
Resource Policy Center Thayer School of Engineering 
Dartmouth College - 

Hanover, NH 03755 - 



DISCLAIMER 

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



DISCLAIMER 

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



This book was prepared 3s an account of work sponsored by an agency of the United ~tates~overnment.  
Neither the United States Government nor any agency thereof, nor any of their em~lo~ees.  makes any 
'mrranty, express or implied, or assumes any legal liability or responsibility for the accuracy. 
completeness, or usefulness of any information, apparatus, product, O r  Pr- disclo&, or 
"p re~n ts  that its use would not  infringe privately owned rights. Reference herein t o  any specific 
commercial product, process, or  service 'by trade name, trademark, manufacturer, or otherwise, does 
"Ot necessarily constitute or imply its endorsement, recommendation. or favoring by the Uni t  

' 

Government or any agency thereof. The views and opinions of,outhors expressed herein do n 
mcessaril~ state or reflect those of the United States Government or any agency thereof. 



Prepared by: 
The Resource Policy Center 
Thayer School of Engineering 
Dartmouth College 
d an over, NH 03755 

Under contract to: 
The Rust Engineering Company 
Birmingham, AL 35201 
Biomass Project #21-1899 

For : 
The Biomass Energy. Systems Branch 
Division of Conservation and Solar 

Applications 
U.S. Department of Energy 
Washington, DC 20545 

E N V I  RONPIENTAL REPORT 

ADVANCED SYSTEM DEMON$TRATION FOR 
UTILIZATION OF BIOMASS AS AN.ENERGY 
SOURCE 

Technical Appendix J 
Alternatives Studies 

O I S T R I B U T l ~ ~  01 T H I S  UDCUMENT IS UHLImITEfl 



APPENDIX J: Alternati.ves Studies 

PROJECT DIRECTORS.:" Charles E. Hewett, MF'S, Resource.Policy Analyst 
Colin High, PhD, Environmental Systems Scientist 

LIST OF PREPARERS:* Karen Altman, BA, Engineer 
Jane Difley, MS, Forester 
William T. Glidden, Jr., MF'S, Resource Policy 
Analyst 

Andrew Heller, BA, Engineer 
John Lohnes, BA, Environmental Scientist 
Robert McGirr, MS, Environmental Systems Chemist 
Dennis L. Meadows, PhD, Systems Analyst 
Sally Thomae, PhD, Air Quality Analyst 

*Alphabetical Order 

Marion McCollom 



PREFACE 

This technical appendix is one of a series that reports 

studies undertaken during the preparation of the Department 

of Energy's Advanced System Demonstration for Utilization of 

Biomass as an Energy Source. This document is organized by 

major environmental topic and does not follow the format of 

the environmental report. It provides data and analyses to 

support the environmental report and allows all the material. 

on this topic to be brought together in one report. Although 

this approach leads to some duplication of text, it allows 

the reader to understand the conclusions more fully and in- 

creases the value of the study for future environmental 

assessments of biomass facilities. 
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INTRODUCTION 

This appendix is designed to provide a comprehensive review 

of a wide range of alternatives to the proposed action, the 

commercial demonstration of an industrial cogenerating facility 

fired with wood fuels. An extensive effort has been devoted to 

the evaluation of all reasonable alternatives to this project, 

including some not within the jurisdiction of the U.S. Department 

of Energy. A number of possible actions were also briefly 

considered, but, for various reasons, they were found not to be 

appropriate at present for a commercial-scale demonstration of an 

al.ternative energy source. 

The critical, descriptive characteristics of the wood-fueled 

commercial demonstration project at Westbrook are considered to 

industrial cogeneration of power; 

the production of 510,000 pounds per hour of industrial 
process steam; 

the production of approximately twenty-five megawatts of 
electric generating capacity, some of which would be 
available to a public utility in southern Maine; 

the consumption of 2,000 tons of wood fuel per day. 

Each of the alternatives examined in this appendix offers a 

different option for one or several of the characteristics of the 

project listed above. As a whole, the appendix 'describes the 

range of possible actions that the U.S. Department of Energy and 

its crs~ltractors have considered. 



NO-ACT1 ON ALTERNATIVE 

Policy Statement 

As an al ternat ive t o  the proposed action, the U . S .  Department 

of Energy could decide to  discontinue i t s  support of t h i s  commer- 

c i a l  demonstration of a wood energy system. 

Description 

The U.S. Department of Energy would terminate i t s  support of 

t h i s  wood energy demonstration project a t  the end of the design 

and assessment phase. S .D .  Warren would then have the option of 

continuing the project,  or some modification of the project ,  on 

i t s  own or of dropping the undertaking. In e i ther  case, the com- 

pany w i l l  have to  replace i t s  boiler system i n  the near future. 

The present system w i l l  continue to  operate, with an increasing 

need for maintenance, un t i l  it is  replaced. The character is t ics  

of the replacement f a c i l i t y  i n  t h i s  case w i l l  depend on S.D. 

Warren Company's choice of energy system and fuel.  The character- 

i s t i c s  of al ternat ive replacements for the existing boiler system 

are described elsewhere i n  t h i s  appendix. 

Economics 

If the Department of Energy withdrew from the project,  feder- 

a l  funds presently cornrnitted'to the planning.and construction of 

the wood-fired f a c i l i t y  would be reallocated w i t h i n  the Department 

of Energy. If the S . D .  Warren Company decided to  continue the 

project,  the company would have t o  fund construction and licensing 

projects with internal  or borrowed funds. If the company dropped 

the wood energy project,  it would have other options .for replacing 

i t s  current boi ler  system, the economics of which are described 

l a t e r  i n  t h i s  appendix. 

Environmental Impacts 

The environmental impacts of the continued operation of the 
exist ing S . D. Warren Culuupany cnergy syat-em are discussed through- 



out t h i s  document. as the background against which the impacts of 

the proposed new system are evaluated. The environmental impacts 

of other replacement systems tha t  the S . D .  Warren Company might 

choose i n  the absence of federal involvement i n  the project are 

discussed i n  other sections on al ternat ives t o  the proposed pro- 

ject. The discussion here w i l l  be limited to  the implications of 

a Department of Energy decision not t o  support th i s  wood-energy 

commercialization project.  

The involvement of the federal government i n  t h i s  project i s  

part  of a larger e f fo r t  t o  reduce the nat ion 's  .dependence on 

petroleum and natural gas as sources of energy. As one e f fo r t  to  

speed the t rans i t ion  from these sources t o  sustainable al ternat ive 

sources, the Department of Energy i s  developing, evaluating, and 

demonstrating advanced systems for the use of biomass as an energy 

source. There are three major objectives. The Department of 

Energy seeks t o  make publicly available the information necessary 

t o  build and operate commercially viable, wood-fired, cogenerating 

f a c i l i t i e s .  This en ta i l s  the development of technical designs, 

f inancial  analyses, and environmental evaluations for wood-fired 

systems. A second major goal i s  t o  design, demonstrate, and moni- 

to r  environmentally sound harvest systems that  could provide wood 
. . 

fuel  a t  a price sui table for energy production. The f ina l  major 

objective is  t o  evaluate the socioeconomic ef fec ts  of operating a 

wood-fired cogenerating f a c i l i t y  and of procuring i t s  fuel.  

By fa i l ing  to  demonstrate the economic and environmental- 

v iabi l i ty  of biomass energy systems, the no-action al ternat ive . 

w i l l  effect ively slow the nation's e f fo r t  t o  reduce i t s  dependence 

on petroleum-based energy systems. The no-action a l ternat ive ,  i n  

e f fec t ,  removes the opportunity t o  provide data and to  resolve 

concerns tha t  must be addressed i n  achieving widespread acceptance 

of biomass energy systems. 

,Designs for large, wood-fired boi lers  have been technically 

proven i n  the pulp and paper industry for many years. One factor 

l imiting the construction ra te  of wood-fired boi lers  a t  the pre- 

sent time i s  incomplete knowledge on a i r  emissions from wood com- 

bustion. Lack of 'appropriate emission factors for some c r i t e r i a  



pollutants has required tha t  wood-fired boi lers  be treated as i f  

. t h e i r  emission character is t ics  resembled o i l -  or coalfired 

boi lers .  Theoretically, a t  l eas t ,  the emissions of pollutants 

such as carbon monoxide and nitrogen oxides from a woodfired 

boi ler  should be substantially less  than those from fossil-fuel-  

f i red  f a c i l i t i e s .  I n  supporting th i s  proposed plant,  the 

Department of Energy plans t o  monitor closely the emissions stream 

from the new boiler and to  make available new information tha t  i s  

expected to  streamline the regulatory process for the construction 

and operation of wood boilers.  

Perhaps of greater importance is the need to  demonstrate the 

commercial v iab i l i ty  of harvesting and collecting wood for energy 

production purposes.' Almost a l l  wood-fired boi lers  operating a t  

present f i r e  millwo6d residues from primary and secondary wood 

products operations. Nationwide, the opportunities to  use wood as 

a  fuel  w i l l  be increased multifold i f  low-quality t rees i n  the 

fores t  can be procured i n  an environmentally sound manner a t  an 

acceptable price. O f  concern is  the constraint t o  wood avai labi l-  

i t y  posed by landowner a t t i tudes  and ownership patterns.  Although 

some research on t h i s  subject has been undertaken (Kingsley & 

Birch 1977; Kingsley 1976; Hewett 1978), the resul ts  have not been 

defini t ive.  The implementation of a  successful, nationwide, wood- 

energy strategy requires an adequately publicized demonstration of 

an environmentally sound and economically reasonable collection 

system fnr low-quality wood. The no-action al ternat ive would 

remove th i s  opportunity for a  careful ly designed and monitored 

harvesting and collection system. 

The long-term effec ts  of whole-tree harvesting operations on 

forest  nutrient budgets are not well-documented (High & Knight 

1977; Hewett 1978). Whole-tree harvesting, which is the proposed 

harvesting technique t o  supply t h i s  plant  (Rich 1978), may tend to  

deplete ecosystem nutrient reservoirs i f  harvests are repeated too 

frequently or are conducted without suff ic ient  care. The degree 

t o  which th i s  is a  serious problem for wood-fired power plants i s  

unknown a t  present. T h e  no-action al ternat ive removes an ,impor- 

t an t  opportunity ts undertake the necessary research e f fo r t  to  



resolve t h i s  issue: 

The harvest region for the proposed.faci l i ty  hosts other 

wood-using industries and supports substantial  recreational 

ac t iv i ty .  Growing world and national demand for wood products and 

recent predictions tha t  the domestic fiber demand w i l l  exceed net 

growth on commercial forest  land by the l a t e  1990s (USE'S 1974) 

would suggest t ha t  New England's fores ts  may be tapped in .  the near 

future t o  meet t h i s  demand. ' The proximity of these same forests 

t o  large concentrations of population also suggests tha t  growing 

recreational pressures w i l l  coincide with the increased demand for 

fores t  products. 

The addition of an energy market for low-grade forest  

material may increase the qual i ty  of forest  management and the 

value of forest  products i n  the 'reg-ion. This demand could also 

disrupt the existing s i tua t ion  and consti tute a competitive rather 

than complementary market. The proposed project represents an 

opportunity t o  study the interaction of an energy market with 

other forest-based ac t iv i t i e s  and to  a s s i s t  the complementary , 

integration of t h i s  market with the existing market. This -oppor- 

tuni ty  would be l o s t  under the no-action al ternat ive.  

Relationship t o  National, State ,  or  Local Plans and Policies 

The no-action al ternat ive conf l ic ts  with pol icies  established 

by the U. S. Department of Energy and the Maine Of £ice of Energy 

Resources (MOER 1976). .Both agencies are committed to  investigat- 

ing and demonstrating al ternat ive e.nergy sources appropriate for  

various end uses. A recent review of domestic policy for solar 

energy recommended tha t  the federal government "encourage research 

and development of medium and high temperature applications, sys- 

tems development, and performance of market analyses" for so lar  

technologies including biomass ( DPR 197'8, p.vi-8). Maine Office 

of Energy Resources policies regarding the use of wood are out- 

lined i n  Table 1. 



TABLE 1: MAINE OFF ICE OF ENERGY RESOURCES POLICY REGARDING 
DEVELOPMENT OF WOOD ENERGY 

- Thorough a n a l y s i s  s h o u l d  be u n d e r t a k e n  t o  e v a l u a t e  t h e  
o v e r a l l .  a v a i l a b i l  i t y  and e n v i r o n m e n t a l  i m p a c t  o f  g r e a t l y  
i n c r e a s e d  u s e  o f  wood f o . r  e n e r g y .  Such a n a l y s i s  s h o u l d  
i n c l u d e  d e t e r m i n a t i o n  o f  t h e  p r o d u c t i o n  c a p a b i  1  i  t y  o f  
M a i n e ' s  f o r e s t  w i t h  p r o p e r  management ,  and any  p o t e n t i a l  
p r i c e  imp.acts  on t h e  wood r e s o u r c e  t h a t  may r e s u l t .  

- E f f o r t s  s h o u l d  be  i n c r e a s e d  t o  improve  w o o d l o t  management 
p r a c t i c e s ,  p a r t i c u l a r l y  by s m a l l  w o o d l o t  o w n e r s .  S u c c e s s -  
f u l  p i l o t  p rog rams  f o r  c o o r d i n a t i n g  f u e l w o o d  b u y e r s  w i t h  
f u e l w o o d  s e l l e r s  s h o u l d  be expanded  s t a t e w i d e .  

- C o n s i d e r a t i o n  s h o u l d ' b e  g i v e n  t o  a l l o w i n g  a  h i g h e r  r a t e  o f  
r e t u r n  ( o r  e x e m p t i o n  e n t i r e l y  f rom p u b l i c  u t i l i t y  s t a t u s )  
f o r  an e x p e r i m e n t a l  ( u p  t o  60-Mw) w o o d - f i r e d  e l e c t r i c  
g e n e r a t i n g  s t a t i o n  whose e l e c t r i c i t y  i s  t o  be d i s t r i b u t e d  
through:an e x . i s t i n g  u t i l i t y .  

Source:  MOER 1976, p .  5-30. 



Summary o f  Long-Term , E f f e c t s  

The p r imary  impac t s  o f  the no-ac t ion  a l t e r n a t i v e  a r e  fo r egone  

o p p o r t u n i t i e s  t o  r e s o l v e  the q u e s t i o n s  and i s s u e s  c e n t r a l  t o  the 

s u c c e s s f u l  i n t r o d u c t i o n  o f  wood as an i m p o r t a n t  t r a n s i t i o n a l  

e n e r g y  sou rce .  E s c a l a t i n g  p r e s s u r e s  f o r  a l t e r n a t i v e  ene rgy  

s o u r c e s  cou ld  g e n e r a t e  unwise d e c i s i o n s  r e g a r d i n g  wood ene rgy  i f  a 

s u f f i c i e n t  body o f  knowledge and e x p e r i e n c e  is  n o t  p u b l i c l y  a v a i l -  

able. The  no-ac t ion  a l t e r n a t i v e  h i n d e r s  the g a t h e r i n g  o f  t h i s  

i n fo rma t ion .  



.ALTERNATIVES TO PROPOSED COGENERATING FACILITY 

The al ternat ives described i n  t h i s  chapter are intended t o  

describe methods of generating or 'conserving steam and e l e c t r i c i t y  

i n  a cogenerating f ac i l i t y .  a t  the S'.D. Warren m i l l  s i t e .  The 

principal character is t ic  of the proposed f a c i l i t y  used i n  the 

evaluation of these al ternat ives i s  i t s  capacity to  produce 

51.0,000 pounds of process steam per hour and twenty-five megawatts 

of e lec t r i c i ty .  

No New Capacity 

Policy Statement 

A s  an al ternat ive t o  the proposed action, the U .  S. Department 

of Energy could decide not t o  support the ins ta l l a t ion  of any new 

generating capacity a t  the Westbrook m i l l  and the S.D. Warren 

Company could decide not t o  replace i t s  existing boiler f a c i l i t i e s  

on i t s  own. 

Description 

In the event tha t  the S.D. Warren Company decided to  re ly  on 

i t s  existing cogenerating capacity, the operational characteris-  

t i c s  of tha t  f a c i l i t y  would remain essent ia l ly  the same as they 

are a t  present. . The only s ignif icant  difference would be the need 

for additional maintenance of the generating f a c i l i t y  as it aged. 

Also, the necessary supplies of residual o i l ,  currently the 

p lan t ' s  primary fucl,  oould become di . f f icul t  t o  obtain i n  the fu- 

ture.  I t  is expected that  a combination of these factors would 

u1,timately require shutdown of the ent i re  Westbrook pulp and 

paper-making operation. 

The severe socioeconomic dislocations resul t ing from the 

elimination of the 2,176 jobs a t  the m i l l  and the additional 8,704 

indi rec t  jobs i n  the community ( F i n n  1979.a), plus the substantial  

loss of local income from plant taxes, payroll,  and purchases, 

would resu l t  i n  substantial  hardship i n  the region.. The Scott 

Paper Company and i t s  subsidiary, the S . D .  Warren Company, intend 

t o  conkinue operation of the Westbrook m i 1 . l  for the indefini te  

future ( ~ o l f e  1 9 7 8 ) .  For these reasons, the no new capacity op- 

t ion  i s  not considered a feasible al ternat ive.  
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Conse rva t i on  

F o l i o v  S La L e 1 1 1 e r l t  

A s  a p a r t i a l  a l t e r n a t i v e  t o  the proposed a c t i o n ,  the U.S. 

Department o f  Energy cou ld  assist  the S .D.  Warren Company t o  

implement a major energy  c o n s e r v a t i o n  e f f o r t  w i t h i n  the m i l l  com- 

p l e x .  Under t h i s  a l t e r n a t i v e ,  .S .  D. Warren Company would s t i l l  . " 

need t o  r e p l a c e  i t s  energy  sys tem,  b u t  t h i s  s y s t e m  cou ld  be re- 

duced i n  s i z e  i n  p r o p o r t i o n  t o  t h e . e n e r g y  s a v i n g s  r e s u l t i n g  from 

the c o n s e r v a t i o n  program. 

D e s c r i p t i o n  

By r e d u c i n g  the amount o f  ene rgy  consumed i n  the p r o d u c t i o n  

o f  pape r ,  S .D .  Warren cou ld  conse rve  f u e l  and r educe  the c a p a c i t y  

and c o s t  o f  i t s  rep lacement  b o i l e r  system. Energy s a v i n g s  cou ld  

be ach i eved  th rough  a v a r i e t y  o f  methods r ang ing  from s imp le  

"housekeeping"  a c t i v i t i e s  t o  the implementa t ion  o f  new energy-  

e f f i c i e n t  p r o c e s s e s .  Because o f  the complex i ty  o f  the p u l p  and 

paper-making p r o c e s s ,  the s p e c i f i c  energy-use characteristics o f  a 

g i v e n  m i l l  are unique.  To a s s e s s  a c c u r a t e l y  the p o t e n t i a l  e n e r g y  

s a v i n g s  a t  any  m i l l ,  a f u l l - s c a l e  a u d i t  o f  a l l  energy-consuming 

p r o c e s s e s  must be under taken .  The e f f o r t  n e c e s s a r y  f o r  such a 

s t u d y  i s  beyond the scope  o f  t h i s  a n a l y s i s :  a g e n e r a l  d i s c u s s i o n  

w i l l  be p r e s e n t e d ,  however. 

Nationwide,  p u l p  and paper-making consumed 2.18 x 1015 

Btu i n  1977 (APT 1978a), o r  31.2 x l o 6  Dtu p e r  ton of produc- 

t i o n :  it i s  t h u s  one o f  the c o u n t r y ' s  m o s t  e n e r g y - i n t e n s i v e  indus-  

tries. A c u r r e n t  i n d u s t r y  e f f o r t  t o  conse rve  ene rgy  f o c u s e s  on 

r educ ing  the consumption o f  purchased  energy-- i .  e . ,  f o s s i l  f u e l s  

and e l e c t r i c i t y .  I n  1977, purchased  ene rgy  r e p r e s e n t e d  54.5  pe r -  

c e n t  o f  t h e  i n d u s t r y ' s  t o t a l  ene rgy  u s e ,  as shown i n  Table 2 (API 

1978a h b ) .  I n  r e sponse  t o  a f e d e r a l  c a l l  for a 20 p e r c e n t  reduc- 

t i o n  i n  the u n i t  consumption o f  purchased  ene rgy  i n  the p u l p  and 

pape r  i n d u s t r y  between 1972 and 1980, the indus t ry -wide  conserva-  

t i o n  e f f o r t  has t a k e n  two approaches :  f i r s t ,  t h e  r ep l acemen t  o f  

purchased  energy  t h rough  the use  o f  hydropower and p r o c e s s  was t e  

f u e l s ;  and second,  c o n s e r v a t i o n  o f  t o t a l  consumed ene rgy  t h rough  



TABLE 2':' ENERGY CONSllMED I N .  PULP , PAPER, ' A N D  PAPERBOARD INDUSTRY, 1972 AND 1977 

1972 1977 
Energy Consumed Percent Energy consumed Percent PERCENT 

(106 Btu/tan product) of  To ta l  6106 Btu/ton product) o f  To ta l  CHANGE 

Purchased Energy1 19.011 58.4 16.997 54.5 -10.6 

Sel f -generated Energy2 13.557 41 :6 14.207 45.5 +4.8 

T o t a l  Energy 32.568 100.0 31 .204 100.0 -4.2 

I .  Inctudes puwhased eZectricit5,  s t e m ,  coat, fuel o i l ,  natural gas, and other energy forms. 
2. Includes hogged fuel, bark, spent liquor, self-generated hydropower, and other energy forms. 

Soxrces: API  1978a, 1978b. 



changes i n  process design. The implications of the f i r s t  approach 

for the Westbrook plant are discussed i n  other sections of t h i s  

appendix. The opportunities for process conservation a t  the 

Westbrook m i l l  are discussed below. , 

Conservation e f fo r t s  have been underway a t  the Westbrook m i l l  

for  the past s ix  years. Table 3 outlines the progress tha t  has 

been achieved i n  the production of writing paper, the Westbrook 

m i l l ' s  principal product. An overall decrease i n  the consumption 

of energy has occurred bdth industry-wide and a t  S . D .  Warren. 

While S.  D. Warren consumes more energy than. the industry average, 

t h i s  dispari ty can be at t r ibuted t o  the extreme age of the m i l l  

and the specialty nature of i t s  products. 

S . D .  Warren Company has undertaken a variety of energy- 

conserving projects. Insulation of heating systems, ins ta l l a t ion  

of thermostats, and increased steam-trap maintenance are represen- 

t a t i ve  housekeeping measures undertaken as a part  of normal opera- 

t ions.* Metering of energy consumption by various processes is 

being improved t o  establ ish energy accountability in d i f ferent  

par ts  of the m i l l .  Currently, one of the m i l l ' s  steam systems is 

being converted t o  operate a t  a lower pressure i n  order t o  use 

existing capacity more ef f ic ient ly .  S .D.  Warren has also develop- 

ed a l i s t  of long-range projects tha t  w i l l  be examined and evalu- 

ated over the next f ive  years. The principal components of t h i s  

e f fo r t  are  shown i n  Table 4. A s  a resul t  of these projects and 

others, it is  estimated tha t  an additional savings of 5 t o  9 

percent can be economically just i f ied within the next five years 

(Rolfe 1979a). 

Additional major energy savings would be possible i f  radical 

changes i n  pulp .and paper-making processes were ins t i tu ted .  A 

recent study (ADL 1976) examined a group of process changes with 

varying potent ial  for energy conservation. Of the group selected 

*Another change a t  S . D. Warren .over - the past several years has 
been the addition of extensive environmental control equipment. 
Although figures were not available for t h i s  m i l l ,  research on 
other f a c i l i t i e s  indicates tha t  approximately 3.8 percent of the 
energy used by the industry i n  1977 was by such equipment 
(Wilczynski 1978). This would represent between 1.3 and 1 . 5  x 
106 B t u  per ton a t  the Westbrook m i l l .  



TABLE 3':' ENERGY REQUIREMENTS FOR THE MANUFACTURE OF WRIT1 I'iG PAPER' 
( 1  0 6  ~ t u / t o n  p roduc t )  

S h o r t - t e r m  
. -. 

. . . 1-9 7  1' 1 9 7 2  1 9 7 7  a P o t e n t i a l  

I ' n d ' u s t r y  A v e r a g e '  33.52 2 7 . 3 - 3 0 . 5 ~ .  

S .D . .  W a r r e n 4  

c u r r e n t  ' S t a t e  o f  
t h e  A r t 5  

I. Manufacture i s  assumed t o  t a k e  place  i n  i n t e g r a t e d  m i l l s .  
2 .  Derived from Gordian 1 9 7 5 .  
3. Source:  Hein & Lower 1 9 7 8 .  
4 .  Source:  R o l f e  1979a .  
5. % . u ~ e e :  Brog l io  1 9 7 9 .  



TABLE 4 : PROJECTED ENERGY SAVINGS WITH FIVE-YEAR 
S .D .  WARREN ENERGY CONSERVATION PLAN 

P r o j e c t e d .  Annua l  E n e r g y  
,- . -. -. . .. S a v i n g s  i n  1984  

S e J e e t e d -  p r o j e c t s  ( l o 9  B t u )  ( 1 0 6  B t u / t o n  p r o d u c t ) l  

Pcwer  F a c t o r  hnp rovemen t  13  0 .007 

Pape r  M a c h i n e  Compute r  3  0 .001  

P a p e r  M a c h i n e  H e a t  R e c o v e r y  

Condensa te  R e t u r n  

I n s u l a t i o n  34  0 .020  

Compressed A i r  Sys tem 1  0 .001  
R e n o v a t i o n  

. . 

~ ~ d i . t i o n ~ 1 '  p r o j e c t s  t o  be 1 ,286.1  7 .477 
e v a l u a t e d  

I .  Assumes c u r r e n t  l e v e l s  o f  produc t ion .  
2 .  I n c l u d e s  o n l y  t h o s e  p r o j e c t s  n o t  dependent  on new b o i l e r  

c o n s t r u c t i o n .  

Soztrce: R o l f e  1 9 7 9 h .  



a s  s u i t a b l e  f o r  commercial  demons t r a t i on ,  one  p r o c e s s ,  Rapson . 

k r a f t  p u l p i n g ,  r e p o r t e d l y  cou ld  .be r e t r o f i t t e d  t o  e x i s t i n g  b l each -  

ed  k r a f t  p u l p i n g  o p e r a t i o n s .  The advan tages  o f  this p r o c e s s  

i n c l u d e :  

- t h e  e l i m i n a t i o n  o f  w a t e r  e f f l u e n t s  from t h e  p u l p i n g  p r o c e s s ;  

- 1 t o  2 p e r c e n t  h i g h e r  p u l p  y i e l d ;  

- better s t r e n g t h  and b r i g h t n e s s  s t a b i l i t y ;  

- reduced s team consumption i n  t h e  b l e a c h i n g  p r o c e s s ; . a n d  

- i n c r e a s e d  s team g e n e r a t i o n  due t o  a  h i g h e r  r e c o v e r y  of  
. combus t i b l e  o r g a n i c s .  

The n e t  energy  s a v i n g s  a r e  e s t i m a t e d  t o  be  app rox ima te ly  2.75 x  

l o 6  Btu p e r  t o n  o f  pu lp .  The f i r s t  commercial  demons t r a t i on  o f  

t h i s  p r o c e s s  i s  c u r r e n t l y  underway a t  G r e a t  Lakes Paper, Company's 

new p u l p  m i l l  a t  Thunder Bay, On ta r io .  I t  is b e l i e v e d  t h a t  a, suc- 

c e s s f u l  demons t r a t i on  o f  t h e  p r o c e s s  a t  f u l l - s c a l e  o p e r a t i o n  would 

s t i m u l a t e  i n t e r e s t  among e x i s t i n g  m i l l s  u s i n g  the c o n v e n t i o n a l  

k r a f t  p r o c e s s  (ADL 1976) .  

Economics 

Because o f  the d i f f i c u l t y  i n  a c c u r a t e l y ' . e s t i m a t i n g  the poten-  

t i a l  ene rgy  s a v i n g s  a t  t h e  Westbrook m i l l .  and t h e  p r o c e s s e s .  t h a t  

would b e  a f f e c t e d ,  it i s  n o t  p o s s i b l e  t o  d e s c r i b e  the s p e c i f i c  

economic i m p l i c a t i o n s  o f  an  ene rgy  c o n s e r v a t i o n  program. Conser- 

v a t i o n  e f f o r t s  a t  Westbrook i n  t h e  r e c e n t  p a s t ,  however, have  

c l e a r l y  been e f f e c t i v e  and are judged t o  be economica l l y  j u s t i f i -  

able ( R o l f e  1979a) .  

C u r r e n t l y ,  S. D. Warren Company p l a n s  t o  r e p l a c e  worn-out 

equipment w i t h  m o r e  e n e r  g y - e f f i c i e n t  equipment a s  p a r t  o f  normal 

p l a n t  maintenance ( ~ o l f e  1979a ) .  A p r e l i m i n a r y  f i n a n c i a l  eva lua-  

t i o n  o f  t h e  long- tange c o n s e r v a t i o n  program a t  S.D. Warren is  

shown i n  Tab l e  5. Exper ience  a t  p u l p  and paper  m i l l s  a round the 

c o u n t r y  i n d i c a t e s  t h a t  many o f  t h e  energy-saving p r o c e s s  changes  

d e s c r i b e d  p r e v i o u s l y  have  an  e x c e l l e n t  r e t u r n  on i nves tmen t .  

Tab l e  6 i l l u s t r a t e s  t h i s  e x p e r i e n c e  f o r  a r e p r e s e n t a t i v e  g roup  o f  

p r o c e s s  changes  unde r t aken  a t  s e v e r a l  s p e c i f i c  m i l l s .  

