ic  s t a t i o n  ope ra t i on  wi th  load con- 

t r o l  on a  t i m e  c lock  and a  f l o a t  t o  measure water  l e v e l  a t  t h e  dam. 

This  equipment c o n t r o l s  two o r  four  synchronous gene ra to r s  connected v i a  

4.16 kV c i r c u i t  b r eake r s  t o  a  common bus. One s t a t i o n  t ransformer  would be con- 

nected d i r e c t l y  t o  t h i s  bus and d e l i v e r  power t o  t h e  system. P r o t e c t i v e  r e l a y i n g  

would comprise one o v e r a l l  d i f f e r e n t i a l  r e l a y i n g  scheme (with harmonic and per-  

c e n t  b i a s )  enc los ing  w i t h i n  i t s  p ro t ec t ed  zone t h e  gene ra to r s ,  4.16 kV switch- 

gear  and t h e  t ransformer .  

With t h e  except ion  of t h e  s t a t i o n  t ransformer  and t h e  l i n e  c i r c u i t  b reaker ,  

a l l  e l e c t r i c a l  equipment is  housed i n s i d e  t h e  powerhouse s t r u c t u r e .  The t r ans -  

former would be p laced  i n  a  removable enc losu re  and would no t  normally be v i s i b l e .  

Power would be  f ed  t o  t h e  NEPCO system v i a  c a b l e s  i n  duc t s  i n  t h e  new i n t a k e  . 

channel  r e t a i n i n g  w a l l  t o  Moody S t r e e t  Bridge,  where e x i s t i n g  d u c t s  can be  used 
< 

t o  c a r r y  t h e  l i n e  a c r o s s  t h e  r i v e r .  F i n a l l y ,  power w i l l  move by overhead l i n e  t o  

t h e  Pawtucke tv i l l e  Subs t a t i on  approximately one m i l e  n o r t h e a s t  of t h e  s i te .  

The s t a t i o n  t ransformer  w i l l  have t h e  normal p r o t e c t i v e  dev ices ,  such a s  l i g h t n i n g  

su rge ,  gas  and winding temperature  d e t e c t o r s .  Supp l i e s  f o r  s t a t i o n  meter ing  

w i l l  be der ived  from 4.16 kV p o t e n t i a l  t r ans fo rmer s  connected t o  t h e  s t a t i o n  bus 

and c u r r e n t  t r ans fo rmer s  i n s t a l l e d  i n  t h e  low v o l t a g e  connec t ions  t o  t h e  main 

t r a n s f  ormer . 
Thi s  equipment concept makes i t  p o s s i b l e  t o  e v a l u a t e  concepts  i nvo lv ing  

A. more than  one gene ra to r  by t r e a t i n g  t h e  s t a t i o n ,  e l e c t r i c a l l y ,  a s  i f  t h e r e  i s  

always on ly  one gene ra to r .  Economies a r e  t hus  r e a l i z e d ,  a l though when an 

( i n f r equen t )  major e l e c t r i c a l  f a u l t  occurs  w i th in  t h e  s t a t i o n ,  t h e  complete 

s t a t i o n  would s h u t  down. When t h e  f a u l t  involves  one gene ra to r  u n i t ,  i t  can be 

i s o l a t e d  and t h e  remaining machines r e tu rned  t o  s e r v i c e  manually.  Each machine, 

however, ha s  p r o t e c t i o n  a g a i n s t  over -cur ren t ,  over-vol tage,  and unbalanced 

c u r r e n t .  There is  a l s o  p r o t e c t i o n  a g a i n s t  mechanical f a i l u r e  i n  accordance wi th  

t h e  manufac tu re r ' s  recummendation (e .g .  bea r ing  tempera ture ,  e t c . )  
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KEY: 
Z N E G .  SEQ. CURRENT 
5 0 -  INST. OVERCURRENT 
51V-VOLT. RESTRAINED OVERCURRENT 
59- OVERVOLTAGE RELAY 
6 0 -  VOLTAGE BALANCE RELAY 
64G-GENERATOR GROUND RELAY 
87- DIFFERENTIAL PROTECTION 

RECLOSER 
W/RECLOSlNG 

CABLE 

0 3 3  - 
C 

- 
23 KV Y+ 

4.16 KV a 
120v Y 

S E R V I C E S  

~ i g k e  3-14. Lowell  H y d r o e l e c t r i c  P r o j e c t  
S i n g l e  L i n e  Diagram 
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3.6.4 Connection t o  E x i s t i n g  D i s t r i b u t i o n  System 

There a r e  two p o s s i b l e  ways t o  connect t h e  output  of t h e  power s t a t i o n  t o  

t h e  e x i s t i n g  e l e c t r i c a l  d i s t r i b u t i o n  system. The f i r s t  is  a 23 kV connect ion 

t o  t h e  e x i s t i n g  New England Power Company (NEPCO) Pawtucketv i l le  Subs t a t ion  on 

Old Meadow Road; t h e  a l t e r n a t i v e  i s  t o  connect d i r e c t l y  t o  t h e  fou r  s u b s t a t i o n s  

from which Boott M i l l s  c u r r e n t l y  imports  and e x p o r t s  power. A s  suggested by 

NEPCO, t h e  23 EV cab le  would proceed through about 47.0 yards of duc t s  i n  t h e  c a n a l  

w a l l  and under t h e  b r idge  along T e x t i l e  Ave., be fo re  emerging a t  t h e  junc t ion  of 

T e x t i l e  Avenue.and Rivers ide  S t r e e t .  There t h e  cab le  would connect t o  overhead 

t ransmiss ion  l i n e s  on e x i s t i n g  wooden po le s  and cont inue  northwest on T e x t i l e  

Avenue t o  Old Meadow Road. It would then  proceed southwest on Old Meadow Road 

t o  t h e  Pawtucketv i l le  Subs ta t ion .  The l eng th  of overhead l i n e  would be  approxi- 

mately 1,400 yards ,  making t h e  t o t a l  f e e d e r  l eng th  a l i t t l e  over one mi l e .  

A very pre l iminary  e s t ima te  of t h e  c o s t  of t h i s  a l t e r n a t i v e  by NEPCO, 

based on incomplete e l e c t r i c a l  d a t a ,  r e s u l t e d  i n  a f i g u r e  of $300,000 inc lud ing  

i n s t a l l a t i o n .  An independent e s t ima te  by Acres p u t s  t h i s  f i g u r e  a t  $130,000; 

The h ighe r  f i g u r e  i s  incorpora ted  i n  t h e  e s t i m a t e  of t o t a l  p r o j e c t  c o s t s  i n  a l l  

c a ses  except t h e  t a b l e s  i n  Appendix C .  

The second a l t e r n a t i v e  i s  t o  l a y  submarine c a b l e s  i n  t h e  e x i s t i n g  c a n a l s  

t o  t h e  l o c a t i o n  of t h e  f o u r  Boott  M i l l s  bulk-supply po in t s .  Two of t h e  proposed 

connect ion p o i n t s  l i e  ad j acen t  t o  c a n a l s ,  and t h e  o t h e r s  would r e q u i r e  t h e  

excavat ion of approximately 250 f e e t  of land owned by Boott  M i l l s .  The approach 

would f equ i r e  a t o t a l  of approximately 30,000 f e e t  of t h r e e  conductor 23 kV 

cable .  Since t h i s  approach i s  p o t e n t i a l l y  more expensive,  i t  was no t  considered 

f u r t h e r .  
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4.0 ESTIMATED CONSTRUCTION COST AND PROJECTED CONSTRUCTION SCHEDULE 

4 . 1  COST 

Table 4-1 shows t h a t  t he  e s t ima ted  c o s t s  of t h e  a l t e r n a t i v e s  considered 

a r e  between $14,720,000 and $19,250,000. (No allowance has  been made i n  t h e s e  

e s t i m a t e s  f o r  f i s h  pas s  f a c i l i t i e s ,  which a r e  es t imated  t o  c o s t  an a d d i t i o n a l  

$1,000,000.) A s  noted a t  t h e  beginning of Sec t ion  3,  d e t a i l e d  c o s t  e s t i m a t e s  

w e r e  developed f o r  both t h e  two 7.5 mW v e r t i c a l  f i xed  b l ade  p r o p e l l e r  approach and 

a  fou r  3.75 mW tube  t u r b i n e  des ign .  The approach us ing  v e r t i c a l  p r o p e l l e r  t u r -  

b ines  was i n i t i a l l y  chosen but  a f t e r  t h e  d e t a i l e d  e s t ima t ing  process  was w e l l  

underway, quo ta t i ons  f o r  t h e  tube  t u r b i n e s  were rece ived  which proved t o  have a  

s i g n i f i c a n t  c o s t  advantage over t h e  v e r t i c a l  p r o p e l l e r  design.  De ta i l ed  c o s t  

comparison d a t a  is  given i n  Appendix C f o r  bo th  tube  and p r o p e l l e r  t u r b i n e  i n s t a l l a -  

t i o n s .  The tube  t u r b i n e  approach, because of i t s  lower t o t a l  c o s t ,  was used i n  

t h e  economic f e a s i b i l i t y  a n a l y s i s  p resen ted  i n  Sec t ion  2 above. 

Cost Es t imates .  Cons t ruc t ion  c o s t s  a r e  based on c o s t  l e v e l s  a p p l i c a b l e  t o  

t h e  type  of work involved and on l o c a l  l abo r  cond i t i ons  i n  t h e  Lowell (and Boston 

met ropol i tan)  a r e a ,  e f f e c t i v e  through t h e  t h i r d  q u a r t e r  of 1978. Cos ts  f o r  t h e  

heavy c i v i l  cons t ruc t ion  a c t i v i t i e s  were es t imated  t o  a l low f o r  t h e  urban loca-  

t i o n  and a s s o c i a t e d  r e s t r i c t i o n s  p e r t a i n i n g  t o  n o i s e ,  d u s t ,  and space. 

The t u r b i n e s  and gene ra to r s  account f o r  about 52 percent  of t o t a l  c o s t s  and 

were ob ta ined  from manufacturer quotes .  The c i v i l  works c o s t s  account f o r  about 

30 pe rcen t  a d d i t i o n a l .  The remainder of t h e  c o s t s  (28 pe rcen t )  are less s i t e .  

s p e c i f i c ,  and w e r e  es t imated  from manufacturer  p r i c e  d a t a  and publ i shed  d a t a  on 

i n s t a l l a t i o n  l a b o r  p r o d u c t i v i t y .  

Source information included:  U.S. Department of Labor l a b o r  s t a t i s t i c s ;  

R.S. Means Co., I nc . ,  1978 Building Cons t ruc t ion  Cost Data; McGraw H i l l  Information 

Systems Co., Dodge Guide f o r  Es t imat ing  P u b l i c  Works Cons t ruc t ion  Cos ts ;  and 

"Engineering News Record" (1978-Third Qua r t e r ly  Cost Roundup). 

An account f o r  cont ingenc ies  of 15  pe rcen t  is  included. '  Engineer ing and 

a d m i n i s t r a t i o n  c o s t s ,  es t imated  a t  20 pe rcen t ,  i nc lude  c o n t r a c t o r  f e e s  and a l l  

c o s t s  a s s o c i a t e d  wi th  p r o j e c t  management: a c q u i r i n g  permi ts  and l i c e n s e s ,  engin- 

ee r ing ,  d e t a i l e d  des ign ,  procurement, s i t e  c o n s t r u c t i o n  management and comrnission- 

i n g  t h e  s t a t i o n .  



TABLE 4-1 

LOWELL HYDROELECTRIC PROJECT 
COMPARATIVE PROJECT COSTS '(THOUSANDS $) 

ALTERNATIVES 

ACCOUNT ITEM 1 BULB 1 VERTICAL 2 BULB 2 VERTICAL 2 STRAFLO 4 TUBE 

330 Land and Land Rights  -- -- -- - - -- - - 

331 S t r u c t u r e s  & Improvements t 1,920 1,860 1,550 2,180 1,430 1,600 

332 Reservoi rs ,  Dams & Waterways 3,260 3,010 3,230 3,020 3,210 . 2,460 

333 Turbines  & Generators  6,600 8,100 6,600 6,000 6,200 5,400 

335 Misc. Powerplant Equipment 300 300 330 340 340 310 

336 Access Road 30 30 30 30 30 ' 30 

334 I '352 E l e c t r i c a l  F a c i l i t i e s  300 300 380 380 380 520 
35 3 

356 I ,35 8 
Transmission (3) 300 300 . 300 300 300 300 

Sub-Total 12,710 13,900 12,420 12,250 11,890 10,620 

Contingencies  (15%) 1,910 2,080 1,860 1,840 1,780 1,590 

~ n g i n e e r i n ~  & Adminis t ra t ion .  (20%) 2,920 3,200 2,860 2,820 2,730 2,440 

T o t a l  P r o j e c t  C a p i t a l  Cost $17,540 $19,180 $17,140 $16,910 $16,400 $14,650 

Expense I tem Costs  (1) 7 0 7 0 70 70 70 7 0 

T o t a l  P r o j e c t  Cos ts  (2) $17,610 $19,250 $17,210 $16,980 $16,.470 $14,720 

(1) Inc ludes  demol i t ion  and cana l  r e p a i r s .  
(2) These c o s t s  do n o t  i nc lude  any e s t ima te  f o r  f i s h  passages f a c i l i t i e s .  
(3) See t e x t  d i s cus s ion  i n  Sec t ion  3. 
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Equipment Costs. The fo l lowing  U.S. and - fore ign  manufacturers  were contac ted  

f o r  p re l iminary  c o s t s  and d a t a  on h y d r o e l e c t r i c  gene ra t i ng  equipment c o n s i s t i n g  

of t u r b i n e s  and gene ra to r s :  

Su l ze r  Bro thers  Incorporated 

Neyrpic 

Allis-Chalmers 

Bofors-Nohab 

Dominion Engineer ing Works 

Thei r  responses  a r e  summarized i n  Table  4-2. 

S ing l e  u n i t  i n s t a l l a t i o n s  were no t  considered a f t e r  c o s t  d a t a  had been re-  

ceived because t h e r e  were no c o s t  sav ings  over  o t h e r  a l t e r n a t i v e s  and t h e  m u l t i p l e  

u n i t  c o n f i g u r a t i o n s  o f f e r e d  advantages i n  terms of system a v a i l a b i l i t y .  

The fou r  u n i t  s tandard  tube  t u r b i n e  equipment c o s t  from Allis-Chalmers,  a t  

$5,400,000 i n s t a l l e d ,  ha s  t h e  lowest equipment cos t  of a l l  t h e  des igns .  Th i s  i s  

presumed t o  be a t t r i b u t a b l e  t o  t h e  s t a n d a r d i z a t i o n  of des ign  and manufacture ,  . ' 

along wi th  t h e  use of speed i n c r e a s e r s  and 900 rpm s t anda rd  synchronous gene ra to r s .  

The c o s t  per  i n s t a l l e d  kW of c a p a c i t y  i s  a l s o  lowest f o r  t h i s  u n i t ,  even though 

i t s  output  is  a  f u l l  2  pe rcen t  lower than t h e  annual  energy produced by two f i x e d  

b lade  u n i t s  ope ra t i ng  under t h e  same cond i t i ons .  

Table  4-3 p r e s e n t s  t h e  c o n s t r u c t i o n  cash f low schedule  by q u a r t e r  f o r  a  

196 week per iod .  It was c a l c u l a t e d  assuming a  7.5 pe rcen t  annual  c o s t  of money 

and end of per iod  payment. ( I n  Sec t ion  2  c a l c u l a t i o n s  made assuming a  10.5 per- 

cen t  c o s t  of money; i n t e r e s t  du r ing  c o n s t r u c t i o n  was ad jus t ed  accord ingly . )  The 

c o s t  i s  based on p r i c e s  c u r r e n t  a s  of t h e  end of September 1978 without  allowance 

f o r  e s c a l a t i o n .  E s c a l a t i o n  c o s t s ,  however, were inco rpo ra t ed  i n t o  t h e  d e t a i l e d  

economic f e a s i b i l i t y  a n a l y s i s  given i n  Sec t ion  2 .  Data i s  presen ted  only  f o r  t h e  

t ube  t u r b i n e  a l t e r n a t i v e .  