The economics o f  t h e  Rapson e f f l u e n t - £  ree p r o c e s s  a r e  o u t -  

l i n e d  i n  Tab l e  7. For purposes  o f  compar ison,  f i g u r e s  are g i v e n  



TABLE 5'; ECONOMIC RETURNS WITH FIVE-YEAR S ,Dm WARREN 
ENERGY CONSERVATION PLAN 

. . E x p e c t e d  I n t e r n a l  
R e q u i r e d  .Capi  t a l l  R a t e  o f  R e t u r n  

P r o j - e c t  ' D e s c r i p t i o n  ($1.000) ( X I  

Power F a c t o r  I m p r o v e m e n t  100  7  4 

Pape r  Mac h i  n e  Compute r  600  53 

Pape r  M a c h i n e  H e a t  R e c o v e r y  725 38  

Condensa te  R e t u r n  400 22 

I n s u l a t i o n  100  1 8  

Compressed.  A i  r Sys tem 
R e n o v a t i o n  

A d d i t i o n a l  r o j e c t s  t o  be 
eva1u .a ted  5 

1. 1979  d o l l a r s .  
2. Inc ludes  on l y  t h o s e  p r o j e c t s  n o t  dependent on new b o i l e r  

c o n s t r u c t i o n .  

Source:  R o l f e  1979b.  



T A B L E '  6 : RETURNS ON I NVESTMENT FOR ENERGY CONSERVING 
PROJECTS I N  PULP AND PAPER M I L L S  

. . . . Annua l  R e t u r n  
P r o j e c t  ~ e s c r i p t i o n  ( % )  

Conve rs . i on  o f  b a t c h  d i g e s t e r s  f r o m  i n d i r e c t  
t o  d i r e c t  h e a t i n g  o f  p u l p i n g  l i q u o r  30.3  

R e c o v e r y  o f  p u l p  d i g e s t e r  b l o w - h e a t  f o r  u s e  
i n  demi n e r a l  i z a t i o n  s y s t e m  23.2  

R e c o v e r y  o f  p u l p  d i g e s t e r  b l o w - h e a t  f o r  
u n s p e c i f i e d  h e a t i n g  p u r p o s e s  

R e c o v e r y  o f  h e a t  f r o m  t h e  e x h a u s t  o f  
p a p e r  m a c h i n e  hoods t o  p r e h e a t  i n c o m i n g  hood  
a i r  (mo re  e a s i l y  j u s t t f i e d  i n  n o r t h e r n  
c l  i m a t e s )  33.3  

I n s u l a t i n g  p i p e  s y s t e m s  o p e r a t i n g  be tween  
100°-2200F i n  t h e ,  c a u s t i c i z i n g  a r e a  1 0 8 . 9  

Use o f  h o t  p r o d u c t  l i m e  t o  h e a t  s e c o n d a r y  
a i r  f o r  t h e  l i m e k i l n  

Use o f  f l a s h s t e a m  f r o m  v e n t e d  c o n d e n s a t e  
t a n k s  t o  h e a t  d e m i n e r a l i z e d  w a t e r  

C a s c a d i n g .  c o o l  img w a t e r  t h r o u g h  v a r i o u s  
e q u i p m e n t  f o r  e v e n t u a l  use  i n  t h e  
d e m i n e r a l  i z e r .  

Rep lacemen t  o f  m i l l  l i g h t i n g  s y s t e m s  w i t h  
more  e f f i c i e n t  f i x t u r e s  

Source :  MarZow 1 9 7 8 .  



T A B L E  7 :  COMPARISON OF THE R'APSON PROCESS WITH STANDARD 
KRAFT SLUSH PULP PROCESS : ECONOMI C S I  . . 

Purchased. Energy 
P l a n t  investment2 Bpera t i  ng costs2 Requi rements 

($ mi l l ion )  ($/air-dried ton )  (1  06~ tu /a i r -dr i ed  t o n )  

Rapson 

Standard K r a f t  

I .  New m i  Z l  basis.  
2. Includes pollution control costs .  

Source: ADL 1976. 



for both the Rapson and conventional k ra f t  processes. The figures 

were developed for a new, 800-ton per day pulp m i l l .  Cost e s t i -  . 

mates for a r e t ro f i t t i ng  operation are not available. 

Environmental Impacts 

As described i n  the Policy Statement, a successful energy 

conservation project would alloi the S . D .  Warren Company t o  

replace i t s  existing boi lers  w i t h  a  smaller energy system. ,The 

environmental impacts of t h i s  al ternat ive can be related t o  both 

the conservation measures and the reduced energy requirements. 

Construction and operation impacts. Some conservation pro- 

grams, including the procedures described i n  the previous section, 

have only limited environmental impact while others, such as the 

implementation of a radical ly d i f ferent  pulping process, may have 

quite s ignif icant  ef fec ts .  Reclamation 6f waste heat and more 

e f f i c ien t  management of steam demand offer the most potent ial  for 

energy conservation i n  the short term. To a lesser  extent, elec- 

t r i c a l  load management can also make a contribution to  energy sav- 

ings. Ins ta l la t ion  of a Rapson process pulping operation, while 

requiring a substantial  r e t ro f i t t i ng  e f fo r t ,  could contribute to 

s ignif icant  long-range energy savings. 

The discernable impacts of these ac t iv i t i e s  are primarily 

local and environmentally beneficial .  Regional impacts, while 

perhaps not individually detectable, could become signif icant  i n  

conjunction with similar projects in  a larger area. 

The principal local impact w i l l  be a reduction of thermal 

emissions per ton of paper produced. Thermal contamination aggra- 

vates . the .existing water qual i ty  problems along the Presumpscot 

River by lowering dissolved oxygen levels.  Any improvement i n  

t h i s  condition would benefit  water qual i ty  and the local aquatic 

ecosystems (see Appendix C ) .  The actions taken to  reduce and 

reclaim waste heat would, i n  general, increase the internal  recy- 

cling o$ exhaust a i r ,  process water, and other l iquids.  This 

should reduce waste flows and concentrate pollutants,  which should 

i n  t u r n  f a c i l i t a t e  effect ive treatment. 



The beneficial environmental impacts of the Rapson process 

are substantial  due . t o  the elimination of water eff luents  from the 

pulping process. Table 8 compares the eff luent  flows from th i s  

process t o  those i n  the standard k ra f t  process on the basis of a 

new, 800-ton per day m i l l .  substant ial  water qual i ty  improvements 

are expected with t h i s  process, along with an increase i n  species 

d ivers i ty  i n  the local aquatic ecosystem. A i r  emissions are com- 

parable t o  those of the conventional k ra f t  process (ADL 1976). 

Production of the materials used i n  the energy conservation 

program--such as insulation, ducting, and electronic components-- 

generate additional environmental impacts i n  proportion to the 

increment of increased demand for necessary raw materials. I n  

comparison to  the national demand for these materials, t h i s  incre- 

ment would not,be detectable; an accurate assessment of the cumu- 

l a t i ve  ef fec ts  of similar energy conservation projects i s  beyond 

the scope of t h i s  analysis. 

The socioeconomic impacts of the conservation e f fo r t  are few, 

although the increased efficiency of the m i l l  ' s operations would 

help t o  safeguard the long-run economic v i ab i l i t y  of the operation 

by reducing i t s  sens i t iv i ty  t o  energy costs. The r e t ro f i t t i ng  of 

the current pulping equipment t o  use the Rapson process would 

temporarily employ some additional workers. The reduction of 

electrical'demand would s l igh t ly  reduce growth of e l ec t r i ca l  

generating requirements i n  the region. This e f fec t  would become 

signif icant  only i f  it occurred as par t  of a wider conservation 

e f fo r t  throughout Maine and New England. 

If an expanded conservation program were implemented a t  S . D .  

Warren Company, the construction and operational impacts of the 

cogenerating f a c i l i t y  would be ident ical  i n  type, though of lower 

intensi ty,  t o  those of the f a c i l i t y  currently proposed (see 

Chapter 3 ) .  The degree to  which these impacts would be reduced 

depends on th= extent of the energy conservation e f fo r t .  The 

principal difference i n  the construction phase would be a s l igh t ly  

smaller work force with a resul tant  reduction i n  expenditures for 

payroll and local services. 

A smaller replacement f a c i l i t y  i n  operation would emit lesser 



TABLE 8: COMPARISON OF THE RAPSON PROCESS WITH 
STANDARD ' KRAFT SLUSH PULP PROCESS : EFFLUENT FLOWS1 

Bio log ica l  Tota l  
Oxygen Suspended , 

Water Volume2 Demand ' S o l i d s  Color  
( l o 3  gaZZons/ton) (Zbs/ton) f Zbs/ton) f Zbs/ton) 

R a p s o n  

S t a n d a r d  
K r a f t  

2 .  New m i Z Z  basis. 
2. Water ef f luent  i s  d i s t i l l ed  water from evaporators and cooling water 

from evaporators, boilers, turbines, and chemical production. 

.Source: ADL 1.976. 



amounts of a i r  and water contaminants and would require less  fuel. 

Employment would be the same as for  the existing and the proposed 

f a c i l i t y  (see Appendix E ) .  

Fuel procurement and transportation impacts. The conservy- 

t ion  al ternat ive would reduce the impacts associated with bothi 

fue l  procurement and transportation. These impacts i /depend on the 

character is t ics  of the replacement energy f a c i l i t y  and are 

described elsewhere i n  t h i s  appendix. I 

Relationship t o  national, s t a t e ,  or local plans and pol icies .  

The most s ignif icant  national policy which re la tes  to  t h i s  a l t e r -  

native is  derived from the Energy Policy and Conservation Act of 

1975 and the National Energy Conservation Policy Act of 1978. 

These ac ts  created and modified, respectively, the Voluntary 

Industr ial  Program under which energy efficiency improvement tar- 

gets were established by the Federal Energy Administration and are 

now administered by the Department of Energy. An energy conserva- 

t ion  program a t  the Westbrook m i l l  would help the pulp and paper 

industry meet these targets .  

The improvement of the local a i r  and water supports 

federal and s t a t e  e f fo r t s  t o  a t t a in  the goals established by the 

Federal Water Pollution Control Act (Clean Water Act) of 1972, as 

amended, and the Clear A i r  Act of 1977, as amended. 

Summary of long-term effec ts  . The a c t i o n s  undertaken i n  an 

energy conservation program could reduce thermal emissions, waste- 

water eff luent ,  and overall  fue l  consumption. Water qual i ty  would 

improve as a resu l t  of reductions i n  thermal emissions, biological 

oxygen demand, and suspended sol ids  levels.  These improvements 

would reduce the 'Stress ,on local aquatic ecosystems. The reduc- 

t ion  i n  fue l  consumption would reduce local  a i r  pollution levels.  
' . 

Long-term socioeconomic ef fec ts  would stern from the benefits asso- 

ciated with an increase i n  the long-term economic v i ab i l i t y  of the 

Westbrook m i l l .  The magnitude of these ef fec ts  would depend on 

the extent of the conservation e f fo r t s .  
4 
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Purchase O f  Steam 

Policy Statement 

As an al ternat ive t o  the proposed action, the S . D .  Warren 

Company could attempt t o  purchase steam. 

Description 

If  a  nearby producer of steam or steam-electric power had 

excess steam available, the S .D .  Warren Company could obtain a  

right-of-way and construct a  steam l ine  to  transport  the energy 

from i t s  point of or igin t o  the Warren complex. 

This al ternat ive is  not feasible.  The S . D .  Warren Company i s  

the larges t  consumer of steam i n  the Greater Portland area, using 

483,000 .pounds per hour ( F i n n  1979a) . There are no major steam 

generating f a c i l i t i e s  i n  the Westbrook area w i t h  suf f ic ient  sur- 

plus or waste capacity t o  supply t h i s  amount of steam (Atlass 

1978). 

Coal 

.Policy Statement 

A s  an al ternat ive t o  the proposed action, the U. S. Department 

of Energy could support the construction of a  coal-fired cogener- 

ating s ta t ion  as a  replacement for the existing o i l - f i red  f a c i l i t y  

a t  the Westbrook m i l l .  

De~oript ion 

Coal has been used for the generation of process steam and 

e lec t r i ca l  energy since the beginning of the indust r ia l  age. The 

technology i s  well developed and widely available. The s i t e  and 

energy transmission requirements of a  coal f a c i l i t y  are,  for the 

most par t ,  ident ical  t o  those of the proposed action (described in  

Appendix A ) ,  Fuel requirements, ava i lab i l i ty ,  and procurement 

issues represent significant- differences between the two options, 

as do the the on-site coal storage and pollution control pro- 

blems. 

I n  1974, all of the coal used in  New England came from 

Appalachian f i e lds .  Approximately three-quarters of  the coal used 



i n  Maine w a s  mined i n  n o r t h e r n  Appa lach ia ,  p r i n c i p a l l y  i n  t h e  

f i e l d s  o f  c e n t r a l  Pennsy lvan ia ,  U.S. Bureau o f  Mines D i s t r i c t ' # l  

( E d e l s t o n  & Rubin 1976 ) .  The r e s e r v e s  i n  t h e  n o r t h e r n  Appa lach ian  

f i e l d s  have  been e s t i m a t e d  a t  app rox ima te ly  66 b i l l i o n  t o n s ,  90 

p e r c e n t  r e c o v e r a b l e  by underground mining and 10 p e r c e n t  b y  s t r i p -  

mining (MITRE 1975) .  The t y p i c a l  a s h ,  s u l f u r ,  m o i s t u r e ,  and Btu 

c o n t e n t s  o f  c o a l  from t h a t  r e g i o n  a r e  shown i n  T a b l e  9. 

I f  it i s  assumed t h a t  t h e  p roposed  wood-fired f a c i l i t y  would 

u t i l i z e  5 .4  x  1012 Btu a n n u a l l y  a t  71  p e r c e n t  e f f i c i e n c y  f o r  

t h e  p r o d u c t i o n  o f  p r o c e s s  s t e a m  and e l e c t r i c i t y  (see Appendix A ) ,  

t h e  q u a n t i t y  of  c o a l  r e q u i r e d  is app rox ima te ly  171,000 t o n s  annu- 

a l l y ,  a l l o w i n g  f o r  t h e  h i g h e r  e f f i c i e n c i e s  o f  c o a l - f i r e d  b o i l e r s  

( c a l c u l a t e d  from Sherwood & Meadows 1978; H a l l  e t  a l .  1976;  KCIM 

1976;  Dvorak e t  a l .  1977 ) .  

R a i l r o a d s  are t h e  m o s t  economical  means o f  moving the r e q u i r -  

e d  amounts o f  coal from t h e  n o r t h e r n  Appalachian r e g i o n  t o  i n l a n d  

s i tes  i n  Maine. Approximate ly  1 ,680  ra i lcars  a n n u a l l y  would be 

r e q u i r e d  f o r  t h e  c o a l - f i r e d  f a c i l i t y .  The h a u l i n g  d i s t a n c e  from -- . 

t h e s e  c o a l  f i e l d s  t o  Maine i s  app rox ima te ly  e i g h t -  hundred m i l e s  

and some q u e s t i o n  e x i s t s  as t o  t h e  - a v a i l a b i l i t y  o f  u n i t  t r a i n s  f o r  

a f a c i l i t y  o f  t h i s  s i z e  ( g e n e r a t i n g  510,000 pounds o f  s t e a m  p e r  

hou r  o r  t h e  e q u i v a l e n t  o f  f i f t y  megawat t s ) .  

The o n - s i t e  e n g i n e e r i n g  r e q u i r e m e n t s  f o r  a c o a l - f i r e d  faci- 

l i t y  d i f f e r  from t h e  p roposed  wood-fired p l a n t  w i t h  r e s p e c t  t o  

f u e l  s t o r a g e  a r e a s ,  s u l f u r  dioxi.de c o n t r o l  equipment, and s o l i d  

w a s t e  d i s p o s a l .  The d u s t  and r u n o f f  from t h e  coal s t o r a g e  p i l e s  

must be c o n t a i n e d  and t r e a t e d  t o  m e e t  f e d e r a l  and s ta te  env i ron-  

menta l  q u a l i t y  s t a n d a r d s .  A 45-day s u p p l y  p i l e  would cove r  

app rox ima te ly  0 .2  acres ( ~ v o r a k  e t  a l .  1 9 7 7 ) .  The Clean  A i r  A c t  

o f  1977, as amended, r e q u i r e s  t h e  u se  o f  f l u e  g a s  d e s u l f u r i z a t i o n  

and p a r t i c u l a t e  c o n t r o l  equipment.  D i s p o s a l  o f  s u l f u r  d i o x i d e  

s c r u b b e r  s l u d g e , .  r e c o v e r e d  f l y  a s h  ( p a r t i c u l a t e s ) ,  and b o i l e r  a s h  

i s  g e n e r a l l y  accompl ished by  ponding and /or  l a n d f i l l i n g .  The f u e l  

consumption o f  t h i s  f a c i l i t y  would g e n e r a t e  t h e  demand f o r  approx- 

i m a t e l y  1 9  and 8 .15 a c r e - f e e t  o f  l a n d f i l l  c a p a c i t y  a n n u a l l y  would 

b e  r e q u i r e d  f o r  t h e  d i s p o s a l  o f  s c r u b b e r  s l u d g e  and ash, r e s p e c -  



TABLE 9: CHARACTERISTICS OF COAL FROM PENMSYLVAN I A  
(PITTSBURGH SEAM) 

Ash. Content Sulfur Content Moisture Content 
- (XI f X )  (%I Btulpound 

Range 4.2-10.8 0.7-3.3 1 .l-3.9 13,040-14,340 

Median 7.5 . 2.0 2.5 13,690 

Source : KCIM 1 9 76. 



t i v e l y ,  assuming r e c o v e r y  rates 'of 90 perce 'n t  f o r  s u l f u r  d i o x i d e  

and 99.5 p e r c e n t  f o r  p a r t i c u l a t e s  (Le ,  Rubin & Meier 1 9 7 8 ) .  

Economics 

The c o s t  o f  a c o a l - f i r e d  c o g e n e r a t i n g  f a c i l i t y  is  comparable 

t o  t h a t  o f  t h e  proposed a c t i o n .  The c a p i t a l  i nves tmen t  r e q u i r e d  

i s  o u t l i n e d  i n  Tab l e  10.  Ope ra t i ng  and maintenance expenses  are 

. e s t i m a t e d  t o  be  app rox ima te ly  2.5 p e r c e n t  o f  c a p i t a l  c o s t  o r  $1.6 

m i l l i o n  a n n u a l l y  (Manar 1979a ) .  The s u l f u r  c o n t e n t  o f  t h e  c o a l  

w i l l  a f f e c t  c o s t s  t o  t h e  e x t e n t  t h a t  expens ive  f l u e  g a s  d e s u l f u r i -  

z a t i o n  and s c r u b b e r  s l u d g e  d i s p o s a l  o p e r a t i o n s  are neces sa ry .  The 

c o s t  o f  g e n e r a t i n g  power from h i g h - s u l f u r  c o a l  is s e n s i t i v e  t o  

' p o l l u t i o n  c o n t r o l  c o s t s  ( H a l l  e t  a l .  1 9 7 6 ) .  

The c o s t  o f  t h e  c o a l  i t s e l f ,  t a k e n  p r i n c i p a l l y  from under-  

ground o p e r a t i o n s  i n  n o r t h e r n  Appa lach ia ,  is app rox ima te ly  $28 p e r  

t o n  d e l i v e r e d  a t  t h e  mine (Harvey 1978; Graham 1978) .  This is 

rough ly  t h e  p r i c e  t h a t  u t i l i t i e s  i n  n o r t h e r n  N e w  England are pay- 

i n g  and compares f a v o r a b l y  w i t h  t h e  f i g u r e s  used f o r  a  h y p o t h e t i -  

ca l  50-megawatt c o a l - f i r e d  s t a t i o n  i n  Vermont ( H a l l  e t  a l .  1 9 7 6 ) .  

The t r a n s p o r t a t i o n  c o s t s  f o r  t h e  Vermont f a c i l i t y  w e r e  e s t i m a t e d  

t o  be $17.80 p e r  t o n  i n  1978 between c e n t r a l  Pennsy lvan i a  (USBM 

D i s t r i c t  # I ) '  and c e n t r a l  Vermont ( H a l l  e t  a l .  1976 ) .  The s l i g h t l y  

g r e a t e r  d i s t a n c e  t o  the Westbrook, Maine, s i t e  is assumed t o  

i n c r e a s e  t h i s  f i g u r e  t o  $18 p e r  t on .  T o t a l  f u e l  costs t h e n  would 

b e  app rox ima te ly  '$46 p e r  t o n  d e l i v e r e d ,  o r  $7.9 m i l l i o n  a n n u a l l y .  

The u s e  of t h e  ' c o s t s  p r e s e n t e d  above t o  c a l c u l a t e  a u n i t  pro-  

d u c t i o n  c o s t ,  such  as m i l l s  p e r  k i l o w a t t  hou r  o r  d o l l a r s  p e r  m i l -  

l i o n  Btu, i s  s u b j e c t  t o  many v a r i a b l e s .  The n a t u r e  o f  t h e  p l a n t  

s i t e  and i t s  l o c a t i o n  a f f e c t  the c o s t  o f  c a p i t a l ,  main tenance ,  

o p e r a t i o n ,  and f u e l .  C o n s t r u c t i o n  t i m e ,  f i n a n c i n g ,  and t h e  e x i s t -  

i n g  t a x  climate w i l l  i n f l u e n c e  t h e  annua l  c h a r g e s  on i nves tmen t .  

Recent changes  i n  t h e  inves- tment  t a x  c r e d i t s  and d e p r e c i a t i o n  

a l l owances  e n a c t e d  b y  t h e  Energy Tax A c t  o f  1978 w i l l  have  an  

i m p o r t a n t  i n f l u e n c e  on t h e  c h o i c e  o f  f u e l  f o r  energy  f a c i l i t i e s .  

For  t h e s e  r e a s o n s ,  it i s  beyond t h e  scope  o f  an  env i ronmen ta l  

impact  s t a t e m e n t  t o  p r e d i c t  p r e c i s e  u n i t  costs. 



TABLE 10 : ESTIMATED CAPITAL, OPERATI NG AND MAINTENANCE, AND 
FUEL .COSTS FOR A 50-MW COAL-FI'RED COGENERATING FACI LITY' 

I n s t a l  l e d  C a p i t a l  c o s t 2  6 6 . 0  

Annua l  O p e r a t i  p g  and  M a i n t e n a n c e  c o s t 3  1 .6  

A n n u a l  F u e l  c o s t 4  7 .9  

I .  fiese estimates w i Z Z  vary substantiaZZy from s i t e  t o  s i t e  and 
should only be considered approdmatg. 

2. Calculated from Ma- 1979b. 
3. Asswned t o  be 2.5% o f  instal led capita2 cost: M a n a r  1979a. 
4. Sources: Harvey 1978; Gmhum,.1978; Ha22 e t  aZ.' 1976. 

Based on 171,000 tons/year a t  $46/ton. 



.The capi ta l ,  operating, .maintenance; and fuel costs presented 

i n  Table 10, however, do indicate tha t  t h i s  a l ternat ive  is a t  

l e a s t  marginally commercial and tha t  consideration of i t s  environ- 

mental impacts i s  justified.  

Environmental Impacts 

Construction impacts. These impacts w i l l  be' similar to  those 

outlined i n  Appendices B and C for the wood-fired f a c i l i t y .  The 

s i t e  preparation required for the coal storage p i l e  should be less  

than tha t  required for chip storage. This reduction, however, 

would be balanced by the need to  construct larger s e t t l i ng  ponds 

for the scrubber sludges and boiler ash. The construction of 

additional pollution control equipment, par t icular ly  the sulfur 

dioxide scrubbers, could resu l t  i n  a s l igh t ly  larger work force 

during the construction phase. 

Operation impacts. Local a i r  qual i ty  would be affected by a 

coal-fired f ac i l i t y .  The contaminants of most concern include 

s u l f u r  oxides, nitrogen oxides, carbon monoxide, hydrocarbons, 

part iculates ,  and trace elements. A summary of the .estimated 

emissions of these pollutants from a 50-megawatt coal-fired faci- 

l i t y  is  contained i n  Table 11. The Clean A i r  Act amendments of 

1977 require best available control technology for new sources of 

a i r  pollutants.  I n  t h i s  case, 90 percent reduction i n  sulfur 

dioxide and 99.5 percent reduction i n  part iculate  emissions are 

assumed. 

Secondary contaminants are created from coal-burning as the 

resu l t  of chemical reactions i n  the atmosphere involving sulfur  

oxide and nitrogen oxide emissions. These include ozone, peroxya- 

cetyl  n i t ra te ,  and acid rain. Potential sources of airborne dust 

emissions are the coal storage and handling operations. Control 

methods generally involve water and/or chemical sprays (Dvorak e t  

al. 3.977) 

Concern has been expressed over the radioactive emissions 

resulting from the combustion of coal (McBride e t  a l .  1978). 

Although insuff icient  data were available to  estimate the possible 

radioactive emissions from a 50-megawatt coal-fired f a c i l i t y ,  

analysis of Pennsylvania coal samples showed a range of uranium 



TABLE 11: A I R  EMISSIONS FROM A 50-MW COAL-FIRED 
COGENERATING F A C I L I T Y  

(tons/year) 

I 
Air ' Pol 1 utants 

Nitrogen Oxides 
Sulfur Dioxide 
Carbon Monoxide 
Particulates 
Hydrocarbons 

Trace ~l ements2 

Barium 
Cobalt 
C hromi um 
Copper 
Lead 
Manganese 
Mercury 
Molybdenum 
Nickel 
Selenium 
Vanadium 
Zinc 

Emissions 

I .  Asswnes 90% suZ fur d i o ~ d e  removal , 99.5% partin~%ni;e and 
trace element removal. Source : EPA 1976. 

2. CaZcuZated from assumptions i n  Llvorak e t  a l .  f1977), modified 
for a 50-Mu faci l i ty .  , . . 

- indicates data not available. 



concentrations between 20 and 190 par ts  per million (Dvorak e t  a l .  

1 9 7 7 ) .  

The operational impacts of a coal-fired f a c i l i t y  on water 

qual i ty  are generally similar to  those described i n  Appendix C, 

w i t h  the following exceptions. Runoff from the coal storage p i le  

i s  l ike ly  t o  contain coal fines,  humic acids, su l fur ic  acid, and 

trace elements. The concentrations of these materials depend on 

the duration of exposure to  the local climate, local prec ip i ta t ion  

levels ,  and the ac id i ty  of local precipi tat ion (Dvorak e t  a l .  

1977). Runoff containing these contaminants can be expected t o  

reach surface and ground waters unless appropriate diversion and . 

treatment measures are taken. 

Disposal of boiler ash, f l y  ash, and scrubber sludge can also 

have impacts on water quality. Table 1 2  describes the chemical 

constituents of coal ash. The substance can be used as a fer- 

t i l i z e r  and as a f i l l e r  i n  asphalt and cement products (Hecht & 

Duvall 1975). However, it is  most commonly disposed of i n  s e t t l -  

ing ponds and landf i l l s .  If these disposal areas are not lined 

'with impervious material such as clay, leachate contamination of 

groundwater can occur. The same holds true for the disposal of 

scrubber sludges, which are moderately acid (pH of 5 t o  5.5) and 

are p'rincipally comprised of calcium sulf i t e ,  calcium sul fa te ,  and 

water (Dvorak e t  a l .  1977). Five elements have been found to  be 

of special  concern i n  ash and scrubber sludge due to  the i r  leach- 

ab i l i t y .  These are barium, boron, chromium, mercury, and selenium 

(Dvorak e t  a l .  1977). Total t race element flows from coal p i le ,  

slag, and collected f l y  ash are shown i n  Table 13. 

The eff luent  of scrubber sludge and ash dewatering operations 

can have a high chemical oxygen demand and may require secondary 

treatment before discharge (Cooper 1975). 

The ef fec t  of the above contaminants .on local ecosystems can 

be subtle and pervasive. Although a great.  deal of research has 

investigated the ef fec ts  of individual pollutants a t  high concen- 

t ra t ions ,  very l i t t l e  work has been done on the long-term or 

chronic ef fec ts  of the combinat.ions of pollutants tha t  would 

actually be found i n  the v ic in i ty  of' the plant.  



TABLE 12:' MAJOR CHEMICAL CONSTITUENTS OF COAL ASH 

C o n s t i t u e n t s  

S i l i c a  ( S i 0 2 )  

A1 umi na (A1 203 )  

F e r r i c  O x i d e  ( F e 2 0 3 )  

C a l c i u m  O x i d e  (CaO) 

Magnes i  urn O x i d e  (MgO) 

T i t a n i u m  D i o x i d e  ( T i , 0 2 )  

P o t a s s i  um O x i d e  ( K 2 0 )  

Sodium O x i d e  (Na20)  

S u l f u r  T r i o x i d e  ( s o 3 )  

Ca rbon  ( C )  

C o m p o s i t i o n  
( % )  

S o u r c e :  Dvorak e t  aZ .  1 9 7 7 .  



TABLE 13:: TRACE ELEMENT FLOWS FROM A HYPOTHETICAL 
50-MW COGENERATI NG FACI LITY1 

(tons/year) 

T r a c e  E l e m e n t  

B a r i  um 

C o b a l t  

C h r o m i  um 

C o p p e r  

L e a d  

Manganese 

M e r c u r y  

Mo lybdenum 

N i c k e l  

S e l e n i u m  

Vanadium 

Z i n c  

T o t a l  F l o w  

2 3 . 3 5 9  

5 .787  

8 , 0 5 9  

4 . 1 8 9  

1 . 6 6 9  

6 .816  

0.. 0 3 9  

3 .266  

6 . 4 6 1  

1 . 1 3 6  

1 0 , 9 7 0  

7 .313  

I .  CaZculated from assumptions i n  morak e t  aZ. (1977) ,  . '  . . 

modified for a 50-MU faci Zity .:.: --In.c.Zu&s - e lernents . i n  
c o a l , - s h y ,  . . mu? f lyush .  . - . . . . . 



Sulfur dioxide and nitrogen oxides have been shown . t o  damage 

vegetation over a  range of concentrations. Emissions of these 

compounds also contribute to  the phenomenon of "acid rain,"  which 

has become increasingly prevalent throughout the northeastern 

United States as the resu l t  of indust r ia l  emissions throughout the 

Midwest and North Atlantic s t a t e s  ( ~ v o r a k  e t  a l .  1 9 7 7 ) .  Acidic 

precipi tat ion is suspected to  be the cause of an observed trend of 

decreasing pH i n  many lakes i n  the Northeast. I t  has been sug- 

gested tha t  hydrologic drainages with low natural buffering capa- 

c i t y  are par t icular ly  susceptible t o  t h i s  ef fec t .  The gran i t i c  

regions of the White Mountains i n  New Hampshire and western ~ a i n e  

have th i s  suscept ib i l i ty  ( ~ e r l a c h  1970). Acidification of surface 

waters af fec ts  organisms a t  a l l  trophic levels and in ter feres  with 

reproductive mechanisms, and disrupts the food web. The overall  

e f fec t  i s  t o  reduce species diversi ty.  A secondary e f fec t  may be 

t o  increase the mobility of specif ic  trace elements (Dvorak e t  a l .  

1977). 

Trace elements emitted as part iculates  and vapors may become 

re la t ive ly  immobile a f t e r  deposition, depending on s o i l  character- 

i s t i c s  (Brady 1974). I t  i s  possible, however, for plants to  

extract  and accumulate trace elements i n  the i r  t issues.  Trace 

elements may be introduced in to  the food chain ei ther  by the 

ingestion of contaminated'material or by d i rec t  inhalation .of 

part iculates  and vapors. Damage to  links of food webs is often 

caused by chronic exposure rather than acute poisoning (Dvorak e t  

a l .  1977). Although mechanisms of transport d i f fe r ,  the general 

e f fec ts  and pathways of trace elements i n  t e r r e s t r i a l  and aquatic 

ecosystems are similar. Bioaccumulation i s  probably the most 

s ignif icant  mechanism affecting the mobility and impact of t race 

elements. 

The socioeconomic impacts of operating a  coal-fired system 

would be similar t o  those associated with the wood-fired f a c i l i t y ,  

described i n  Appendix E.  

The land use and noise impacts of the coal-fired f a c i l i t y ' s  

operation would be similar t o  those nut lined for the wood-f ired 

plant i n  Appendix G and 13, respectively. 



Fuel procurement. The impacts of procur ing  t h e  es t imated  

171,000 tons  of c o a l  per  year r equ i red  f o r  t h e  c o a l - f i r e d  f a c i l i t y  

a r e  p r i m a r i l y  r e l a t e d  t o  t h e  necessary  mining opera t ions .  Coal 

obta ined  from nor thern  Appalachian f i e l d s  is l i k e l y  t o  be deep 

mined. Although some s t r i p  mining does occur i n  nor thern  

Appalachia, t h e  ma jo r i ty  of t h e  r e s e r v e s  t h e r e  a r e  r ecoverab le  

only  by underground mining techniques ( ~ d e l s t o n  & Rubin 1976).  

The p r i n c i p a l  e f f e c t s  a s s o c i a t e d  with underground mining a r e  a c i d  

mine dra inage  and human h e a l t h  impacts.  

The a c i d i t y  of water a c t i v e l y  and n a t u r a l l y  dra ined  from 

mines i s  p r i m a r i l y  t h e  r e s u l t  of  t h e  o x i d a t i o n  of  i r o n  s u l f i d e .  

This a c i d i t y  f a c i l i t a t e s  t h e  t r a n s p o r t  of metal  ions  i n  s o l u t i o n ,  

which may have a d d i t i o n a l  e c o l o g i c a l  e f f e c t s .  Of most concern a r e .  

aluminum, a r s e n i c ,  cadmium, chromium, c o b a l t ,  copper, l e a d ,  manga- 

nese, n i c k e l ,  selenium, and z i n c  ( ~ v o r a k  e t  a l .  1977). The neu- 

t r a l i z a t i o n  of  t h i s  a c i d i t y  r e s u l t s  i n  a  h igher  load of d i s s o l v e d  

s o l i d s  and some p r e c i p i t a t i o n  o f  t h e  meta ls .  A l l  of t h e s e  

mechanisms degrade water q u a l i t y  and can have severe  e f f e c t s  on 

t h e  b i o t a  of r ece iv ing  waters .  A v a r i e t y  o f  mining procedures  and. 

wastewater t rea tment  methods can be employed t o  c o n t r o l  t h e s e  

e f f e c t s .  Federa l  water q u a l i t y  s t andards  and c o a l  mining regula-  

t i o n s  have requ i red  t h e  implementation of t h e s e  methods throughout 

t h e  c o a l  mining regions .  

Es t imates  of f a t a l i t i e s  due t o  t h e  mining requirements  of the  

c o a l - f i r e d  f a c i l i t y  can be der ived  from s t a t i s t i c s  assembled by 

t h e  U.S. Mining Enforcement and S a f e t y  Administrat ion.  F a t a l  

acc iden t s  i n  t h e  per iod  1971 t o  1975 have v a r i e d  between approxi- 

mately 0.25 and 0.54 pe r  m i l l i o n  tons  of underground mined c o a l  

( ~ v o r a k  e t  a l .  1977).  I t  is probable that  t h e  c o a l  consumption of  

t h i s  a l t e r n a t i v e  p l a n t  could r e s u l t  i n  one t o  t h r e e  dea ths  over 

t h e  t h i r t y - y e a r  p l a n t  l i f e .  The Federa l  Coal Mine Health and 

S a f e t y  Act of  1969 may diminish t h i s  impact by r e q u i r i n g  h e a l t h  

and s a f e t y  measures t h a t  would reduce f a t a l  acc iden t s .  Coal 

workers '  pneumoconiosis, o r  b lack  lung, has  long been one of t h e  

more d e b i l i t a t i n g  d i s e a s e s  caused by c o a l  mining, S t a t i s t i c s  for 

underground miners p r i o r  t o  1969 i n d i c a t e d  t h a t  1 1 . 2  pe rcen t  of 



the work force had some form'of "black lung." Chronic bronchitis 

and emphysema accounted for additional d i s a b i l i t i e s  (Dvorak e t  a l .  

1 9 7 7 ) .  The Coal Mine Health and Safety Act of 1969 established a 

l i m i t  on respirable coa-1 dust a t  two milligrams per ,cubic meter, 

which should greatly diminish the prevalence of these d isabi l i -  

t i e s .  

Transportation impacts. Transporting coal from the mines to  

the Westbrook s i t e  would impact water and a i r  quality.  Approx- 

imately 1,680 ra i l ca rs  could be expected annually.' The volume of 

t h i s  t r a f f i c  would be pa r t i a l l y  o f f se t  by the replacement of 

approximately 1,200 t o  2,700 oil-carrying rai l road cars i n  the 

same period (Lapikas 1979; S.D. Warren 1978). 

Windblown coal d u s t  and accidental coal spi l lage can have 

detrimental e f fec ts  on local a i r  and water quality.  Materials 

leached from the coal tha t  is  l o s t  i n  t h i s  fashion could have 

negative ef fec ts  on ecosystems adjacent t o  the tracks. Improved 

r a i l  systems and coal cars could mitigate these impacts. 

Estimated a i r  emissions from the t ra ins  used to  transport  the 

coal from: the western Pennsylvania f i e lds  are shown i n  Table 14. 

The impact of these emissions, dispersed over the 800-mile hauling 

distance, i s  s l ight .  

Although the local r a i l  system i s  adequate to handle the 

t r a f f i c  supplying coal t o  Westbrook, the i n i t i a t i ve s  to  increase 

coal production and use nationwide w i l l  require substantial  reno- 

vation and construction of r a i l  l ines  and handling f a c i l i t i e s  

(Dvorak e t  a l .  1977): Impacts on a l l  aspects of the environment 

are possible, although the increment a t t r ibutable  t o  the Westbrook 

f a c i l i t y  would be negltgible. 

The noise levels associated with the coal t r a ins  would gener- 

a l l y  not be important i n  comparison to  the noise levels of 

Westbrook, the S.D. Warren m i l l ,  and existing r a i l  t r a f f i c .  I n  

comparison to  the noise generated by the chip vans used for the 

wood-fired f ac i l i t y ,  the coal t r a ins  would be more intermittent 

.and less  obtrusive, 



TABLE: TRANSPORTATI ON-RELATED EM1 SS I ONS 
FROM A 50-MW COAL-FI  RED COGENERATI NG FACI  LIP^^ 

Pol 1 u tants  ~ o u n d s l l  o6 ton-mi l  es Tous /year 2 

N i t rogen Oxides 1,848.5 126.4 

Sul f u r  Dioxide 131.8 9.0 

Carbon Monoxide . . I  ,425.6 97.5 

P a r t i c u l a t e s  142.6 9.7 

Organi cs 3 ' 145.3 9.9 

I . .  .?hissions from trains req.uired to supply faci l i ty .  
2. Calculated from Hall e t  a l .  1976. 
3. Includes hydrocarbons. 



Due t o  the small numbers of people typical ly employed, r a i l  

transportation would have .negligible ef fec ts  on local employment, 

health,  and safety. 

Relationship t o  national, s t a t e ,  or local  pol icies  and plans. 

The construction and operation of a coal-fired cogenerating faci-  

l i t y  i s  i n  accord with major energy plans and policies.  This 

f a c i l i t y  would support the purposes.of the Powerplant and Indus- 

t r i a l  Fuel Use Act of 1978, which generally promotes the use of 

coal while encouraging the conservat,ion of natural gas and petro- 

leum. Federal and s t a t e  a i r  qual i ty  improvement e f fo r t s  under the 

Clean Air Act of 1977, as amended, would not be hindered i f  the 

appropriate pollution control devices were incorporated i n  the 

design of the f ac i l i t y .  Compatibility with s t a t e  and federal 

water qual i ty  management plans mandated by the Clean Water Act of 

1977, as amended, would depend on s t r i c t  control of eff luents  from 

a l l  operations, especially ash and scrubber sludge. 

Summary of long-term effec ts .  The construction and operation 

of -a coal-fired cogenerating f a c i l i t y  would have long-term effec ts  

similar t o  those outlined for the proposed wood-fired power plant  

with the major exceptions described below. 

For the l i f e  of the plant,  local a i r  qual i ty  would be affect-  

ed by the emissions of the contaminants outlined i n  Table 11. The 

emission of the trace elements contained i n  the coal could have 

ef fec ts  last ing beyond the l i f e  of the plant,  although these would 

be expected t o  be minimal. 

The disposal of boiler ash and scrubber sludge represents a 

long-term problem with implications for land use and water 

quality.  Adequate treatment of these materials and isolat ion of 

any hazardous residues is necessary to  avoid serious surface and 

groundwater contamination. An analogous, though lesser ,  issue 

involves the runoff of the coal storage p i le ,  which must be 

diverted and treated to  avoid water qua l i t y  deterioration. 

The coal mining undertaken as a resu l t  of the demand created 

by th i s  f a c i l i t y  w i l l  have small but incremental long-term effec ts  

on miners' health and mining-related land and water quality.  



Policy Statement 

A s  an al ternat ive t o  the proposed action, the U.  S. Department 

of Energy could support the ins ta l l a t ion  of a 50-megawatt cogener- 

ating f a c i l i t y  f i red  w i t h  o i l  and wood fuels a t  the Westbrook 

m i l l .  The wood-to-oil r a t io ,  on a Btu-input basis,  would range 

between one-to-one and three-to-one, depending on the economic 

ava i lab i l i ty  of wood fuel. For the purpose of t h i s  discussion, a 

one-to-one mix w i l l  be assumed. 

Description 

Boilers f i red  with both o i l  and wood have been i n  use for 

some time i n  the fores t  products industry and have recently been 

employed by an e l ec t r i c  u t i l i t y  ( ~ e w e t t  & High 1979). Such a sys- 

tem requires procurement operations as well as storage and handl- 

ing f a c i l i t i e s  for both fuels.  The on-site requirements include 

r a i l  connections, o i l  storage tanks, a wood chip handling area and 

storage p i le ,  and a fuel feed system for both materials. The 

boiler system i t s e l f  must be able to  burn a variable mixture of 

o i l  and wood from separate fuel inject ion systems. A l l  of these 

requirements are similar t o  those described for the proposed 

action, although several s ignif icant  differences exis t .  

The use of o i l  t o  provide 50 percent of the fuel input for  

the plant would require continuation of r a i l  tank car t r a f f i c  to 

Westbrook, but a t  a level below the current level.  Depending on 

the capacity of the cars,  between fourteen and thirty-four tank 

cars per week would be needed to  deliver approximately 385,000 

barrels  of o i l  annually (Lapikas 1979). 

If the plant were t o  burn residual o i l  with a 2 percent s u l -  - 
f u r  content, comparable t o  tha t  currently burned a t  the 

Westbrook m i l l  ( S . D .  Warren 1978), it would not meet the new 

source performance standards established by 'the U. S. ~nvironmental 

Protection Agency (CFR 1978) unless sulfur dioxide scrubbers were 

used i n  addition to  the part iculate  control equipment described in 

Appendix A. I t  is possible tha t  other pollution control methods 

could be employed, such as the use of the low-sulfur o i l .  



Fue l  h a n d l i n g  and s t o r a g e  f a c i l i t i e s  would i n c l u d e  b o t h  t h e  

o i l  f a c i l i t i e s  p r e s e n t l y  i n  e x i s t e n c e  a t  t h e  Westbrook m i l l  and 

t h e  wood sys tems o f  t h e  proposed p l a n t ,  d e s c r i b e d  i n  Appendix A. 

Approximately 340,000 t o n s  o f  wood and 385,000 b a r r e l s  o f  o i l  

would be  r e q u i r e d  a n n u a l l y .  

S o l i d  wastes g e n e r a t e d  by  an  o i l /wood  f a c i l i t y  i n c l u d e  b o t h  

s c r u b b e r  s l u d g e s  and ash. Approximate ly  3.8 a c r e - f e e t  o f  s c r u b b e r  

s l u d g e  a n n u a l l y  would be  g e n e r a t e d  ( ~ e ,  Rubin & Meier 1 9 7 8 ) ,  a l o n g  

w i t h  rough ly  8 ,000  t o  17,500 t o n s  p e r  y e a r  o f  a s h  ( H a l l  e t  a l .  

1976 ) .  

Economics 

The. c o s t s  o f  t h i s  f a c i l i t y  are p r e s e n t e d  i n  Tab l e  15. With 

t h e  e x c e p t i o n  o f  f u e l ,  t h e  annua l  c o s t s  o f  an  o i l /wood- f i r ed  

b o i l e r  are n e a r l y  i d e n t i c a l  to  t h o s e  o f  t h e  proposed wood-only 

i n s t a l l a t i o n .  The e x t r a  f u e l - f i r i n g  c a p a c i t y  does  n o t  s i g n i f i -  

c a n t l y  i n c r e a s e  t h e  o v e r a l l  p l a n t  c o s t ;  i n  f a c t ,  r e d u c t i o n  i n  

wood-handling c o s t s  may r educe  o p e r a t i n g  c o s t s  s l i g h t l y .  A s  i n d i -  

c a t e d  above, t h e  e x i s t i n g  o i l - h a n d l i n g  and s t o r a g e ' f a c i l i t i e s  a t  
. . 

t h e  S.D. Warren m i l l  cou ld  be  used t o  s u p p l y  t h e  o i l /wood  b o i l e r .  , 

.n 

Adjus ted  f u e l  r equ i r emen t s  do r e p r e s e n t  a change i n  the 

annua l  cost o f  t h e  f a c i l i t y ,  however. C u r r e n t  o i l  p r i c e s  and t h e  

expec t ed  wood f u e l  p r i c e s ,  $14.80 p e r  barrel ( E I A  1978)  and $12.50 

p e r  t o n  ( ~ l l i s o n  1979)  r e s p e c t i v e l y ,  r e s u l t  i n  a t o t a l  annua l  f u e l  

c o s t  o f  $9.9 m i l l i o n .  

The use  o f  t h e  c o s t s  p r e s e n t e d  above t o  c a l c u l a t e  a u n i t  pro- 

d u c t i o n  c o s t ,  such  as m i l l s  p e r  k i l owa t t -hou r  o r  d o l l a r s  p e r  m i l -  

l i o n  Btu,  is s u b j e c t  t o  many v a r i a b l e  f a c t o r s .  C o n s t r u c t i o n  t i m e ,  

f i n a n c i n g ,  and t h e  e x i s t i n g  t a x  climate would i n f l u e n c e  t h e  annua l  

c h a r g e s  on  inves tment .  Recent changes  i n  t h e  i nves tmen t  t a x  cre- 

d i t s  and d e p r e c i a t i o n  a l l owances  e n a c t e d  by  t h e  Energy Tax A c t  o f  

1978 w i l l  have  an  i m p o r t a n t  i n f l u e n c e  on t h e  c h o i c e  o f  f u e l  f o r  

ene rgy  f a c i l i t i e s .  For these r e a s o n s ,  it is  beyond t h e  scope  of  

a n  env i ronmenta l  impac t  s t a t e m e n t  t o  p r e d i c t  p r e c i s e  u n i t  c o s t s .  

The c a p i t a l ,  o p e r a t i n g ,  maintenance,  and f u e l  c o s t s  p r e s e n t e d  i n  

Tab l e  15,  however, do indicate t ha t .  t h i s  a l t e r n a t i v e  is a t  l eas t  



TABLE.' 15': ESTIMATED CAP I.T:4L, OPERATING AND MA I:NTENANCE, AND 
FUEL COSTS. FOR A. 50-PIbl 0 IVWOD COGENERATI NG FAC I LITY?' 

. . 

,. . _ .  
. -  1979 D o l l a r s  

. - . .  (m iZZ ions )  

I n s t a l  l e d  C a p i t a l  c o s t 2  63.0 

A n n u a l .  Operat ing a n d  Maintenance c o s t 5  1.6 
. . 

A n n u a l  Fuel.  c o s t 4  9.9 

1. These estimates may vary substantiaZZy from s i t e  t o  s i t e  and 
should on,Zy be considered approximate. 

2. Calculated from Manar 1979b. 
3. Asswned t o  be 2.5% of installed capital cost:. M a n u r  .1979a. 
4. Based on fuel prices of $14.80/barreZ (EIA  1978) and 1 .:.:. I. . . .  ..- 

$1 2.50 /ton. (Allison 1979). . 



m a r g i n a l l y  commercial,  a'nd t h a t  c o r i s i d e r a t i o n  o f  i t s  env i ronmen ta l  

impac t s  i s  j u s t i f i e d .  

Environmenta l  I m ~ a c t s  

C o n s t r u c t i o n  impac t s .  The impac t s  o f  c o n s t r u c t i n g  a 50- 

megawatt o i l /wood c o g e n e r a t i n g  f a c i l i t y  would be i d e n t i c a l  t o  

t h o s e  a s s o c i a t e d  w i t h  the proposed all-wood f a c i l i t y .  

Ope ra t i on  impac t s .  The o p e r a t i o n  o f  an  oi l /wood f a c i l i t y  

w o u l d . r e s u l t  i n  a wide r a n g e  o f  env i ronmen ta l  impac t s .  Many o f  

these impac t s  would be s i m i l a r  t o  t h o s e  o f  the  wood-fired and 

c o a l - f i r e d  f a c i l i t i e s  d e s c r i b e d  i n  the  p r e c e d i n g  " C o a l "  s e c t i o n  o f  

t h i s  appendix  and the o t h e r  t e c h n i c a l  append ice s  accompanying t h i s  

document. The q u a n t i t i e s  o f  p o l l u t a n t s  e m i t t e d ,  however, would be 

q u i t e  d i f f e r e n t .  The p.ro j e c t e d  e m i s s i o n  o f  a i r  con t aminan t s  and 

g e n e r a t i o n  o f  s o l i d  w a s t e s  is  p r e s e n t e d  i n  Table 16. A one- to-  

one  r a t io  o f  f u e l s  w a s  assumed; however, it shou ld  be no ted  tha t  

as the p r o p o r t i o n  o f  wood f u e l  i n c r e a s e d ,  the q u a n t i t i e s  o f  wood 

ash and p a r t i c u l a t e s  g e n e r a t e d  would i n c r e a s e ,  w h i l e  the contamin- 

a n t s  a s s o c i a t e d  w i t h  o i l ,  p r i n c i p a l l y  s u l f u r  d i o x i d e  and s c r u b b e r  

s l u d g e ,  would d e c r e a s e .  

S e v e r a l  trace e l emen t s  are p r e s e n t  i n '  . f u e l  o i l ,  i n c l u d i n g  

a r s e n i c ,  n i c k e l ,  vanadium, and y t t r i u m .  Emiss ion o f  these 

materials  may pose  demons t ra ted  o r  s u s p e c t e d  e c o l o g i c a l  and human 

h e a l t h  h a z a r d s  (oWHM 1974;  Newkirk 1976;  Magee e t  a l .  1 9 7 3 ) .  I n  

a d d i t i o n ,  vanadium is though t  t o  c a t a l y z e  the o x i d a t i o n  o f  s u l f u r  

d i o x i d e  t o  s u l f u r  t r i o x i d e  w h i c h ,  i n  t u r n ,  encourages  the forma- 

t i o n  o f  a c i d i c  a e r o s o l s  and a c i d  r a i n  ( ~ v o r a k  e t  a l .  1977 ) .  The 

v a l u e  o f  vanadium f o r  v a r i o u s  m e t a l l u r i g i c a l  u s e s  has encouraged 

e f f o r t s  t o  r ecove r  ' vanadium from boiler and f l y  a s h  (OWHM 1974) .  

F u e l  procurement.  The env i ronmenta l  impac t s  o f  o i l  p rocu re -  

ment occu r  p r i n c i p a l l y  d u r i n g  the e x t r a c t i o n  and r e f i n i n g  p roces s -  

es. Oil r e s i d u a l s  and b r i n e  from e x t r a c t i o n  p r o c e s s e s  

c o n t r i b u t e  t o  w a t e r  con t amina t i on .  Var ious  methods e x i s t  f o r  

s e p a r a t i n g  o i l  from the wastewater f low and f o r  r e i n j e c t i n g  b r i n e  

i n t o  t h e  w e l l .  Blowouts and a c c i d e n t a l  s p i l l s  a l s o  c o n s t i t u t e  a 

s o u r c e  o f  p o l l u t i o n .  Air emis s ions  and w a t e r  e f f l u e n t s ,  however', 

are most s i g n i f i c a n t  d u r i n g  the r e f i n i n g  p r o c e s s .  The q u a n t i t i e s  



o f  a i r  c o n t a m i n a n t s ' e m i t t e d  d u r i n g  the r e f i n i n g  p r o c e s s  are com- 

p a r a b l e  t o  t h o s e  e m i t t e d  d u r i n g  b o i l e r  o p e r a t i o n  on a  Btu basis 

(SPPP -1975 ) .  The oxygen demand o f  w a s t e w a t e r  e f f l u e n t s ,  s u l f u r  

o x i d e s ,  n i t r o g e n  o x i d e s ,  and hydrocarbon  e m i s s i o n s  a r e  c o n s i d e r e d  

t o  have  the most s i g n i f i c a n t  impac t s  (SPPP 1975): 

For the most p a r t ,  proven methods e x i s t  f o r  the e f f e c t i v e  

c o n t r o l  o f  e f f l u e n t s  and emi s s ions  from e x t r a c t i o n  and r e f i n i n g  

p r o c e s s e s .  No i n c r e m e n t a l  e c o l o g i c a l  and socioeconomic impac t s  

would r e s u l t  from r e f i n i n g  o r  e x t r a c t i o n  , f o r  t h i s  a l t e r n a t i v e  

s i n c e  the c u r r e n t  o i l  consumption a t  the Westbrook m i l l  would be 

reduced  by  abou t  265,000 barrels  a n n u a l l y  (S.D. Warren 1978 ) .  

Impacts  o f  p r o c u r i n g  the 340,000 t o n s  p e r  y e a r  o f  wood f u e l  

a r e  d e s c r i b e d  i n  the o t h e r  t e c h n i c a l  appendices .  

T r a n s p o r t a t i o n .  The env i ronmenta l  impac t s  o f  t r a n s p o r t i n g  

the f u e l  o i l  would depend i n  l a r g e  p a r t  on the s o u r c e  o f  the c rude  

o i l  and where it is r e f i n e d .  Most o f  New Eng land ' s  r e s i d u a l  f u e l  

o i l  i s  impor ted  by  t a n k e r  or b a r g e  from f o r e i g n  s o u r c e s  (Bronheim 

1978) .  The oi l /wood a l t e r n a t i v e  wou ld . r educe  the e x i s t i n g  S.D. 

Warren Company r equ i r emen t  f o r  t a n k  cars, b y  app rox ima te ly  e i g h t  

t o  s e v e n t e e n  t a n k  c a r s  p e r  week. An i n c r e a s e  i n  t r u c k  t r a f f i c ,  

however, would r e s u l t  from the c o l l e c t i o n  o f  wood c h i p s .  A f l e e t  

o f  app rox ima te ly  twen ty  vans  would be r e q u i r e d .  The impac t s  o f  

t h i s  c o l l e c t i o n  o p e r a t i o n  are d e s c r i b e d  i n  Appendix F. 

R e l a t i o n s h i p  t o  n a t i o n a l ,  s t a t e  o r  local p l a n s  and p o l i c i e s .  

A new 50-megawatt o i l /wood c o g e n e r a t i n g  f a c i l i t y  a p p a r e n t l y  would 

c o n f l i c t  w i t h  the n a t i o n a l  p o l i c i e s  e s t a b l i s h e d  b y  the Powerp lan t  

and I n d u s t r i a l  F u e l  U s e  A c t  o f  1978;  however, fo rmal  r e g u l a t i o n s  

f o r  the enforcement  o f  the A c t  have  n o t  y e t  been  promulgated.  

S e c t i o n  202 ( a )  o f  th i s  ac t  g e n e r a l l y  p r o h i b i t s  the use  o f  n a t u r a l  

g a s  o r  pe t ro l eum as a p r imary  ene rgy  s o u r c e  i n  a new major f u e l -  

b u r n i n g  i n s t a l l a t i o n  c o n s i s t i n g  o f  a boiler. I t  is  p o s s i b l e  that  

the S e c r e t a r y  o f  Energy cou ld  g r a n t  a  permanent  exempt ion under  

S e c t i o n  212 ( a )  (1) ( A )  o r  ( c )  (1) i n  o r d e r  t o  promote the u s e  o f  

a l t e r n a t i v e  f u e l s  and c o g e n e r a t i o n .  The p o l i c i e s  o f  the Maine 

O f f i c e  o f  Energy Resources g e n e r a l l y  s u p p o r t  both the use o f  wood 

f u e l s  and c o g e n e r a t i o n  (MOER 1 9 7 6 ) .  



TABLE 16.: ESTIMATED AIR EMISSIONS AND SOD WASTE FLOWS 

FROM A 50-MW 01 VWOOD COGENERATI NG FACI LITY 

Air pol 1 utants2 
Emissions 1 

f tons/year 

Ni trogen Oxides 1,357 - 1,788" 

Sulfur Dioxide .43 1 

Sul'fur Tri oxi de 3 

Carbon Monoxide 339 

Particulates 161 

Hydrocarbons 43 

Quantity 
Solid Wastes f tons/year ) . facres-feet/iear) 

Col 1 ec ted AS h4 "6,766 i '14',545. . - 
Scrubber Sl udge5 6,621 3 . 8  

1. Asswnes 90% reduction i n  SO emissions and 39.5% reduction x i n  particulate emissions. 
2. Ehrissims from o i l  combustion are derived from EPA 1976. 

EZnissions from wood are adapted from the anaZysis of the 
proposed action: see Appendix B. 

3. k i s s i o n s  depend on- choice of firing mode for o i l ,  i .e. ,  '. 

, . m e n t i a t  or : 'b~zonta$,  
4.  CaZcuZated asswning 2-4.3% ash content i n  wood: Hall e t  a l .  

1976. No conversion factor t o  acre-feet available. 
5. source: Le, Rubin & Meier 1978. 



Summary of long-term effec ts .  The most s ignif icant  long-term 

effec ts  of t h i s  al ternat ive resu l t  from the impact of increased 

wood demand on the area ' s  fores t  resources. This demand, as des- 

cribed throughout these technical appendices, would have las t ing  

implications f o r ' t h e  management of fores t  and related ecosystems. 

Alternative uses of these resources for recreation, water qual i ty  

management, and other forest  industries could be affected, both 

posi t ively and negatively. 

An additional long-term e f f ec t ' o f  t h i s  al ternat ive would be 

t o  continue and extend the region's dependence on o i l ,  a f i n i t e  

and uncertain source of energy. This continued dependence would 

appear t o  be i n  conf l ic t  with national policy. 

Alternative Supplementary Fuels 

Policv Statement 

A s  an al ternat ive t o  the proposed action, the Department of 

Energy could support the ins ta l l a t ion  of an energy system a t  the 

S . D .  Warren m i l l  tha t  u t i l ized  limited quantit ies of supplementary 

fuels i n  addition to  wood, the primary fuel source. These supple- 

mentary fuels , '  which include used railroad crosst ies ,  discarded 

rubber t i r e s  and processed municipal so l id  waste, would provide up 

t o  22percent of the t o t a l  annual fuel requirements (see below). 

This al ternat ive would reduce the required amount of fuelwood. 

Description 

The f a c i l i t y  design and construction requirements for combus- 

t ion  of supplementary fuels are similar t o  those for the proposed 

wood-fired system. The overall  steam-producing process is the 

same, as are the s i t e  and power transmission requirements. If the 

t o t a l  quanti t ies  of municipal so l id  waste and rubber were kept 

small, changes i n  boiler equipment would not be required. Addi- 

t ional  handling and storage f a c i l i t i e s  might be necessary. 

The major difference among the supplementary fuels i s  the 

contribution each could make to  the t o t a l  fuel requirement of the 

f ac i l i t y .  The use of each is limited by i t s  heating values and 



combustion c h a r a c t e r i s t i c s , . a s  w e l l  as b y  the t o t a l  q u a n t i t y  t h a t  

i s  a v a i l a b l e - .  