TABLE 4-2. GENERATING EQUIPMENT DATA 

4 - Hori- 2 - Stand- 
2 - V e r t i c a l  zon ta l  a rd  Hori- 1 - Hor izon ta l  

Type of . Fixed Blade 2 - Horizontal  Standard z o n t a l  1- V e r t i c a l  Bulb wi th  Kaplan 
Equipment P r o p e l l e r  . Bulb Tube S t r a f  low Kaplan . Runner 

A l l i s -  Dominion A l l i s -  Sulzer  A l l i s -  Su lze r  A l l i s -  Dominion A l l i s -  Su lze r  
ManuEacturer Chalmers Eng. Works Chalmers Bros. Chalmers Bros. Chalmers Eng. Works Chalmers Bros. 

OPERATING CHARACTERISTICS 

Best 
Ef f i c i ency  93.1% 92.0% 92.8% -- -- -- 93.6 93.0 93.0 -- 

F u l l g a t e  
Ef f i c i ency  90.5% 90.9% 92.32 -- 87% -- 91.0 89.3 92.3  -- 

Synchronous 
Speed 163.6 rpm 128.6 rpm 180 rpm 156.8 rpm 136 rpm 156.5 rpm 112.5 rpm 90 rpm 128.6 rpm 116.1 rpm 

Runner Dia. 130" . 147" 125.4" 140" 118.1" 140" 185" 210" 181.6" 197" 

Runner 
S e t t i n g  El.  33 El .  55 El.  30 E1.34.5"" E1.55 E1.34.5** E1.33.0 E1.51 El .  28.3 - 

Generator 
Rat ing 7,400 kW 7,400 kW 7,400 kW 7,400 kW 4,000 kW 7,400 kW 14 ,.800 14,800 14,800 14,800 - 

Generator 
Speed 

COSTS 

g z g  . 

163.6 rpm 128.6 rpm 180 rpm 156.8 rpm 900 rpm 156.5 rpm 112.5 rpm 90 rpm 128.6 rpm 116.1 rpm 
3 2 5  
22% 
5 9 

Generator Cost 1,575,000 2,300,000* 1,340,000 -- -- . -- 1,550,000 3,400,000 1,200,000 -- 

Turbine Cost 4,200,000 2,500,000 3,800,000 -- -- -- 5,450,000 3,100,000 3,000,000 -- 

S u b t o t a l  5,775,000 4,800,000 5,140,000 -- 4,740,000 -- 7,000,000 6,500,000 4,200,000 -- 

Options 31,000 -- -- -- -- 

I n s t a l l a t i o n  1,300,000 1,200,000 1,465,000 640,000 1,575,000 '1,625,000 1,197,000 -- 
Tot a 1  7,075,000 6,000,000 6,605,000 7,200,000 5,411,000 6,200,000 8,575,000 8,125,000 5,397,000 7,800,000 

Imbedded p a r t s  18-24 14-16 18-24 18-24 14-16 18-24 
months months months months months months 

Complete 30-36 , 22-24 30-36 
months months months 

9 months 30-36 22-24 30-36 
months months months 

*Pr ice  escimate  f o r  G.E. synchronous genera to r  from Acres,  Buffalo  
**Calculated va lues  no t  f rommanufacturers .  
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TABLE 4-3 

LOWELL HYDROELECTRIC PROJECT 

I 
. . 

PROJECT CASH FLOW 

Interest*" 
Construction Cumulative During 
Payments Construction Construct. Cumulative 

Year Period* ($1,000) Payments ($1,000) Interest 

1 1 150 150 0 0 

2 150 300. 2 ..8 2.8 

3 150 450 5.7 8.5. 

4 150 600 8.6 17.1 

2 5 250 850 11.6 28.7 

6 350 1,200 16.5 45.2 

7 550 1,750 23.3 68.5 

8 750 2,500 34.1 102.6 

3 9 1,120 3,620 48.8 151: 4 

i o 1,808 5,428 70.7 - 222.1 

11 2,388 7,816 105.9 328.0 

12 2,073 9,889 152.7 480.7 

4 13 1,436 11,325 194.4 675.1 

14 1,660 12,985 225.1 900.2 

15 675 13,660 260.3 1,160.5 

16*** 830 14,490 21.4 1,181.9 

L 

"Periods are in quarters, i.e., 13 weeks 
**Interest during construction at 7.5 percent annual interest, end of period 
payments, accumulating through in-service date. 

***Commercial Service,Date - Week 196 or first week of Period 16. 
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4.2 PROJECTED CONSTRUCTION SCHEDULE 

The p r o j e c t  schedule  i s  given i n  two p a r t s .  F igure  4-1 shows t h e  Engineer ing  

Schedule and F igure  4-2 g i v e s  t h e  Cons t ruc t ion  Schedule.  

Engineer ing Schedule. The l eng th  of t he  engineer ing  schedule  is  determined 

by t h e  t ime t h a t  has  been es t imated  a s  needed t o  o b t a i n  a  FERC l i c e n s e .  Ea r ly  

r e c e i p t  i s  shown 70 weeks from t h e  t i m e  of f i l i n g  t h e  a p p l i c a t i o n  and l a t e  r e c e i p t  

is  given a t  85,weeks from t h e  f i l i n g  da t e .  To t h i s  must be  added t h e  t i m e  neces- 

s a r y  t o  p repa re  a p p l i c a t i o n  documents, 15 weeks, making a  t o . t a l  t ime f o r  l i c e n s i n g  

of 85 t o  100 weeks. ~ d d i t i o n a l  engineer ing  a c t i v i t i e s ,  i nc lud ing  c o n t r a c t i n g  and 

va r ious  procurements,  extend t h e . t o t a 1  engineer ing  pe r iod  t o  120 weeks. 

Cons t ruc t ion  Schedule.  The cons t ruc t ion  schedule  assumes t h a t  c o n s t r u c t i o n  

w i l l  s t a r t  i n  t h e  s p r i n g  when weather cond i t i ons  and r i v e r  flow w i l l  f avo r  t h e  

p r o j e c t  a c t i v i t i e s  f o r  t h e  next  e i g h t  t o  t e n  months. This  w i l l  p rec lude  problems 

inc lud ing  abandonment of cofferdam f a c i l i t i e s ,  w in t e r  conc re t e  ope ra t i on ,  over- 

t ime and e x t r a  s h i f t  ope ra t i ons ,  and many o t h e r  p o s s i b i l i t i e s  f o r  which contingency 

p lanning  i s  n e v e r t h e l e s s  r equ i r ed .  
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5. ENVIRONMENTAL AND SAFETY ASSESSMENTS 
AND REGULATORY REQUIREMENTS . 

5.1 ENVIRONMENTAL SUMMARY 

Environmental quality would be maintained and possibly enhanced through the 

construction of the Lowell Hydroelectric Project. The proposed project can comply 

with all regulatory requirements, based upon conclusions drawn as the result of 

this feasibility analysis. 

The principal regulatory issues are the provision for a fishway, minimum 

flow requirements for the river, and the rcmoval and disposition of the Northern 

Canal Wastegates. In addition, and of overriding importance, it will be neces- 

sary to maintain a currently attractive river view, to meet all state and 

National Park requirements, and to carry out the so that tourist canal 

barges proposed by the National Park Service will be able to completely circum- 

navigate the existing canal system. Further, the project must protect the 

ability of the Lowell Museum - a related, privately funded, cultural development - 
to have a working exhibit of hydroelectric power generation using vintage equip- 

men t . 

5.2 EXISTING SITE CONDITIONS 

Site information and data was compiled through site inspections, interviews 

with representatives of licensing and planning agencies, and through extensive 

contacts with knowledgeable persons and organizations in Lowell. 

.The dam, canal and project site are shown in Photographs .5-l through 5-4. 

Photograpli 5-1 shows approximately one-third of the Pawtucket dam and the gate- 

house controlling the flow of water into the Northern Canal. Photograph 5-2 is 

taken at a spot just after the water has come through the gatehouse and under School 

Street. One can see the Northern Canal looking downstream in the direction of 

the project site. In Photograph 5-3 the photographer is standing just downstream 

from the powerhouse site and on the same (south) side of the-river. The view is 
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Photograph 5-1. Pawtucket Dam and Gatehouse 
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Photograph 5 - 3 .  Hydroelectric Site, Moody Street Bridge and Great Wall 

Photograph 5-4 .  Hydroelectric Site and Lowell University Student Union Building 

5-3 



upstream, directly facing the power house site. The intake structure connected 

to the powerhouse will lead off from the canal at the point where the old frame 

building (the control structure for the Northern Canal Wastegates) sits on the 

canal wall. The Moody Street Bridge and the Great Wall of the canal also show. 

Photograph 5-4 shows the project site from the far end of Moody Street Bridge. 

The tailrace and tailrace training wall will stretch from the powerhouse down- 

stream along the bank of the river. Figure 5-1 shows the locations from which 

each photograph was taken. 

Photographs 5-5 through 5-8 show a sequence of views of the project site 

moving in a circle around it. Photographs 5-5 and 5-6 are taken from the same 

side of the river and look down across both the canal and the project site towards 

the far side of the river. In Photograph 5-5, the view is looking upstream and 

shows the Moody Street '~rid~e and a classroom building of Lowell University. In 

Photograph 5-6, the view is downstream. The tailrace will go the length of the 

rapids which show here, on the right-hand side. Photograph 5-7 is taken from the 

near end of Moody Street Bridge and looks almost directly down on the site. 

Photograph 5-8 is taken from the far side of the river looking upstream across 

the rapids to the site. The view as indicated in Photographs 5-5 through 5-7 

would be seen often by pedestrians. The view as in Photograph 5-8 would not be 

seen frequently, but it is shown to indicate the buildings behind the site, which 

would be seen behind the project when viewed from the classroom building. 

There is a sharp slope of the land downward from Pawtucket Street to the 

Merrimack River, and this will provide the most comprehensive view of the project 

(Photographs 5-5 and 5-6). The new control structure at the location of the 

Northern Canal Wastegates would be most prominent in the foreground view from 

the south. The low profile power house in the river bed channel, the tailrace 

and the training wall at the tailrace would also be visible. 

Several manmade landmarks are visible from various points in the area. 

The remaining and largely unaffected dominant landmarks are the structure of the 

Moody Street Bridge, the University of Lowell dormitories and the high rise tower 

of the student center. Subordinate landmarks are the structure of the canal and 

the Northern Canal Wastegates structure and catwalk. The wastegates structure 

and catwalk will be removed and the projected hydroelectric facility should 

harmonize well with the other buildings. 
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Figure 5-1. Key To Photographs 
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Photograph 5-5. Northern Canal, Site, and Rapids, Looking Upstream 

Photograph 5-6. Northern Canal, Site, and Rapids, Looking Downstream 



Photograph 5-7. Hydroelectric Site Viewed From Moody Street Bridge 

Photograph 5-8. Hydroelectric Site Viewed From Across the River 

5-7 



Lowell National Historical Park. The site for the projected hydroelectric 

facili,ty is within the Lowell National Historical Park, which was established 

5 June 1978 under Public Law 95-290. The hydroelectric generating site is on the 

Northern Canal, shown on the map of Figure 5-1. The Northern Canal is an important 

feature of the Park in the report of the Lowell Historic Canal District Commission. 1 

Situated at the site of the intake for the projected hydropower facility is the 

Northern Canal wastegates structure. This is a two story frame structure, finished . 

with gray clapboards, as shown in Photographs 5-5 through 5-8. Housed within the 

structure is the machinery for operating wastegates. The four wastegates were 

built in 1848. Their only current use is to assist in emptying the canal, which 

is done from time to time for inspection and maintenance. construction of the 

hydroelectric project will require removal of the wastegates and wastegate 

structure. The structure and the wastegate mechanisms are of historic interest, 

and appropriate arrangements would be made for their preservation and 

relocation. 

The Merrimack River. The Merrimack River is New England's 'second largest 

river. The Merrimack River basin extends from the White Mountains of northern 

New Hampshire, southward into east-central Massachusetts. It is the fourth 

largest river basin in New England, with a maximum length of 134 miles and a 

maximum width of 68 miles. The basin has an area of 5,010 square miles. 76 per- 

cent of the area lies in New Hampshire and 24 percent in Massachusetts. 

The Merrimack River proper is formed by two tributaries, the Pemigewasset 

and Winnepesaukee Rivers, meeting in Franklin, NH. The river has a total length 

of 116 miles, of which the lower 22 are tidal. The total.length of the Merrimack 

and the Pemigewasset River, the principal tributary, is approximately 180 miles. 

1 
Lowell Historic Canal District Cornmission, Report of the Lowell Historic Canal 
District Commission to the Ninety Fifth Congress of the United States of America, 
U.S. Government Printing Office Washington, D.C., January, 1977, p. 31. 
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Total elevation drop of the river, from its headwaters to the ocean, is 

2,700 feet; an overall average of 15.0 feet per mile. The elevation drop in the 

Pemigewasset River, from its source to its confluence with the Winnepesaukee 

River at Franklin, is 2,450 feet. This contrasts to the Merrimack River, which 

falls only 245 feet or an average of 2.6 feet per mile, from Franklin to the 

ocean. 

At the Pawtucket Falls in Lowell, there is a drop of about twenty feet 

over small natural falls and rapids extending over a distance of approximately 

three-fourths of a mile. In 1792, a company was chartered to construct a canal 

and locks for use by river boats to bypass the falls. Later, the canal system 

was enlarged and the Pawtucket Dam built at the top of the natural falls. Total 

length of the canals is roughly 5 miles, with several gates and locks to control 

flow. The hydroelectric project discussed here would involve the use of only 

about three-quarters of a mile of the Northern Canal, to a point where it no longer 

runs parallel to the Merrimack River. 

The Pawtucket Dam is located just west of the main part of the city. The 

pool formed by the dam is one of the region's largest, extending approximately 

18 miles to the vicinity of Cromwell's Falls, between Nashua and Manchester, NH. 

The impoundment from the Essex Dam, 9.5 miles downstream from Lowell in Lawrence, 

reaches to the mills at Lowell. 

The Merrimack River basin has a history of flooding, with most major floods 

caused by a combination of heavy rain and melting snow in the months of March, 

April and May. The basin's flood of record occurred in March, 1936. Four flood 

control reservoirs, all in the New Hampshire portion of the basin, have been 

completed since that date. These are Franklin Falls  am, partially controlling 
the Pemigewasset River, Edward MacDowell and Blackwater Dams, on tributaries to 

the Contoocook River, and Hopkinton-Everett Lakes, controlling the Contoocook and 

Piscataquog Rivers. A new hydroelectric facility at Lowell would have no impact 

upon flood control systems either locally or on the river basin. 
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Existing Use of the River. The Merrimack is a highly. regulated river. 

Besides being a source for municipal water supplies and for discharging municipal 

and storm wastes, the river is used extensively in hydroelectric power generation. 

There are over 100 water power developments in the Merrimack River Basin. On the 

main stem, below Franklin, NH, 18 plants utilize 161 feet of the total river fall 

and account for nearly half of the total hydroelectric power supplied within the 

basin. 

The river is also a major recreational resource for New Hampshire and 

Massachusetts. The river itself is used extensively for boating. As water quality 

improves, recreational fishing will become more important'. Water quality improve- 

ment will also permit the resumption of swimming. 

Boating is the principal river-based recreational activity. A boat club is 

located above the Pawtucket Dam. Motor boat races are held each year, drawing 

entries from many states. Sailboat racing is also held in the pool. Flat water 

canoeing is conducted along many river sections and on tributaries. One of the 

tributaries, Beaver Brook, is noted for canoeing. Boat ramps are provided at 

several locations along the Merrimack. 

An additional use of the river is for seaplanes. Small seaplane bases have 
2 

been established in the pool above the Pawtucket Dam , in the Essex Dam pool below 
4   ow ell^, and below the Essex Dam . 

According to studies of future recreational needs by the Department of 

Interior, use of the river is expected to double by 1980 from the 1960 level, 

and to double again by the year 2000. 

Besides ,the activities directly involved with the river, land adjacent to 

the river is used for such functions as conservation, parks, and boating-related 

activity. There is no known concern for any of these uses resulting from the 

 arson Seaplane Base, Tyngsboro , MA 
3~errimac Valley Seaplane Base. Methuen. MA 
4 
Haverhill-Riverside Seaplane, Haverhill, MA 

5~ureau of Outdoor Recreation and the Bureau of Sports Fisheries and Wildlife, 
the North Atlantic Regional Water Resources comprehensive framework study. 
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installation of a new hydroelectric facility at Lowell because current water 

levels and regulatory policies will not be affected. 