Municipal  s o l i d  was t e .  The compos i t ion  o f  mun ic ipa l  s o l i d  

waste v a r i e s  g r e a t l y  and depends on the s e a s o n  o f  the y e a r  and the 

s o u r c e s  from which it i s  o b t a i n e d  (see Table 1 7 ) .  Raw m u n i c i p a l  

s o l i d  w a s t e  c o n s i s t s  m o s t l y  o f  paper  and b i o d e g r a d a b l e  materials,  

a l t h o u g h  m e t a l  and g l a s s  a l s o  c o n s t i t u t e  a s i g n i f i c a n t  p o r t i o n .  

T h e  m o i s t u r e  c o n t e n t  c a n  r ange  between 3 and  63 p e r c e n t ,  w i t h  a n ,  

a v e r a g e  o f  r ough ly  27 p e r c e n t .  I f  m u n i c i p a l  s o l i d  was te  is t o  be 

used as a supplementa ry  f u e l ,  it must be p r e p r o c e s s e d  (Ruane 

1977a ) .  P r ep roces s ing ,  w h i c h  removes noncombust ib le  materials  

such  as m e t a l  and g l a s s  and s h r e d s  and bales the remain ing  m a t e r -  

i a l s ,  y i e l d s  a h i g h e r  o v e r a l l  heat c o n t e n t  (be tween  5 ,000 and 

6 ,500  Btu p e r  pound) and s i m p l i f i e s  f u e l  t r a n s p o r t a t i o n  and hand- 

l i n g .  

S o l i d  w a s t e  c a n  be harmfu l  t o  b o i l e r s  due  t o  the p r e s e n c e  o f  

such  compounds as p o l y v i n y l  c h l o r i d e s ,  h y d r o c h l o r i d e s ,  and salts .  

On combustion,  these produce h y d r o c h l o r i c  acid and o t h e r  c o r r o s i v e  

s u b s t a n c e s  t ha t  may damage' b o i l e r s  and h e a t  exchangers .  Refuse 

a l s o  t e n d s  t o  produce more ash t h a n  wood and c o n s e q u e n t l y  w i l l  

r educe  heat t r a n s f e r  and e rode  c o n v e c t i o n ' h e a t i n g  s u r f a c e s .  I n  a 

mun ic ipa l  r e f u s e  i n c i n e r a t o r ,  s p e c i a l  m e t a l l u r g y  and boiler d e s i g n  

are used t o  'help c o n t r o l  these problems.  A wood b o i l e r  cou ld  n o t  

h a n d l e  l a r g e  amounts o f  r e f u s e  w i t h o u t  c o n s i d e r a b l e  a d d i t i o n a l  

expenses  f o r  b o i l e r  and fue l -hand l ing  d e s i g n  and c o n s t r u c t i o n  

(Cover 1978; Cheremis inof f  & Morre s i  1976 ) .  

Some p l a n t s  c u r r e n t l y  b u r n  w a s t e  i n  combina t ion  w i t h  conven- 

t i o n a l  f u e l s .  Union Electr ic  Company i n  S t .  Louis ,  Mi s sou r i ,  r a n  

a p i l o t  p l a n t  w h i c h  burned the l i g h t ,  combus t i b l e  f r a c t i o n  of 

mun ic ipa l  s o l i d  w a s t e  i n  a p u l v e r i z e d - c o a l  b u r n e r .  The w a s t e  pro-  

. v ided  10  p e r c e n t  o f  the f u e l  h e a t i n g  v a l u e  ( ~ l u m b  & Brende l  1977 ) .  

The combined f i r i n g  o f  w a s t e  w i t h  the coal was h a l t e d  when the 

demons t r a t i on  p r o j e c t  ended. The p l a n t  r e p o r t s  no c o r r o s i o n  

problems.  

. I t  would be t e c h n i c a l l y  f e a s i b l e  f o r  the S.D. Warren p l a n t  to  

u t i l i z e  s m a l l  q u a n t i t i e s  ( u p  t o  1 0  p e r c e n t )  o f  meter- fed  mun ic ipa l  



TABLE 17':' PROJECTED COMPOSITION OF RAW MUNIC IPAL  

SOL ID  WASTE 

Cornp,orien t 

Paper 

Glass 

Metal 

P l a s t i c s  

Leather & Rubber 

T e x t i  1 es 

Wood 

Food Wastes 

Yard Waste 

M i  sce l  1 aneous 

Percent by Weight 

1970 1980 1990 

37.4 40.1 43.4 

9.0 10.2 9.5' 

8.4 8.9 8.6 

1.4 3.0 3.9 

1.2 1.2 1.2 

2.2 2.3 2.7 

3.1 2.4 2.0 

20.0 16.1 14.0 

13.9 12.9 12.3 

3.4 2.7 2.4 

Source: R m e  1977a. 



sol id waste as a  supplementary fuel i f  it were, available i n  pro- 

cessed form. There is presently no f a c i l i t y  i n  the Westbrook area 

tha t  can sor t ,  shred, and bale municipal sol id waste. However, i f  

such a f a c i l i t y  were t o  be bu i l t  a t  or near S.D.  Warren, there 

would be suff ic ient  quanti t ies  of municipal sol id waste available 

t o  provide 10 percent of the proposed wood-fired bo i l e r ' s  t o t a l  

fuel  requirements. 

The Greater Portland Council of Governments has s e t  up 

Regional Waste Systems Incorporated to  handle the disposal of the 

region's so l id  waste. T h i s  organization serves Portland, South 

Portland, Cape Elizabeth, and Scarborough, which have a  combined 

population of approximately 110,000. Regional Waste Systems oper- 

ates  a  baler and l and f i l l  operation with a  maximum capacity of .  250 

tons per day (see Table 18) .  The City of Westbrook also operates 

a  municipal l and f i l l  with an average capacity of 44 tons per day. 

Thus, the t o t a l  quantity of raw municipal so l id  waste available i n  

the metropolitan area immediately surrounding westbrook i s  about 

300 tons per day. A survey for the Greater Portland Council of 

Governments -indicates tha t  roughly 430 ,tons per day are available 

within a  twenty-mile radius of Portland (GPCOG 1977)  his‘ amount 

' includes refuse from several small towns which currently operate 

open dumps, each with a  capacity between one and f ive tons per 

day. Figure 1 shows the location of the major dump s i t e s  within 

the twenty-mile radius ( GPCOG 1977 ) . 
The wood-f ired power plant w i  11 require roughly 1.6 x 

10lo B t u  per day of fuel  (2,000 green tons- of wood per day). 

Ten percent of t h i s  is  1.6 x l o 9  B t u ,  or roughly 120 tons' of 

processed municipal so l id  waste a t  25 percent moisture content 

each day. This amount i s  less  than one-third of the t o t a l  amount 

available i n  the area. 

Rubber t i r e s .  The kinds of rubber t i r e s  tha t  are discarded 

vary i n  s ize  and composition. The di f ferent  k i n d s  of t i r e s  

include nylon-and rayon-belt p l i es ,  f iberglass-belt  polyester 

cord, and steel-belted polyester p l ies .  Tires may be e i ther  pas- 

senger t i r e s  (average size: 30-inch diameter by 1 2  inches thick; 

weight: 2 1  pounds) or truck t i r e s  (average size:  44 by 1 2  inches; 



FIGURE 1: LAHDFI LL SITES I #  GREATER PORTLAND  ARE^ 

Cumberland 
Center X B  

I .  Key to. map is given i r z  mbZa 18. 



TABLE 18: L A N D F I L L  AND OPEN DUMPING S I T E S  W I T H I N  2 0 - M I L E  

RADIUS OF PORTLAND 

Map Key S i t e  

Port land, S. Port land, . . 

Scarborough, Cape El izabeth 

Cumber1 and 

Falmouth 

Freeport . 

Gorham 

Gray 

North Yarmouth, Pownal 

Raymond 

Stand.i sh 
, 

Westbrook 

W i  nd ham 

Yarmouth 

To t a  1 

I .  See Pigurs I .  

Source: @COG 2 917. 



weight :  125 pounds) .  Ground rubbe r  and rubber  d u s t  from r e t r e a d -  

i n g  o p e r a t i o n s  i s  a l s o  a v a i l a b l e  (Noyes 1 9 7 4 ) .  

The p h y s i c a l  and chemica l  c h a r a c t e r i s t i c s  o f  r ubbe r  t i res  

make them d i f f i c u l t  t o  bu rn ,  a l t h o u g h  t h e r e  are p l a n t s  i n  b o t h  t h e  

Uni ted  S t a t e s  and G r e a t  B r i t a i n  t h a t  c u r r e n t l y  f i n d  it t e c h n i c a l l y  

f e a s i b l e  t o  u t i l i z e  t h e m  f o r  a l l  o r  p a r t  o f  t h e i r  t o t a l .  f u e l  i n p u t  

( S t r i b l i n g  1 9 7 3 ) .  I f  t h e  t i res  a r e  t o  be burned i n  combina t ion  

w i t h  some o t h e r  f u e l ,  t h e y  must be  chopped o r  sh redded  i n  o r d e r  

t o  b e  accommodated by  t h e  f u e l - h a n d l i n g  equipment.  Because the 

m e l t i n g  o f  t h e  beadwire  i n  t h e  tires c a n  c a u s e  c logg ing  problems 

i n  t h e  f u r n a c e ,  it i s  w i s e  t o  debead the t i res  as w e l l .  Complete 

combustion o f  t h e  rubber-hydrocarbon c o n t e n t  o f  t h e  tires r e q u i r e s  

f u r n a c e  t e m p e r a t u r e s  h i g h e r  t h a n  t h o s e  r e q u i r e d  f o r  wood 

( S t r i b l i n g  1973)'. I n  o r d e r  t o  avo id  t h e  a d d i t i o n  o f  a s e p a r a t e  

b o i l e r ,  t h e  p e r c e n t  o f  r ubbe r  i n  t h e  t o t a l  f u e l  m ix tu re  must be 

k e p t  f a i r l y  l o w .  The Georg ia  P a c i f i c  Corpo ra t i on  o f  Toledo,  

Oregon, b u r n s  t i r e s  i n  t h e i r  300,000 pound p e r  hou r  b a r k  b o i l e r  

and f i n d s  t h a t  the optimum f i r i n g  f o r  r u b b e r  is a b o u t  1 0  p e r c e n t  

of t h e  t o t a l  s t e a m  gene ra t ed :  i . e . ,  30,000 pounds p e r  hou r .  The 

maximum l e v e l  i s  abou t  1 5  p e r c e n t .  Above t h a t  l e v e l  t h e  tempera- 

t u r e s  i n  t h e  f u r n a c e  exceed t h e  d e s i g n  c a p a c i t y  o f  t h e  b o i l e r  

equipment and c a n  damage t h e  boiler t u b e s  (Mef f e r t  1978)  . 
There  a r e  f i v e  major t i r e  companies i n  the Westbrook area 

t h a t  produce s i g n i f i c a n t  amounts o f  s c r a p  t i res  and r u b b e r  d u s t .  

Tab l e  1 9  p r e s e n t s  the q u a n t i t y  o f  s c r a p  rubbe r  that  is a v a i l a b l e  

i n  t h e  Westbrook a r e a .  These estimates are c o n s e r v a t i v e l y  d e r i v e d  

from i n f o r m a t i o n  p rov ided  by  t h e  f i v e  t i r e  companies l i s t e d .  The 

r a t i o  o f  car t i res  t o  t r u c k  t i res  i n  t h e  w a s t e  stream is  n o t  

known; t h e r e f o r e ,  t h e  number o f  t i res  a v a i l a b l e  p e r  week, r o u g h l y  

6 ,000,  w a s  c o n v e r t e d  u s i n g  t h e  weigh t  o f  an ave rage  car t i r e  ( 2 1  

pounds) .  The we igh t  o f  r ubbe r  d u s t  is e s t i m a t e d  to be 26.4 pounds 

p e r  . cub ic  f o o t  (Noyes 1974) .  The 177.5 t o n s  o f  r ubbe r  p e r  week 

( o r  35.5 t o n s  p e r  day)  a t  15 ,000  Btu  p e r  pound ( ~ o y e s  1974)  i s  

e q u i v a l e n t  t o  1 .065 x l o 9  Btu ,  o r  r o u g h l y  7 p e r c e n t  o f  the t o t a l  

d a i l y  r e q u i r e d  Btu i n p u t  f o r  t h e  power p l a n t .  



TABLE 19:. SCRAP RUBBER AND FiUBBER DU.ST AVAILABLE 
I N  WESTBROOK AREA 

(tons/week 

Ti res  Rubber Dust 

Yudi T i r e  Co. 
Westbrook, Maine 

Noyes T i  r e  Co. 
Westbrook, Maine 

L & A T i r e  Co.. 
Lewiston, Maine 

Snows T i r e  Co. 
Lewi s ton,. Ma i ne 

Century T i r e  Co. 
Portland, Maine 

84.5 + 93 = 177.5 tons 
rubber/week 

Sources : Detwyler 1978; Harmon 1978 J Hobart 1978; Hunt & Babcock 
1978. 



Railroad crosst ies .  Crossties are made from oak, pine, and 

cedar, and, less  frequently, from chestnut and hemlock. Each t i e  

weighs about two hundred pounds. Most railroad t i e s  are treated 

with cr.eosote, although older t i e s  were made of cedar and may or 

may not have been treated with a wood preservative. Creosote i n  a 

mixture with coal t a r  of petroleum is the most commonly used wood 

preservative i n  the New England region. 

The average Btu  content of creosote-treated railroad cross- 

t i e s  is  estimated a t  6,250 B t u  per pound (~ohnston 1978). This 

assumes an average moisture content of 25 percent. I n  order to  be 

burned as fuel,  the crosst ies  would have to  be chipped and meter- 

fed t o  the boi lers  with wood. 

Approximately 21,000 tons of used railr,oad crosst ies  are 

available annually i n  southern Maine from three railroad com- 

panies: Central Maine, Boston and Maine, and Bangor and Aroostook 

(Bell  1978: Peters 1978: Hughes & Denio 1978). A fourth company 

(Grand Trunk) a l so  produces scrap t i e s  but currently disposes of 

them.under contract t o  a company i n  Canada. Boston and Maine 

presently hauls old t i e s  as far  as one hundred miles t o  dispose' of 

them. About 3 percent of a l l ' t i e s  i n  an area must be replaced 

each year. An average t i e  has a useful l i f e  of about thir ty-f ive 

years. With roughly 3,000 t i e s  per mile, t h i s  means tha t  about 

ninety old t i e s  are made available annually from each mile of 

track. This figure w i l l  be doubled on routes tha t  have double 

tracks (Hi~ghes & Denio  1978). The 21,000 tons of cross t ies  a t  

. 6,250 Btu per pound would supply roughly 5 percent of the t o t a l  

B t u  input required by the proposed wood-fired power plant.  

Economics 

Central Maine Railroad currently s e l l s  scrap cross t ies  to  

individuals a t  $2.50 apiece, although other companies give them 

away for free. Prices for old cross t ies  sold in quantity as fuel 

would probably range from $12.00 t o  $14.50 per ton delivered 

(Johnston 1978). Municipal so l id  waste and scrap rubber t i r e s  are 

both considered to  be waste problems and are disposed of a t  a cost  

t o  the producer. D i sp~sa l  costs for unprocessed municipal sol id 

waste i n  the Westbrook area range from $5.00 t o  $9.00 per ton 



(Allen 1978). The cost of disposing of rubber t i r e s  i s  approxi- 

mately $14.00 per ton (Noyes 1974). I t  i s  not known what the 

costs of these materials would be i f  they were sold as fuel.  The 

fac t  tha t  these substances are currently a waste disposal problem 

indicates tha t  obtaining them as supplementary fuels  would be 

economically feasible.  

As mentioned previously, a municipal sol id waste processing 

f a c i l i t y  does not currently ex i s t  i n  the Westbrook area. Such a 

plant with a capacity of 500 tons per day would cost roughly $5.4 

million t o  construct (Paskert & Gallagher 1977). Given the small 

percentage of municipal sol id waste tha t  the wood-fired plant 

could use for fuel ,  it would be uneconomical for  S . D .  Warren t o  

i n s t a l l  i t s  own processing f ac i l i t y .  However, i n  the event tha t  

such a f a c i l i t y  was b u i l t ,  municipal so l id  waste could be a feas- 

ib le  supplementary fuel. 

Environmental Impacts 

Construction impacts. The construction impacts of the fac i l -  

i t y  using supplementary fuels would be the same as those described 

for the wood-fired f ac i l i t y .  

Operation impacts. The environmental impacts of operation 

with supplementary fuels are similar t o  those of combustion of 

wood alone. -Differences i n  a i r  emissions and the chemical content' 

of boi ler  ash are s 'ignificant, however. 

o Municipal sol id waste. Processed municipal so l id  waste has 

the following chemical composition: ash, 19 percent: carbon, 28 

percent; hydrogen, 6.9 percent; nitrogen, 0.6 percent; oxygen, 45 

percent; and sulfur ,  . 2  percent (Ruane 1977a). The emissions re- 

sul t ing from the combined f i r i ng  of municipal sol id waste with 

coal are given i n  Table 20 for the S t .  Louis, Missouri, plant des- 

cribed ea r l i e r .  The processed municipal so l id  waste contributed 

from 9 t o  27 percent of the t o t a l  heat input. Particulate emis- 
. . 

sions (not  shown i n  Table 20) a l so  increased when processed munic- 

ipa l  so l id  waste was f i red  with the coal, but these could be con- 

t ro l l ed  by adjusting the e lec t ros ta t i c  prec.ipitator ( Ruane 

1977a). 

The amount and form of ash resul t ing from the combustion of 

municipal so l id  waste depends on the degree of preprocessing and 



TABLE. 20 i 

. . . . . . . . 

' Compound 

EMISSION 'FROM COMB1;NED CQAL/MUN ICTPAL 
SOLI'D WASTE P U N T  

Coa 1 

Wa.ter 6.8 percent  

Sul fur  Dioxide 
1 

943 ppm 

Coal. . .solid and .Mas Muni.ci te .  . pal. . 

8.6 percent  

1,067 ppm ... -. . 

S u l f u r  T r iox ide  9 PPm 8 PPm 

N i  t rogen 0x1 de 298 ppm 285 ppm 

Chlor ine ions 

. . 
1. The increase i n  sulfur dioxide emissions during the f ir ing- of coal . . . 

with municipal solid waste resulted from an increase i n  the sulfur 
content of the coal burned. 

Source: Ruane 1977a. 



the comple teness  .of combustion.  About o n e - f i f t h  o f  r a w  m u n i c i p a l  

s o l i d  w a s t e  is  conve r t ed  t o  ash ( ~ u a n e  1977a ) .  B o i l e r  r e s i d u e s  

from the S t .  Louis  p l a n t  w e r e  fou; t o  seven  t i m e s  as h i g h  when 

mun ic ipa l  s o l i d  was te  w a s  burned.  The a s h  c o n s i s t e d  of some 

g l a s s ,  m e t a l s ,  and o t h e r  i n e r t  p a r t i c l e s ,  as w e l l  as unburned 

materials such  as wood and leather ( ~ u a n e  1977a ) .  

From 4.75 t o  5.75 p e r c e n t  o f  the r e s i d u e  from combusted raw 

munic ipa l  s o l i d  was te  i s  wa te r - so lub l e  and may leach o u t  a t  l and-  

f i l l  s i tes.  Due t o  the h i g h l y  v a r i a b l e  chemica l  compos i t ion  o f  

munic ipa l  s o l i d  was te ,  it ' is  i m p o s s i b l e  t o  p r e d i c t  p r e c i s e l y  the 

k i n d  o r  c o n c e n t r a t i o n  o f  materials  p r e s e n t  i n  leachate from d i s -  

p o s a l  s i tes.  I t  is p o s s i b l e  tha t  p o t e n t i a l l y  ha rmfu l  s u b s t a n c e s  

c o u l d  be p r e s e n t .  Table 21 shows the s u b s t a n c e s  found to  be pre-  

s e n t  i n  the wa te r - so lub l e  p o r t i o n  o f  mun ic ipa l  s o l i d  w a s t e .  

o  Rubber t i res  and rubbe r  d u s t .  Burning rubbe r  g e n e r a t e s  

smoke w h i c h  i s  m o r e  noxious  and acrid t h a n  t ha t  o f  most other 

s o l i d  f u e l s .  Th i s  i s  because  it i s  d i f f i c u l t  t o  e n s u r e  the com- 

p l e t e  combustion of a l l  the c o n s t i t u e n t s  o f  r u b b e r .  The main com- 

ponen t s  o f  r ubbe r  tires are: ca rbon ,  82.06 p e r c e n t ;  hydrogen,  

10.94 p e r c e n t ;  . s u l f u r ,  0.96 p e r c e n t ;  z i n c  o x i d e ,  3.25 p e r c e n t ;  

o t h e r  a d d i t i v e s ,  2.79 p e r c e n t  ( s t r i b l i n g  1978 ) .  A t e s t - f i r i n g  

u s i n g  samples  from the Noyes T i r e  Company i n  Westbrook y i e l d e d  the 

f u e l  v a l u e s  and combustion c h a r a c t e r i s t i c s  shown i n  T a b l e  22. 

The h i g h  p a r t i c u l a t e  e m i s s i o n s  (138  pounds p e r  t on :  EPA 

1976) make it d i f f i c u l t  f o r  p l a n t s  t h a t  b u r n  o n l y  rubbe r  w a s t e  t o  

meet s t a t e  o p a c i t y  and p a r t i c u l a t e  s t a n d a r d s .  However, the 

Georg ia  P a c i f i c  p l a n t ,  w h i c h  u s e s  t i r e s  as 1 0  p e r c e n t  o f  i t s  f u e l  

m ix tu re  w i t h  b a r k ,  has proven the p r a c t i c e  f e a s i b l e ,  showing no 

i n c r e a s e  i n  p a r t i c u l a t e  emi s s ions  ( ~ e f f e r t  1978 ) .  The s u l f u r  con- 

t e n t  o f  tires is between 1 and 2  p e r c e n t  (Noyes 1974).. The 

Georg ia  P a c i f i c  p l a n t  demons t ra ted  no i n c r e a s e  i n  s u l f u r  d i o x i d e  

emi s s ions  when rubbe r  f u e l  w a s  burned .  There w a s  a s l i g h t  

i n c r e a s e  i n  n i t r o g e n  o x i d e s ;  t h i s  w a s  a t t r i b u t e d  t o  the h i g h e r  

f u r n a c e  t e m p e r a t u r e s  produced by r u b b e r .  

Zinc o x i d e  i s  also p r e s e n t  i n  the b o i l e r  emi s s ions  and may be 

p r e s e n t  i n  f l y  a s h ,  a l t h o u g h  Georg ia  P a c i f i c  has n o t  done measure- 



TABLE 21: AVERAGE ANALYSIS  OF WATER SOLUBLE PORTION OF RESIDUE 
(Percent b y  dry  w e i g h *  of s a m p l e )  

Hydrocarbon concentration 

A1 k a l i n i t y  

N i  t r a t e  n i  trogen x 1 o - ~  
Phosphate x 

Chloride 

S u l f a t e  

Sodi um 

Potassium 

I r o n  

Ba tch-Feed 
Inc inera tor  

Conti nuous-Feed 
I nc i nera t o r  

Source: Rube2 1974 



TABLE. 22 : FUEL 'VALUES AND COMBUSTUIN CHARACTERISTICS 

OF RUBBER TIRES 

B t u  AS h1 Sul'fur Volat i le2  
Per ' Pound (percent  1 (percent  ' ( p e p c e n t )  

Nyl on 16,592 6.10 1.53 69.7 

Rayon 15,323 7.34 1.91 70.7 

Fi ber Glass 
Pol yes t e r  16,301 7.60 1.65 67.2 

Steel  Be1 ted 
' Radial s-Uncured 14,179 

Steel  Be1 ted , 

Radial s-Scrap 14,112 7.76 * .  56.2 

Ground Rubber 17,134 2.49 * 1.45 69.5 

I .  Burned a t  1 ~ 0 0 0 ~  F 
2. U p  t o  1,000 F. 
* Not t e s t e d  

Source: Noyes' 1974 



ments for the l a t t e r .  Zinc oxide fumes have a low toxic i ty  t o  

humans i n  most cases, although some researchers believe the com- 

pound might be carcinogenic i n  high concentrations over extended 

periods (Sax 1975). The small percentage of rubber i n  the t o t a l  

fuel  mixture has not necessitated additional a i r  pollution control 

measures a t  the Georgia Pacific plant.  The composition of the 

rubber ash i s :  mineral matter, 58.7 percent; iron, 40.6 percent 

( a s  Fe2 03) ; Zinc, .04 percent ( a s  Z n O )  ; and carbon, .43 per- 

cent (St r ib l ing  1978): The presence of zinc i n  the boiler ash may . 

require special  disposal precautions since zinc i s  a heavy metal 

tha t  may be toxic i n  high concentrations to  animal l i f e  (Sax 

1975). 

o Railroad crosst ies .  If rai l road t i e s  are completely 

-burned, then the creosote in  them w i l l  be converted to  harmless 

emissions (Thomae 1978) . However, i f  incomplete combustion 

occurs, then the boiler emissions w i  11 contain hazardous black 

coal t a r  creQsote smoke. Coal t a r  creosote consists of more than 

300 different  chemical compounds. These compounds may be grouped 

in to  three classes ( ~ u n t  1938): 

1. t a r  acids ( l e s s  than .5 percent) : phenols, cresols ,  
xylenols, napthols; 

2.  t a r  bases (about 5 percent):  pyridines, quinolines, 
acridines;  

3 .  hydrocarbons (more than 90 percent) : benzene, toluene, 
napthalene, acenapthene, phenanthrene, anthracine, 
fluorene. 

A l l  ol: these compounds are toxic. Most of them are carcinogenic. 

Creosote i s  a recognized carcinogen (Sax 1975) although it i s  

not c lass i f ied  as a hazardous substance under current pollution 

laws. If the amount of unburned creosote i n . t h e  exhaust gases 

violates  s t a t e  standards regulating part iculate  emissions .or stack 

gas opacities,  then the boiler may not operate. Likewise, 

emissions of large quanti t ies  of unburned hydrocarbons may not be 

permitted ,under federal Prevention of Significant Deteriorati.on 

regulations. I f ,  i n  the future, creosote smoke f a l l s  under 

federal hazardous substance regulations, no railroad crosst ies  may 



be burned. A t  present however, only s t a t e  and federal part iculate  

and opacity regulations af fec t  the burning of railroad crosst ies .  

Trace amounts of herbicides may be present on rai l road cross- 

t i e s  as a resu l t  of periodic weed control spraying along track 

beds. The following herbicides have been used a t  various times by 

the three railroad companies tha t  would be expected to  supply 

t i e s :  

Atrotol 80W 75% AAtrex (2-Chloro-4-ethylamino-6- 
isopropylamino-s-triazine) . 
5% Prometon (2,4-bis (1sopropylamino.)-6- 
methoxy-s-triazine) 

Banvel (3,6-Dichloro-o-Anisic Acid or 
3,5,6-Trichloro-o-Anisic Acid) 

Princep ( 2-chloro-4,6-bis .(ethylamino) -s-triazine) 
.Ammate (Ammonium sulfamate; NH40S02NH2) 
2,4-D (2,4-~ichlorophenoxyacetic acid)  
2,4,5-T (2,4,5-Trichlorophenoxyacetic acid) 
Evik (2-~thy1amino)-4-(isopropy1amino)-6- 

(methy1thio)-s- t r i az ine)  
Karmex (3-  (3,4-Dichloropheny1)-1-methylene) 
2 , 4 - D  Arnine 

The herbicides are sprayed on weeds a t  one- t o  three-year inter-  
. vals. Brush i s  sprayed about every five years. Less traveled 

tracks are treated less  frequently. Most rai l road personnel 

believe tha t  very l i t t l e  of the herbicide is  sprayed on the cross- 

t i e s  themselves, especially where the track bed is of crushed 

stone and weeds are less  l ike ly  t o  be a problem. A l l  of the 

active ingredients present i n  the above l i s t ed  herbicides are 

degradable by biological,  physical, or chemical means. The mobil- 

i t y  and ecological impacts of .Ll-~sst? compounds, especially 2,4-D 

and 2 ,4 ,5 -T ,  are controversial (Heinrichs 1979; Popovich 1978). 

Between 99 and 100 percent of the 'active ingredients i n  most pest- 

icides and herbicides degrade during complete combustion. Poten- 

t i a l l y  harmful emissions resulting from incomplete combustion 

include part iculates  from sol id formulations, phosphorus pentoxide 

from phosphorus-based formulations, carbonyl/chloride/hydrogen 

chloride from chlorinated hydrocarbons, cyanogen from nitrogen- 

containing organics, nitrogen oxide, and sulfur dioxide. The 

sol id residues l e f t  from incineration of pesticides and herbicides 

are very low ( l e s s  than twenty parts  per million for combustion of 



pure pest icides)  .and leachate from aski disposal s i t e s  should not 

represent a pollution. problem due to  (EPA 1976). 

Fuel procurement impacts. -Since the supplementary fuels des- 

cribed i n  t h i s  section are generally regarded as waste materials, 

the net e f fec t  of obtaining and u t i l i z ing  them would be positive. 

There are some al ternat ive uses for old crosst ies  and discarded 

rubber t i r e s .  Crossties are  frequently used as fence posts, ero- 

sion control s t ructures ,  and building material for rough or tempo- 

rary structures.  Eiubber t i r e s  can be used for erosion control, 

a r t i f i c i a l  t u r f ,  road surfacing, and crash barr iers .  If supple- 

mentary fuels  were used, the amount of wood required by the 

f a c i l i t y  would be reduced. i 

Transportation impacts. I t  i s  possible t o  t ransfer  each of 

the supplementary fuels i n  24-ton vans i f  the materials are pro- 

cessed ( i . e . ,  chipped, shredded, or  baled) a t  the collection 

s i t e s .  Given the t o t a l  quanti t ies  of fuel tha t  could be delivered 

per day t o  S . D .  Warren, the number of vans tha t  would be required 

per week for supplementary fuel transport would be sixty-three 

( thir ty-eight  for municipal sol id waste, seven for rubber t i r e s ,  

and eighteen for c ross t i es ) .  This is less  than the number of vans 

t ha t  would be required to  deliver an equivalent amount of green 

wood fuel.  For t h i s  reason, the amount of ov,erall truck t r a f f i c  

would not increase. I t  i s  l ike ly  tha t  crosst ies  may be delivered 

by r a i l .  In t h i s  case, the truck t r a f f i c  would be even less .  

Since these waste materials are already being trucked from the 

source of the i r  production t o  a disposal s i t e ,  there would be no 

additional transportation impacts i n  these areas. However these 

trucks may have to  t ravel  greater distances to  the S . D .  Warren 

plant than to  the previous disposal s i t e s .  

Relationship t o  national, s t a t e ,  or local pol icies  and plans. 

The federal government encourages systems which demonstrate the 

f ea s ib i l i t y  of utiSlizing sol id  waste for energy under the Resource 

Conservation and Recovery Act of 1976. Although there are no 

specif ic  local or s t a t e  plans for the use of these supplementary 

fuels ,  the i r  use would be compatible with local waste disposal 

plans. 



Summary of long-term effec ts  . The principal long-term 

environmental e f fec t s  center around the potent ial  release of con- 

taminants from the supplementary fuels ,  the reduction of the pri-  

mary fuel  requirements, and the a l levia t ion  of local so l id  waste 

disposal problems. Environmental contaminants, par t icular ly  i n  

the form of airborne part iculate  and leachable hazardous materials , 
can be controlled by existing methods. The limited use of supple- 

mentary fuels .also mitigates the impacts of these contaminants. 

The impacts associated with combustion, procurement, and transpor- 

ta t ion  of the fuelwood would' be reduced i n  proportion to  the use 

of the supplementary fuels.  The use of sol id waste fuels would 

a l levia te  the pressures on regional and local sanitary l a n d f i l l  

operations. 

Other Fuels 

Policy Statement. . A s  an a l ternat ive  to  the proposed action, 

the U.S. Department of Energy could support the construction of a 

510,000 pound per hour oi l -f i red cogenerating f a c i l i t y  a t  the 

Westbrook m i l l  as a means of demonstrating and encouraging indus-  

t r i a l  cogeneration. 

Description. The Powerplant and Industr ial  Fuel Use Act of 

1978 ( 202(a)) specif ical ly prohibits the use of petroleum as a 

primary energy source i n  a new major fuel-burning ins ta l la t ion .  

The def in i t ion  of a major fuel-burning ins ta l l a t ion  includes a 

f a c i l i t y  with boi lers  designed to  consume fuel a t  a ra te  of 100 

million or more B t u  per hour. A cogenerating f a c i l i t y  producing 

510,000 pounds per hour i s  well i n  excess of t h i s  threshold, with 

a fuel  consumption capacity on the order of 600 million Btu per 

hour. The Act further allows the Secretary of Energy to  order the 

conversion of existing f a c i l i t i e s  from natural gas or petroleum 

t o  coal or other al ternat ive fuels.  

Because of these prohibitions, an oi l -f i red cogenerating 

f a c i l i t y  is  not a .feasible al ternat ive.  



Natural Gas 

Policy statement. The U . S .  Department of Energy could sup- 

port a cogenerating plant a t  S . D .  Warren tha t  used natural gas as 

a fuel.  

Description. The Powerplant and Industr ial  Fuel Use Act of 

1978 specif ical ly prohibits the use of natural gas as a primary 

energy source i n  new major fuel-burning ins ta l la t ions  (see above 

discussion). Because of these prohibitions, a natural gas-fired 

cogenerating f a c i l i t y  is not a feasible al ternat ive.  

Geothermal 

Policy statement. As an a l ternat ive  to  the. proposed action, 

the U.S .  Department of Energy could support a cogenerating plant 

t ha t  extracts  heat i n  the form of steam from the ea r th ' s  in ter ior .  

The steam may be used for indust r ia l  processing or to  produce 

e l ec t r i c i t y .  

Description.* Hydrothermal power is naturally available 

where underground aquifers or water bodies come in  contact w i t h  

hot,bedrock. There are many hydrothermal reservoirs in  the wes- 

t e rn  United States,  but none are known to  ex i s t  i n  Maine. How- 

ever, areas i n  Maine do ex i s t  where hot bedrock l i e s  close to the 

surface. A t  these locations, it may be possible t o  in jec t  surface 

water in to  the hot rocks and then extract  it i n  the form of steam 

via another nearby well. 

I n  order for the water and steam to  flow, the hot bedrock 

must be made porous throuqh fracturing techniques. To date, only 

hydraulic fracturing has .been act ively investigated; t h i s  tech- 

nique has been demonstrated successfully a t  Los Alamos, Cali- 

fornia. Continuous steam extraction has not yet been achieved, , 

however, due t o  technical d i f f i cu l t i e s .  

While dry rock geothermal energy may be commercially feasible 

by the l a t e  1980s, the technology is presently s t i l l  i n  experi- 

mental and small-scale demonstration stages. For t h i s  reason, 

geothermal energy i s  not currently a reasonable al ternat ive t o  the 

proposed project. 

* Source: Waterflow 1977. 



Solar 

Policy statement. As an al ternat ive to,  the proposed action, 

the U. S. Department of Energy could support the construction of a 

solar-powered cogenerating steam-electric plant. 

Description. Two systems have been developed which col lec t  

solar  radiation and convert it to  high temperature thermal energy. 

The f i r s t  system, called a central  receiver solar  furnace, u t i -  

l i z e s  a f i e ld  of mirrors (he l ios ta t s )  t o  focus the sun's rays on a 

receiver mounted on a t a l l  tower. This concentrated thermal energy 

heats water and produces steam. The steam may be used immediately 

or transferred to  a thermal storage system where heat is held for 

l a t e r  use (Bereny 1977; Geary & Jones 1977;  Williams 1974). 

The second system employs a "solar farm" composed of l inear ,  

fixed-mirror col lectors  which concentrate insolation (solar  radia- 

t ion),  onto long pipes containing heat-retentive f lu ids .  These 

f lu ids  flow t o  a central  storage system where the heat i s  used to 

produce steam ( ~ e r e n y  ,1977; Geary & Jones 1977 ; Williams 1974). 

Both systems require a 'master control u n i t  to  coordinate the 

heliostats.:and to  regulate the delivery of steam and transfer  of 

heat. Conventional steam turbines and e l ec t r i ca l  generators can 

be used with ei ther  system. 

Solar thermal systems are technically feasible.  The Depart- 

ment of ~ n e r g y  i s  funding the development of one 5-megawatt demon- 

s t ra t ion  plant and one 10-megawatt p i l o t  plant i n  the southwestern 

United States,  the region tha t  shows the highest promise for near- 

term use of solar-powered.steam-electric plants.  Operation of a 

large-scale commercial plant is not foreseen, even i n  tha t  region, 

u n t i l  sometime a f t e r  the m i d  1980s (Geary & Jones 1977). 

Recent estimates indicate tha t  between 160 and 625 acres 

would be required a t  a solar power s ta t ion  to  produce the energy 

t o  be supplied by the proposed wood-fired boi ler  (Geary & Jones 

1977). S.D.  Warren Company currently owns about 180 acres, half 

of which is  occupied by existing plant s t ructures .  The Company 

does not have access t o  suff ic ient  acreage to  meet i t s  energy 

needs with a solar thermal system because the area surrounding i t s  

property i s  e i ther  developed or zoned for nonindustrial uses. 



Furthermore, currently available storage.systems to  supply energy' 

during cloudy periods m u s t  be recharged every three days (Ruane 

1977b) , whereas the Northeast occasionally experiences as many as 

s i x  consecutive days without sun. 

I t  is  highly unlikely therefore tha t  a commercially viable 

solar  thermal-electric system w i l l  be located in  Maine in  the near 

future. Due t o  s i t e  res t r i c t ions ,  it would not be feasible  for 

one t o  be located a t  the S.D. Warren s i t e  in  Westbrook. 



ALTERNATIVE METHODS OF ELECTRIC POWER GENERATION 

The al ternat ives described i n  t h i s  appendix are intended to  

describe methods of generating or conserving twenty-five megawatts 

of e l ec t r i ca l  pow2r t o  replace the capacity represented by the 

proposed f ac i l i t y .  These al ternat ives involve projects which 

could be undertaken within the area affected by the proposed 

f ac i l i t y :  i . e . ,  anywhere within f i f t y  miles of Westbrook, Maine. 

No New Capacity 

Policy Statement 

The U . S .  Department of Energy could support a load management 

and e l e c t r i c i t y  conservation project i n  Maine as an al ternat ive t o  

building twenty-five megawatts of new cogenerated e l ec t r i c  

capacity. . 

Description 

T h i s  a l ternat ive would consist  of a concurrent e f fo r t  to  

reduce peaks i n  e l e c t r i c i t y  demand and to  reduce the overall  con- 

sumption of e lec t r i c i ty .  Load management involves a shi f t lng  of 

peak e l e c t r i c i t y  use t o  times of the day or year characterized by 

low demand. The creation of a re la t ive ly  even demand for elec- 

t r i c i t y  enables the use of less  expensive and more e f f i c ien t  base- 

and intermediate-load power i n  place of peaking .capacity. This 

approach may not reduce t o t a l  consumption of e l e c t r i c i t y  but it 

can reduce the use of fuel o i l  t o  produce peaking power and fore- 

s t a l l  or eliminate the need for additional peak load capacity. 

Load management can be accomplished through a variety of 

measures, including d i f fe ren t ia l  r a t e  s t ructures ,  remote control 

by the u t i l i t y  of e l ec t r i ca l  appliances, and space heat storage. 

Differential  r a te  structures employ economic incentives for the 

consumer t o  reduce consumption of e l e c t r i c i t y  during peak hours. 

A u t i l i t y  can shut off appliances, including a i r  conditioners and 

water heaters, owned by cooperating consumers when demand for 

e l e c t r i c i t y  exceeds a pre-specified level.  Such consumers usually 

receive a preferred ra te  charge i n  return for the i r  contribution 



t o  reducing peak demand. Heat s t o r a g e  systems employ a  thermal 

mass t o  s t o r e  h e a t  when demand f o r  e l e c t r i c i t y  i s  low and r e r a d i -  

a t e  it dur ing  peaking hours  when demand is  h igh .  

A r e c e n t  s tudy  has  i n d i c a t e d  t h a t  s u c c e s s f u l  load management 

could  reduce t h e  1985 peak demand f o r  e l e c t r i c i t y  i n  New England 

by 2.4 pe rcen t  o r  544 megawatts (ACE 1977).  

Conservation of t h e  t o t a l  amount of e l e c t r i c i t y  consumed can 

be' a t t a i n e d  by improving t h e  e f f i c i e n c y  of e l e c t r i c a l  app l i ances  

and by reducing t h e  use of  such appl iances .  Conservation programs 

a l s o  could be d i r e c t e d  toward reducing unnecessary use of e l e c t r i c  

space h e a t i n g  and l i g h t i n g  systems. I t  has  been es t imated  t h a t ,  

i n  Maine, between 5.7 x l o 8  and 21.9 x l o 8  k i lowat t -hours  of 

e l e c t r i c i t y  could be conserved annual ly  i n  1985  o ones e t  a l .  

1977) .  This is equ iva len t  t o  t h e  ou tpu t  of  a  92- t o  357-megawatt 

genera t ing  f a c i l i t y  opera t ing  a t  70 pe rcen t  capac i ty .  

This  p o t e n t i a l  f o r  load management and conservat ion  could 

d e l a y  t h e  c o n s t r u c t i o n  o f  new e l e c t r i c - g e n e r a t i n g  c a p a c i t y  i n  

southern  Maine. 

Economics 

Load management and conservat ion  have been demonstrated t o  be 

economically v i a b l e  i n  s p e c i f i c  s i t u a t i o n s  i n  t h e  United S t a t e s  

(Rodemann 1978; Vumbaco 1978).  I n  a d d i t i o n ,  load  management has  

been e x t e n s i v e l y  employed i n  Europe f o r  many yea r s  as  a  means of 

opt imiz ing  t h e  use of baseload genera t ing  c a p a c i t y  (Laaspere 

1974; Converse 1974).  Research a l s o  i n d i c a t e s  t h a t  energy- 

e f f i c i e n t  e l e c t r i c a l  appl iances  a r e  economically v i a b l e  (NEEC 

1978) and could be employed t o  a  g r e a t e r  degree.  

Environmental Impacts 

The environmental  impacts of  an e l e c t r i c  energy conservat ion  

program a r e  p r i m a r i l y  b e n e f i c i a l .  An o v e r a l l  r educ t ion  i n  t h e  

amount o f  e l e c t r i c i t y  consumed would reduce t h e  amount of  f u e l  . . 
consumed t o  genera te  t h a t  e l e c t r i c i t y .  Successfu l  load management 

would allow more e f f i c i e n t  use of  baseload genera t ing  s t a t i o n s ,  

which t y p i c a l l y  consume l e s s  energy pe r  k i l o w a t t  genera ted  than  do 

in te rmedia te  and peakload f a c i l i t i e s .  The r e s u l t  would be to  

reduce t h e  opera t ing  impacts of  e l e c t r i c - g e n e r a t i n g  f a c i l i t i e s .  



These reductions would occur principally in  chemical and thermal 

emissions t o  a i r  and water. 

An additional ef fec t  of a  conservation program would be to 

defer the need for additional generating capacity and the related 

environmental impacts of construction of new f a c i l i t i e s .  Discus- 

sion of the impacts of construction and operation of energy 

f a c i l i t i e s  occurs throughout t h i s  document. 

Some socioeconomic impacts could also occur. While only 5 

percent of Maine's housing units are e l ec t r i ca l l y  heated, t h i s  use 

accounted for 1 2  percent of the t o t a l  res ident ia l  e l e c t r i c i t y  

consumption i n  1977 (Jones e t  a l .  1977). A program to  improve the 

insulation i n  these homes would generate local employment. While 

t h i s  e f fec t  and others similar to  it might be considered benefi- 

c i a l ,  the deferral  of constructing new capacity must be considered 

as negative from the labor viewpoint. I t  i s  possible, however, 

tha t  a  conservation program of s ignif icant  scope would require the 

s k i l l s  of these workers to  r e t r o f i t  new, energy-efficient equip- 

ment in to  existing homes and commercial, indust r ia l ,  and u t i l i t y  

f a c i l i t i e s .  

A conservation program would be compatible with both the 

Energy Policy and Conservation Act of 1975 and the National Energy 

Conservation Policy Act of 1978. These acts  established conserva- 

t ion programs and efficiency standards for e lec t r i ca l  appliances. 

This al ternat ive would also be compatible with the pol icies  

established by the Maine Office of Energy Resources (MoER 1976). 

Purchase of E lec t r i c i ty  

Policy Statement 

A s  an al ternat ive t o  the proposed action, the e l ec t r i c  u t i l i -  

t i e s  i n  southern Maine could purchase twenty-five megawatts of 

e l ec t r i c  generating capacity from a u t i l i t y  outside the i r  service 

areas. 

Description 

The purchase of e lec t r i c  power as an al ternat ive to  the 

proposed action can be a  "firm purchase agreement," a contract 



between two u t i l i t i e s  for the output from a given amount of gener- 

ating capacity. A u t i l i t y  can also enter in to  a mutual construc- 

t ion  program with other u t i l i t i e s  t o  build new power plants.  The 

l a t t e r  option allows u t i l i t i e s  t o  supplement the i r  power supplies 

through ownership of new generating capacity. 

Central Maine Power Company i s  the u t i l i t y  presently serving 

the Portland area and most of southern Maine. central  Maine Power 

Company i n  1977 purchased approximately 110 megawatts of capacity 

and expects t o  continue purchasing capacity i n  varying amounts 

over the coming years (CMP 1977). A s  a member of the New England 

. Power Pool (NEPOOL), Central Maine Power Company has a "capabili ty 

responsibil i ty" calculated under the provisions of the NEPOOL 

agreement t o  provide a certain amount of power. Subject to  cer- 

t a in  res t r ic t ions ,  the purchase of e l ec t r i c  power i s  a means of 

meeting th i s  responsibi l i ty  (NEPOOL 1971). NEPOOL. i t s e l f  pur- 

chases power from outside the New England area. NEPOOL is 

expected to  purchase roughly 600 megawatts of capacity annually 

during the next. f ive t o  ten years (ACE 1977). 

Central Maine Power Company also owns shares in several 

existing and planned plants tha t  comprise a major portion of i t s  

capabil i ty  responsibil i ty.  These shares amounted to  384.6 mega- 

watts of' capacity i n  1977 and are expected to  amount t o  1,392.5 

megawatts by 1990 (CMP 1977). 
-. 

Either of these two methods of purchasing twenty-five mega- 

watts of electr ic .generat ing capacity is a feasible  a l ternat ive  to 

the proposed project. 

Economics 

The cost of e l ec t r i c  power purchased under a firm purchase 

agreement, the method most often employed for the acquisition of 

supplemental power, i s  determined by establishing a fixed capacity 

charge and adding an energy charge. The capacity charge, i n  dol- 

l a r s  per kilowatt per year, includes the fixed annual costs and 

return on investment of the capacity purchased. The energy charge 

primarily represents the variable fuel costs (Lowery 1979). The 

cost of e l ec t r i c  power obtained from a newly constructed, joint ly 

owned plant i s  determined on a conceptually similar basis.  A 



comparison of the two methods i s  d i f f i c u l t ,  however, due to  the . 

variety of conditions tha t  af fec t  the economics of the surplus 

capacity and the new capacity. 

The widespread employment of both practices demonstrates the 

economic f ea s ib i l i t y  of purchasing power. 

Environmental Impacts 

The environmental consequences of purchasing power depend on. 

the choice of purchasing arrangement. If e l e c t r i c i t y  or capacity 

is  simply purchased from a neighboring u t i l i t y ,  the environmental 

impacts are d i rec t ly  proportional t o  the additional fuel consumed, 

since the supplier of e l ec t r i c i t y  is u t i l i z ing  existing surplus 

capacity. 

I f ,  on the other hand, the purchasing u t i l i t y  were to enter 

in to  a joint construction e f fo r t  on a large new plant,  the envi- 

ronmental ef fec ts  of purchasing power would involve an increment 

of the construction as well as operation impacts. The large new 

f a c i l i t i e s  tha t  are t o  be b u i l t  i n  New England in  the future are 

most l ike ly  t o  be nuclear and coal plants.  An estimate of the 

impacts associated with ' twenty-five megawatts' of capacity i n  . :  
ei ther  of these types of power plant is beyond the scope o f '  t h i s  

analysis. A number of environmental impact statements providing 

analyses of these impacts have been prepared (BLM 1976; AEC' 

1974). 

Central Maine Power and NEPOOL project  a decline over the 

next ten years i n  the amount of e l ec t r i c i t y  purchased under con- 

t r a c t  (CMP 1977; ACE 1977) . >  The environmental impacts of a pur- 

chased power al ternat ive therefore w i l l  stem principally from the 

joint construction option. 

Relationship t o  national, s t a t e ,  or local plans or programs. 

The Public U t i l i t i e s  Regulatory Policy Act of 1978 supports the'  

e f f i c ien t  use of energy-generating resources, including physical 

f a c i l i t i e s  and capi ta l .  The purchase of surplus generating 

capacity and joint construction of new capacity both contribute to 

t h i s  goal. 

Summary of long-term effec ts .  Because most joint construc- 

t ion projects w i l l  be for plants tha t  are nuclear- or coal-fired, 



the purchase of e l e c t r i c i t y  option represents a  continued invest- 

ment i n  nonrenewable energy systems. This investment w i l l  further 

delay a  regional t rans i t ion  to  locally available, renewable 

sources of power. The joint construction option also carr ies  with 

it the long-term impacts of construction and operation of new 

plants. 

Coal 

Policy Statement 

A s  an al ternat ive t o  the proposed action, the U. S. Department 

of Energy could support the construction of a 25-megawatt coal- 

f i red  e l ec t r i c  generating s ta t ion  i n  southern Maine. 

Description 

A 25-megawatt coal-fired f a c i l i t y  operating a t  a  capacity 

factor of . 7  would produce 153.3 million kilowatt-hours of elec- 

t r i c i t y  per year. This' power could be sold t o  indust r ia l  cus- 

tomers i n  southern Maine, t o  the regional e l ec t r i c ' g r id ,  or t o  

both. With a  heat ra te  of 10,500 B t u  per kilowatt-hour, such a 

plant would require approximately 59,000 tons of coal per year . 

(KCIM 1976). A 25-megawatt plant would be generally similar to  

the 50-megawatt coal-fired cogenerating s ta t ion  described i n  the 

"Coal" section of the previous chapter. However, the quantit ies 

of coal required by the f a c i l i t y  would be too small t o  support the 

economic use of u n i t  t r a ins  for the delivery of the fuel. If the 

plant were s i t ed  a t  an ocean or deep-water r iver  port ,  transporta- 

t ion  of the coal by barge would provide an economic al ternat ive.  

Otherwise, the coal would probably have to  be delivered by r a i l  

f re ight  a t  re la t ive ly  high car-lot  rates .  

Economios 

The economic requirements of a  25-megawatt coal-fired elec- 

t r i c  generating f a c i l i t y  are given i n  Table 23. Unless the plant 

could be s i t ed  near an ocean port with handling f a c i l i t i e s  to  

receive coal barges, the unavailabili ty of u n i t  t r a ins  for a  plant  

of t h i s  s ize  would mandate higher fuel costs than those shown. 



TABLE 23 : ESTIMATED CAPITAL, OPERATING AND MAINTENANCE, AND 
FUEL COSTS FOR A 2s-~AW COAL-FIRED ELECTRIC GENERATING FACI LITP 

1 9 7 9  D o l l a r s  
( m i l l i o n s  l 

I n s t a l l e d  C a p i t a l  c o s t 2  

Annual  O p e r a t i n g  a n d  M a i n t e n a n c e  c o s t 3  

Annua l  Fuel c o s t 4  

I .  These estimates would vary substantiaZZy from s i t e  t o  site.and should 
only be considered as approximate. 

2. CaZcuZated from Manar 1979b. 
3. Assumed t o  be 2.5% of instaZZed capita2 cost: Manar 1979a. 
4.  Sources: Hmey  1978; Grahum 1978; Hall e t  a l .  1976. 

Based on 59,000 tons/yem a t  $46/ton. 



The use of the costs presented i n  the table to calculate a  

u n i t  production cost, such as m i l l s  per kilowatt-hour or dollars 

per million B t u ,  i s  subject to  many variables. The nature of the 

plant s i t e  and i t s  location a f fec t  the cost of cap i ta l ,  mainte- 

nance, operation, and fuel.  Construction time, financing, and the 

exist ing tax climate w i l l  influence the annual charges on invest- 

ment. Recent changes i n  the investment tax credi ts  and deprecia- 

t ion  allowances enacted by the Energy Tax Act of 1978 w i l l  have an 

important influence on the choice of fuel for energy f a c i l i t i e s .  

For these reasons, it i s  beyond the scope of an environmental 

impact stateme.nt t o  predict  precise u n i t  costs. 

The capi ta l ,  operating, maintenance, and fuel costs presented 

i n  Table 23, however, do indicate tha t  t h i s  a l ternat ive  is a t  

l e a s t  marginally commercial and tha t  consideration of i t s  environ- 

mental impacts is justified.  

While t h i s  al ternat ive may be economically viable, an elec- 

t r i c  u t i l i t y  investing i n  additional generating capacity would be 

more--likely t o  seek the economies of scale available i n  larger, 

coal-fired f a c i l i t i e s  . For example, Central Maine Power Company 

i s  planning t o  build a  600-megawatt coal-fired plant in  Maine and 

re ta in  463 megawatts of capacity for i t s  own use, while se l l ing  

the r e s t  t o  other u t i l i t i e s  (CMP 1977). 

Environmental Im~ac t s  

The environmental impacts.of a  25-megawatt coal-fired elec- 

t r i c  generating plant would be similar t o  those described i n  the 

previous "Coal" section for a  50-megawatt cogenerating f ac i l i t y .  

The smaller s ize  of the plant and the reduced fuel requirements 

would diminish a l l  of the impacts described. 

A i r  emissions and volumes of sol id wastes generated by the 

plant  are outlined i n  Table 24. Although it i s  assumed that  s u l -  

fur dioxide scrubbers w i l l  be employed as a i r  pollution control . .  

devices, it is  possible tha t  other means of meeting a i r  qual i ty  

standards, such as burning low-sulfur coal, could be used. 

If the plant were s i t ed  on the coast to  allow service by coal 

barges rather than u n i t  t ra ins ,  a i r  emissions from the transport 

of coal would be reduced, as towboats emit fewer pollutants per 



TABLE 24: ESTIMATED A I R  EMISSIONS AND SOLID WASTE FLOWS 
FROM A 25-MW COAL-FI RED ELECTRI C GENERATING FACILITY 

Air Pol  1 u t a n . t ~  

N i t r o g e n  O x i d e s  

S u l f u r  D i o x i d e  

Carbon  Monoxide 

P a r t i c u l a t e s  

H y d r o c a r b o n s  8 . 5  

S o l  i d  w a s t e s 2  

C o l l e c t e d  A s h  

S c r u b b e r  S l u d g e  

Q u a n t i t y  

I .  Assumes 90% reduction in S0.2 emissions -and 99.5% reduction 
in particulate emissions. Source: EPA 1976. 

2. Source: Le, Rubin & Meier 1978. 



ton of material hauled than do railroad engines (Dvorak e t  a l .  

1977). Accidental and routine coal spi-llages wauld af fec t  aquatic 

ecosystems i n  a manner similar to  tha t  described i n  the previous 

"Coal" section. Fatal accidents associated with coal barge t ra f -  

f i c  would be lower than those associated with r a i l  shipment 

(Dvorak e t  a l .  1 9 7 7 ) .  

Location of a coal-fired e l ec t r i ca l  generating s ta t ion  on a 

nonindustrial s i t e  adjacent t o  the ocean or a navigable waterway 

ra ises  concern over the l imitation of free access to a public 

resource. Although the Great Ponds Act i n  Maine guarantees access 

t o  most freshwater areas, public access to  the ocean shore is 

extremely limited i n  Maine a t  present. 

A l l  other impacts, policy implications, and long-term effects  

are described i n  the previous "Coal" section. 

Alternative Supplementary Fuels 

Policy Statement 

As  an al ternat ive t o  the proposed action, the U. S. Department 

of Energy could a s s i s t  the development of an e l ec t r i ca l  generating 

plant tha t  u t i l ized  limited quanti t ies  of supplementary fuels i n  

addition t o  fuelwood. 

Description 

This al ternat ive i s  similar t o  tha t  discussed i n  the 

"Alternative Supplementary Fuels" section of the previous chapter, 

except tha t  the plant would not be a cogenerating f ac i l i t y .  The 

steam created would be used only t o  generate e l ec t r i c i t y  and would 

, not be used for heating or processing. Therefore it would require 

l ess  fuel  than the plant described i n  the previous chapter and 

would not necessarily have to  be located a t  S . D .  Warren or a s i m i -  

l a r  indust r ia l  f ac i l i t y .  The technical res t r i c t ions  on the per- 

centage of municipal sol id waste and rubber tha t  could be burned 

are the same as those described ea r l i e r  (i. e. ,  10 percent process- 

ed municipal sol id waste and 10 percent rubber). 



A 25-megawatt electric generating plant, operating at a 70 

percent plant capacity factor and with a heat' rate of 10,500 Btu 

per kilowatt-hour would require approximately 1.6 x 1012 Btu 

per year. Ten percent of this figure is approximately equivalent 

to 12,300 tons of processed municipal solid waste. There would be 

sufficient supplies of processed municipal solid waste in the area 

to meet this demand. There are also 9,230 tons of rubber avail- 

able annually, which is enough to supply about 17 percent. There 

are about 21,000 tons of crossties available per day. This amount 

would supply about 16 percent of the total daily Btu input. The 

total supplementary fuel contribution could therefore be about 43 

percent. 

The economics and environmental impacts of this alternative 

are the same as those described in the previous chapter. 

Hydroelectric 

Policy Statement . . 

As an alternative to the proposed action, the U.S. Department ' 

on Energy could develop hydroelectric potential in southern Maine 
' 

to produce the twenty-five megawatts of electricity that the pro- 

posed plant is.expected to supply. The hydroelectric alternative 

would supply power to the regional grid from several scattered 

low-head dams. Hydroelectric plants could be located at renovated 

existing dams, or they could be new facilities at undeveloped 

sites. 

Description 

Table 25 lists potential hydroelec'tric sites within the major 

river basins of southern Maine and eastern New Hampshire. It 

includes both undeveloped potential and currently existing dams 

that could be expanded. Table 26 lists existing, nonoperating dam 

sites of capacities greater' than one megawatt that could be reno- 

vated. The proposed plant is expected to create an additional 

twenty-five megawatts of capacity for the region. An electric 

generating facility with that capacity operating at a plant capac- 

ity factor of . 7  would supply roughly 153.3 million kilowatt- 



TABLE 25 : HYDROELECTRIC P O T E N T I A L  I N  FUELWOOD HARVEST REG I O N  

Head 
C a p a c i t y  C a p a c i t y  A n n u a l  O u t p u t   eight,. 

R . i  v e r  (Mu) F a c t o r  ( l o 6  kwh) -., , I-f e  e . t )  . 
. . . .- 

New Dam s i t e s f  

S t e e p  F a l l s  Sac.:, 

P e j e p s c o t  A n d , r o s c o g g i  n 1 0  . 5 9  52 22 1 i 
L e w i  s t o n  A n d r o s c o g g i n  3 0  . 4 9  1 3 0  5 5  i !. 
G r e a t  F a l l s  Saco 4 0  .25  8 7  111 i 

I 
Expanded  Dam s i t e s 2  

C a t a r a c t  Saco 

West  B u x t o n  U p p e r  Saco 5 .4  

Bonny E a g l e  Saco 7 .8  

1 .  S o u r c e :  FPC 1 9 7 7 ,  e x c e p t  f i g u r e s  f o r  30-Mu f a c i l i t y  a t  S t e e p  F a l l s ,  wh ich  come 
from NFFRC 1976. 