Water Quality. In 1974, over 125 million gallons of wastes were discharged 
6 each day into the Merrimack River and its tributaries . In the city of Lowell, 

storm run-off and raw sewage, according to the state Water Pollution Control 
7 

Division,"is released into the canals and river at many locations . 
At the Pawtucket Dam above Lowell, the Merrimack River meets all state water 

8 
quality specifications for a Class B rating , except for coliform. After passing 

through the city of Lowell, the river is very polluted, a condition which will 

exist until the Lowell regional sewage treatment plant, to be located below the 

junction of the Merrimack and Concord Rivers, goes on-line. This plant is scheduled 

for operation in 1982. 

Vegetation, Fish and Wildlife. The proposed hydroelectric power plant is 

environmentally related to a 20-25 mile section of the Merrimack River. This may 

be broken into several subsections: (1) the pool impounded by the Pawtucket Dam, 

reaching some 18 miles upstream and into New Hampshire, (2) the Pawtucket Falls, 

from the dam to the bottom of the rapids, which is the location of the tail race 

outflow of the proposed facility and is approximately three-fourths of a mile in 

length, (3) the stretch of river running through the mill section'of Lowell to the 

pool formed by the Essex Dam in Lowell, 1-2 miles in length, depending upon the 

state of the pool, and (4) the upper reach of the Essex Dam pool as affected by the 

outflow of the proposed facility. 

6"Merrimack Wastewater Management", Appendix 1, page 9; the New England Division 
of the Army Corps of Engineers and the New England Institute Water Pollution 
Control Commission, November, 1974. 

7~elephone call to the State Division of Water Pollution Control, February 3, 1979. 

'commonwealth of Massachusetts fresh water designation: Class B Suitable for 
recreation including swimming and water contact sports, and for agriculture and 
certain industrial and cooling process uses; acceptable for public water supply 
with appropriate treatment, and for an excellent fish and wildlife habitat and 
aesthetic value. 
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The Pawtucket Dam pool is predominately lined with trees and is bordered 

by private residences, highways, and open land. The area surrounding the rapids 

is mostly open and institutional land. The river from the rapids to the Essex 

Dam impoundment is lined with mills on the south side and trees and residences 

on the north side. 

The area surrounding the river from above the dam to the Essex Dam pool is 

urban, with little natural habitat for wildlife. 

The Merrimack River, south of Manchester, NH is classified as a warm water 

aquatic community. Predominant fish include chain pickerel, pumpkin seed and 

yellow perch. Additionally, white perch, small and largemouth bass, and brown 

bullheads are found in this region. 

The Merrimack River is also classified according to its distribution of 
9 

benthic organisms . Portions of the Merrimack.River have been classified as 

either having a bottom fauna consisting of organisms highly tolerant to pollution, 

or having a bottom fauna intermediately tolerant to pollution. No reaches of the 

Merrimack that have been studied contain predominantly benthic organisms sensitive 

to pollution. On the main stem of the Merrimack River, highly tolerant organisms 

predominate in a short reach below Franklin, NH, from north of Concord to Hooksett, 

NH, and in the entire reach of the river from Manchester, NH, through Lowell, to 

below Haverhill, MA. 

A major activity associated with the ecological improvement of the Merrimack 

River is the restoration of anadromous fish1'. This program is coordinated by - 
the Technical Committee for Fisheries Management of the Merrimack River Basin,. 

which is composed of fish and wildlife department personnel.of Federal and State 

agencies. This program is actively underway, with the release of young salmon 

and shad into various locations of the upper river and the tracking of transmitter- 

equipped adult salmon to determine down-stream survival. As water quality improves 

and improved conveyance facilities become operational at the various dams, this 

'~enthic organisms are those found at the bottom of rivers or other bodies of water. 
10 
Anadromous fish are, like salmon and shad, those that spend part of their lives 
in the ocean and then go up river to spawn. 
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program should re-establish the migrating fish patterns which disappeared in the mid 

19th century. This program defines the need for fish passage facilities at the 

new Lowell hydroelectric site as described in some detail in Section 5.4.1. 

5.3 REGULATORY REQUIREMENTS 

  he most comprehensive licensing procedure involved is that of the Federal 
Energy Regulatory'Commission (FERC). Before FERC will grant a license, it obtains 

the advice and consent of numerous other Federal agencies. Most of these Federal 

agencies cooperate with State agencies having similar areas of authority, some- 

times as a matter of law and sometimes as a matter of practical convenience. The 

total pattern of agency interaction is complex, and is summarized in diagram form 

in the information which follows. 

5.3.1 Federal Requirements 

The Federal Enerpy Regulatory Commission (FERC). The Federal Energy Regula- 

tory Commission licenses hydroelectric facilities and is the lead Federal agency 

in their regulation. This hydro installation will come under FERC jurisdiction. 

At 15 *mW, the Lowell project will be classified as a major project by FERC. 

Recent improvements in the licensing process have resulted in FERC estimates 

that the time required from receipt of an application for a major project to the 

granting of a license will be between nine and twelve months. (Due to the interrela- 

tionship between the Lowell hydroelectric project and the planned National Historical 

Park, however, between 70 and 85 weeks have been allowed in project schedules for the 

FERC license. ) 

The information required from applicants is set out in Title 18 of the Code of 

Federal Regulations. Engineering, economic and environmental information is required 

in some detail. From the information provided to it, FERC determines whether an 

~nvironmental Impact Statement (EIS) is needed, and if so prepares a draft EIS. Sub- 

stantial additional information may be required after a FERC review of the original 

submissi.on. 

Before FERC gives approval to a project and issues a license, it must obtain 
comment from numerous other Federal agencies. The scope of Federal review is 

shown by a partial list of Federal departments and commissions to which FERC sends 

copies of the application: 
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Department of Interior 

Department of Agriculture 

Department of Commerce 

HEW 

HUD 

EPA 

The Nuclear Regulatory Agency 

The Corps of Engineers 

Federal Regional Planning Councils and River Basin Commissions 

An outline of the FERC application process is given in Figure 5-2. 

EXHIBITS 1 
I I 

I I 
r NO t 

ADDITIONAL IMPACT 
4 - 

INFORMAT ION 
* - 

A 1 1 
4 . PRELIMINARY 

REVIEW 

I 

REJECTION ' 1  P R O ~ E I N G ~  I 
APPROVAL a 

Figure 5-2. Hydroelectric License (FERC) 
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CEQIEPA: NEPA and EIS Requirements. The Council on Environmental Quality 

(CEQ) is responsible for overseeing Federal efforts to comply with the National 

Environmental Policy Act (NEPA). Under Executive Order 11991, issued on May 24, 

1977, the CEQ was directed to replace 70 different existing agency regulations 

with a single set of uniform standards applicable throughout the Federal Govern- 

ment for conducting environmental reviews. At the same time, the CEQ was also 

directed to prepare standards that would reduce paperwork, result in less delay,. 

and produce better decisions. The CEQ issued the final regulations to implement 

the National Environmental Policy Act on November 29, 1978. These simplified 

regulations are to go into effect on July 30, 1979, and should apply to the Lowell 

project. 

Under the new regulations, time limits on the NEPA process may be set, 

categorical exclusions of actions from environmental review requirements are 

provided, and - if there is no significant impact on the human environment - an 
agency may, on this basis, waive the requirement for preparing an Environmental 

Impact Statement (EIS). 

Under the new regulations the written length of the EIS will be reduced 

and emphasis will be placed on "real alternatives." Material which is 

relevant, but not of central importance, may now be incorporated by reference. 

Federal agencies have also been instructed to assist private parties, prior to 

review, by advising applicants "of studies or other material foreseeably 

required by later Federal action." This new approach should considerably reduce 

the time and cost of an EIS for the Lowell project, if one is required. 

Fishways at Hydroelectric Power Projects. Section 18 of the Federal Water 

Power Act of June 10, 1920, as amended, requires the construction, maintenance, 

and operation by a licensee at the latter's own expense of such fishways as may be 

prescribed by the Secretary of the Interior. Section 10 of the Act further re- . 

quires that a hydroelectric project be developed in conformance with a comprehensive 

plan for beneficial uses, including recreational purposes. 
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As previously stated, the Merrimack River has been designated by the 

Department of Interior for restoration of anadromous fish. This program rein- 

forces the Federal statutes for fish conveyance facilities, water quality 

improvement, and fish stocking. As implemented, a FederalIState interagency 

committee must make recommendations on the approval of the design of fish 

passage facilities. No unusual requirements have been identified, although the 

current trend in New England is to require increasingly more elaborate facilities. 

Therefore, in anticipation of a requirement to provide for fish passage facilities, 

the cost estimates for this project have included $1 million to cover construction 

of them. 

Water Pollution Control. No pollutant discharges result,from the Lowell 

hydroelectric projekt. Scheduling of water flow at the Pawtucket Dam is currently 

performed by a sister corporation of Boott Mills. This organization (Proprietors 

of Locks and Canals on the Merrimack River) considers that the new project will 

cause no additional difficulties with flow regulations that would affect the 

ability to obtain a discharge permit. 

To obtain a discharge permit, one of two procedures can be followed. These 

are : 

1. Application for Permit to Discharge - Short Form C (EPA Form 7550-8), 
or 

2. A written statement detailing the nature of any pollutants and infor- 

mation about volume and scheduling of flow. 

Water pollution control in waters of the Commonwealth of Massachusetts is 

a joint responsibility of both the Environmental Protection Agency (EPA) and the 

Division of Water Pollution Control (DWPC) of the State Department of Environ- 

mental Quality Engineering. The Federal Water Pollution Control Act Amendments 

of 1972 are the major Federal enabling legislation. The intent of the law is to 

allow the state to be the permitting authority; however, in Massachusetts the EPA 

writes the permit, based on state input, and both the state and the EPA jointly 

sign the permit. 



EPA i s  r e s p o n s i b l e  f o r  g r a n t i n g  d i s cha rge  permi ts  f o r  d i s cha rges  i n t o  t h e  

waters  of t h e  U.S., t h e  oceans,  and of any cont iguous zone. The i r  a u t h o r i t y  i s  

der ived  from t h e  Federa l  Water P o l l u t i o n  Cont ro l  Act Amendments of 1972 (Publ ic  

Law - 92-500, Sec t ion  402). Dams, a t  t h e  p re sen t  t ime ,  a r e  n o t  included a s  d i s -  

charge sources .  However, t h e  EPA i n t e r p r e t s  t h e  law f o r  low-head h y d r o e l e c t r i c  

power f a c i l i t i e s  t o  i nc lude  t h e  c o n t r o l  of misce l laneous  p o l l u t a n t s .  I n  a d d i t i o n ,  

t h e  EPA imposes i n t a k e  s c r een  c l ean ing  and r e f u s e  d i s p o s a l  requirements  on low- 

head h y d r o e l e c t r i c  power f a c i l i t i e s .  The EPA's major cons ide ra t i on  i n  g r a n t i n g  

a  permit is  t o  r e q u i r e  t h e  f a c i l i t y  t o  provide  a  cont inuous minimum flow i n  t h e  

r i v e r .  The Region 1 o f f i c e  i s  us ing  a  seven-day, ten-year minimum cont inuous 

flow requirement a s  a  r e f e r ence .  Th i s  c r i t e r i o n  has  n o t  been used exclu- 

s i v e l y ,  appa ren t ly  having been open t o  n e g o t i a t i o n s  i n  some i n s t a n c e s .  I f  t h e  

formal  requirement were adopted, approximate c a l c u l a t i o n s  show t h a t  a  f low of 862 c f s  

would have t o  be  maintained below t h e  Pawtucket Dam. Ca lcu l a t i ons  i n  t h i s  assessment 

have assumed a  minimum flow of 500 c f s .  The e f f e c t  of minimum flow requirements  i s  

t o  r e s t r i c t  ponding du r ing  c e r t a i n  t imes of low flow. Were t h e  h ighe r  minimum of 

862 c f s  r equ i r ed ,  p r o j e c t  ou tput  would be  reduced by up t o  2,200,000 kwh annual ly  

o r  approximately 3  percent  of annual  power ou tput .  

The a p p l i c a t i o n  process  i s  desc r ibed  i n  F igure  5-3 below. I n i t i a l  con tac t  

w i th  t h e  EPA and t h e  DWPC have i n d i c a t e d  t h a t  a  f o u r  t o  s i x  month t i m e  per iod  w i l l  

probably be needed t o  o b t a i n  t h e  permi t .  

The s t e p s  are: 

1. The EPA and t h e  DWPC j o i n t l y  review t h e  a p p l i c a t i o n  t o  determine 

c o n t r o l s .  

2. The a p p l i c a n t ,  EPA and DWPC review t h e  c o n t r o l s  i n . a  j o i n t  

con£ e r ence  . 
3. When t h e  t h r e e  p a r t i e s  a g r e e  on cond i t i ons  of t h e  pe rmi t ,  t h e  EPA 

i s s u e s  a  p u b l i c  n o t i c e  of i n t e n t  t o  i s s u e  a  permi t .  

4.  I f  t h e  EPA r e c e i v e s  no pub l i c  o b j e c t i o n ,  no pub l i c  hea r ing  is  he ld ,  

and t h e  permi t  i s  i s s u e d ,  s u b j e c t  t o  agreed-upon c o n d i t i o n s .  

Pub l i c  o b j e c t i o n  would c r e a t e  t h e  need f o r  p u b l i c  hea r ings  and 

f u r t h e r  agency review. 
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ADDITIONAL 

INFORMATION 

REVIEW r 
ORDER OF 

CONDITIONS 

PERMIT 0 
Figure 5-3. National Pollution Elimination Permit to Discharge 

Permit for Structure, and Work in Navigable Waters. The Merrimack is a 

navigable rive:. Section 10 of the River and Harbor Act of 1889, Section 404 

of P.L. 92-500 and Section 103 of P.L. 92-532 requires permits authorizing 

structures and work in or affecting navigable rivers. Under this authority, 

the Corps of Engineers issues permits. 

It is anticipated that the COE will require a permit to be issued for 

the Lowell hydroelectric power project. This is based upon the plan to: (1) con- 

struct a tailrace; (2) construct the inlet and; (3) place the power plant on 

the bank of the river. No difficulty is foreseen in obtaining the permit. The 

process is described below in Figure 5-4. Elapsed time for the granting of 

permits is.approximately th.ree months, in situations such as this where no problem 

exists. 
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' RESOLVE _ REJECTION EVALUATION 
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Figure 5-4. Department of Army Permit (Corps of Engineers) 

First, the COE determines whether a permit is required upon receipt of 

an application for a work permit on navigable waters. If it is determined that a. 

permit is required, the COE review begins with an initial environmental assess- 

ment by the Corps. This would be followed by the issuance of a public notice 

of the project, including mailing the notice to approximately 200 addresses 

(Government agencies, private groups, contractors); holding a public hearing; 

evaluating the application; and approval or deni-a]. . 



Lowell Nat iona l  H i s t o r i c a l  Park. The proposed h y d r o e l e c t r i c  f a c i l i t y  w i l l  

come under t h e  purview of ~ u b i i c  ,Law 95-290, t h e  a c t  t h a t  e s t a b l i s h e d  t h e  Lowell 

Nat iona l  H i s t o r i c a l  Park. This  a c t  seeks  t o  p re se rve  and i n t e r p r e t  v a r i o u s  s i tes ,  

bu i ld ings ,  s t r u c t u r e s ,  and f a c i l i t i e s  i n  Lowell exemplifying i t s  c h a r a c t e r  a s  

" . . . t he  most s i g n i f i c a n t  planned i n d u s t r i a l  c i t y  i n  t h e  United S t a t e s ,  syrnboliz(ing) 

i n  phys i ca l  f  o r4  t h e  I n d u s t r i a l  Revolut ion.  " 

Included among t h e  s i t e s  and s t r u c t u r e s  p ro t ec t ed  by t h i s  Act a r e  a l l  p a r t s  

of the'five-and-six-tenths-mile power cana l  system. The c a n a l  system is ,  i n  f a c t ,  

t h e  p r i n c i p a l  focus  of t h e  park.  The Act e s t a b l i s h e s  t h e  boundaries  of t h e  

Nat iona l  Park and c r e a t e s  a  p r e s e r v a t i o n  d i s t r i c t  under t h e  a d m i n i s t r a t i o n  of bo th  

t h e  Sec re t a ry  of I n t e r i o r  and a  Commission. The a d m i n i s t r a t i v e  s t r u c t u r e  and t h e  . 

powers and r o l e s  of t h e  Sec re t a ry  and t h e  Commission a r e . s e t  f o r t h  i n  t h e  Act. 