2. Dams c x r r e n t l y  o p e r a t i n g ,  b u t  w i t h  p o t e n t i a l  f o r  e x p a n s i o n .  S o u r c e :  F P C  1977.  



TABLE 26: DAM SITES I N  FUELNOOD HARVEST REGION WITH POTENTIAL 
FOR RENOVATION' 

R i  ver  Bas i.n S i t e  

Saco 
(ME & NH) 

Maine Coastal 
(ME) 

Piscataqua 
' ma. 

Spring Brook 

Swan F a l l s  

Ledgemere 

Ossi pee 

Central Mai ne Power Co. 

No Name Brook #2 

Saco River 

Cabot Manufacturing Co. 

Worumbo Manufacturing Co. 

Pejepscot Paper . 

Town o f  Turner 

Minot Corner 

Mechanic F a l l s  

L i t t l e  F ie lds  

Central Maine Power Co. 

Max M i l l e r  Co. 

Barker M i l l  

Westbrook Dam W 1  

Westbrook Dam #2 

Gorham Dam #1  

Gorham Dam #2 

Gorham Dam #3 

Gorham Dam #4 

Gorham Uam #5 

Sebago Lake . 

Route 4 

Cocheco River #2 

Cocheco River #4 

Capacity Energy 
Location ~ M w )  (Mwh) 

Bi  ddeford , ME 

Fryeburg 

Limerick 

Por ter  

Effingham, NH 

Conway 

Conway 

Brunswi ck 

Lisbon F a l l s  

Tops ham 

Turner 

M i  n o t  

Mechanic F a l l s  

Auburn 

Tops ham 

Lisbon F a l l s  

Auburn 

Westbrook 

Wes tbrook 

Gorham/Windham 

Gor ham/Wi nd ham 

GorhamIWindham. 

Gorhaml W i  nd ham 

GorhamIlJi ndham 

Standish 

South Berwick 

Dover 

Dover 



TABLE 26 - Conttnued 

. . .  . .  . . . .  

Ri3er:B.dsi.n . . .  S i t e  - 
P i  scataqua Salmon' F a l l s  
(NHI River '. #l 

Salmon F a l l s  
River #2 
Salmon Fa.11 s 
R i  ver .'#l 

Salmon F a l l s  
River #2 

-- 

I .  S i t e s  with capacity, greater than I Mw. 

Roll ingsford 

Roll ingsford 

Sornersworth 

Somersworth 

Source : NERBC 1'9 79. 



hours ( k w h )  annually. While none of the s i t e s  i n  Tables 25 or 26 

alone has the potential  to  generate 153.3 million kwh, a combina- 

t ion of two or more of them could supply t h i s  amount. The number 

and kind  of s i t e s  tha t  would need t o  be developed i n  order t o  sup- 

ply t h i s  power depends on many variables and options concerning 

hydroelectric development in  general. 

Small vs. large scale. The s ize  of a hydroelectric f a c i l i t y  

is determined by available stream flow, hydraulic head, and poten- 

t i a l  water storage capacity. These character is t ics  are a function 

of local topography, geology, and hydrology. A l l  of these factors  

are highly variable and site-specific.  ' However, it is generally . 

t rue  tha t  the majority of existing and potential  s i t e s  i n  New 

England are small and would allow annual e l e c t r i c i t y  outputs of 

less  than 100 million k w h  (NEFRC 1976). "Low head" is a term 

usually applied t o  dams with hydraulic heads of less  than f i f t y  

fee t .  "Low head" does not necessarily mean "small sca le ,"  

although most s i t e s  i n  Tables 25 and 26 would involve small dams. 

Peak power or  base-load operation. The water flows i n  New 

England r iver  basins, combined with the high capi ta l  costs of con- 

s t ruct ing hydroelectric f a c i l i t i e s ,  enable the production of 

e l e c t r i c i t y  which can best be sold a t  the time of peak load 

demand. A s  hydroelectric f a c i l i t i e s  have the .technical a b i l i t y  t o  

respond quickly t o  demand peaks, they provide the e l ec t r i c  grid 

w i t h  additional operating eff iciencies  when operated i n  t h i s  man- 

ner. Most of the s i teo  l i s t ed  i n  Tables 25 and 26 could be 

operated as peaking s ta t ions  (NEFRC 1976). 

Run-of-river vs. storage. . If there i s  a re l iable  annual 

stream flow, then the hydro plant may be operated as a "run-of- 

r iver"  f a c i l i t y .  I n  New England, however, a storage reservoir i n  

the r iver  valley immediately above the dam i s  usually necessary. 

Many dams tha t  are terrr~ed "run-of -r iverM f a c i l i t i e s  are actual ly 

dependent on large storage reservoirs and associated flow manage- 

ment practices a t  points further upstream. Most of the s i t e s  

l i s t ed  i n  Table 25 and 26 w i l l  depend on stored water, e i ther  on 

site or from large upstream reservoirs from which the flow is 

regulated. 



Renovated vs. new. To produce .1,53.3 million kwh would not 

necessarily require new hydroelectric f a c i l i t i e s .  Table 25 and 26 

indicate tha t  there already exis t  dams tha t  are e i ther  not 

generating e l ec t r i c i t y  or else have potential  for expansion. 

The specif ic  construction and operation requirements depend 

on which combination of the above options i s  used; however, some 

generalizations can be made. The major raw materials required for 

construction of a new hydro f a c i l i t y  are earth,  rock, concrete, 

lumber, and s t e e l  for a dam, ou t le t ,  spillway, and access roads. 

Most of t h i s  material i s  available locally.  Renovation of exist-  

ing dams requires considerably fewer raw materials,  although gene- 

rating equipment is required for both existing and new fac i l i -  

t i e s .  

The ava i l ab l i l i t y  of water t o  power the turbines is highly 

s i te-specif ic  and depends on the precipi tat ion and runoff charac- 

t e r i s t i c s  of the drainage basin above the dam. The ava i lab i l i ty  

of water can sometimes be a problem for peaking f a c i l i t i e s  during 

summer drought periods. Greater than average reservoir drawdown 

may be necessary during these periods. For new dams, unpaved 

access roads ususally must be b u i l t  during the construction phase 

and some of these may be paved for l a t e r  permanent use. During 

the operation phase there w i l l  be no major transportation require- 

ments since the fuel i s  made available on s i t e  and i s  se l f -  

renewing. High tension transmission l ines  usually must  be con- 

structed with the length of the corridors depending on the remote- 

ness of the dam from existing transmission l ines .  

Several t i d a l  hydroelectric s i t e s  have been studied along the 

eastern Maine coast, adjacent t o  New Brunswick (NEEC 1978). While 

the technological development of t i d a l  f a c i l i t i e s  is somewhat less  

a d v a ~ ~ c e d  than tha t  of conventional hydroelectric plants,  with only 

two operating plants i n  the world, in te res t  has been rekindled i n  

several proposals for developments i n  eastern Maine and Canada 

(NOAA 1978). Tidal' hydroelectric systems are conceptually simi- 

l a r  t o  fresh water systems although the log i s t i cs  of operation and 

economics are more complex. I n  addition, the impacts of t i d a l  



power developments are largely speculative and unknown a t  t h i s  

time .(although the parameters of potential  impacts have been 

described: see Duff 1978; NEEC 1978; NOAA 1978). 

Recent research conducted for the  Department of Energy has 

ident if ied potential  s i t e s  i n  Maine and Alaska (Wayne 1979). The 

Department of Energy currently has l e t  a small contract t o  the 

Maine Passamaquoddy Indian t r i b e  t o  study the f ea s ib i l i t y  of a 

small-scale p i lo t  t i d a l  power plant a t  Half Moon Cove i n  Cobscook 

Bay. The U.S. Army Corps of Engineers is a lso  conducting an 

analysis, scheduled for 'completion i n  1981; of several possible 

projects i n  Cobscook Bay. Because the ident if ied t i d a l  power 

s i t e s  i n  Maine are under active consideration by federal agencies, 

t i d a l  power i s  not speci f ica l ly  discussed further i n  t h i s  

al ternat ive.  

Economic 

The cost per kilowatt of ins ta l led  capacity for hydro pro- 

jects i n  New England averages between $1,000 and $1,200, which i s  

comparable t o  the ins ta l led  cost of thermal plants (ACE 1977, 

GCHEE 1977). Operation and maintenance costs are usually less  

than those for thermal plants and fuel i s  essent ia l ly  free.  I n  

New England, however, potential  hydroelectric plants w i l l  be more 

expensive t o  operate than fossil-fueled plants because they w i l l  

operate fa r  fewer hours per year. This low capacity factor, pro- 

duces high annual costs per u n i t  of power generated. .Recent 

studies indicate tha t  the cost of producing peaking power a t  

hydroelectric s ta t ions  ranges between 37 and 136 mi l l s  per kilo- 

watt hour (ACE 1977). Peaking power currently s e l l s  a t  a price of 

40.8 m i l l s  per kilowatt hour on the southern Maine e l ec t r i c  power 

grid (Sherburne 1979). Thus, the more cost-efficient hydro- 

e l ec t r i c  s tat ions could produce power a t  a commercially competi- 

t ive  price. 

Environmental Impacts* 

Construction impacts. Construction of a new hydroelectric 

f a c i l i t y  can cause a variety of physical, chemical, ecological, 

aesthet ic ,  and socioeconomic impacts. The clearing and stripping 

* Information on construction, operation, fuel  procurement, and 
transportation impacts comes from EPA 1974. 



of vegetative cover on the reservoir s i t e  causes s o i l  erosion. 

This increases the turbidi ty and temperature of waters receiving 

runoff. Removal of vegetation a lso  increases the ra te  of surface 

runoff during the construction period. Clearing of the s i t e  would 

remove fores t  and f i e ld  habitat  and resu l t  in  the displacement or 

destruction of t e r r e s t r i a l  ecosystems. The existing aquatic eco- 

system would be disrupted due to:  

- the turbidi ty  and erosion problems created during 
construction, 

I - increased water temperature, 

- increased runoff ra tes ,  

- downstream sedimentation, 

- physical removal of habi tat  due to  straightening or 
alignment .of channels. 

These changes may resu l t  in  the loss of cer tain plant or animal 

species from the aquatic system. 

I n  the period immediately following reservoir f i l l i n g ,  decom- 

position of organic material in  the reservoir area would lower the 

level of d i s s o l ~ e d  oxygen..and resu l t  i n  a decline i n  water quality,  

both i n  the reservoir and i n  the downstream outflow. 

The aesthet ic  value of the area may decline due t o  the remov- 

a l  of t r ees ,  land shaping, and temporary exposure of s o i l  a t  the 

reservoir s i t e ,  as well as the introduction of construction equip- 

ment, access roads, power l ines ,  the dam structure i t s e l f ,  and 

related support f a c i l i t i e s .  Air qual i ty  may - be s l igh t ly  affected. 

Noise may increase in  the v ic in i ty  of the dam s i t e  due to  the 

operation of construction equipment and an increase i n  the amount 

of t r a f f i c .  

The environmental impacts tha t  resu l t  from the renovation or 

expansion of existing dams are considerably less  than those asso- 

ciated with completely new projects.  I n  most cases, a reservoir 

has already been established, access roads are present, and fewer 

raw materials would be required. Surrounding t e r r e s t r i a l  eco- 

system character is t ics  would not change substantially as a resu l t  



of renovation ac t iv i t i e s .  Downstream water qual i ty  impacts would 

be similar t o  those for a new f a c i l i t y ,  although the degree of the 

change would depend on the amount of stream rerouting required for 

improvement of. the existing structure.  The aesthet ic  and'socio- 

economic impacts associated w i t h  the construction phase would be 

similar i n  nature t o  those of a.new f a c i l i t y  but smaller. 

Operation and maintenance impacts. Permanent water qual i ty  

changes resu l t  from the impoundment and regulation of free-flowing 

water. Impounding the stream prevents turbulent mixing and raises  

the overall  temperature of reservoir waters. This promotes a lgal  

growth, which in t u r n  increases the biological oxygen demand. The 

new ecosystem tha t  i s  created contains warm water organisms 

adapted t o  low dissolved oxygen content and slow water flow. Low 

dissolved oxygen content also reduces the stream's a b i l i t y  t o  

assimil iate  organic wastes such as sewage. 

Thermal s t r a t i f i ca t i on  o f .  the reservoir waters causes sea- 

sonal variations i n  downstream water temperatures when water is 

'released from the dam. The regulation of water flow a t  the dam 

s i t e  also a l t e r s  the water level and flow regime of downstream 

water. Rapid changes i n  water pressure occuring within the t u r -  

bine can saturate  the water with nitrogen. Some micro-nutrients, 

such as iron and manganese, may s e t t l e  t o  the bottom of the reser- 

voir and be prevented from reaching downstream waters. ~1'1 of. 

these changes in  water qual i ty  can adversely af fec t  downstream 

aquatic organisms by d i r e ~ t l y ~ t h r e a t e n i n g  the i r  survival or by 

upsetting the i r  life-cycles. Anadromous and other migrating f i sh  

are part icular ly affected by the construction of an impoundment 

since it prevents them from reaching the i r  upstream spawning 

areas. This impact may be lessened by constructing f i sh  ladder, . 
although t h i s  is quite expensive. 

Normal operation af fec ts  the l i t t o r a l  habitat  around the 

reservoir due t o  variations i n  water level.  The resul t  of t h i s  

fluctuation i s  a sparsely vegetated zone tha t  can generate severe 

odor and aesthet ic  problems. 

Socioeconomic impacts stem from loss of recreation ac t iv i t i e s  

associated w i t h  free-flowing water and the creation of a reservoir 



tha t  may a t t r a c t  other types of freshwater recreation. Of particu- 

l a r  importance i n  the case of dams w i t h  already-existing reser- 

voirs are the impacts on ac t iv i t i e s  tha t  depend on the abandoned, 

nonfluctuating reservoir. These ac t iv i t i e s  include recreation, 

drinking water supplies, and flood plain development. Operation 

of the reservoir w i l l  disrupt these ac t iv i t i e s  and may' cause 

physical, managerial, or financial  problems. w i t h i n  the local com- 

munity. 

Employment impacts due t o  the operation and maintenance of 

the hydroelectric f a c i l i t y  are small. Few employment opportuni- 

t i e s  are  created. 

Fuel procurement impacts. The fuel 'procurement impacts of a 

low-head, peaking f a c i l i t y  are caused by the reservoir drawdown 

and stream flow changes and are described above. 

Transportation impacts. Because the fuel does not need to  be 

delivered t o  the hydro s i t e ,  additional t r a f f i c  i n  the area of the 

dam. would be insignificant once the dam has been constructed. 

Transportation of raw materials (ear th  and gravel i n  par t icular )_  

during the construction phase of a new dam would create increased 

truck t r a f f i c  in  the v ic in i ty  of the dam s i t e .  Existing transpor- 

ta t ion  routes may have t o  be relocated i f  they l i e  in the area t o  

be inundated by a reservoir. If a reservoir i s  created tha t  a lso 

serves as a recreation area, some t r a f f i c  congestion may occur 

during periods of recreation ac t iv i ty .  

Relationship t o  national, s t a t e  or  local  plans and policies.  

The Public U t i l i t y  Regulatory Policies Act of 1978 speci f ica l ly  

encourages the development of new or additional hydroelectric 

generating capacity a t  existing dam s i t e s  by offering loans for 

f ea s ib i l i t y  studies and for projects and by simplifying and 

expediting the loan procedures. I t  does not, however, encourage 

the construction of new dams or other impoundments. The Maine 

Office of Energy Resources recommends that-hydroelectr ic  develop- 

ment be given pr io r i ty  consideration over other available alterna- 

t ives  i f  it is  economically feasible.  This of f ice  also recommends 

tha t  the potential  for increased water storage of spring runoff 

waters be reevaluated i n  order t o  allow for increased energy out- 



put from existing and future hydroelectric facilities .(MOER 1976). 

New Hampshire also encourages the development of small hydro- 

electric projects between 50 and 500 kilowatts (New Hampshire 

Revised Statutes Annotated 362: 2) . 
Summary of long-term effects. The long-term impacts of the 

hydroelectric alternative would depend primarily on the types of 

facilities chosen. As described in the text, the impacts for new 

and renovated facilities can be quite different. These impacts 

include ( for new dams ) : 

- permanent removal of supportive habitat for terrestrial 
organisms in the area of the reservoir, 

- creation of a new aquatic environment and ecosystem in the 
reservoir area due to the impoundment of previously 
free-flowing waters, 

- odor and aesthetic problems during periods of reservoir 
drawdown, 

- . disruption of homes or business located on or adjacent to 
a reservoir site, 

- possible attraction of secondary development to the area 
of the facility, including new industries and recreation 
facilities. 

The principal impact of renovating dams is the possible creation 

of community resistance to water level variation in cases where it 

disturbs established uses of the abandoned reservoir and changes 

the characteristic downstream flow. Impacts of both kinds of 

facilities include changes in downstream water quality and aquatic . 

ecosystems due to temperature stratification, decreased oxygen 

content, nitrogen saturation, and stream flow fluctuation. 

Other Fuels 

Natural Gas 

Policy statement. As. an alternative to the proposed action, 

the U.S. Department of Energy could support the construction of a 

25-megawatt gas-fired electric generating facility in southern 

Maine. 

Description. The Powerplant and Industrial Fuel Use Act of 

1978 specifically prohibits the use of natural gas as a primary 



energy source i n  a  new e l ec t r i c  power plant. The defini t ion of an 

e l ec t r i c  power plant includes stationary e l ec t r i c  generating ' 

f a c i l i t i e s  with boi lers  designed t o  consume fuel a t  a  rate  of 100 

million or more Btu per hour. A generating f a c i l i t y  producing 

twenty-five megawatts of e l e c t r i c i t y  is  well i n  excess of t h i s  

threshold, with a  fuel consumption capacity on the order of 200 t o  

300 million B t u  per hour. The Act further allows the Secretary of 

Energy t o  order the conversion of existing f a c i l i t i e s  from natural  

gas or petroleum t o  coal or other a l ternat ive  fuels .  

Because of these prohibitions, a  gas-fired cogenerating 

f a c i l i t y  i s  not a  feasible al ternat ive.  

Geothermal 

Policy statement. The U.S. Department of Energy could choose 

t o  suppor* the development of a  25-megawatt e l ec t r i c  generating 

plant powered by steam tha t  is derived from the natural heat of 

the ea r th ' s  in te r io r .  

Description. The use of geothermal energy for the production 

of e l ec t r i c i t y  is  not feasible i n  Maine for the reasons discussed 

i n  the "Other Fuels" section of the previous chapter. 

Solar 

Policy statement. As an a l ternat ive  t o  the proposed action, 

the U . S .  Department of Energy could support the construction of a 

25-megawatt solar  e l ec t r i c  generating plant i n  southern Maine. 

The plant could use photovoltaic ce l l s  t o  convert solar  radiation 

d i rec t ly  in to  e l ec t r i c i t y ,  or it could be a  solar-powered steam- 

e l ec t r i c  plant. 

Description. Photovoltaic c e l l s  consist of 'd ifferent ly 

charged layers of crys ' tals connected by one e lec t r ica l .  c i r cu i t .  

When solar  radiation passes through the layers,  a  small e lec t r i c  

current i s  created in the c i r cu i t .  Individual ce l l s  are connected 

i n  ser ies  t o  provide d i rec t  current. The di rec t -  current must then 

be changed t o  al ternat ing current i n  an inverter i f  it i s  t o  be 

fed in to  the regional transmission grid.  The e l ec t r i c  power 

generated i n  t h i s  way can be stored i n  a  bat tery for  use during 

nights and cloudy periods (Geary & Jones 1977). 



Photovoltaic technology ha's been successfully drsmonstrated in 

small or specialized e lec t r i ca l  appliances (e.g.,  s a t e l l i t e s ,  two- 

way radios, remote signaling and meteorological equipment) (Bereny 

1977). H'owever, the use of photovoltaics for the production of 

e l e c t r i c i t y  on a large scale has not been demonstrated and is an 

unlikely near-term al ternat ive i n  New England for several 

reasons : 

The eff iciencies  of solar c e l l s  are very low. A cornmer- 
c i a l l y  produced c e l l  can real ize an efficiency of about 15 
percent with a theoret ical  maximum of about 23 percent 
(Geary & Jones 1977). The conversion of d i rec t  current t o  
al ternat ing current has a typical  efficiency of 85 per- 
cent. Thus, t o t a l  photovoltaic c e l l  eff iciencies  are  
about 10 percent i f  they are used for central-station 
e l ec t r i c i t y  production. This low efficiency dic ta tes  a 
very large collection f i e ld  for even small central-station 
f a c i l i t i e s .  

A central-station photovoltaic plant would require roughly 
twice the amount of land needed by a solar  thermal plant 
(Geary & Jones 1977) or nearly one-half of one square 
kilometer for  a 25-megawatt plant i n  the Southwest. 
Because solar  radiation i n  New England i s  less  than in the 
Southwest, the amount of land required would be roughly 
one square kilometer (Geary & Jones 1977). The require- 
ment for large amounts of f l a t ,  open space l i m i t s  the 
appl icabi l i ty  of large-scale photovoltaics i n  southern 
Maine. 

3 .  Sudden changes i n  insolation (solar  radiation) quickly 
increase or decrease the power output of a photovoltaic 
plant. Undependability of t h i s  nature could cause d i f f i -  
cu l t i es  for u t i l i t i e s ,  which require predictable power 
supplies. This problem can be offse t  by e l ec t r i c  storage 
systems tha t  have short response times. The only known 
e l ec t r i c  storage technology tha t  would be sui table on a 
large scale i s  a super conducting magnetic system (Ruane 
1 9 7 7 ~ ) .  H'owever, such systems are only i n  the research 
stages and a re -no t  currently available. 

For the above reasons, a 25-megawatt photovoltaic e l ec t r i c  

generating plant i s  not currently a feasible  a l ternat ive  method of 

producing e l e c t r i c i t y  i n  southern Maine. A 25-megawatt solar  

thermal generating system would not be feasible  for the reasons 

discussed in' the "Other Fuels" section of the previous chapter. 



Wind 

Po l i cy  s ta tement .  A s  an a l t e r n a t i v e  t o  t h e  propo'sed a c t i o n ,  

t h e  U.S. Department o f  Energy could suppor t  t h e  c o n s t r u c t i o n  of a  

s e r i e s  of  e l e c t r i c  genera t ing  devices  t h a t  e x t r a c t  energy from t h e  

wind. In  combination, t h e  wind-powered genera to r s  would add 25- 

megawatts of e l e c t r i c  genera t ing  p o t e n t i a l  t o  t h e  southern  Maine 

power g r i d .  

Descr ip t ion .  The process  f o r  conver t ing  t h e  k i n e t i c  energy 

of wind i n t o  e l e c t r i c a l  energy is s t r a igh t fo rward .  The drag .  

and/or  l i f t  f o r c e s  o f  wind a c t  a g a i n s t  some type  of b lade  o r  pro- 

p e l l e r  t o  t u r n  a  d r i v e  s h a f t  connected t o  a  gearbox and e l e c t r i c  

genera tor .  There a r e  many d i f f e r e n t  des igns  f o r  wind energy con- 

ve r s ion  devices  bu t  most can be c l a s s i f i e d  a s  having r o t o r s  w i t h  

e i t h e r  a  h o r i z o n t a l  o r  a  v e r t i c a l  a x i s  ( E l d r i d g e  1975).  Horizon- 

t a l  a x i s  des igns  r e q u i r e  fewer m a t e r i a l s  and have had a  h igher  

conversion e f f i c i e n c y  than  most v e r t i c a l  a x i s  des igns  t h a t  have 

been developed s o  f a r .  . V e r t i c a l  a x i s  u n i t s  have t h e  advantage o f  

being independent of  wind d i r e c t i o n ,  as w e l l  a s  a l lowing f o r  d r i v e  

systems t o  be loca ted  on t h e  ground i n s t e a d  of on t a l l  towers 

(Black .1976) .  "Largely f o r  reasons o f  economy, h o r i z o n t a l  des igns  

have been used i n  t h e  des igns  f o r  most l a rge - sca le  e l e c t r i c  gene- 

r a t i n g  systems (Jones  & Ruane 1977).  

Figure 2 shows t h e  b a s i c  components of a  hor i zon ta l -ax i s  wind 

energy system. Except f o r  t h e  r o t o r  ,b lades ,  a l l  of t h e  .components 

r e p r e s e n t  proven and r e l i a b l e  t echno log ies .  Current ly ,  t h e  b lades  

must be s p e c i a l l y  made and t h e r e  is s t i l l  f u r t h e r  work t o  be done 

t o  determine t h e  optimum blade  shape and c o n s t r u c t i o n  m a t e r i a l s .  

Wind energy machines of  100 k i l o w a t t s  and l a r g e r  have been con- 

s t r u c t e d  and s u c c e s s f u l l y  opera ted  on a  short- term b a s i s  i n  New 

England. The l a r g e s t  e l e c t r i c  genera t ing  wind t u r b i n e  ever  b u i l t  

was loca ted  nea r  Rutland, Vermont. I t  genera ted  1.25-megawatts of 

e l e c t r i c i t y  i n  winds o f  t h i r t y  mi les  pe r  hour o r  more, and ran  

i n t e r m i t t a n t l y  between 1941 and 1945. Current  l a rge - sca le  wind 

p r o j e c t s  involve  des igns  wi th  r a t e d  c a p a c i t i e s  of  s e v e r a l  hundred 

k i l o w a t t s .  The l a r g e s t  wind-powered t u r b i n e  i n  opera t ion  today i s  

a p i l o t  100-kilowatt p r o j e c t  i n  Sandusky, Ohio. 



Source :  Jones  & Ruane 1977 



The s i z e  of a wind-driven genera to r  is l i m i t e d  by t h e  f a c t  

t h a t  wind i s  d i spe r sed .  The only  way t o  i n c r e a s e  t h e  r o t o r  power 

i n  l a r g e  wind-powered genera to r s  is t o  i n c r e a s e  t h e  amount of wind 

i n t e r c e p t e d  by lengthening t h e  r o t o r  b ladees .  A 1.5-megawatt wind 

t u r b i n e  genera to r ,  proposed by t h e  Department of  Energy and t h e  

Nat ional  Aeronautic and Space Administrat ion,  w i l l  have a 200- 

f o o t  diameter  r o t o r .  With c u r r e n t l y  a v a i l a b l e  engineer ing  

m a t e r i a l s ,  r o t o r s  l a r g e r  than  t h i s  cannot be s a f e l y  designed 

(Black 1976).  

Because t h e  wind speed is  r a r e l y  c o n s t a n t ,  t h e  a c t u a l  d a i l y  

and seasonal  power ou tpu t  from a wind-driven genera to r  would be 

h igh ly  v a r i a b l e  and unpredic table .  An a r r a y  of g e n e r a t o r s  spread 

o u t  geographica l ly  over  a r e a s  'w i th  d i f f e r e n t  wind regimes would, 

m i t i g a t e  some of  t h i s  v a r i a b i l i t y .  In  t h i s  system, t h e r e  would 

always be some power inpu t ,  though it would be l e s s  than  t h e  com- 

bined p o t e n t i a l  o f  a l l  t h e  g e n e r a t o r s  i n  t h e  network. In  o rde r  t o  

compete d i r e c t l y  wi th  c e n t r a l  power s t a t i o n s ,  some kind of  energy 

s t o r a g e  system would be requ i red  i n  conjunct ion  wi th  t h e  wind sys- 

tem (Eldr idge  1975).  Systems capable  of s t o r i n g  wind-generated 

e l e c t r i c i t y  a r e  l i s t e d  i n  Table  27. Of  t h e s e ,  o n l y  pumped hydro, 

compressed a i r ,  .and thermal energy s t o r a g e  a r e  near-term o p t i o n s  

on a l a r g e ,  u t i l i t y - s i z e  s c a l e  (Labuszewski 1977) .  The o t h e r s  

w i l l  no t  become a v a i l a b l e  u n t i l  a f t e r  1985, given c u r r e n t '  r e s e a r c h  

e f f o r t s  ( Jones  & Ruane 1977).  Only pumped s t o r a g e  is c u r r e n t l y  

developed f o r  commercial o p e r a t i o n  (ACE 1977).  

Although wind-powered e l e c t r i c  g e n e r a t o r s  a r e  t e c h n o l o g i c a l l y  

p o s s i b l e ,  t h e y  w i l l  r e q u i r e  f u r t h e r  t e s t i n g  i n  o r d e r  t o  ensure  

t h e i r  f e a s i b i l i t y  on a commercial s c a l e .  The U.S. Energy Research 

and Development Adminsi t rat ion a l r e a d y  has a wind energy program 

underway. So f a r ,  on ly  experimental  l a rge - sca le  demonstration 

u n i t s  have been cons t ruc ted .  . M u l t i - u n i t  demonstrat ions,  which 

would be requ i red  f o r  t h i s  a l t e r n a t i v e ,  a r e  not  scheduled u n t i l  

t h e  mid 1980s (ERDA 1976).  Factory-scale  f a c i l i t i e s  w i l l  not  be 

developed u n t i l  a f t e r  ,2000. Therefore ,  i n  view of c u r r e n t  

development e f f o r t s  and l e v e l  of a v a i l a b l e  technology, a l a r g e -  



TABLE 27 : STORAGE SYSTEMS FOR W IND-GENERATED ELECTRICITY 

MECHANICAL STORAGE' SYSTEMS 

H y d r o  Pumped S t o r a g e  

Compressed  A i r  S t o r a g e  

T h e r m a l  E n e r g y  S t o r a g e  

F l y w h e e l  E n e r g y  S t o r a g e  

CHEMICAL STORAGE SYSTEMS 

B a t t e r y  E n e r g y  S t o r a g e  

H y d r o g e n  S t o r a g e  

ELECTROMAGNETIC STORAGE SYSTEMS 

S u p e r c o n d u c t i n g  M a g n e t i c  E n e r g y  S t o r a g e  

Suurce: Jones and Ruane 1977 



s c a l e  wind energy p r o j e c t  i s  no t  a  f e a s i b l e  a l t e r n a t i v e  a t  t h i s  

t ime. 

Ocean and T i d a l  River Currents  

Pol icy  s ta tement .  A s  an a l t e r n a t i v e  t o  t h e  proposed a c t i o n ,  

t h e  U . S .  Department of  Energy could support  t h e  c o n s t r u c t i o n  of a 

s e r i e s  of  small  e l e c t r i c  genera t ing  devices  t h a t  e x t r a c t  energy 

from ocean o r  t i d a l  r i v e r  c u r r e n t s .  In  combination, t h e  devices  

would supply an a d d i t i o n a l  twenty-f ive megawatts of e l e c t r i c  power 

t o  southern  Maine. 

Descr ip t ion .  * The f o r c e  of moving water  i n  r i v e r  and ocean 

c u r r e n t s  i s  a p o t e n t i a l  source  of usable  energy. Off t h e  c o a s t  o f  

Maine, n o n t i d a l  ocean c u r r e n t s  a r e  very weak. The s t r o n g e s t  ocean 

cur ren t , .  i n  t h e  Gulf of Maine, flows a t  only  .2 kno t s ,  which re-  

s u l t s  i n  a  power d e n s i t y  of only  .57 w a t t s  per  square meter. How- 

. eve r ,  c u r r e n t s  i n  some t i d a l  r i v e r s  and narrow i n l e t s  a long t h e  

~ a i n e  c o a s t  have enough k i n e t i c  energy t o  d r i v e  t u r b i n e s ,  paddle- 

wheels, o r  rotors . ,  Power d e n s i t i e s  between one and f i v e  k i l o w a t t s  

p e r  square meter have been es t imated  f o r  some s i t e s  i n  Maine. 

There a r e  two devices  t h a t  have been designed t o  e x t r a c t  

energy i n  t h e  form of  e l e c t r i c i t y  from c u r r e n t s :  t h e  screw t u r b i n e  

and t h e  Savonius . r o t o r .  These dev ices  r e l y  on drag o r  l i f t  f o r c e s  

of  t h e  moving water  t o  r o t a t e  a  d r i v e  s h a f t  o r  t u r b i n e ,  which is 

connected t o  an e l e c t r i c  genera to r .  The process  is very  s i m i l a r  

t o  t h a t  employed i n  wind-powered genera to r s .  The e f f i c i e n c i e s  of 

t h e s e  devices  can range between 30 and 45 pe rcen t .  A s  wi th  wind 

power genera to r s ,  t h e  d i r e c t  c u r r e n t  must be converted t o  a l t e r -  

n a t i n g  c u r r e n t ,  r e s u l t i n g  i n  a  dec rease  i n  o v e r a l l  system e f f i -  

c iency.  Hydroe lec t r i c  p l a n t s  1oca.ted i n  dammed t i d a l  r i v e r s  a r e  

another  way t o  use t h e  f o r c e  of  t i d a l  c u r r e n t s .  However, t h e s e  

p l a n t s . o p e r a t e  on t h e  same p r i n c i p l e  a s  convent ional  h y d r o e l e c t r i c  

p l a n t s  and t h e r e f o r e  w i l l  no t  be d iscussed  here .  

- - 

* Source: Mays 1977b. 



The problems assoc.iated with t i d a l  current energy conversion 

devices are similar t o  those of wind machines. I n  add.ition, they 

must be capable of operating when the water flows i n  a l ternate  

directions as the t i de  floods and ebbs. The systems are a l so  

subject t o  periodic increases and decreases i n  power production as 

currents change, although the var iab i l i ty  i s  predictable and l e s s  

severe than it i s  for wind-powered systems. Weathering and, espe- 

c ia l ly ,  corrosion are problems that  require further design con- 

sideration. 

Generally, t i d a l  current energy systems are technically fea- 

s ib le ,  although no large-scale projects have yet been implemented. 

Because of the the periodicity and re la t ive ly  small power densi- 

t i e s  of available flows, these energy systems cannot supply base- 

lqad power. The systems w i l l  have t o  be operated as "fuel savers," 

helping t o  reduce the amount of f o s s i l  fuels.used. If large-scale 

e lec t r i ca l  storage systems were available, then the power produ&id 

by t i d a l  current energy devices could provide an additional 

twenty-five megawatts, but no such systems sui table for u t i l i t y  

use have been developed as yet.  For these reasons, t i d a l  current 

energy does not represent a currently feasible a l ternat ive  method 

of creating additional e l ec t r i c i t y  'for southern Maine. 

Wave Energy 

Policy statement. A s  an a l ternat ive  t o  the proposed action, 
.C 

the U . S .  Department of Energy could support the construction of 

devices tha t  convert the k inet ic  energy of waves in to  e l ec t r i c i t y .  . .y 

A combination of these devices would supply twenty-five megawatts 

t o  southern Maine. 

Description. * Wave energy extraction devices rely on the 

kinet ic  energy of waves t o  drive pumps, flywheels, compressors, 

and turbines. The mechanical energy imparted to  t h i s  machinery is 

transferred t o  an e lec t r i c  generator. Although no large-scale 

wave conversion systems have ever been implemented, there have 

been many designs proposed. ' Three designs currently receive the 

most at tent ion from researchers. 

* Source: Mays 1977a. 



1. Wave power absorbers rely on the osc i l la t ing  motions of 

tethered r a f t s  f loating on the ocean surface t o  power a.hydrau1i.c 

system connecting the r a f t s .  The pressurized working f luid drives 

a turbine-generator. 

2. Buoy-shaped turbine generators use the "heave" or up-and- 

down motion of waves, t o  move a piston. The piston pressurizes a 

working f lu id ,  which drives a turbine-generator. 

3 .  Salter cams depend on the osc i l la t ion  of waves t o  swing a 

pendulum-type device (cam) within a buoy. The .cams drive rotary 

pumps which are  connected via hydraulic motors t o  e l ec t r i c  genera- 

to r s .  

Wave energy is a renewable energy source w i t h  no apparent 

major technological barr iers  t o  i t s  d.evelopment. However, the 

design experience i s  extremely limited and unproven and there i s  a 

general lack of re l iable  wave data off the Maine coast. Indeed, 

the principal problems with wave energy conversion for Maine stem 

from the wide dai ly and seasonal va r iab i l i ty  in  wave action. This 

var iab i l i ty  requires a conversion system that  w i l l  function i n  a 

wide range of ocean conditions. Such systems have not been 

developed except on. an experimental basis.  For t h i s  reason, wave 

energy is not currently a feasible  al ternat ive method of producing 

twenty-five megawatts of e l ec t r i c i t y  in southern Maine. 

Ocean Thermal 

Policy statement. A s  an a l ternat ive  t o  the proposed action, 

the U.6. Departlnent of Energy eould support the construction of 

ocean thermal energy conversion plants t o  supply twenty-five mega- 

watts of e l ec t r i c  power t o  southern Maine. 

Description.* Ocean thermal energy conversion power plants 

are  heat engines tha t  use the temperature d i f fe ren t ia l  between the 

surface waters and deep ocean layers t o  evaporate and condense a 

working f lu id  tha t  has a low boiling point (e.g.,  ammonia or 

freon) . The f lu id  i s  vaporized i n  the warm upper layers and 

drives a turbine electr ica1,generator .  The f lu id  is condensed i n  

the cool bottom layers and then pumped again t o  the surface. The 

plant is anchored i n  the ocean and e l ec t r i c i t y  is transmitted via 

an underwater cable t o  shore. 

* Source: Ruane 1977b. 



Ocean thermal plants have 1ow.efficiencies (between 2 . 5  and 

3.0 percent) because the temperature gradient i s  small and the 

volume of water tha t  must be processed i s  very large. The tech- 

nology for these plants i s  s t i l l  i n  the research stage and has not 

been demonstrated on a large scale. I n  par t icular ,  fabrication 

and maintenance problems associated with the evaporator and con- 

denser have not yet been solved, although the Department of Energy 

i s  planning t o  begin tes t ing  an ocean thermal plant i n  1986. 

Ocean thermal plants would not be feasible  off the Maine 

coast due to  the small d i f fe ren t ia l  between surface and deep water 

temperatures. 

Nuclear 

Policy statement. As an a l ternat ive  t o  the proposed action, 

the U.S.  Department of Energy could support the construction of a 

25-megawatt nuclear power plant i n  southern Maine. 

Description. Nuclear steam cycle plants use the heat 

released by the f i ss ion of uranium atoms to  create steam. The 

steam is used t o  drive a turbine-generator. The t o t a l  cost of a 

small nuclear plant is not proport.ionately less  than tha t  of a 

large one, due t o  the substantial  investments required for safety,  

support f a c i l i t i e s ,  back-up systems, waste disposal, and other - 
features. For t h i s  reason, it i s  uneconomical t o  construct small 

nuclear plants. There are no nuclear power plants under construc- 

t ion  i n  the United States tha t  are smaller than 527 megawatts 

(Nuclear Industry 1979): ' Therefore, it would not be feasible t o  

build a nuclear plant of only 25-megawatt capacity. The purchase 

of a 25-megawatt block of power from a nuclear power plant would 

resul t  i n  'an increment of environmental impacts of tha t  f ac i l i t y .  

Analysis of these impacts i s  beyond the scope of this study. (For 

a f u l l  discussion of these impacts, see AEC 1974.) 



ALTERNATIVE USES OF WOOD 

Use of Wood for  Space Heat 

Domestic Space Heat 

Policy statement. A s  an al ternat ive t o  the proposed action, 

the U.S .  Department of Energy could support the use of wood for 

home space and water heating. 

Description. The proposed action involves the use of approx- 

imately 680,000 tons of wood per year i n  an industr ial  boiler pro- 

ducing steam and e lec t r i c i ty .  This wood could instead be used for 

home heating i f  'steps were taken t o  encourage i t s  use i n  tha t  

sector. Assuming an average consumption of twelve tons of wood 

( f ive  cords ) per household, roughly 57,000 households could be 

heated by th i s  wood. The average household i n  Maine today used 

1,100 gallons of o i l  per year or 1.54 x lo8 B t u  for space heat- 

ing. Twelve tons 0.f wood would displace about two thirds of the 

average household's o i l  consumption. Thus, a statewide annual 

savings of a t  approximately 40 million gallons of imported o i l  

could be realized i f  the wood were used for home heating. 

The Department of Energy could adopt a number of approaches 

t o  stimulate increased domestic use of wood for space heating. 

The r e l i a b i l i t y  of supply and quantity of wood furnished to  the 

market could be increased through programs for landowners and 

firewood producers. ~duca t iona l  programs for landowners could in -  

form them of the advantages of having low-quality wood removed 

from the i r  forests  and ins t ruct  i n  the negotiation of economically 

and environmentally sound contracts with harvesters to accomplish 

t h i s  providing assistance i n  and incentives for long-term planned 

management of fores t  lands could encourage landowners to  thin and 

maintain the i r  woodlots, which would also bring a steady stream of' 

low-quality wood in to  the energy market. For example, increased 

support for the Cooperative Forest Management Program, which uses 

U . S .  Forest Service funds t o  enable s t a t e  service foresters  t o  ad- 

vise land-owners on management of the i r  fores t  lands could stimu- 

l a t e  landowner willingness t o  market low-quality wood. Sharing 



the cost of forestry consulting fees with landowners or i n i t i a t i ng  

a fuelwood management program with s ta f f  foresters  would also 

stimulate landowner in te res t  i n  fuelwood harvesting. 

To aid loggers, steps could be taken to  improve the economics 

of cutting and se l l ing  fuelwood for domestic use. The Scandanavian 

countries currently are developing small-scale harvesting equip- 

ment sui table for the rempval of small, poor-quality t rees  from .. 

small landholdings. Support of research and development of t h i s  

type of equipment i n  the U. S., combined with a tax incentive pro- 

gram for harvesters acquiring such machinery for fuelwood produc- 

t ion, could reduce logging operator costs and increase the amount 

of wood available t o  the consumer a t  a reasonable price.  Like- 

wise, educational programs to  a s s i s t  loggers i n  improving the 

efficiency of the i r  harvesting operations, to  a s s i s t  them i n  sound 

business management and investment, and to  demonstrate the rela- 

t ive ly  minor costs associated with meeting environmental con- 

s t r a in t s  could reduce logger costs and increase the land base 

available 'for cutt ing. 

Federal programs could also be devised to  stimulate fhe w i l l -  

ingness of homeowners and tenants t o  use wood-burning appliances 

for space heating purposes. A t ax  incentive program to  reduce the 

financial  burden of conversion to  wood heating f a c i l i t i e s  could 

increase the use of fuelwood. Increased federal support for 

design of more convenient and less  expensive wood appliances, such 

as automatic-stoking pe l le t  furnaces or gas i f i e r s  sui table for 

r e t ro f i t t i ng  oil-burners, could also increase the use of wood for  

space heating and decrease nationwide reliance on imported o i l .  

Finally, an educational program on the safe ins ta l l a t ion  and oper- 

ation of wood appliances and chimneys could increase homeowner 

willingness t o  convert t o  wood. 

Demonstration projects for improved marketing systems for 

wood are another way to  encourage wood use for domestic space heat. 

A t  the present time, most logging operators market the i r  own wood 

and the consumer finds a supplier through newspaper c lass i f ied  

advertising or by word of mouth. Consumer skepticism of supply 

r e l i a b i l i t y  could be relieved through establishment of centralized 



d i s t r i b u t i o n  and process ing  c e n t e r s ,  o r  fuelwood marketing cooper- 

a t i v e s .  The development of such c e n t e r s  could a l s o  r e l i e v e  t h e  

loggers  ' u n c e r t a i n t y  about t h e  oppor tun i ty  f o r  marketing fuelwood 

and could enable  loggers  t o  make commmitments t o  t h e  fuelwood 

market. 

Economics. The most s i g n i f i c a n t  economic impact of t h i s  

a l t e r n a t i v e  would r e s u l t  from t h e  replacement i n  Maine of roughly 

one m i l l i o n  b a r r e l s  of o i l  by 680,000 tons  of l o c a l l y  produced 

wood. A t  most, four  c e n t s  pe r  g a l l o n  of hea t ing  o i l  accrues  t o  

t h e  r e g i o n a l  economy a t  p r e s e n t  ( s e e  Appendix E )  o r  about $1.6 

m i l l i o n  annual ly  f o r  t h e  o i l  t h a t  would be replaced  by t h i s  fue l -  

wood. conse rva t ive ly  assuming a p r i c e  of $21 pe r  t o n '  (2 .4  tons  

per  c o r d )  f o r  domestic fuelwood, approximately $14 m i l l i o n  of 

revenue would be generated from t h e  s a l e  of 680,000 t o n s  of  wood; 

most of  t h i s  revenue would go i n t o  t h e  r eg iona l  economy ( s e e  

Appendix E ) .  

A r e g i o n a l  program t o  in t roduce  f o r e s t  landowners t o  t h e  

. b e n e f i t s  of fuelwood e x t r a c t i o n  f o r  f o r e s t  improvement could c o s t  

between $100,000 and $200,000 f o r  personnel ,  media p r e s e n t a t i o n s ,  

product ion of p r i n t e d  m a t e r i a l s ,  and t h e  use of f o r e s t r y  f i e l d  

personnel  f o r  a s s i s t a n c e  a t  seminars and o t h e r  p r e s e n t a t i o n s  

(Swain 1979; Turner 1979).  Such a program could be expected t o  

r each  2,000 t o  3,000 landowners dur ing  t h e  f i r s t  two yea r s  of 

opera t ion .  

A r e g i o n a l  a s s i s t a n c e  program t o  h e l p  landowners implement 

p lans  t h a t  t a k e  advantage of  t h e  fuelwood market and t o  market 

poor q u a l i t y  t r e e s  would c o s t  approximately $17,000 pe r  f i e l d  

f o r e s t e r  employed. Each f o r e s t e r  could reach  approximately 200 

landowners pe r  year ,  each owning an average of f i f t y  a c r e s .  Using 

t e n  f o r e s t e r s ,  2,000 landowners could be reached a t  a c o s t  of 

about $170,000. . . 

An e f f e c t i v e  program f o r  educat ion and a s s i s t a n c e  of logging 

o p e r a t o r s  would c o s t  s u b s t a n t i a l l y  l e s s ,  a s  t h e r e  a r e  f a r  fewer 

loggers  than  landowners. A $50,000 program of  educa t iona l  and 

demonstration s e s s i o n s  could probably reach. most i n t e r e s t e d  log- 

ging o p e r a t o r s  i n  t h e  fuelwood h a r v e s t  region.  Addi t iona l  funds 



would be required t o  a s s i s t  harvest .operators w i t h  time and motion ' 

studies t o  improve the efficiency of on-the-ground harvest 

operations. 

An average wood stove costs between $300 and $400; the 

ins ta l l a t ion  or improvement of a chimney may double or t r i p l e  t h i s  

price. The cost of 57,000 woodstoves a t  $350 each i s  $19,950,000. 

If taxpayers (average 30 percent tax bracket) were allowed t o  

deduct the t o t a l  purchase price,  but not the cost of improvements 

t o  t he i r  chimneys, the federal treasury could lose $5,985,000 i n  

attempting t o  stimulate the use of the same amount of wood t o  be 

used i n  the proposed wood-fired power plant. Hbwever, some of 

these funds would benefit t h i s  country, due t o  the retention of 

the fuelwood payments within the United States economy. 

The costs of ;esearch and development programs for improved 

harvesting equipment and home wood appliances have not been 

assessed for t h i s  study. 

Environmental impacts. 

o Construction. The ins ta l l a t ion  of home stoves or furnaces 

involves l i t t l e  construction; chimney building or repair is the 

major a l tera t ion .  Neither a i r  and water qual i ty  nor any ecosystem 

would be s ignif icant ly affected. Increased. sales of new wood . ... 

burning equipment would benefit manufacturing and r e t a i l  stores 

' and local employment. Masons and masonry suppliers would a l so  

benefit from new domestic wood heating operations. Employment and 

income i n  the a i l  furnace ins ta l l a t ion  business would drop, but 

t h i s  decline would be offse t  i f  those companies became appliance 

dealers. 

The construction impacts of building a pel let izing plant or 

chipping yard are discussed i n  the following part  of t h i s  chapter 

en t i t l ed  "Commercial Space meat," since it is l ike ly  tha t  pe l l e t s  

or chips w i l l  f i r s t  be used by commercial and small indust r ia l  

establishments. 

o Operation. There are no federal or s t a t e  regulations that  

control a i r  emissions from res ident ia l  heating u n i t s .  Thus, the 

operation of wood stoves could deter iorate  a i r  quality.  Particu- 

l a t e  emissions from wood stoves depend more on how the stove i s  



opera t ed  than  on i t s  d e s i g n . '  T h e  mois ture  c o n t e n t  of t h e  wood, 
. . 

how t h e  f i r e  is  b u i l t ,  t h e  d r a f t  s e t t i n g s ,  and o t h e r  use r  v a r i a -  

b l e s  determine the amount and composit ion of  emiss ions .  

I n  a  p re l imina ry  s tudy  of  p a r t i c u l a t e  emiss ions ,  a  Model 2 

F r a n k l i n  (door s  c l o s e d )  and a  Model 602 J o t u l  (an  a i r  t i g h t )  were 

t e s t e d  us ing  va r ious  d r a f t  s e t t i n g s  and wood s p e c i e s  ( 7  t o  11 per-  

c e n t  mois ture  c o n t e n t ) .  T h e  r e s u l t s  a r e  shown i n  Tab le  28. T h e  

l a r g e  v a r i a t i o n  i n  emissions is a t t r i b u t e d  t o  v a r i a t i o n s  i n  burn- 

i n g  c o n d i t i o n s .  Emission r a t e s  w e r e  h ighe r  du r ing  the smoldering 

s t a g e  than  dur ing  open flame p y r o l y s i s  o r  the f i n a l  s t a g e s  of  

burning.  W i t h  a  dec rease  i n  a v a i l a b l e  a i r ,  emissions inc reased .  

I n  communities where wood s t o v e s  c a r r y  a  l a r g e  p a r t  of the h e a t i n g  

load ,  a i r  q u a l i t y  problems could a r i s e .  More r e s e a r c h  is needed 

on the r e l a t i o n  o f  emissions t o  s t o v e  des ign ,  wood type ,  and oper- 

a t i n g  mode (Butcher  & Buckley 1977) .  

Using Butcher and Buckley 's  (1977) emiss ion  f a c t o r s ,  burn ing  

680,000 t o n  o f  wood i n  s toves .would  c r e a t e  between 693 and 6,800 

t o n s  of  p a r t i c u l a t e s  p e r  yea r .  I n  a d d i t i o n ,  approximately 84,000 

t o n s  o f  carbon monoxide would be r e l e a s e d  i n t o  the a i r  (EPA 1978) .  

These emissions would be s i g n i f i c a n t  i f  concen t ra t ed  i n  a  l a r g e  

me t ropo l i t an  a r e a .  Hbwever, the d i s p e r s i o n  o f  home wood burning 

i n  r u r a l  a r e a s  c l o s e  t o  t h e  f u e l  r e source  w h e r e  o t h e r  emiss ions  

a r e  low would t e n d  t o  l e s s e n  a i r  q u a l i t y  problems. 

The n a t u r e  of  the p a r t i c u l a t e s ,  which is impor tan t  i n  a s s e s s -  

i n g  p o t e n t i a l  impacts ,  was n o t  examined i n  Butcher and Buckley ' s  

s tudy ,  nor  w e r e  gaseous emissions analyzed.  T h e  amount of t h e s e  

emissions and the way each is d i s p e r s e d  and changed i n  t h e  

environment a r e  n o t  known (She l ton  1976; 1978) .  

A s h  i s  ano the r  by-product o f  burning.  A s h e s  from s t o v e s  and 

fu rnaces  can end up i n  p u b l i c  l and  f i l l  a r e a s .  They may i n s t e a d  

be used i n  driveways t o  prevent  sk idding ,  o r  on. gardens a s  a  s o i l  

c o n d i t i o n e r .  T h e  a s h  con ten t  of  wood is t y p i c a l l y  between 2 and 

4.3 p e r c e n t  (Ha11 e t  a l .  1976) .  The d i s p e r s e d  n a t u r e  of  domestic 

wood-burning would weigh a g a i n s t  any s i g n i f i c a n t  impact from 

d i s p o s a l  .. 



TABLE 28: PARTICULATE EMISSIONS FROPI,TWO TYPES 
OF WOOD STOVES 

Emission Factor  
igr&s/ki logram wood) 

D r a f t  Number Standard 
Stove Wood Se t t i ng  o f  Runs Average Dev ia t ion Range 

Jo tu l  Pine 1/2 open 6 4.5 1 .O 2.9 - 5.6 

Jo tu l  Pine 1/4 open 5 10 8 4.5 - 25 

Jo tu l  - Oak 1/2 open 6 1.7 0.9 0.7 - 2..8 

Jo tu l  Oak Open 2 1.17 0.01 1.16- 1.18 

Jo tu l  B i r ch  1/2 open 2 2.3 1.7 1.1 - 3.5 

Frank1 i n  Oak I 15 2.8 1 .O 1.2 - 4.4 

Frank1 i n  Oak 
(very  d r y ) .  I 3 1.02 0.10 0.91- 1.08 

I .  The small draft  adjustments were made for the Franklin stove, but no sig- 
ni f icant  variations of the emission factor were observe'd as a function of 
the draft  setting. This probably results  from the large amount o f  a i r  
able t o  leak i n  around the doors of the Franklin stove independently o f  
the draft setting. 

Source: Butcher & Buckley 1977. 



Any increase i n  the use of wood stoves i s  apt to  resu l t  i n  

increased incidence of chimney f i r e s .  An educational program 

emphasizing proper ins ta l l a t ion ,  operation, and maintenance of 

wood burning appliances could l.essen the severity of t h i s  safety 

hazard. 

Increasing wood use for home heating would resu l t  i n  local 

business opportunities for chimney sweeps, woodcutters, stove 

shops, hardware s tores ,  a n d ' r e t a i l  businesses se l l ing  stove asses- 

sories  and wood processing tools  (axes, chainsaws, mauls). A t  the 

same time, fuel  o i l  sales and the demand for o i l  burner mainte- 

nance would decline. The higher labor intensi ty of fuelwood pro- 

duction and the circulation of resulting income w i t h i n  the region- 

a l  economy would resul t  i n  a net socioeconomic improvement, 

however. 

People l iving i n  wood-heated homes tend t o  a l t e r  the i r  l i f e -  

s ty le  as a resul t  of wood use. Operating a wood stove requires 

more e f fo r t  than regulating a thermostat. storage and handling of 

wood fuel requires more space and time than fo s s i l  fuels.  Debris 

from wood, such as bark, d i r t  and insects ,  are ,an additional con- 

cern. With wood stoves, household ac t iv i t y  tends t o  center i n  the 

room where 'the stove i s  located; there is often less  e f fo r t  given 

t o  heating other rooms. Wood-burning furnaces can be used for  

central  heating, but u n t i l  chip or pe l le t  burning appliances with 

automatic stoking are commercially available,  wood handling w i l l  

remain a necessary chore fur the wood burner. 

Increases i n  the use of firewood may increase the price of 

pulp and fuel chips i f  competition 'for stumpage or labor 

increases. 

o Procurement. Firewood procurement w i l l  continue to  be i n  

large part ,  a by-product of other harvesting operations. Whole- 

t r ee  chipping w i l l  not be used t o  harvest domestic fuel u n t i l  a 

home chip burner is commercially available. The use of t r ad i -  

t ional  harvesting techniques for firewood offers  the opportunity 

t o  improve forest  growth, as does whole-tree harvesting. Nutrient 

losses may be less  with the merchantable bole harvesting method 

(see Appendix D ) .  On the other hand, uncontrolled expansion of 



firewood cutting could threaten the resource w i t h  overcutting, 

mismanagement, or erosion. Because per acre yields are . lower with 

t radi t ional  harvesting than with whole-tree chipping, more areas 

may be affected by firewood harvesting than by cutting the same 

amount of wood t o  fuel  a cogenerating f a c i l i t y .  

o Transportation. Both the points of origin and the destina- 

t ions of the fuelwood would be dispersed w i t h  home firewood use. 

A l l  wood and trucks would not converge on one pla.ce over a few 

roads, as would happen ,at  a wood-fired power plant. Many types of 

trucks are used for firewood delivery, whereas whole-tree chips 

are transported exclusively i n  vans. I n  New Hampshire, 32 percent 

of the vendors delivered wood i n  a pickup truck, 32 percent used a 

dump truck, 14 percent used a one- t o  two-ton flatbed, and 7 per- 

cent used log trucks (Andrews & Darnmann 1979). I t  seems l i ke ly  

tha t  with market development, more fuelwood w i l l  be moved i n  

larger trucks t o  concentration yards. Dispersion of the trucking 

w i l l  minimize the impact of moving the wood. Impacts of transpor- 

ta t ion  t o  and from chip yards and pel let izing plants would be 

similar t o  those discussed"in Appendix F. 

o Relationship t o  national, s t a t e  or- local plans and poli-  

c ies .  The Maine Comprehensive Energy Plan (MOER 1976)' advocates 

the d i rec t  combustion of wood for home heating. The plan recom- 

mends p i lo t  programs for coordinating fuelwood buyers and se l l e r s ,  

and for  the development of e f f i c ien t ,  safe wood combustion equip- 

ment. The encouragement of home fuelwood use by the Department of 

Energy would complement the goals of the plan. 

The Goals and Objectives report (Threshold 1977) of the 

Threshold t o  Maine Resource Conservation and Development Project 

includes plans t o  develop "al ternat ive woodland marketing sources' 

t o  bet ter  u t i l i z e  the area ' s  woodland products." Specific pro- 

jects outlined are development of a fuelwood concentration yard, 

publication of a fuelwood producers l i s t ,  and investigation of 

whole-tree chipping techniques for fuelwood procurement and timber 

stand improvement. These projects could be complementary t o  a 

Department of Energy program for encouraging res ident ia l  use of 

wood fuel.  



o Summary of long-term imgacts., Encouraging home use of 

fuelwood for space heating raises concern for air quality in 

residential areas. Where wood replaces oil as a fuel, sulfur 

emissions will be reduced but particulates and hydrocarbon emis- 

sions could increase. Proper stove use can reduce emission. 

HBme wood use would make oil available for use in installa- 

tions incapable of burning solid fuels. In addition, money that 

now leaves New England to pay for imported fuels would recirculate 

locally, providing additional local employment and income. The 

home fuelwood market would probably become more sophisticated, 

specialized, and centralized. With more sophisticated marketing, 

increased sales, and rising fuelwood prices, competition for wood 

between the firewood market and other markets might occur. 

Impacts on .the forest resource are a primary concern. Uncon- 

trolled expansion of firewood cutting could threaten the resource 

with overcutting, mismanagement, or erosion. Because per acre 

yields are lower with traditional harvesting than with wholetree 

chipping, more acres may be affected by firewood harvesting than 
-- 

by harvesting the same amount of fuel for a wood-fired power 

plant. 

Commercial and Industrial Swace Heat 

Policy statement. As an alternative to the proposed action, 

the U.S. Department of Energy could support the use of wood for 

commercial and.industria1 space heating. ' 

Description. The proposed cogenerating facility will use 

approximately 680,000 tons of wood per year. This wood could 

instead be used for space'heating in industries, apartment build- 

ings, motels, greenhouses, shopping . . centers, and other commercial 

and small industrial establishments. Businesses using wood fuel 

should be somewhat buffered from rising costs of fossil' fuels and 

the uncertainty of f o s s i l  f u e l  suppl ies .  
The fuelstock for commercial or industrial wood-burning units 

is wood chips or preprocessed, densified wood pellets. Wood 

residue f rorn manufacturing processes can also be burned, however. 

As with domestic firewood, marketing and delivery systems for such 

fuels are not fully developed. 