, The major t h r u s t  of t h e  Act i s  a s  fo l lows:  , 

1. Fede ra l  agenc i e s  t h a t  may engage i n  a c t i v i t i e s  d i r e c t l y  a f f e c t i n g  

t h e  park  o r  p r e s e r v a t i o n  d i s t r i c t  a r e  r equ i r ed  t o  coo rd ina t e  such 

a c t i v i t i e s  w i th  t h e  Sec re t a ry  and t h e  Commission. 

2. N o F e d e r a l e n t i t y m a y g r a n t a l i c e n s e  o r  permit  f o r  a n a c t i v i t y w i t h i n  

t h e  park  o r  p r e s e r v a t i o n  d i s t r i c t  u n l e s s  t h e  Federa l  e n t i t y  determines 

t h a t  t h e  proposed a c t i v i t y  w i l l  be  conducted i n  accordance wi th  t h e  

s t anda rds  and c r i t e r i a  e s t a b l i s h e d  pursuant  t o  t h e  Act. 

3.  The Sec re t a ry  may e n t e r  i n t o  agreements w i t h  p rope r ty  owners 

r e l a t i n g  t o  i n t e r p r e t i v e  e x h i b i t s ,  programs f o r  v i s i t o r s ,  and minor 

improvements t o  proper ty .  

4.  The Sec re t a ry  may wi tho ld  f u n d s  provided t o  t h e  C i ty  of Lowell t o  

develop t h e  park  and p r e s e r v a t i o n  d i s t r i c t  i f  t h e  c i t y ' g r a n t s  any 

b u i l d i n g  permit  o r ' z o n i n g  v a r i a n c e  i n c o n s i s t e n t  w i th  t h e  s t anda rds  

and c r i t e r i a  e s t a b l i s h e d  by t h e  Commission. 

5. The S e c r e t a r y  has  v e t o  power over  t h e  Park P re se rva t ion  P lan  pre-  

pared by t h e  Commission, and over  any change i n  t h e  Ylan. 
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As of this writing, the administrative framework is being instituted and 

work on the Park Preservation Plan, the Park Management Plan, and the standards 

and criteria are being initiated. No apparent conflicts between the hydroelectric 

project discussed herein and these standards are evident. 

The review process that will finally determine whether the Lowell hydro- 

electric project is compatible with the National Park is shown below. 
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Figure 5-5.  Lowell National Historical Park Review 



Dots i n d i c a t e  t h a t  an  a c t i o n  must be completed be fo re  proceeding t o  t h e  

next  a t age  a s  i nd ica t ed  by arrows. I n  some i n s t a n c e s ,  t h e  same o f f i c e  has d i f f e r -  

e n t  l e v e l s  of a u t h o r i t y .  For example, t h e  Lowell Ci ty  Manager g ives  h i s  consent 

t o  s t anda rds  and c r i t e r i a  e s t a b l i s h e d  f o r  t h e  p r e s e r v a t i o n  d i s t r i c t  bu t  h i s  advice  

t o  s t anda rds  and c r i t e r i a  e s t a b l i s h e d  f o r  t h e  pa rk .  The l a t t e r  i s  ind ica t ed  by a  

smal l  ova l  w i t h i n  t h e  l a r g e r  ova l s .  

The Lowell Museum. The Lowell Museum i s  a  p r i v a t e l y  endowed, non-profi t  

o rgan iza t ion  loca t ed  i n  t h e  Wannalancit M i l l  P r o p e r t i e s .  The Museum l o c a t i o n  i s  

l e s s  than  a  h a l f  m i l e  from t h e  p r o j e c t  s i t e .  The Museum has a  h igh  l e v e l  of 

l o c a l ,  s t a t e  and Federa l  suppor t ,  and i t s  p l ans  a r e  coord ina ted  wi th  t h e  Fede ra l ly  

sponsored Lowell Nat iona l  H i s t o r i c a l  Park and wi th  t h e  S t a t e  Her i tage  Park. The 

Museum i s  dedica ted  t o  p re se rv ing  Lowel l ' s  h e r i t a g e  a s  America's f i r s t  planned 

i n d u s t r i a l  c i t y ,  p l ac ing  t h e  emphasis of i t s  pas s ive  and working e x h i b i t s  upon 

Lowell ' s  h i s t o r y  a s  a  g i a n t  among New England's t e x t i l e  c i t i e s .  It i s  t h e  d e s i r e  

of t h e  Board of TrusCees t o  add a  working e x h i b i t  t h a t  w i l l  demonstrate  e l e c t r i c a l  

power genera t ion  on v in t age  equipment. These p l ans  a r e  supported by t h e  National  

Park Serv ice  and S t a t e  Park P lanners  and a l s o  by t h e  sen io r  management of Boott 

M i l l s  and Locks and Canals.  (The l a t t e r  con t r ibu ted  a  s i g n i f i c a n t  p o r t i o n  

of t h e  o r i g i n a l  c a p i t a l  used t o  organize  t h e  Lowell Museum and cont inues  t o  

support  i t s  o b j e c t i v e s . )  

I t  has  been concluded t h a t  t h e  new hydro f a c i l i t y  would have no impact 

upon t h e  Museum. Whether o r  n o t  t h e  new h y d r o e l e c t r i c  f a c i l i t y  is  cons t ruc t ed ,  

t h e  management of Boott M i l l s  and Locks and Canals Corporat ion w i l l  permit  t h e  

genera t ion  of e l e c t r i c  power a t  t h e  museum f o r  non-prof i t  purposes dur ing  t h e  

hours  t h a t  t h e  Museum i s  open t o  t h e  pub l i c .  However, dur ing  t h e  peak t o u r i s t  

s e a s o n , . i t  i s  l i k e l y  t h a t  genera t ion  w i l l  b e  minimal because i t  i s  dur ing  t h i s  

season t h a t  water  flow on the  Merrimack River  i s  a t  i t s  lowest.  During t h e s e  

t imes,  t h e  amount of water  flow a v a i l a b l e  i s  t h e  amount needed t o  f l u s h  t h e  c a n a l s ,  

so t h e  needs of t h e  Museum would have t o  be met wi th  a water  flow of about 5 c f s .  



r-a 1 KIEoN COMPANY 

Consider ing t h a t  t h e  head is  only 12 f e e t  a t  t h e  Museum, t h i s  i n d i c a t e s  t h a t  on ly  

about 3 . 5  kW could be  generated a t  t h e  Museup dur ing  t h e  peak t o u r i s t  season.  

5 . 3 . 2  S t a t e  Requirements 

Waterway Licenses .  A l i c e n s e  i s  r equ i r ed  under Chapter 9 1  of t h e  Massachu- 

setts  General Laws i f  a  dam o r  s t r u c t u r e  i s  proposed i n ,  ove r ,  o r  upon wa te r s ,  

below t h e  h igh  water  mark of c e r t a i n  r i v e r s ,  and on r i v e r s  where channel  c l ea rance  

o r  f l o o d  c o n t r o l  p r o j e c t s  have been b u i l t .  The Waterways License  under Chapter 91 

i s  somewhat s i m i l a r  i n  purpose and requirements  t o  t h e  Corps of Engineers  permi t ,  

a l though t h e  a r e  completely s e p a r a t e .  The procedure f o r  ob t a in ing  a  

Waterways License  is  shown i n  F igu re  5-6. The Div i s ion  of Waterways i n  t h e  Depart- 

ment of Environmental Qua l i t y  Engineer ing of t h e  Commonwealth of Massachuset ts  i s  

t h e  r e s p o n s i b l e  agency. 

APPLICATION CONDITIONS 

DIVISION OF 
WATERWAYS COMMENTS 

REVIEW 

LICENSE 0 
Figure  5 -6 .  Waterways License  

The a p p l i c a t i o n  must i nc lude  p l a n s  f o r  t h e  proposed s t r u c t u r e ,  showing t h e  

e x t e n t  and method of c o n s t r u c t i o n  and t h e  e x t e n t  of f i l l  and/or  dredging,  i f  any. 

~ l t h o u ~ h  t h e  D iv i s ion  of Waterways i s  r e spons ib l e  f o r  i t s  process ing  and g r a n t s  

t h e  pe rmi t ,  t h e  a p p l i c a t i o n  is  c i r c u l a t e d  t o  o t h e r  agenc ies  i nc lud ing  t h e  Water 

Resources D iv i s ion ,  t h e  Water Supply Bureau, and t h e  Army Corps of Engineers  f o r  
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their review and comment. Upon approval of the application, the license and the 

accompanying plan is recorded in the County Registry of Deeds. No difficulties 

are foreseen in obtaining a Waterways License. 

DEQE Wetlands Permit. If the Department of Environmental Quality Engineer- 

ing (DEQE) determines that the river, streams, or drainage patterns would be 

affected by the proposed hydroelectric facility, it will be necessary for Boott 

~ilis to obtain a wetlands permit from DEQE. It is anticipated that such a permit 

will be needed. Under G.L. Chapter 131, Section 40, the applicant must first 

file a written Notice of Intent with the Conservation Commission and the Massa- 

chusetts Department of Environmental Quality Engineering (DEQE). This application 

must provide detailed plans, including maps and engineering drawings of the site 

and proposed structures, and must include an Environmental Data Form describing 

sewage disposal, ground water characteristics, water supply, etc. The impact of 

the proposed actions and alternatives must be described. 

A public hearing is held 21 days after the receipt of the Notice of Intent. 

If the local Conservation Commission finds.there is significant impact, the 

Commission imposes an order of conditions indicating how environmental quality and 

public interests are to be protected. When the requirements are met, a wetlands 

permit is issued by DEQE with the prior approval of the local Conservation 

Commission. Appeal from the actions of the Commission may be initiated by the 

applicant, aggrieved parties, an abutter, ten city residents, or the Commissioner 

of DEQE. The entire process is shown in Figure 5-7. No problems are anticipated 

because the regulation of water flow at the Pawtucket Dam will be substantially 

the same as the current operations. 
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Figure 5-7. Wetlands Permit 

Executive Office of Environmental Affairs-MEPA Review. Pursuant to the -- 
Massachusetts Environmental Policy Act the Executive Office of Environmental Affairs 

(EOEA) overseas the functions of most Massachusetts commissions, departments and 

boards granting licenses or permits to assure compliance with environmental laws. 

The first step in the MEPA review process is to file an Environmental Notifi- 

cation Form (ENF) no later than 10 days after the first application to a state 

agency for a license, permit, or financial assistance. The ENF must describe the 

project and state the proposed scope or range of environmental issues that may be 

involved, including the impact ,on historic resources, open space, recreation, fish 

and wildlife, vegetation, wetland areas, flood hazard areas, geologically unstable 

areas, agricultural and forest lands, water quality, and esthetics. Upon receiving 



the ENF, a meeting is held by the Executive Office of Environmental Affairs 

(EOEA) and the various state agencies that are to review the document. These 

include the MEPA unit of EOEA, DEQE, the Massachusetts Historical Commission, 

and the Waterways Division of DEQE. Other state and local agencies may be 

invited depending upon the factors involved. 

The Secretary of Environmental Affairs has 30 days from'the date of publica- 

tion of the ENF to consult with the developer and participating agencies and to 

issue a certificate stating whether an Environmental Impact Report (EIR) will be 

required, and, if so, what its scope must be. The EIR must be submitted to the 

Secretary of Environmental Affairs, the State clearing House in the Office of 

State Planning, the regional planning commission and any participating or other 

agencies listed in Appendix B of "Regulations Governing the Implementation of the 

Massachusetts Environmental Policy Act." The EIR must be submitted and reviewed 

first as a draft and then in final form in accordance with a procedure that 

includes publication of a notice of availability in the ~nvironmental Monitor, 

a 30-day comment period and a short period for the Secretary to issue a judgment 

of the adequacy of the EIR. The overall process of the MEPA review is shown in 

Figure 5-8. No difficulties are expected to result from this process. 

Massachusetts Historical Commission. The Massachusetts Historical Commis- 

sion has been given the responsibility for reviewing all public actions which 

may have an impact on historical, cultural, and archeological resources. It is 

particularly concerned with buildings and sites that have been placed on the 

National Register and with archeological remains which meet the eligibility re- 

quirements of the Massachusetts Historical Commission and the Advisory Council 

on Historic Preservation established under the National Historic Preservation Act 

(PL89-665, 16 USC 470, as most recently amended by PL94-442) 1966. 

The Massachusetts Historical Commission is notified of a proposed project 

through the State Clearinghouse, the EQEA, and through the local community. The 

Commission is one of the reviewing agencies in the MEPA process. 
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Figure 5-8. MEPA Review 

The Historical Commission is expected to require that the old wastegate 

mechanisms, located at the site of the projected new construction, be preserved. 

.The possibilities for preservation include relocation, in whole.or in part, at the 

project site or elsewhere, according to the preferences of the local, state, and 

Federal agencies concerned, though funds for this have not been included in project 

cost estimates. 

State Clearinghouse. The Massachusetts State Clearinghouse is within the 

Office of State Planning. Its purpose is to insure that all levels of government- 

local, state, and Federal-would be aware of Federally funded and licensed projects 
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and programs (OMB A-95,revised). The Clearinghouse notifies all reviewing 

agencies and provides opportunities for review and comment as a means of inter- . 

governmental cooperation. It is necessary to keep the Clearinghouse informed 

of the existance of this projected activity in order for them to carry out their 

responsibilities. The Clearinghouse, in itself, imposes no additional requirements. 

5.3.3 Local Requirements 

Lowell Conservation Commission. The procedures of the'lowell Commission 

have been included in the description of the process which leads to a DEQE Wetlands 

Permit. 

Lowell Building Department. The Lowell Building Department reviews plans 

and specifications for buildings and structures for compliance with local building 

and zoning ordinances, and the Department issues building permits. Plans and 

specifications submitted to the Building Department must be prepared by architects 

and engineers registered in the state of Massachusetts. This should be a routine 

project from the point of view of this Department. 

Lowell Zoning Board of Appeals. The Lowell Zoning Board of Appeals sits 

as a quasi-judicial board to act upon requests for variances from the zoning 

ordinances and to issue special permits. No variance requests are expected to 

result from this project. 

Lowell Historical Commission. The Lowell Historical Commission inventories 

historical buildings, sites and archeological remains in the city. It advises 

other municipal offices, such as the Planning and Development Office and the 

Public Works Department, on projects and actions that may disturb historical and 

cultural artifacts or areas. The Lowell Historical Commission works closely with 

the Massachusetts Historical Commission, and is expected to have a similar interest 

in the preservation of the wastegates. 
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5.4 PRELIMINARY ENVIRONMENTAL ASSESSMENT 

5 .4 .1  Environmental E f f e c t s  

Bui lding Cons t ruc t ion  and S i t e  Work. The h y d r o e l e c t r i c  f a c i l i t y ,  i f  con- 

s t r u c t e d ,  would r e q u i r e  removal of t h e  Northern Canal was tega tes  and t h e  cons t ruc-  

t i o n  of a  new s e c t i o n  of c a n a l  r e t a i n i n g  w a l l  and water  c o n t r o l  s t r u c t u r e  t o  d i v e r t  

c ana l  flow i n t o  t h e  new powerhouse. The powerhouse would be l o c a t e d  a t  t h e  w a t e r ' s  

edge on t h e  south  bank of t h e  Merrimack River  i n  proximity t o  t h e  cana l .  The water  

w i l l  f low i n t o  an i n t a k e  s t r u c t u r e ,  through t h e  t u r b i n e s  w i th in  t h e  powerhouse 

and ou t  i n t o  a  t a i l r a c e  approximately 1000 f e e t  long.  A t r a i n i n g  w a l l  i n  t h e  

r i v e r  w i l l  s e p a r a t e  t h e  t a i l r a c e  from t h e  r i v e r ,  because t h e  t a i l r a c e  w i l l  be  

lower than t h e  r i v e r  bed by about  10 f e e t  i n  t h e  immediate v i c i n i t y  of t h e  power- 

house. The t a i l r a c e  channel  i s  excavated i n  t h i s  way t o  provide a d d i t i o n a l  head 

f o r  t h e  f a c i l i t y .  

E l e c t r i c a l  power from t h e  f a c i l i t y  w i l l  connect i n t o  t h e  l o c a l  e l e c t r i c a l  

d i s t r i b u t i o n  system by running beneath t h e  Moody S t r e e t  Bridge,  probably a t t a c h e d  

t o  t h e  b r idge  s t r u c t u r e  s o  a s  t o  be  v i r t u a l l y  i n v i s i b l e .  

The new,con t ro l  s t r u c t u r e  i n  t h e  Northern Canal w i l l  be more a e s t h e t i c a l l y  

p l ea s ing  than t h e  p re sen t  s t r u c t u r e .  It w i l l  be  provided wi th  a  f low c o n t r o l  g a t e  

and a  s t o p  l o g  bay. I n  t h e  f u t u r e ,  i f  i t  i s  d e s i r e d  t o  a l low boa t  t r a f f i c  through 

. t h i s  p o i n t ,  t h e  s t o p  l o g  bay has  been designed t o  be  r e a d i l y  removed and rep laced  

w i t h  a  cana l  nav iga t ion  lock .  

Access t o  t h e  powerhouse is t o  be  provided by drivewa,ys which .w i l l  p a r t i a l l y  

c r o s s  land  owned by t h e  Un ive r s i t y  of Lowell. This  is  n o t  a  problem s i n c e  t h e  

land i s  n o t  developable .  

The proposed f a c i l i t y ,  i f  designed p rope r ly ,  would s t r eng then  t h e  v i s u a l  

coherence of important  landmarks i n  proximity t o  t h e  s i t e .  These i nc lude  t h e  

Moody S t r e e t  Bridge, t h e  Un ive r s i t y  of Lowell b u i l d i n g s ,  and t h e  Northern Canal 

s t r u c t u r e s .  

The view of t h e  s i t e  and t h e  proposed f a c i l i t i e s  from t h e  Moody S t r e e t  

Bridge w i l l  be  an important  one. From t h e  b r i d g e ,  t h e  e n t i r e  n o r t h  w a l l  of t h e  

powerplant b u i l d i n g  would be  seen a s  w e l l  a s  t h e  t a i l r a c e  and t r a i n i n g  w a l l  i n  

t h e  r i v e r .  The s l o p i n g  bank of t h e  r i v e r  would be  a  backdrop f o r  t h e  f a c i l i t y .  
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It is likely that the power plant site would be the terminus of the Northern 

Canal Walk being planned as part of the Heritage Park. In this case, parts of 

the plant may also be visible from vantage points on the Northern Canal. If the 

Park Service'requests, and provisions are made for the public to visit the hydro- 

electric facility, closeup views would also become significant, and factors such 

as landscaping in the immediate vicinity of the powerhouse will become more 

important than in most other locations. 

Distant views of the facility are obtained from the opposite bank of the 

river on the University of Lowell campus, and the existence of the powerhouse should 

add interest to the scene. 

New modern construction will be directly connected to the granite construc- 

tion of the old canal system. This new construction may obscure the original 

nature of the old canal system. This is more likely to take place if an attempt 

is made to imitate the old construction, e.g., using granite blocks of the same 

size and texture as the old construction. 

Skillful engineering, architectural, and landscape design should be qsed to 

clearly demarcate the new and old construction. Contrasts may be used to dramatize 

and clarify the relationship between structures from the two different historical 

periods. From a visual standpoint.the new construction can be more attractive 

than the present wastegates. Although it is interesting and significant from an 

historical point of view, the frame structure on top of the Northern Canal wall is 

visually unattractive and has no architectural merit. It represents a utilitarian 

and nondescript industrial structure common in its own time and still found 

to some extent today.. 

Therefore, it is concluded that the overall visual impact of the site will 

be at least maintained and, most probably, improved, should the hydroelectric 

project be implemented. 

Fish Passage Facilities. The regulatory requirement to provide a fish 

conveyance facility is a significant part of the tota1,project cost. A complex 

fish passageway might be needed to meet the detailed physical layout of river, 

dam and canals. General requirements of a fish passage facility are: 1) means 



rzq 1 E:ZioN 
COMPANY 

to allow adult fish to pass upstream during the upriver migration periods, 

2) passage for both adult and juvenile fish to migrate downriver, and 3) means 

to prevent fish from entering the canals on their downward migration. Design 

population of fish for a fish passage facility for Lowell is estimated to be 
1 1 720,000 shad and 11,000 salmon. 

It is likely that the principal fish conveyance facility will be at the 

proposed powerplant and that fish will then swim upstream through the Northern 

Canal and control. gate into the Pawtucket pool. 

The principal types of fish passages considered for Lowell are ladders and 

elevators. A fish ladder exists at the present time at the upstream end of 

the Dam (see Figure 5-1). This structure is inadequate for shad and may have 

to be completely replaced as the major upstream conveyance facility. If modified, 

the existing facility could possibly serve as a secondary up-river conveyance 

during high water and as a down-river migration facility in order to reduce the 

expense of a primary facility. 

The powerplant outflow will have a fish collection gallery with sufficient 

water flow to attract fish into the passage structure. The fish collection gallery 

will extend across the mouth of the excavated canal and will have gates or ports 

' to allow fish to enter into the gallery. Water flow direction through this gallery 

is engineered to direct fish to the passage structure. This fish attraction 

gallery will require different amounts of flow at various times of the upstream 

migration period. During low flow periods, minimal attraction water may be 

required with only the passageway water itself drawing the fish. During high flow 

periods, attraction water will be drawn from a penstock through the canal wall 

(i.e., water not available for hydroelectric generation). . 

Any fish passage structure must also be designed with a sufficiently large 

fish holding and counting gallery. State fisheries, biologists and Fish and Wild- 

life personnel will man this area during peak migration periods to obtain a census 

of upstream migration. Sufficient space would be dedicated to an observation area 

for the public to watch the upriver fish migration and the biologists' counting 

1) Dalley, Fish Passage Facilities Design Parameters for Merrimack River Basin, 
U.S. Fish and Wildlife Service, 1978. 
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procedures. A sampling port to remove selected fish (especially salmon to be 

transported to a hatchery for spawning) would be designed: one typical design 

consists of a means of stopping upstream and downstream flow and hydraulically 

removing a quantity of fish and the surrounding water from the counting gallery. 

One million dollars has been budgeted for fish passage facilities. Although 

there are no problems accommodating the facility to fisheries requirements, at 

the one million dollar cost, fish accommodations will add approximately 5% to 

total project cost at the Lowell site. 

Water Distribution and Use. At the present time, water from the Pawtucket 

Dam is used to: (1) generate hydroelectric power by Boott Mills, (2) flush raw 

sewage, storm runoff and municipal waste from the canal system, (3) provide the 

municipal water supply of the City of Lowell, and (4) support recreational boating 

in the impounded pool. In addition, the river serves as a visual focus and as a . 

center of passive recreational and conservation uses. 

Projected uses include: (1) generation of hydroelectric power at the pro- 

jected facility as considered herein, (2) the provision of a minimum flow for water 

quality purposes as mandated by the EPA, (3) water supply of the City of Lowell, 

(4) water for migrating fish conveyances, (5) improved quality of the river for 

passive recreation and conservation in parks and wetlands along the river, and 

(6) improved esthetic quality of the river. 

These uses are not mutually exclusive, and, in most cases, several purposes 

are served at once. 

The National Park Service is considering use of powered, passenger-carrying 

barges for visitor tours of the Northern and Western Canals. Changes in the 

canals that might interfere with barge operation are of concern to park personnel. 

Therefore, the water control structure located in the canal will be built 

to allow the later addition of a lock to permit passage of barges without sub- 

stantially disturbing flow into the power plant intake. The Division of Marine 

Safety of the U.S. Coast Guard was contacted and provided information relative 

to the feasibility of operating barges in a current flow of about 6 ft./sec. 

Their repli was that with proper design of barges and with trained operators, no 
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problems should be encountered. As a passenger-carrying operation, the proposed 

barge operations come under the authority of the Coast Guard, barges have to be 

certified for safety, and barge operators are required to be licensed. Therefore, 

no unusual restrictions are imposed by the hydro plant. 

During periods of low flow, there will be cyclical drawing upon the storage 

pool behind the Pawtucket Dam. This causes periodic lowering and raising of both 

levels of the pool and water in the river below the powerplant. This fluctuation 

of water level occurs with present power generation at Lowell; operation of the 

new facility will follow the present patterns. 

Placement of the power plant and intake structure where they extend into 

the river bed will alter the cross section of the channel under flooding. This 

is not an important factor, however, since the cross sectional area of the 

powerplant is small compared to the flood level cross sectional area of the river 

at that point. 

5.4.2 Social, Economic, and Cultural Aspects 

Displacement. The proposed project will make use of vacant land owned by 

Boott Mills' sister corporation, Proprietors of Locks and Canals. There will be 

no displacement of families or businesses and no social or economic disruption 

associated with the project. 

Educational/Cultural. The proposed construction will require the removal 

of the Northern Canal Wastegates, which are described above in Section 5.2. 

Various measures were considered which would mitigate the impact of this action. 

The alternatives considered included moving the intake and power plant to a 

different location, and removal and preservation of the wastegates elsewhere. 

The former alternative was rejected because of serious difficulties in cost and 

construction procedures that would result. Several possibilities exist, however, 

for preservation of the wastegates by incorporating them into an exhibit which 

would show the manner of their historic operation. This could be carried out 
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at the hydroelectric project site, elsewhere in the Park, or at the Lowell Museum, 

according to the wishes of the State and local Historical commissions and the 

Park Service. No funds have been included in the cost estimates for this. 

Municipal Services. A hydroelectric generating plant such as the proposed 

facility would be constructed by a substantial local labor force, but maintained 

and operated by full-time personnel. Other than minimal fire and police protec- 

tion, there would be no increased demand for municipal services. Because the 

construction period is short, it is unlikely that there would be an added load on 

schools, health facilities or housing. 

Economic. The Lowell hydroelectric project would have an installed capacity 

of 15,000 kW generating 76,150,0OV0 gross'kWh/yr. The total cost of the project, 

exclusive of fishways, in 1978 dollars is expected to be $14,720,000. Fishway 

requirements will add another $1,000,000. The total includes construction work 

of approximately $5,060,000, which could be undertaken by local contracting firms 

and local labor. 

Construction of the hydroelectric project would have a beneficial effect on 

Lowell's economy. Assuming that the facility would be built using local firms 

and labor, the multiplier effect - through the round-by-round process of purchase 
and sale of goods and services - may triple the effect on Lowell's businesses. 

Increase in the available electrical generation capacity would help Lowell 

in meeting increases in demand by industrial and commercial users. In addition, 

the hydroelectric project would be a step toward the use of renewable domestic 

resources as a replacement for foreign oil. Over 6,000,000 gallons would be needed 

to generate the power that this hydro facility will provide. 

5.4.3 Impact During Construction -- 

~ h e  construction impact on the environment will be temporary. It consists 

of dust and vehicle~emissions, blasting and construction equipment shock and 

noise, river siltation, and local traffic disruption. While temporary-deteriora- 

tion of air quality, background noise levels and water quality will inevitably occur, 

adherence to state and local regulations will minimize this. The short-term 

negative impact may be seen in the context of a trade-off for the long-term 
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generat'ion of hydroelectric power, which is favorable environmentally as com- 

pared with most other sources of electric power. 

Lowell University will be most affected by construction activity. This 

will principally be the result of blasting and removal of excavated materials, 
. , 

which will be required at the intake, tailrace channel, and powerhouse foundation. 

These activities will result in noise and heavy truck traffic on local streets. 

The high-rise dormitory will be the closest residential and work area to 

the construction site. Temporary access through Lowell University property will 

be required. 

The Lowell University Nuclear Center,operates a one megawatt reactor located 

across the river from the projected hydroelectric site. Construction blasting will 

therefore require approval by the Nuclear Regulatory Commission. Detailed calcula- 

tions will be needed to assure safe procedures,.and it is possible that individual " 

blasting charges will need to be smaller than otherwise because of the proximity 

of the reactor. However, preliminary analysis indicates that a more stringent 

constraint on blasting procedures will stem from the proximity of some University 

dormitories, which are on the same side of the river as the power plant site. 

Calculations setting forth safety requirements for blasting are given in Appendix 

A. The safety precautions needed are familiar, and no unusual difficulties are 

anticipated. 

Construction activity will affect the National Park, but the effects will 

be limited in scope. A short section of the Northern Canal will be drained dur- 

ing construction. Heavy truck traffic will occur on some of the local streets. 

Visitors will be restricted from the immediate construction area. Blasting noise 

and shock will be present, but located at some distance from most park visitor 

activity. 

The major effect on the environment from construction activity will be 

caused by the excavation and transportation,of approximately 20,000 cu. yd. of 
.. 

material. Excavation for structures will be mostly in bedrock, creating the need 

for blasting; however, working in bedrock will reduce potential river siltation. 
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Construction will include the intake channel and structure, tailrace 

channel and training wall, canal control structures, powerhouse, switchyard, 

and access roads. Construction noise will be associated with construction equip- 

ment, including loaders, cranes, compressors, jackhammers, pumps and vehicle- 

related activity. These noise sources, being sited close to the rapids, should 

have little impact. 

Construction practices should be.employed, as needed, to prevent or minimize 

possible adverse effects. If necessary, water will be applied to access roadways 

and aggregate piles when not in use to reduce dust particulate pollution. Move- 

ment of construction equipment and excavated material over public ways will be in 

accordance with regulations. In some cases, activities can be scheduled so as 

to reduce undesirable effects. The fill to be disposed of is clean and not 

noxious. 

Any site selected for disposal of excavated material must be approved by 

Federal, state, and local agencies. Approval is granted only after evidence is 

presented to show no detrimental effect on the surroundings. The permit granted 

by the Corps of Engineers and the Waterways License issued by the State Department 

of Environmental Quality Engineering -(DEQE) are the Federal and State required 

authorizations. 

Some temporary detrimental impact to the water quality of the Merrimack 

River may result from excavation. Siltation should be small, and measures will 

be used to control it. Construction techniques, scheduling and materials will be 

in accordance with requirements to control erosion. No significant impact is fore- 

seen on wildlife or fish by the excavation and construction. 

5.5 SAFETY ASSESSMENT 

The development of the Federal and state parks on the existing canal system 

and their interaction with the hydroelectric project will require consideration 

from the standpoint of safety. If there is to be public access to the project, 

the facility design must incorporate safety features and restrict the public to 

safe areas. 
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There are no unusual characteristics of the Lowell project which would 

require special consXderation from the standpoint of safety. Good engineering 

prac'tice, including careful drawing and specification reviews, coupled with 

sound, well understood construction practices and operation and maintenance 

procedures will ensure a safe project. 

These considerations are set forth in detail in Appendix A. 
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APPENDIX A. SAFETY ASSESSMENT 

A.l SUMMARY 

Appendix A provides the safety assessment required by the DOE contract. 

Appropriate considerations during design of the project facilities include: 

(1) development of design criteria consistent with identified potential safety 

problems and applicable codes, and (2) specific attention to safety considerations 

during review of drawings and design documents. 

The development of the Federal park on the existing Lowell canal system and 

its interaction with the Lowell Hydro project is an important public safety issue 

requiring detailed planning. During, or prior to, the design phase of the project, 

the detailed plan for public access to and use of the project structures must be 

settled with the local park commission, National Park Service and Boott Mills so 

that proper public safety facilities and procedures can be implemented in the 

project design. 

During construction of the project, all occupational safety requirements 

under existing federal, state and local regulations must be complied with. Each 

contractor should be required to provide an accident prevention plan with his 

work proposals. This plan would cover general public safety measures such as site 

security and traffic control, as well as construction safety methods and facilities. 

Operation of the facility will have some potential impact on occupational 

safety and public safety considerations. Occupational safety relates to the 

operation and maintenance of the facility. Unsafe conditions may exist when 

working on the dam and canal structures, on machinery or on electrical facilities. 

For the most part, unsafe conditions should be minimal for normal operating 

activities due to appropriate design of the facilities. However, unsafe condi- 

tions cannot be completely prevented for unusual activities in operating and 

maintaining the station. Safe work practices and regular safety training must 

be integral parts of the operations routine. 
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Public safety considerations include: (1) proper security of the dam, 

powerhouse and switchyard from unauthorized access by the public, and (2) proper 

warning devices and procedures for normal or abnormal operating flow conditions. 

This should include an emergency action plan for structural failure or malfunction 

of major project components and specific warning signs or, if applicable, audible 

warning devices for change in operating discharges. 

A.2 SAFETY EVALUATION 

A.2.1 Project Design Safety Issues 

Potentially unsafe. conditions should be identified before detailed design 

activities commence to make safety issues an integral part of the design effort. 

Additionally, applicable federal, state, local and industrial codes and standards 

must be complied with to insure a safe fatility from the aspect of structural 

adequacy and personnel safety features. 

Particularly important safety issues specific to the project which must be 

addressed during design are: 

(i) Stability of the project structures under applicable loadings, 

including hydraulic, seismic, ice and wind loads as well as 

other dead and live loads. 

(ii) Design flood conditions and the interrelationship of the project 

facilities, the existing flood channel and existing structures., 

(iii) Specific construction procedures and restrictions necessary, 

based on design requirements (e.g. demolition and blasting criteria, 

care and handling of river flows, cofferdams and excavation 

restrictions.) 

(iv) Security and protection of dangerous project facilities for 

which fences, barriers, warning alarms, or other devices are 

necessary. 

(v) Public access facilities, safety measures and operating procedures 

as applicable in coordination with the development of the Federal 

Park Program at Lowell, to restrict the public to defined safe areas. 
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(vi) Appropriate clearances, guards, apparatus, special tools, and 

safety systems to provide personnel with a safe structure in 

which to perform operating and maintenance functions. . 

(vii) Procedures and means by which dewatering and inspection of facilities 

and removal of major equipment components for servicing can be 

undertaken later in the plant life under safe conditions. 

The recommended method for incorporating safety'considerations into the 

design program involve the careful preparation of a Design Criteria Manual in 

the early stage of the detail design activity. The manual, covering each 

engineering discipline and project facility, would define basic design require- 

ments based on the site data and the preliminary engineering plan. The design 

requirements would incorporate applicable c.riteria from (or reference to) per- 

tinent design, building and safety codes (including standards and regulations). 

The impact of the manuhl on the completed design will be assured through 

the application of normal engineering practice. All engineering personnel should 

be educated before the job begins on engineering safety and design requirements. 

As the design procedes, engineering supervisors will check the work in process to 

assure continued compliance with the design criteria. Finally, before construction 

documents are released for bidding, a thorough, final review of the package by a 

safety engineer should be accomplished. 

A.2.2 Construction Safety Issues 

In addition to normal heavy civil construction safety pra.ctices, the con- 

struction of the Lowell facilities will require particular attention to traffic 

control, blasting procedures, demolition, water handling, and site security due 

to the project site conditions and existing structures. Blasting procedures must 

be approved by the Nuclear Regulatory Commission because of the proximity of the 

Lowell University demonstration nuclear reactor. Technical blasting considerations 

are discussed in Section A.2.3 below. Other than this, the principal regulatory 

safety requirement during construction is compliance with standards of the 

Occupational Safety and Health Act (OSHA) which places the responsibility for 

safety on the site supervisor and requires rectifying action where unsafe conditions 



t-a I ;tRY;"cEEoN 
COMPANY 

exist or unsafe actions occur. The site safety standards include requirements 

for reporting accidents, periodic site inspections and weekly safety training. 

Site activities must also comply with.al1 other federal, state and local 

regulations which are applicable to health and safety or any special conditions 

on licenses or permits for construction of the project. 

It is recommended that each construction contractor be required to submit 

an "Accident Prevention Plan" as a part of his proposal which will define his 

project safety policy, procedures and facilities, to comply with OSHA and other 

safety and health regulations. 

Inspectors representing the contractor should be trained in the detection 

and correction of safety deficiencies, and they should check the contractor's 

compliance with his own accident prevention plan. 

A list of representative construction safety requirements is presented in 

Section 3 of this Appendix. The list is representative of the type of measures 

which will have to be taken during construction, but should not be regarded as 

a complete list. 

A.2.3 Technical Blasting Considerations 

Rock blasting required to accommodate the intake structure, the powerhouse, 

and the tailrace channel is typically 20 ft. deep over an average area of 800 ft. 

by 60 to 40 ft. in width. The proposed area is flanked by the University dormitory 

on the top of the river bank adjoining the powerhouse site and the nuclear facility 

across the river several hundred feet away. Due to the close proximity of the 

dormitory, the anticipated explosive charge will be estimated relative to safe 

levels at that location. 

The structural damage is best correlated with the intensity of ground motion 

in terms of (i) maximum displacement, (ii) maximum particle velocity, (iii) maxi- 

mum acceleration, and (iv) maximum frequency. After these parameters are estab- 

lished, the damage criteria is expressed by an Energy Ratio which is defined as 
2 the square of the ratio of maximum acceleration in feet per secoqd to maximum 

frequency in cycles per second. Using the relationships for sinusoidal motion, 

this criteria can also be expressed in terms of maximum velocity. 
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Usual ly  damage c r i t e r i a  a r e  e s t a b l i s h e d  on t h e  b a s i s  of  e x i s t i n g  in format ion  

b e f o r e  commencing b l a s t i n g .  However, i n  t h e  absence of a  given i n t e n s i t y  of t h e  

ground motion which a n  e x i s t i n g  s t r u c t u r e  can t o l e r a t e ,  an  Energy Rat io  of 3 o r  

less i s  considered s a f e .  This  t r a n s l a t e s  t o  3.3 inches  per  second i n  terms of 

maximum p a r t i c l e  v e l o c i t y .  

A more commonly adopted and more conse rva t ive  approach i s  t o  u t i l i z e  a n  Energy 

Rat io  of 1 .0  which corresponds t o  a  peak p a r t i c l e  v e l o c i t y  of 1 .9  inches  per  second. 

Therefore  a  va lue  of 2.0 inches  per  second i s  commonly used. This damage c r i t e r i o n  

is  frequency independent;  however, i t  i s  known t h a t  damage is  less a t  h igher  f r e -  

quencies  due t o  sma l l e r  displacements .  The c h a r a c t e r i s t i c s  of  ground motion can be  

r e l a t e d  by a  t r i a x i a l  p l o t  known a s  a  response  spectrum r e l a t i n g  a c c e l e r a t i o n ,  

p a r t i c l e  v e l o c i t y ,  f requency and displacement .  

The a c t u a l  p a r t i c l e  v e l o c i t y  t o  be expected a t  a  s i t e  due t o  b l a s t i n g  i s  i n t e r -  

r e l a t e d  w i t h  ( i )  t h e  t ransmiss ion  c h a r a c t e r i s t i c s  of  t h e  rock  mass, ( i i )  t h e  d i s -  

t ance  between t h e  de tona t ion  and t h e  monitor ing p o i n t ,  and ( i i i )  t h e  weight of 

exp1os iv .e~  de tona ted  per  de l ay  (assuming a  minimum de l ay  per iod of 25 m i l l i s e c o n d s ) .  

The p a r t i c l e  v e l o c i t y  is  g e n e r a l l y  empi r i ca l l y  r e l a t e d  t o  t h e  charge  and t h e  d i s t a n c e  

by e i t h e r  square  o r  cube r o o t  s c a l i n g  i n  which t h e  p a r t i c l e  v e l o c i t y  and t h e  s c a l e d  

d i s t a n c e  a r e  combined on a  log-log p l o t .  

Using t h e  concept  of s c a l e d  d i s t a n c e ,  . the  maximum pe rmis s ib l e  charge can be  

determined f o r  a  c r i t e r i o n  of  2.0 inches  pe r  second p a r t i c l e  v e l o c i t y  a d j a c e n t  t o  

t h e  dormitory.  This  permi ts  u s ing  a  charge of 4.0 l b s .  per  de l ay  a t  t h e  c l o s e s t  

p o i n t  (40 f e e t  from t h e  dormitory s t r u c t u r e )  and a  maximum charge  of  1000 l b s .  per  

d e l a y  a t  t h e  f a r t h e s t  po in t  from t h e  dormitory.  At tenua t ing  t h i s  t o  g r e a t e r  d i s -  

t ances ,  i t  i s  l i k e l y  t h a t  t h e  maximum p a r t i c l e  v e l o c i t y  a t  t h e  nuc l ea r  f a c i l i t y  

w i l l  b e  i n  t h e  o rde r  of 0 . 1  t o  0.2 i nches  per  second. 

The frequency of t h e  v i b r a t i o n s  cannot be  a c c u r a t e l y  p r e d i c t e d ,  b u t  w i l l  be  i n  

t h e  range of 5  t o  500 Hz. I n  t h e  ha rd ,  compact, c r y s t a l l i n e  gray  q u a r t z i t e  i t  i s  

expected t h a t  v i b r a t i o n  f r equenc i e s  w i l l  f a l l  i n  t h e  mid t o  lower range .  

I n  a d d i t i o n  t o  t h e  precaut ions  desc r ibed  above, convent iona l  t echniques  w i l l  

be  used t o  c o n t a i n  t h e  n o i s e  and p r o j e c t i l e  rocks  stemming from d r i l l i n g ,  b l a s t i n g ,  

and loading  ope ra t i ons .  
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A.2.4 Operation and Maintenance Safety Issues 

Operation and maintenance of the project will have some potential impact on 

occupational and public safety issues. Occupational safety is principally regu- 

lated under OSHA and implemented by the plant owner. Public safety related matters 

involving dam safety and operations will be regulated under specific conditions of 

the FERC license and will be based on the public access plan established with the 

local park commission and National Parks Service. 

An operating manual providing procedures for start-up, shutdown, cleaning, 

isolating, tagging, teardown and other aspects of operation and maintenance of 

the plant facilities and equipment should provide a key source for identifying 

and neutralizing potentially dangerous conditions or actions. This would supple- 

ment the basic supervisory/worker instructional safety program required under 

OSHA and the specific safety requirements instituted by Boott'Mills. 

Public safety considerations include: (1) proper security of the project 

dam, powerhouse and switchyard from access by the public, and (2) proper warning 

devices and procedures for normal or abnormal'operating flow conditions, and 

(3) careful design of access facilities related to the existence of the park. 

Security at the dam, which presently includes fencing at the dam abutments 

and shore in the immediate area of the intakes, and a highly visible boom to keep 

boaters from the project structures, appears adequate. Security of the switch- 

yard,transformer and powerhouse entry by barricade, fencing and warning signs . 
I 

should be in accordance with applicable American National Standards Institute 

(ANSI) codes. These facilities would be a part of the design responsibilities 

discussed in Section A.2.1. Downstream, in the river reach affected by the 

project, warning signs should be placed to warn of fast rising water levels due 

to plant operations. 

Depending upon the type of public access facilities to be provided, particular 

access, parking, walking routes, exhibits and operating rules may be required. 

From a safety standpoint, access by the public to the canal and powerhouse area 

should be discouraged, since it is an industrial activity area with high voltage 

electrical equipment, rotating machinery, precipitous drops and fast water cur- 

d' 
rents, providing potential danger areas to the curious public. When public 

access is provided, the degree of security to control access. to dangerous areas 

must be increased. 
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An emergency action plan should be devloped for the project to quickly 

provide the operator, the Boott Mills supervisor and local regional emergency 

' forces with procedures to follow in case of major structural failure, fire or 

accident. The plan must include a procedure in case of a dam failure to comply 

with normal conditions contained in FERC licenses. All such plans should be 

updated on a regular basis and periodic training sessions should be conducted 

to ensure that operating personnel are aware of their emergency tasks. 

A.3 CONSTRUCTION SAFETY LIST 

The facility safety aspects of this project address the hazards and risks 

during the construction of a hydroelectric facility at the Lowell site. 

.Adequate safety protection must be provided, at all times, for the walking 

public, vehicle traffic and private property during the construction phase as 

well as during the operational phase of this facility. 

The Contractor's working and equipment storage area must be enclosed as 

appropriate with either a solid plywood fence or an 8 foot chain link fence with 

three strands of antipersonnel wire at the top. 

Signalmen must be provided to regulate and control the flow of construction 

vehicles and materials into and out of the facility site during construction. 

Safe access shall be provided to all working areas. 

Provisions must be made to keep the access approach to any main streets or 

sidewalks clear, clean and free from spoils or muck being removed from the site 

by the Contractor. 

Appropriate signs, conforming with local regulations, identifying the 

Project, the Owner, the Contractor and giving a warning to the public of the 

safety hazards involved'must be provided. 

The provisions of the Occupational Safety and Health Act of 1970 must be 

adhered to. 

During the construction of cofferdams, bulkheads, or any work involving 

floating equipment or working on driven pile trestles, U.S. Coast Guard Approved 

Life Vest or equipment must be worn. Ring buoys and safety skiffs must be 

L provided. 
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When explosives are employed in the demolition and removal of any existing 

structure or natural formations, all local, state and federal safety requirements, 
fi- 

must be complied with regarding the transportation, handling, storage, firing 

and inspection after blasting. 

An inspection of all buildings, structures, or utility services in the 
.- immediate area that could be damaged as a result of vibrations or any demolition 
A 

work must be made and the conditions of same recorded prior to any work on this 

pro j ec t . 

E Sanitation facilities meeting all local, state and OSHA requirements must 

be- provided. 

-'C 

Medical facilities including First Aid stations, ambulance service and 

medical personnel available for prompt attention to the injured, and for consulta- 

tion on matters of occupational health must be arranged for prior to the commence- 

ment of any work. Approved First Aid kits must be provided. 

An emergency plan to minimize the consequences of any accident or natural 

disaster must be developed. 

Personal protective apparel, clothing and safety equipment shall be used 

as required by all local, state and federal requirements. 

Emergency and outdoor lighting complying with all local, state and OSHA 

requirements must be provided. 

Material handling, storage and disposal must comply with all local and 

state requirements. 

Fire protection shall be provided where needed and must be inspected and 

maintained in accordance with all local and state requirements. 

Temporary electrical service installations shall comply with the National 

Electrical Safety Code, National Electric Code or applicable United <States 

Coast Guard regulations. 

All hand tools and power tools shall be kept in good repair and used only 

for the purpose for which designed. 
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The use of ropes, slings and chains shall be in accordance with the safe 

usage recommendations of the manufacturer. 
?-_ 

Machinery and mechanized equipment shall be inspected and tested by a com- 
m- 

petent mechanic of the owner and certified to be in safe operating condition 

0 prior to being placed in use or service. 

All motor vehicles employed at the facility must be inspected and found to 
JL. 

' 1  be in a safe operating condition, meeting all local regulations before being 

used. 
A 

All temporary trestles, ramps, scaffolds or other similar load bearing 

structures shall be designed, constructed and maintained with a safety factor of 
.-. 

not less than 4. - 

The design of all cofferdams, bulkheads or other supporting structures - 
employed in the excavation of materials in this project shall be based on cal- 

culations of forces and their directions with adequate consideration for sur- 

charges, angle of internal friction of materials and other pertinent properties 
1 

of the material to be retained in place. 

When tight sheeting or sheet steel piling is used, full loading due to 

ground water table shall be assumed. 

i All designs will be submitted to the engineer for approval of any modifica- 

tion of work. 
c.". 

If diving is required, all diving equipment and procedures shall be in con- 

formance with the requirements of the United. States Diving Manual NAVSEA 0994- 
< T 

LP-001-9010, available from Superintendent of Documents, U. S. Government Printing 

Office, Washington, D.C. ,20402. 
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APPENDIX B. SITE EXAMINATION AND EVALUATION REPORT 
- 

'. V 

DATE - October 9, 1978 
I 

.&-. ATTENDEES - Melvin G. Lezberg - Manager, Boott Mills 
I Arthur B. Slater - Program Manager, Raytheon 

Ralph B. Tucker - Project Manager, Raytheon 
Peter H. Tucker - Project Engineer, Acres 
Sher Bahadur - Geotechnical Engineer, Acres 
Robert Beal - Construction and Estimating Engineer, Acres 

B.l AGENDA .-.̂ i 

A brief meeting of attendees was initially held at the Boott Mills office to 
r~ discuss overall aspects of project ownership, site conditions, operating limitations 

and study input. 

.-- This was followed by site examination of (1) the dam and intake structures, 

, 
-.,' 

(2) the impoundment in the proximity of L the project facilities, (3) the canal 

structures and banks, (4) the proposed site of the power house near the Moody 

Street Bridge to the tail-water pond and (4) the river channel below the site to 

near the Concord confluence. 

The site examination did - not include (1) inspection of the complete impound- 

ment;which supposedly backwaters approximately 18 miles, (2) inspection of the 

existing canal structures and equipment not included in the project, or (3) any 

detailed survey data collection. 
h 

The inspection for electrical facility location and line routing will be 

L~\. 
held at a later date when MEC representatives are available. 
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@, 8 . 2  SUMMARY 

A reasonably thorough investigation of the existing dam and canal structures 

and the Moody Street site was possible due to low flow conditions (pond at +1' = 

E1:83).. The existing structures were all found to be in a sound and tight condi- 

> tion with only minor exceptions in portions of the Northern Canal. The location 

for the proposed power facility was found to be quite adequate in terms of efficient 

use of existing facilities and topography without significant upset of present land 

use. Additionally, access appears to be reasonably good, and there are no unusual 

geological restrictions expected in either the project design or construction. 

The site investigation and discussions resulted in identification of specific 

limitations and potential problems relative to this phase of the project  and 

areas which will require further definition in the next project phase as listed . 

below: 

B.2.1 Limitations (presented by M. Lezberg) 

(a) The existing canal system water surface elevation (except the Northern 

Canal to the Moody Street site) must be maintained to no more than 2 

feet above crest maximum and normally no less than 1 foot below crest. 

(b) The complete canal system must be available for navigation., although 

navigation facilities will be designed and provided by others. 

B.2 .2  Potential Problems (for cvnsideration in subsequent phases) 

(a) A demonstration nuclear. reactor is located at the top of the river 

bank on the opposite (North) shore from the Moody ~tree.t site which 

could limit construction explosive excavation procedures depending upon 

the reactor's status and regulatory restrictions. Raytheon will 

investigate this matter. . 
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(b) Cons t ruc t ion  would be i n  c l o s e  proximity t o  t h e  l o c a l  u n i v e r s i t y  

f a c i l i t i e s  overlooking t h e  s i t e .  Cons t ruc t ion  acces s  requirements  

over  t h i s  proper ty ,  dus t  and n o i s e s  and explos ive  excavat ion v i b r a t i o n  

may upse t  normal a c t i v i t i e s  and should be d iscussed  with t h e  approp- 

r i a t e  i n d i v i d u a l s  t o  develop a  p o s i t i v e  a t t i t u d e  toward t h e  p r o j e c t .  

This  would be t h e  r e s p o n s i b i l i t y  of Raytheon and Boott M i l l s .  

B.  2 . 3  Items Requir ing Fur the r  D e f i n i t i o n  (pre- l icens ing  phase) 

( a )  T ranspor t a t ion  c o r r i d o r s  inc luding  l i m i t a t i o n s  on b r idges ,  s t r e e t s  

and r a i l r o a d  c l ea rance  and loading  f o r  cons t ruc t ion  equipment and 

m a t e r i a l  d e l i v e r y  should be defined.  

(b) A e r i a l  and ground survey mapping of t h e  complete p r o j e c t  a r e a  wi th  

s p e c i f i c  d e t a i l  a t  t h e  dam and a r e a  of impact f o r  t h e  s i t e ,  f o r  permi ts ,  

easements,  and c o n s t r u c t i o n  inpu t .  

( c )  De ta i l ed  c r o s s  s e c t i o n a l  d a t a  of t h e  r i v e r  bed below t h e  s i t e  t o  t h e  

USGS gage 7,000 f e e t  downstream and t h e  same d e t a i l  f o r  t h e  power 

cana l  t o  develop.more p r e c i s e  n e t  head da t a .  

(d) C o l l e c t  f i e l d  d a t a  and develop a  mathematical model of t h e  impound- 

ment 's  e f f e c t i v e  s t o r a g e  t o  s imula te  p l a n t  ope ra t ions  f o r  va r ious  

f low cond i t i ons .  

( e )  Determine t h e  adequacy of f reeboard  i n  t h e  pond f o r  main ta in ing  a 

h igher  f i x e d  c r e s t  e l e v a t i o n  a t  3 f e e t  and 4  f e e t  above p re sen t  c r e s t  

and main ta in ing  a  f lashboard  c r e s t  t o  5 f e e t  above p re sen t  c r e s t .  

( f ) .  ~ e t k r m i n e  t h e  adequacy of f reeboard  i n  t h e  e x i s t i n g  cana l  system f o r  

main ta in ing  a  permanent e l e v a t i o n  g r e a t e r  than  E1.84 which would 

l i f t  t h e  l i m i t a t i o n  of i tem l a  above. 

(g) Define t h e  e x t e n t  of minimum r e l e a s e s  r equ i r ed  f o r  t h e  f i s h  l adde r  

f a c i l i t i e s  and uses  i n  t h e  e x i s t i n g  c a n a l  system. This  w i l l  f u r t h e r  

d e f i n e  ope ra t ing  r e s t r i c t i o n s  and l o s s e s .  

(h) Undertake a  foundat ion  d r i l l i n g  and t e s t i n g  program a t  t h e  s i t e  f o r  

d e t a i l e d  p r o j e c t  des ign  input .  
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(i) Perform a detailed inspection of intake and canal structures in a 

dewatered condition or alternatively (not preferably) perform an 

underwater diver's inspection of same. This is to insure that no 

undetected structural problems exist in these structures. 

(j) Perform a detailed stability analysis on all hydraulic structures or 

alternatively an analysis comparable to that required under the 

National Dam Safety Program. 

The current Engineering Feasibility Study will proceed with the limitations 

described in Item 1. Where detailed data is lacking as identified in Item 3 

above, assumptions which are made will be specified in the Task 1 summary. 

B.3.1 Geology 

The bedrock in the area is fine to medium grained, gray quartzite character- 

ized by outcrops along the river banks and in the river channel. The rock is 

hard, impervious, strong, and competent, showing no evidence of any chemical 

decomposition. The outcrop exhibits an extremely well developed joint set with 

strike direction ~50'~ and a dip ranging from 50' to 75'. The joint planes are 

tight, devoid of chemical deterioration or clay filling, and have a frequency of 

2 to 3 feet. 

B.3.2 Dam - 8 

The dam is of dressed masonry gravity construction with 1,092.5 feet crest 

length and an average height of approximately 15 feet. Based on project drawings 

5174B008 (O), the masonry was ashlar laid dry with a mortared masonry upstream 

face at 1:l slope, two feet thick capstone and the bed course laid in mortar. 

It was built in two sections in 1847 and 1875--the latter (western portion) 

being grouted during construction. The dam is shown resting on the bedrock 

except for a short section on "hard pan." A fishway is located at the western 

dam abutment and the intake structure and Northern Canal are at the eastern 

abutment. At the time of examination, the pond level was one foot onto the four 
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feet of flashboards with a crest leakage along the dam length. The dam was 

observed from both abutments, showing no visible sign of displacement or differ- 

ential settlement. The dam appeared tight with no signs of excessive leakage 

through the dam. All masonry blocks, as well as the crest cap, appeared to be 

soundly in place, although the upstream face and portions of the toe were not 

visible. 

The flashboards were erected to their normal four feet height with solid 

bar pfns at' close spacing (approximately 1 112" @ 2' c/c). It was reported 

that they begin to fail with about 6 inches to one foot of water over the top. 

They are annually erected as spring flows subside in.May or June (normally) 

and would be expected to be taken out by ice in December. 
I 

With the possible exception of theoretical stability considerations, the 

dam and foundation should provide an acceptable base for increasing the dam 

height to a maximum permanent crest elevation.of 86 (presently 82). For considera- 

tion of maintaining the existing flashboard arrangement, there is no specific dam 

repairs considered necessary at this time, outside routine annual maintenance of 

the flashboards and dam estimated by M. Lezberg to cost about $10,000 per year. 

B . 3 . 3  Impoundment 

The impoundment above the Pawtucket Dam is presently used for pleasure 

boating. A float barrier extends across the river between the dam and the 

Pawtucket canal intake. This barrier is used to keep pleasure craft away from 

the dam crest and the inlets to the Northern and Pawtucket Canals. 

The pondage effect is reported by M. Lezberg to extend approximately eighteen 

miles upstream. The shoreline was not specifically investigated except at the 

structures. However, it might be expected that permanently raising the dam crest 

could impact adjoining property uses and expected flood damage. 
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B.3.4 Intake 

The canal intake structure is principally constructed of dressed masonry 

with concrete over lintels. .Ten 8' x 15' motor'operated timber sliding gates 

feed the Northern Canal. Another small intake opening feeds a presently unused 

wheel which formerly powered the gate mechanisms through a line shaft. The 

structure's water passages are nearly 80' in length due to the School Street Bridge 

being an integral part of the structure. 

A modest amount of the intake substructure was visible for examination. 

Similar to the dam, there was no settlement, dislodgment or significant 

deterioration apparent in the substructure or masonry superstructure. The water 

passages were not visible and should be inspected at some future time if the 

project proceeds to construction. Portions of the downstream side and bridge 

piers were.visible and had no sign of any significant deterioration. The bridge 

was not specifically addressed. A small amount of leakage was noted as coming 

through the bay containing the auxiliary turbine. 

, , 
The intake gates and guides were not visible and were reported to have not 

- 
been inspected in years. The gate operator gears are worn and about four gates 

were down and are not operated due to worn gear wear. Provision for gate 
1 

rehabilitation will be made in the feasibility cost. 

4 

The navigation lock opening abutting the intake is bulkheaded, apparently 

with .a permanent concrete wall. 

I 

B.3.5 Canal 

The Northern Canal to the Moody Street site is about 2,000 feet in length, 

with masonry or bedrock lining its complete length. The first 1,000 feet combines 

masonry walls and an earth dike (with masonry core) as the river wall and the 

second length is a dressed masonry gravity structure to the Moody Street site. 

(This structure is approximately 30 feet in height.) 
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There was no leakage visible along the toe of the dike, and all slopes 

appeared stable with a fair amount of.tree and shrubbery growth. The upstream 

masonry dike and shore walls were generally intact except approximately 150 feet 

of length in aggrega.te on each side of the canal. Along this length dislodged 

blocks for either one or two courses have fallen into the canal and need to be 

replaced. This is expected to be the result of frost action only, since blocks 

below the water level seemed to be in place. 

Some minor leakage was observed along the base of the masonry gravity 

portion of the canal retaining wall. The structure was seen to be in very good 

condition with little deterioration and no apparent sign of settlement. 

Rock exposure was visible from a distance along much of the bank. It ex- 

hibits' the similar competent character shown by outcrops in the river.channe1, 

and the steeply angled slopes appeared stable. There was no sign of chemical 

decomposition or mechanical weathering. 

Remedial work which would be required as a part of a new hydro project 

- .  would include a complete dewatering for thorough inspection, cleaning the channel 

of debris and sedimentation,.clearing grubbing and partially armoring the dike, 

and repairing all damaged masonry dike and shore walls. 

, . 

B.3.6 Moody Street Site 

The proposed site for powerhouse and tailrace construction is 'from Moody 

Street Bridge downstream approximately 1,000 feet to a ,pool where the river 

changes directions, following along the easterly river bank. Bedrock at.about 

elevation 55 to 60 is completely exposed in this area; the bank rock face imme- 

diately rises to a developed area including a college dormitory and laboratory 

overlooking the river bed. There is sufficient room,for basic access to the 

upper level from the canal crossing and to the river bed from the dormitory 

parking lot and other nearby points. However, the site is quite restricted and 
' 

will require some added consideration to construction scheduling procedures. 
v 
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The competent rock present in the area should be able to develop sufficient 

bearing capacity to support the proposed powerhouse without causing major 

geotechnical problems. The rock should also be able to provide stable slopes 

for the tailrace channel to be excavated in the river bed. Due to very steep 

inclination of joint planes, the requirements for rock bolting or any other rock 

support will be minimum. As the rock is homogeneous, hard, and brittle, no 

special problems are anticipated in excavating the tailrace channel by conven- 

tional.blasting. However, the presence of a nuclear facility in the vicinity 

may necessitate some restrictions in blasting, and therefore, further investiga- 

tions should be addressed in this direction. 

The elevation differential in water surface from Moody Street Bridge pier 

to the lower pool was hand level measured showing an additional head increase of 

10 feet by excavating for a tailrace to the pool. All facilities would have to 

hug the east bank to minimize flood stage problems due to constricting the river 

cross section. 

The river bed down stream of the pool was viewed and found to present an 

additional head loss between the Moody Street site and the USGS gaging station. 

Under normal flow ranges of a 6,000 cfs magnitude it could be expected to cause an 

additional backwater on the order of two feet. This is difficult to predict 

accurately without further river sectional data and observations under various 

conditions. 
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APPENDIX C. DETAILED COST DATA 

Detailed cost data are given by FERC account 'for two equipment alternatives, 

the four 3,.75 MW tube turbine system and the two 7.5 MW fixed blade propeller 

turbine system. The former is the system with the lowest estimated costs and 

these costs are used as the basis for the economic calculations in Section 2. 

Detailed cost estimates for the propeller turbine design were developed at an 

earlier point in.the assessment when it appeared that no equipment alternative 

would have a significant cost advantage. They are included here for purposes 
I 

of comparison. Additionally, as noted in Section 3, the estimated costs for 

several equipment alternatives are close enough that a final choice among 

alternatives should'no-t be made until firm bids are received from equipment 

manufacturers. Only then can it be definitively determined which alternative 

is best. 

DESCRIPTION OF FERC ACCOUNTS 

Account No. 330.00 Land and Land Rights 

Description: The Proprietors of Locks and Canals, a sister corporation of 

Boott Mills, own all necessary land and rights for the Lowell project works. 

Where adjoining easements will be necessary for construction access it is 

assumed that they will be granted free gratis. No moneys have been set 

aside for this account. 

Account No. 331.00 Structures and Improvements 

Description: The powerhouse substructure and superstructure and the integral 

concrete intake structure is included in this account. Also included is the 

plant plumbing, heating and lighting. 
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Account No. 332.00 Reservoirs. Dams and Waterwavs 

Description: This account includes all improvements on the existing canal 

and the proposed new retaining structures, intake facilities and tailrace 

channel. There is no work proposed for the existing dam structure. Work 

on the canal includes new gates at the canal gatehouse, handrails along 

the canal walls and construction of the control structure to separate the 

Northern Canal from the remaining canal systems. Work at the powerhouse 

intake includes rock excavation, cofferdam construction, an extension of 

the canal river wall to the new intake some 270 feet, the retaining wall 

from the powerhouse to the right abutment and intake gates, hoists, and 

trackracks. The tailrace work includes excavation and channel improvement 

for approximately 1000 feet downstream and a training wall separating the 

riverbed and tailrace channel. 

Account No. 333.00 Waterwheels Turbine and Generators 

Description: The turbines, governors and associated piping and the genera- 

tors, exciters (voltage regulators) and appurtenances are included in this 

account. The costs include procurement installation and commissioning. 

Account No. 334.00 Accessory Electrical Equipment 

Description: Included is all electrical equipment, conduit, cable and ap- 

purtenances between the generator terminals and the transformer low voltage 

bushings. This principally fncludes all control metering and relay devices, 

the main bus and.switchgear, the station service transformer and station 

batteries. 
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Account No. 335.00 Miscellaneous Power Plant Equipment 

Description: This account includes the station bridge crane and various 

power plant systems including compressed air, dewatering facilities, fire 

protection and oil handling. 

Account No. 336.00 Roads and Railroads 

Description:, Included are the access roads with gravel surface to the intake. 

deck and to the powerhouse entrance. 

Account No. 353.00 Station Equipment 

Description: Included is procurement and installation of the station 

2314.16 Kv power transformer and high side,fuses and disconnects. 

Account Nos. 356.00 and 358.00 Conductors 

Description: In account 356.00 is the 4200 feet long overhead portion of 

the powerline tap from the proposed plant to Pawtucketville Substation 

including the recloser at the sub. Account 358.00 includes the 1400 feet 

of underground line from the plant transformer to Textile .Avenue and the 

ducts in the new canal wall. 



TABLE C-1. COSTS FOR FOUR 3.75MW TUBE TURBINE SYSTEM 
D 

Cost1 
No. Description Quantity Unit Unit Amount Totals Remarks 

I SUMMARY OF ESTIMATE 

1 330.00 LAND & LAND RIGHTS -0- I 
331.00 STRUCTURES & IMPROVEMENTS 

332.00 RESERVOIRS, DAMS & WATERWAYS 

I 333.00 WATERWHEELS, TURBINES & 
GENERATORS 

I 334.00 ACCESSORY ELECTRICAL 
EQUIPMENT 

1 335.00 MISC. POWER PLANT EQUIPMENT 310,000 I 
336.00 ROADS & RAILROADS 

353.00 STATION EQUIPMENT 

1 356.00 OVERHEAD CONDUCTORS 70,000 I 1 358.00 UNDERGROUND CONDUCTORS 

I CONSTRUCTION SUBTOTAL 10,450,000 I 
I CONTINGENCIES (15%) 1,570,000 I 

ENGINEERING & ADMINISTRATION 
(20%) 

TOTAL PROJECT CAPITAL COST 

EXPENSE ITEM COST (1) 

TOTAL PROJECT COSTS (2) (3) 
1 1 

(1) Includes $36,000 for demolition and $34,000 for canal repairs. 
(2) These figures do not include costs of fish passage facilities, estimated to be $1,000,000. 
(3) This total is less than the estimate of $14,720,000 due to a change in Account 356.00 and 358.00. 

See text discussion at Section 3.6.4. 



TABLE C-2. DETAIL COSTS FOR FOUR 3.75MW TUBE TURBINE SYSTEM 

No. Description , Quantity 

331.00 Power Plant Structures and 
Improvements 

331.1 Powerhouse 
.11 Cofferdam and pumping 
.12 Excavation, Rock 7,000 
.13 Foundation preparation 
.15 Substructure 
.I510 Concrete 6,800 
.I511 Forms 52,000 
.I512 Reinforcing steel 542,000 
.I59 Miscellaneous 
.16 Superstructure (185,000) 
.161 Structural steel frame 123,000 
.I62 Walls 8,100 
.I630 Roof 64.5 
.I631 Roof covering 21.5 
.I64 Interior partitions,floor 
.I65 Doors and windows 
.166 Plumbing and Sewage 
.I67 Heating and ventilating * 

.I68 Lighting 

.I69 Miscellaneous 
Total Power Plant Structures 
and Improvements 

332.00 Reservoirs, Dams and Waterways 
.1 . Reservoir 
.2 Dams, - Canal Walls 
.21 Cofferdam and Pumping 
.211 Structure 9,000 
.212 Pumping -- 
.22 Core drilling -- 
.23 Excavation, Rock .+- - - 
.24 Foundaticn preparation -- 

Cost/ 
Unit Unit 

c.y. 90.00 
s.f. fj.00 
lb . 0.50 
L.S. 
c.f. 
lbs. 0.75 
s.f. 5.50 
sq. 350.00 
sq. 170.00 
L.S. 
L.S. 
L.S. 
L.S. 
L. S. 
L.S. 

Amount Totals 

c.y. 10.00 90,000 
L.S. - - 30,000 
1.f. - - 
c.y. - - 
s.f. -- 

Remarks 

Included in Acct. 332.31 

Included in Acct. 331.12 

Included in Engineering 
Included in Acct. 332:54 
Included in Acct. 332.54 
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Cost/ 
No. Description Quantity Unit Unit Amount Totals Remarks 

Concrete 
Forms 39,300 
Reinforcing steel 388,000 
Concrete 7,300 

Dams-Canal Control Structure 
Cofferdam and Pumping 
Structure 4,000 
Pumping -- 

Core drilling -- 
Excavation, Rock 100 
Foundation.preparation -- 
Concrete 
Forms 7,700 
Reinforcing steel 80,000 
Concrete 1,000 

Dams - Appurtenances 
Control Gates and Hoists 
Sliding Gate 21,000 
Stoplogs -- 

Waterways 
Canals 
Excavations 7,800 

s.f. 
lbs. 
c.y. 

c.y. 
L.S. 
1.f. 
c.y. 
s.f. 

Included in Engineering 

Included in Acct. 332.33 

s.f. 
lbs. 
c.y. 

lbs. 
L.S. 

Structure included in 
Acct. 331.1 

Intake 
Intake gates & Appurte- 
nances 
Gates, Guides & Hoists 50,000 
Trash racks 100,000 

Forebay booms -- 
Intake valves -- 
Miscellaneous -- 

lbs. 
lbs. 
-- 

For canal gatehouse 

Included in Acct. 333.0 
Includes handrail along 
canal walls 

-- 
L.S. 



TABLE C-2. DETAIL COSTS FOR FOUR 3.75MW TUBE TURBINE SYSTEM (Cont) 

H.P. 
4 L.S. -- 4,750,000 

-- L.S. -- 650,000 

Cost/ 
No. Description Quantity Unit Unit Amount Totals Remarks 

.9 Tailrace 

.91 Excavation, Rock 14,000 c.y. 25 350,000 

.92 Rip rap 

.93 Gates, hoists & Appur- 
tenances 140,000 lb. 1.40 196,000 Bulkhead Style 

Total Reservoirs, Dams & 
Waterways 2,460,000 

333.00 Water Wheels, Turbines & 
 ene era tor s 

.1 Turbines, Governors, 
Pumps, and Piping 

.lo1 Supply 
,102 Install & Commission 
.2 Generators, Exciters & 

Appurtenances 
.201' supply Included in 333.101 
.202 Install & Commission Included in 333.102 

Total Water Wheels, Turbines, 
& Generators 

334.00 Accessory Electric Equipment 
.1 Connections, Supports & 

Structures Included in Acct. 334.2 
.2 Switchgear & Control Equip. L.S. 250,000 
,203 Control, Meter, Relay L.S. 75,000 
.26 Auxiliary power equipment 
.262 Station Battery L.S. 20,000 
.29 Miscellaneous L.S. 20,000 

Total Accessory Electric L.S. 
Equipment 365,000 



TABLE C-2. DETAIL COSTS FOR FOUR 3.75MW TUBE TURBINE SYSTEM (Cont) 

Cost/ 
No. Description Quantity Unit Unit Amount Totals Remarks 

353.00 Substation Equipment 
.21 Transformer Supply L.S. 125,000 
.211 Install L.S. 30,000 

Total Substation Equipment 155,000 

356.00 Overhead Conductors 
.1 Insulators & Hardware L.S. 15 ,'OOO 
.2 Conductors L.S. 30,000 
.3 Miscellaneous L.S. 25,000 

358.00 Underground Conductors 
.1- Insulators, Hardware L.S. 20,000 
.2 Conductors L.S. 40,000 

Total Transmission (Acct. N.E. Power Co. Estimate 
356 & 358) 130,000 of $300,000 was used in 

Summary Tables. 

33'5.00 Miscellaneous Power Plant . 
Equipment 

.1 Auxiliary Equipment 

.11 UnwateringX low level 
drainage system -- L.S. - - 45,000 

.14 Compressed air system -- L. S. -- 45,000 

.15 Fire protection equipment -- L.S. -- 10,000 

.16 Cranes -- L.S. - - 170,000 

.17 Oil Handling -- L.S. -- 10,000 

.18 Protective Coatings -- L.S. -- 15,000 

.19 Miscellaneous - - L.S. -- 15,000 

Total Miscellaneous Power 
Plant Equipment 310,000 

- 
n m W  

g z $  



TABLE C-2. DETAIL COSTS FOR FOUR 3.75MW TUBE TURBINE SYSTEM (Cont) 

UNITS 

% 

c.y. 
s.f. 
L.S. 
lb. 
c.f. 
sq 
1.f. 
H.P. 
kW 

Cost / 
No. Description Quantity Unit Unit'- Amount Totals Remarks 

336.00 Roads and Railroads L.S. 30,000 
.1 Roads, Gravel 

Total Roads and Railroads ' 30,000 

cubic yards 
square feet 
Lump Sum 
pounds ~ 

cubic feet 
per square ('100 s. f.) 
lineal feet 
Horsepower 
kilowatts 



TABLE C-3. COSTS FOR TWO 7.5MW FIXED BLADE PROPELLER TURBINE SYSTEM 

Cost / 
No. Description Quantity Unit Unit Amount Totals Remarks 

SUMMARY OF ESTIMATE 

330.00 LAND & LAND RIGHTS 

331.00 STRUCTURES & IMPROVEMENTS 

332.00 RESERVOIRS, DAMS & WATERWAYS 

333.00 WATERWHEELS, 'TURBINES & 
GENERATORS 

334.00 ACCESSORY ELECTRICAL 
EQUIPMENT 

335.00 MISC. POWER PLANT EQUIPMENT 

336.00 ROADS & RAILROADS 

353.00 STATION EQUIPMENT 

356.00 OVERHEAD CONDUCTORS 

358.00 UNDERGROUND CONDUCTORS 

CONSTRUCTION SUBTOTAL 

CONTINGENCIES (15%) 

ENGINEERING 6 ADMINISTRATION 
(20%) 

TOTAL PROJECT CAPITAL COST 

EXPENSE ITEM 'COST (,I) 

TOTAL PROJECT COSTS (2) (3) 

(1) Includes $36,000 for demolition and $34,000 for canal repairs. 
(2) These figures do not include costs of fish passage facilities, estimated to be $1,000,000 
(.3) This total is less than the estimate of $16,980,000 due to change in Account 356.00 and 

358.00. See text discussion in Section 3.6.4. 



TABLE C-4. DETAILED COSTS FOR TWO 7.5MW FIXED BLADE PROPELLER TURBINE SYSTEM 
1 I 

No. Description Quantity 

331.00 Power Plant Structures and 
Improvements 

331.1 Powerhouse 
.ll Cofferdam and pumping 
.12 Excavation, Rock 8,200 
.13 Foundation preparation 
.15 Substructure 
.I510 Concrete 10,100 
.I511 Forms 65,000 
.I512 Reinforcing steel 808,000 
.159 Miscellaneous 
.16 Superstructure (250,000) 
.161 Structural steel frame 160,000 
.162 Walls 13,000 
.I630 Roof 63 
.I631 Roof covering 63 
.I64 Interior partitions, floor 
.I65 Doors and windows 
.I66 Plumbing and Sewage 
.I67 Heating and ventilation 
.I68 Lighting 
.I69 Miscellaneous 

Cost/ 
Unit Unit 

c.y. 90.00 
s.f. 5.00 
lb. 0.50 
L.S. 
c.f. 
lbs. 0.75 
s.f. 5.50 
sq. 180.00 
sq. 170.00 
L.S. 
L.S. 
L.S. 
L.S. 
L.S. 
L.S. 

Amount Totals ' Remarks 

Included in Acct. 332.31 

Included in Acct. 331.12 

Total Power Plant Structures 
and Improvements 2,180,000 

- 



TABLE C-4. DETAILED COSTS FOR TWO 7.5MW FIXED BLADE PROPELLER TURBINE SYSTEM (Cont) 

No. Description Quantity 

332.00 Reservoirs, Dams andwaterways 
.1 Reservoir 
.2 Dams - Canal Walls 
.21 Cofferdam and Pumping 
.211 Structure 9,000 
.212 Pumping - - 
.22 Core drilling -- 
.23 Excavation, Rock -- 
.24 Foundation preparation -- 
.250 Concrete 
.251 Forms 39,000 
.252 Reinforcing steel 390,000 
.253 Concrete 7,300 
.3 Dams - Canal Control 

Structure 
.31 Cofferdam and Pumping 
,311 Structure 4,000 
.312 Pumping -- 
.32 Core drilling - - 
.33 Excavation, Rock 100 
.34 Foundation preparation -- 
.35 Concrete 
.351 Forms 7,700 
.352 Reinforcing steel 80,000 
.353 Concrete 1,000 
.4 Dams - Appurtenances 
.41 Control Gates and Hoists 
,411 Sliding Gate 21,000 
.412 S toplogs 
.5 Waterways 
.54 Canals ~ -541 . Excavations 6,800 

Unit 

s.f. 
lbs. 
c.y. 

s.f. 
lbs. 
c.y. 

lbs. 
L.S. 

Cost/ 
Unit Amount Totals Remarks 

Included in Engineering 
Included in Acct. 332.541 
Included in Acct. 

Included in Engineering 

Included in Acct. 332.33 

Structure included in 
Acct. 331.1 



TABLE C-4. DETAILED COSTS FOR TWO 7.5MW FIXED BLADE PROPELLER TURBINE SYSTEM (Cont) 

No. Description 

.6 Intake 

.61 Intake gates & Appurte- 
nances 

I .611 Gates, Gu'des & 

Hoists 
.612 Trash racks and rakes 
.62 Forebay booms 
.63 Intake valves 

Cost/ 
Quantity Unit Unit Amount Totals Remarks 

- - L.S. - 630,000 
85,000 lbs. 1.00 85,000 

-- -- -- -- 

- 9  Tailrace 
-91 Exca- ati ion, Rock 15,300 
.92 Rip rap 
.93 Gates, hoists & Appur- 

tenances 175,000 

Total Reservoirs, Dams & 
Waterways 

333.00 Water Wheels, Turbines & 
Generators 

.1 - Turbines, Governors, 
Pumps, and Piping 

.lo1 Supply 

.lo2 Install & Commission 

.2 Generators, Exciters & 
Appurtenarnces 

.201 Supply 

.202 Install & Commission. 

Total Water Wheels, Turbines, 
& Generat~rs 

Intake gates-fixed wheel 

Includes handrail along 
canal walls 

lb. 1.40 245,000 Bulkhead Style - 1 set 

H.P. 
1,250,0002,500,000 

625,000 

(1) Includes $520,000 for powerhouse intake gates and $110,000 for replacement of canal gatehouse 
gates. 



, 

TABLE C-4. DETAILED COSTS FOR TWO 7.5MW FIXED BLADE PROPELLER TURBINE SYSTEM (Cont) 

L.S. 
L.S. 
L.S. 

L.S. 
L. S. 

t 

Cost/ 
No. Description Quantity Unit Unit Amount Totals Remarks 

334.00 Accessory Electric Equipment 
.1 Connections, Supports & 

Structures Included in Acct. 334.2 
.2 Switchgear & Control Equip. L. S. 
.203 Control, Meter, Relay L.S. 
.26 Auxiliary power equipment 
.262 Station Battery L.S. 
.29 Miscellaneous L.S. 

Total Accessory Electric 
Equipment L. S. 

353.00 Substation Equipment 
.21 Transformer Supply L. S. 
.211 Install L.S. 

. Total Substation Equipment 

356.00 Overhead Conductors 
.1 Insulators & Hardware 
.2 Conductors 
.3 Miscellaneous 

358.00 Underground Conductors 
.1 Insulators, Hardware 
.2 Conductors 

Total ~ransmissibn (Acct . 356 
& 358) 130,000 N.E. Power Co. estimate 

of $300,000 was used in 
Summary Tables. 

- 

i 



TABLE C-4. DETAILED COSTS FOR TWO 7.5MW FIXED BLADE PROPELLER TURBINE SYSTEM (Cont) 

UNITS 

c.y. 
s.f. 
L.S. 
lb. 
c.f. 
.sq. 
1.f. 
H. P. 
kW 

4 

Cost/ 
No. Description Quantity Unit Unit Amount Totals Remarks 

- .. 335.00 Miscellaneous Power Plant 
Equipment 

.1 Auxiliary Equipment 

.ll Unwaterhg & low level 
drainage system L.S. 

.14 Compressed air system L.S. 

.15 Fire protection equipment L.S. 

.16 Cranes L.S. 

.17 Oil Handling L.S. 

.18 Protective Coatings L. S. 

.19 Miscellaneous L.S. 

Total Miscellaneous Power 
Plant Equipment 

33'6.00 Roads and Railroads 
:I Roads, Gravel . L. S.. 

Total Roads and .Railroads 30,000 

cubic yards 
square feet 
Lump Sum 
pounds 
cubic feet 
per.square (100.s.f.) 
lineal feet 
Horsepower 
kilowatts . 