The Department of Energy could a t tempt  t o  s t i m u l a t e  t h e  .mar- 

k e t  f o r  commercial wood f u e l  by a s s i s t i n g  t h e  es tabl i shment  of 

wood c h i p  d e a l e r s h i p s .  A t  p r e s e n t ,  p o t e n t i a l  consumers of ch ips  

a r e  h e s i t a n t  t o  i n v e s t  i n  combustion equipment wi thout  an assured  

f u e l  supply;  wood s u p p l i e r s  a r e  s k e p t i c a l  about market opportuni-  

t i e s  and a r e  r e l u c t a n t '  t o  i n v e s t  i n  chipping equipment. Support 

. f o r  a concen t ra t ion  yard f o r  ch ips  from s e v e r a l  s u p p l i e r s  might be 

p a r t  o& t h e  s o l u t i o n  t o  t h e s e  problems. 

Wood f u e l  has low d e n s i t y ,  i r r e g u l a r  s i z e ,  h igh  moisture  con- 

t e n t ,  and a tendency t o  b r idge  i n  handl ing;  t h e s e  c h a r a c t e r i s t i c s  

favor  i t s  use c l o s e  t o  t h e  p o i n t  of o r i g i n ,  p a r t i c u l a r l y  by wood 

i n d u s t r i e s  t h a t  have, equipment f o r ,  and exper ience  i n ,  wood hand- 

l i n g .  Even f o r  t h e s e  f i rms ,  t r a n s p o r t i n g ,  unloading, s i z i n g ,  pre- 

par ing ,  s t o r i n g ,  r e t r i e v i n g ,  and meter ing wood f u e l  may be as  

important  a s  b o i l e r  technology i n  determining t h e  economic v i a b i l -  

i t y  of conversion (Hroff 1976) .  The Department o f  Energy cou'ld 

s t i m u l a t e  wood f u e l  use by resea rch ,  development, and demonstra- 

t i o n  o f  handl ing systems f o r  i n d u s t r i a l  and commercial wood energy 

systems. 

Small f i rms  may be unable t o  a f  f o r d  t h e  c a p i t a l  investment i n  

new burners  and p o l l u t i o n  c o n t r o l  equipment. The Energy Tax Act 

of 1978 is meant t o  a l l e v i a t e  t h e  f i n a n c i a l  burden of  conversion 

t o  "new" energy technologies  by provid ing  f o r  a bus iness  inves-  

tment c r e d i t .  Technica l  a s s i s t a n c e  f o r  smal l  companies, supported 

by t h e  Department of  En.exgy, would f u r t h e r  encourage conversion. 

Many f i rms  need t e c h n i c a l ,  economic, and environmental  information 

t o  h e l p  them a s s e s s  conversion t o  wood f u e l  and t o . a s s i s t  them i n  

choosing a system s u i t e d  t o  t h e i r  circumstance.  . 

G a s i f i c a t i o n  may be t h e  b e s t  a l t e r n a t i v e  f o r  r e t r o f i t t i n g  

e x i s t i n g  gas- and o i l - f i r e d  b o i l e r s .  For l a r g e r  b o i l e r s  mul t ip le  

g a s i f i e r s  can be used. G a s i f i c a t i o n  was used p r i o r  t o  World War 

11; however, c e r t a i n  problems i n  t h e  des ign  of t h e  g r a t e  and t h e  

gas burner  and i n  v e s s e l  c o n s t r u c t i o n  r e q u i r e  process  improvements 

(Voss 1977).  The Department of Energy could suppor t  r e s e a r c h  and 

development e f f o r t s  t o  so lve  these problems. 



Densif i e d  biomass f u e l  (wood p e l l e t s  ) has  some advantages 

over  c h i p s ;  it is  uniform. i n  s i z e ,  shape, and moisture  content  and 

has b e t t e r  burning p r o p e r t i e s  than  do green ch ips .  The h igher  Btu 

con ten t  pe r  pound and pe r  u n i t  volume lowers t h e  t r a n s p o r t a t i o n  

c o s t s  pe r  Btu. For i n d u s t r y  t h e r e  is t h e  ques t ion  of whether t h e  

added process ing  c o s t s  a r e  j u s t i f i e d  by e a s i e r  handl ing and i m -  

proved burning e f f i c i e n c i e s  (Zerbe 1978).  Since moisture  content  

i s  t h e  key f a c t o r  i n  combustion e f f i c i e n c y  t h e  lower mosture con- 

t e n t  of p e l l e t s  means lower c a p i t a l  investment due t o  reduced 

c a p a c i t y  requirements.  Emission c o n t r o l  savings a r e  a l s o  achieved 

wi th  d r i e r  f u e l s  (USFS 1976) .  The technology f o r  p e l l e t  use t o  

r e p l a c e  o r  supplement c o a l  is  a v a i l a b l e  (Reed & Bryant 1978) .  I n  

a d d i t i o n ,  p e l l e t s  can be used i n  g a s i f i c a t i o n  and have p o t e n t i a l  

use f o r  home heat ing .  The Department o f  Energy could a t tempt  t o  

encourage t h e  development of  t h i s  f u e l  by f i n a n c i a l  and/or t echn i -  

c a l  support  f o r  p i l o t  demonstration f a c i l i t i e s .  

Economics. The most s i g n i f i c a n t  economic b e n e f i t  of t h i s  

a l t e r n a t i v e  d e r i v e s  from t h e  replacement of f o s s i l  f u e l s  by wood 

f u e l .  I f  g a s i f i e r  e f f i c i e n c y  i s  90 pe rcen t  (Voss 1977) ,  4.9 x  

1012 Btu could be provided by t h e  use of 680,000 green  tons  of 

wood f o r  commercial and i n d u s t r i a l  f u e l .  This  is equ iva len t  t o  

about 34 m i l l i o n  g a l l o n s  of o i l .  Revenue genera ted  by ha rves t ing ,  

process ing ,  and s e l l i n g  t h e  wood would accrue  t o  t h e  region ,  

r a t h e r  than  t o  f o r e i g n  oi l -producing n a t i o n s .  I n  a d d i t i o n ,  bus i -  

nesses  us ing  wood f u e l  sl~oslld Be somewhat . i n s u l a t e d  from r i s i n g  

f o s s i l  f u e l  c o s t s ;  they  may g a i n  a  compet i t ive  advantage t h a t  

a l lows them t o  s t a y  i n  New England and cont inue  t o  c o n t r i b u t e  t o  

employment and t h e  economic s t a b i l i t y  of  the  na t ion .  

o  Construct ion.  The i n s t a l l a t i o n  of wood-fired b o i l e r s  or  

g a s i f i e r s  i n  small  i n d u s t r i e s  and commercial b u i l d i n g s  would 

involve  l i t t l e  o u t s i d e  c o n s t r u c t i o n  t o  r e t r o f i t  e x i s t i n g  s t r u c -  

t u r e s .  A i r  and water q u a l i t y  would not  be s i g n i f i c a n t l y  

impacted. Local bus inesses  could b e n e f i t  from hardware s a l e s  and 

s e r v i c e s  requi red  by i n s t a l l a t i o n .  



A plant producing 250 to 300 tons per day of pellets requires 

about five acres of land and takes about six months to build 

(Blackman 1978; BSRD 1978). This plant would require approximate- 

ly 500-600 green tons of wood per day (Chamberlain 1979). Air and 

water quality impacts would be minimal; only the terrestrial eco- 

system of the plant site would be severely affected during con- 

struction. Since most plant components are prefabricated,. employ- 

ment increases during construction would be small and of short 

duration. 

o Operation. Maine state air quality regulations control 

emissions and require air pollution licenses from boilers with 

rated outputs of 10 million Btu per hour or greater. Particulate 

standards apply to equipment fired at 3 million Btu per hour, and 

all boilers are subject to visible emission standards (Berger & 

Lohnes 1979).   he operation in one geographic region of numerous 
boilers with inputs less than 3 million Btu each could..result in 

local air quality problems. Regulation of larger boilers should 

adequately limit total emissions, however. 

Ash from wood boilers will probably be disposed of in land- 

fills but should not result in other significant impacts if the 

landfills are properly designed. The ash could also be used as a 

soil conditioner. 

o Fuel procurement impacts. . Fuel procurement impacts for 

commercial and industrial applications would be similar to those 

for the proposed woad-fired power plant. Whole-tree chipping 

would be necessary. 

o Transportation impacts. Transportation impacts would be 

similar to those of the proposed plant; chips would be delivered 

by vans. Dispersion of'deliveries would minimize traffic pro- 

blems, although the establishment of a central concentration yard 

or pelletizing plant would have local. impacts on traffic similar 

to those of the wood-fired power plant. 

o Relationship to local, state or national plans and poli- 

cies. This alternative would further the goals of the National 

Energy Acts (1978), the Maine Comprehensive Energy Plan (1976), 

and the Threshold to Maine Resource Conservation and Development 



P r o j e c t  (1977) .  I t  would complement t h e  Small Business  

A d m i n i s t r a t i o n ' s  Small  Business  Energy Loan Program, and o t h e r  

f e d e r a l  l oan  programs r e l a t e d  t o  energy conse rva t ion  and economic 

development. 

o Summary of  long-term impacts .  H'arvesting p r e s e n t s  t h e  

impac.ts o f  primary concern f o r  t h i s  a l t e r n a t i v e .  These impacts  

a r e  d i s c u s s e d  throughout  t h i s  document. T h e  use  of  wood a s  a f u e l  

w i l l  c r e a t e  jobs i n  the r.egion and c o n t r i b u t e  t o  the improvement 

of  the ba lance  of  payments. F o s s i l  f u e l s  would be r e l e a s e d  f o r  

o t h e r  uses .  . 

S y n t h e t i c  Fue l s  

Po l i cy  Statement  

As an a l t e r n a t i v e  t o  the proposed a c t i o n ,  t h e  U.S. Department 

o f  Energy could suppor t  t h e  use o f  wood f o r  t h e  product ion  of  

s y n t h e t i c  f u e l s .  

Desc r ip t ion  

The Department o f  Energy could encourage the use o f  wood f o r  

the product ion  of  s y n t h e t i c  f u e l s  such a s  methanol, e t h a n o l ,  o i l s ,  

o r  cha rcoa l .  These f u e l s  o f f e r  advantages  over  green ch ips  i n  

e a s e  o f  handl ing ,  Btu c o n t e n t ,  and f u e l  un i formi ty .  H'owever, low 

p rocess ing  e f f i c i e n c y  reduces  t h e  va lue  of  these products  except  

i n  s p e c i a l  c i rcumstances .  

Methanol is  produced s y n t h e t i c a l l y  from carbon monoxide and 

hydrogen. I t  can be syn thes i zed  f r o m  any carbonaceous m a t e r i a l ,  

such  a s  c o a l ,  wood waste ,  a g r i c u l t u r a l  r e s i d u e s ,  o r  garbage 

(Wokanson & Rowel1 1977) .  Methanol product ion  from c o a l  is under 

i n t e n s e  development; s y n t h e s i s  from municipal  s o l i d  waste  has been 

s u c c e s s f u l .  Wowever, methanol is  p r e s e n t l y  produced most econom- 

i c a l l y  ar~d e f f i c i e n t l y  us ing  n a t u r a l  gas .  Conversion from s o l i d  

m a t e r i a l s  r e q u i r e s  a d d i t i o n a l  p rocess ing  and is more energy- 

i n t e n s i v e  than  t h e  process  us ing  n a t u r a l  gas ( ~ o k a n s o n  & Rowel1 

1977) .  P l a n t  e f f i c i e n c y  w i t h  wood feeds tock  is o n l y  38 p e r c e n t ;  

f o r  gas ,  it is  61 p e r c e n t  (see Tab le  29) (Saeman 1977a) .  



TABLE 2 9 :  COMPARlSON OF GAS,  C O A L ,  AND WOOD AS 
SOURCES O F  M E T H A N O L ~ .  

Product ?!ant P lan t  
Raw gutput  . . . Ef f ic iency.  . . 1n~e.stwent $el 1.i ng Pr ice  

Mater ia l  . 0 gal.  /yr)  ' ' ' ~ ~ S r c e n t l  . (m6ZZiori idoIZarsI ' IdoZZars/galZonl 

Gas 5 0 

Coal 5 0 

Wood 5 0 

Gas 

Coal 

Wood 

I .  Assumptions: 30% prof i t  on investment, 15% a f t e r  federal taxes; 
natural gas a t  1,000- Btu/cubic foot, '$1.75/thousand cubic feet; 
coal a t  19% ash,' 8,'660 Btu/pound, $38/ton; wood waste (Douglas 
f i r )  a t  25% bark 9,000 Btu/pound, $34/ton. 

2. PZmft s f f i c i s w y  heat vazuo of mothunol as pc~cent  o f  totsri! 
energy input i n t o  plant. 

Source: Saeman 1977a. 



Coal i s  a  more e f f i c i e n t  f u e l s t o c k  than  wood ( p l a n t  

e f f i c i e n c y  is 59 p e r c e n t )  because of i t s  h igher  carbon and lower 

oxygen con ten t  (USE'S 1976).  I n  a d d i t i o n ,  c o a l  is a  c e n t r a l i z e d  

resource  while  wood is  d i spe r sed ;  l a r g e  t r a n s p o r t a t i o n  c o s t s  must 

be incur red  t o  c o l l e c t  wood i n  t h e  q u a n t i t i e s  r equ i red  f o r  cen- 

t r a l i z e d  product ion.  

The e f f i c i e n c y  of  methanol product ion from wood depends on 

improvements i n  t h e  g a s i f i c a t i o n  p rocess  (Inman 1977).  A t  t h e  

p r e s e n t ,  methanol product ion from wood does not  appear t o  be eco- 

nomically f e a s i b l e  (H'okanson & Rowel1 1977).  

The biology of  t h e  fermenta t ion  process  used t o  produce 

e thano l  from wood is we l l  known, b u t  wood feeds tock  requ i res ' -  

energy-intensive and expensive pre t rea tment  t o  break down t h e  

c e l l u l o s e  c r y s t a l s  and l i g n i n  a s s o c i a t i o n  (Brenemann 1978).  The 

complexity of t h e  process  is r e f l e c t e d  i n  t h e  h igh  investment 

requirements.  Production from e thylene  or g r a i n  is l e s s  expensive 

( s e e    able' 3 0 ) .  

A mult iproduct  f i r m  might produce e thano l  more p r o f i t a b l y ,  

bu t  marketing t h e  f i x e d  r a t i o s  of e thano l ,  f u r f u r a l ,  and phenols 

over  t h e  l i f e t i m e  of  t h e  p l a n t  make it a h igh  r i s k  investment 

(Saeman 1977b). One p r o f i t a b l e  mult iproduct  p l a n t  would i n c r e a s e  

t h e  n a t i o n ' s  product ion of  f u r f u r a l  by two-thirds  (Saeman 1977a).  

Experience wi th  t h e  hydro lys i s  of hardwoods is l i m i t e d  t o  p i l o t  

p l a n t  s t u d i e s  (Saeman 1977b). Since t h e  low-qual i ty  wood a v a i l -  

a b l e  i n  Maine is p r i m a r i l y  hardwood and bark,  a  mult iproduct  p l a n t  

i s  not  y e t  commercially v i a b l e .  

Production of  f u r f u r a l  i n  a  s ingle-product  p l a n t  is econom- 

i c a l l y  i n f e a s i b l e .  Phenol product ion d a t a  is s p e c u l a t i v e  (Saeman 

1977a) .  

An experimental  hydrogenation p l a n t  producing two b a r r e l s  of 

o i l  pe r  ton  of d ry  wood chips  is opera t ing  i n  Albany, Oregon, wi th  

Department of  Energy support .  Production of  l i q u i d  f u e l  from c o a l  

i s  more economic, however (Zerbe 1978).  

Pyro lys i s  produces gases ,  o i l ,  and charcoal .  The o i l s  tend 

t o  be c o r r o s i v e  and viscous and t o  have a  low h e a t  of combustion 

(Brenemann 1978).  The process  can be modified t o  a l t e r  t h e  mix of 



TABLE 30: SELLING P R I C E  O F  ETHANOL FROM WOOD; 

E T H Y L E N E  y AND GRAIN '  

Product 
Output Wood P lan t  

Raw Inpu t  . Investment S e l l i n g  Pr i ce  
Mater i  a1 ( l o 6  gal. / y r .  ) (tons/duyl lmiZZion do Zlarsl (doZlars/gaZZonl 

Ethyl'ene 2 5 - - 2 0 

Grain 2 5 - - 25 

Wood 25 1,480 70 

Ethylene 100 - - 5 3 

Grain 100 - - 6 6 

Wood 100 6,000 185 

I .  Asswnptions: 30% prof i t  on investment, 15% a f t e r  federal tuxes; 
ethy Zene a t  $. 1 l/pound; grain a t  $3/bushe 2; wood waste a t  $34/ton. 

S o m e :  Saeman 1977a. 



products. If the gaseous products of pyrolysis can be burned 

before production heat is l o s t , .  process eff iciencies  of 85 

can be attained (Zerbe 1978). A new pyrolysis process producing a 

fuel composed of a  f i f t y / f i f t y  char-oil mix and a combustible gas 

i s b e i n g  tested a t  the Georgia In s t i t u t e  of Technology (Zerbe 

1978). 

I n  addition t o  problems with process efficiency and eco- 

nomics, synthetic fuels suffer from transportation and delivery 

inefficiencies.  When wood is burned t o  create space heat or t o  

fuel a  power plant,  the fuel i s  transported t o  a  central  location 

and used a t  the point of delivery. Wood transported t o  a  synthe- 

t i c  fuel plant must  be processed in to  a  d i f ferent  form and then 

delivered t o  i t s ' p o i n t  of ultimate use. This two-step process 

reduces the overall  efficiency of using wood t o  produce synthetic 

fuels and favors the use of coal, which i s  mined i n  large quanti- 

t i e s  a t  one location. 

While the technology for synthetic fuels i s  progressing, none 

of the processes. appear commercial a t  the pre'sent time: 

"The character is t ics  of wood reduce i t s  usefulness as a  
source of clean l iquid and gaseous fuels or as a  versa t i l e  
s t a r t i ng  material for high-volume organic chemicals. I t  
is  a  safe generalization t o  say tha t  for  the next decade 
a t  l eas t ,  the most e f f i c ien t  way t o  use wood as a  source 
of gas or l iquid fuels w i l l  be t o  divert  such f o s s i l  fuels  
from furnaces and burn wood instead. With rare exceptions, 
organic chemicals can be made more e f f i c ien t ly  from petroleum 
saved by burning wood than d i rec t ly  from wood i t s e l f . "  
(Saeman 1977a). 

Since the proposed project is intended t o  demonstrate the 

immediate commercial f ea s ib i l i t y  of producing energy from wood, 

none of the synthetic processes is a  viable a l ternat ive  t o  the 

wood-fired power plant. The.Department of Energy, however, i s  

supporting research t o  design and t e s t  intermediate and long-term 

prospects for  the production of synthetic fuels from wood. There-. 

fore, t h i s  a l ternat ive  i s  not considered further here. 



Nonenergy Uses of Wood 
. . 

Consumptive Uses 

Policy statement. A s  an a l ternat ive  t o  the proposed action, 

the federal government could encourage the use of wood to  produce 

materials such as reconstituted wood,products, pulp, and paper. 

Description. I n  stimulating the use of 680,000 tons of wood 

annually as  an energy source for cogeneration, the U . S .  Department 

of Energy would promote the use of rough and rotten wood, the by- 

products of timber stand improvement, and manufacturing residues. 

This poor-quality material was unmarketable u n t i l  the high costs 

of o i l  made wood more valuable as a fuel resource. Recent tech- 

nological developments, however, are  also improving the a b i l i t y  of 

the forest  products industry t o  u t i l i z e  poor qual i ty  wood for 

reconstituted wood products and pulp 'manufacture. Products made 

from wood f ibers ,  strands, or flakes do not use the high qual i ty  

of wood raw material required for  plywood. Traditional part icle-  

board i s  used i n  furniture stock, floor underlaymerit., and panel 

stock. Structural particleboard, such as strandwood, can be used 

i n  place of s t ructura l  plywood. 

Reconstituted wood products account for an increasing percen- 

tage of the s t ructura l  wood consumed in t h i s  country. By 2020, 

board consumption i s  expected t o  range from 34 t o  54 b i l l i on  

square f ee t ;  i n  1974 consumption was 1 2  b i l l i on  square f ee t  

(three-eighths-inch basis)  (Stone 1977). Changes i n  the size and 

quali ty of the forest  raw material, changes i n  construction tech- 

niques, and improved processing technology w i l l  reinforce t h i s  

trend (Jahn & Preston 1976). The raw material requirements for 

particleboard are not c r i t i c a l ,  the production process is auto- 

mated, and yields are on the order of 75 t o  80 percent. part icle-  

boards have advantages over t radi t ional  wood material: low vari- 

a b i l i t y  i n  properties, dimensional s t a b i l i t y ,  good weathering 

character is t ics ,  good strength- and stiffness-to- weight ra t ios ,  

and good fastening properties (Saeman 1973). According t o  Jerome 

Saeman and Robert Youngs of .the. Forest Products Laboratory (1978): 

"the greatest  contribution of wood t o  our energy budget is an 



i n d i r e c t  one achieved by using wood i n  p lace  of energy- in tens ive  

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

Recons t i tu ted  wood products  can be used a s  a . s u b s t i t u t e  f o r  

more energy i n t e n s i v e  m a t e r i a l s  such a s  s t e e l ,  aluminum, and 

b r i c k .  According t o  a s tudy by t h e  Cornrnittee'on Renewable 

Resources f o r  I n d u s t r i a l  Mater ia ls ,  s t e e l  f l o o r  j o i s t s  r e q u i r e  

f i f t y  t imes a s  much energy a s  wood j o i s t s ;  aluminum framing is  

twenty t imes a s  energy-intensive a s  wood framing; b r i c k  s i d i n g  

r e q u i r e s  twenty-five t imes t h e  energy of wood-based s i d i n g .  I n  

a d d i t i o n ,  wood's i n s u l a t i n g  p r o p e r t i e s  a r e  s u p e r i o r ,  provid ing  

savings  i n  energy f o r  space hea t ing .  Not only  a r e  energy requ i re -  

ments f o r  wood products  low, most'wood process ing  f i rms  a r e  a t  

l e a s t  p a r t i a l l y  energy s e l f - s u f f i c i e n t ,  us ing  t h e i r  own wastes f o r  

energy (Jahn & Pres ton  1976).  Manufacture of r e c o n s t i t u t e d  boards 

r e q u i r e  7.5 t o  20 m i l l i o n  Btu per  ton.  Th i s  is h igher  than  f o r  

lumber o r  veneer,  but  t h e  y i e l d  of product  pe r  ton  of wood is a l s o  

h igher  (Koch 197.6). 

The f e d e r a l  government could suppor t  t h e  annual use of 

680,000 tons  of  low-quality wood a s  a m a t e r i a l  by he lp ing  t o  

f inance  a p l a n t  producing p a r t i c l e b o a r d ,  strandwood,. o r  another  

appropr ia t e  composite board. A t  l e a s t  one f i rm has announced 

p l a n s t o  b u i l d  and opera te  a p l a n t  f o r  t h e  manufacture of s t rand-  

wood i n  New England. The f e d e r a l  government could provide f inan-  

c i a l  support  and/or t e c h n i c a l  a s s i s t a n c e  f o r  such a p r o j e c t .  

Research on adhes ives  used i n  r e c o n s t i t u t e d  products  is on- 

going i n  the U.S. Fores t  Service F o r e s t  Products Laboratory i n  

Madison, Wisconsin. Present  adhesives a r e  der ived  from petroleum. 

Adhesives der ived  from o t h e r  sources  would enhance p a r t i c l e b o a r d  

product ion  (Saeman 1978).  Lignin is  one p o t e n t i a l  source of adhe- 

s i v e s  ( Jahn & Preston 1976).  

I n c r e a s i n g l y  lower grades of wood a r e  being u t i l i z e d  i n  t h e  

pu lp  i n d u s t r y  (Wokanson & Howell 1977; Jahn & Pres ton  1976).  New 

technologies  improve t h e  y i e l d  of  pu lp  from t h e  same amount of 

wood (Jahn & Pres ton  1976).  Pulp m i l l s  i n  Maine, a s  elsewhere,  

a r e  i n s t a l l i n g  more e f f i c i e n t  equipment. The f e d e r a l  government 

could encourage t h i s  t r e n d  by suppor t ing  resea rch  on technology 



that'is more efficient, and by supporting the demonstration of 

these new technologies. 

Economics. In the long run, the fuel value of wood sets its 
4 

minimum value for more involved uses (Saeman 1977b). For example, 

pulp has a product value.about three times that of wood waste con- 

verted to methanol (Kokanson & Rowel1 1977). Value is added in 

processing wood as a material with resulting indirect stimulation 

of the local economy. These plants can be relatively energy self- 

sufficient by using process wastes and other wood for process and 

space heat. Wood used in the manufacture of materials can be 

recycled; once converted to a fuel and burned, it is lost for 

other uses. 

Marketing and purchasing strategies favor larger, capital 

intensive plants; the economies of scale are dictated by off-the- 

shelf equipment. In 1976, a plant consuming 200,000 to 280,000 

green tons of wood annually and producing panel-type composites 

cost about' $10 million. :A smaller installation was feasible at 

that time with a captive or controlled market (Gatslick 1977). 

Yield of composite board is about 416 square feet per ton of wood 

(UNH' 1966). Thus, the use of 240,000 tons per year would produce 

roughly 100 million square feet per year. The annual requirement 

of 680;OOO tons of wood for the proposed project could 'supply both 

material and energy for a plant of this size. 

A feasibility study for a proposed strandwood operation in 

Massachusetts concluded that a $20 to $30 million plant would pro- 

cess 250,000 green tons per year to produce 160 million square 

feet (three-eighths-inch basis) of product. This plant would 

require 80 percent softwood (Cady 1979). 

Environmental impacts. The nature of the construction im- 

pacts of a reconstituted board plant would be similar to those for 

the proposed project, although the .scales would differ. In 

addition to buildings, equipment, and wood storage facilities for 

materials manufacture, a wood energy system would be required to 

provide space and process heat for the facility. 

Particleboard manufacture is a dry process; no water would be 

discharged. Emissons from the gluing process apparently are 



.negligible, although fumes inside plants using urea-formaldehyde 

as an adhesive can cause concern (Marra 1979). Operation requires 

process heat tha t  can be produced by burning wood. Impacts of 

process heat would be similar t o  those for  the proposed project ,  

although smaller i n  scale. Wood handling f a c i l i t i e s  would a lso  be 

similar t o  those of the proposed project,  although there would be 

one system t o  handle material feed and another t o  handle fuel 

chips. Jobs would be created by operation of the plant,  and bene- 

f i t s  from employment would accrue t o  the local economy. One pro- 

posed plant, using 160,000 green tons of wood and producing 100 

million. square fee t  of particleboard per year (three-eighths-inch 

bas is )  planned t o  employ 101 people and projected the creation of 

350 secondary jobs (Valley News 1978). 

Impacts of wood procurement would be similar t o  those for the 

proposed project. Transportation impacts would a lso  resemble 

those for  the proposed wood-f ired power plant. However, trans- 

portation of products from the plant t o  wholesale d is t r ibutors  

'would add t o  'the amount of truck t r a f f i c  and the overall  energy 

budget. 

This al ternat ive would enhance local and s t a t e  programs to 

create jobs and industry using local resources. The goals of the 

National Energy Plan would indi rec t ly  be served, since wood 

materials are more energy-efficient than subst i tutes .  However, 

t h i s  al ternat ive would not produce energy d i rec t ly  or contribute 

t o  the commercialization of wood energy systems. 

Util izing 680,000 tons of wood annually for the manufacture 

of composite products would create jobs and benefit the economy. 

H'owever, the long-term management and productivity of the forest  

must  be preserved with the same sound fores t  practices tha t  a re  

required for the proposed and for a l ternat ive  uses of the 

Wood t o  g,enerate energy. 

Noncansumptive U s e s  of Forests 

Policy statement. As an a l ternat ive  t o  the  proposed action, 

the United States government could support nonconsumptive uses of 

fores t  lands. 



Description. Federal agencies' could encourage uses of Maine 

woodlands that do not require the harvest of wood. Funding could 

instead be provided for the improvement of woodland wildlife habi- 

tat, including fisheries, in cooperation with the Maine Department 

of Inland Fisheries and Wildlife or private conservation 

organizations. 

Wilderness or natural area protection or acquisition could be 

promoted through appropriate state agencies and private landhold- 

ing organizations such as the Audubon Society or the Nature 

Conservancy. Federal funds encouraging acquisition and transfer 

of property or conservation easements would support this end. 

Undisturbed ecosystems serve as a benchmark against which 

changes in the unprotected landscape can be measured. Scientific 

study of these natural areas provides important information on 

plant and animal lifecycles, succession, and other natural pheno- 

mena vital to our knowledge of the natural systems that man 

manages, uses, and, sometimes, abuses. Funding for land acqui- 

sition should include provisions for maintenance of the property. 

Protected wilderness areas, if accessible, also provide an 

outdoor laboratory for educational purposes. Undisturbed pro- 

cesses of growth, decay, and ecosystem development can be 

observed. Natural areas provide the opportunity for "wilderness 

experiences" for recreationists seeking solitude, natural sur- 

roundings, and wildlife viewing. Hunting and fishing may or may 

not be allnwed. 

Environmental impacts. The impacts of this alternative will 

result from the removal of the wood resource from direct economic 

use. Locally, wilderness designation can affect the livelihoods 

of woodsworkers and employees of the wood products industries, and 

may produce adverse public reaction. On the other hand, increased 

environmental awareness and improved scientific knowledge would 

benefit society as a whole. In addition, natural area designation 

helps to protect threatened and endangered species and to preserve 

the diversity of the native gene pool. 

Wilderness recreation is enhanced by preserving natural 

areas, but this may be at the expense of more intensive recrea- 



t ional  uses. People lacking the stamina or s k i l l s  t o  en joy the 

back country are excluded from use of wilderness areas by the lack 

of access roads and developed f a c i l i t i e s .  

Relationship t o  national, s t a t e ,  or local plans and policies.  

The Maine Cr i t i ca l  Areas Program has ident if ied noteworthy natural 

features i n  the s t a t e  for  inclusion i n  Official  Register of C r i t i -  

ca l  Areas. The program was created by the s t a t e  legislature i n  

1974 t o  encourage and coordinate the conservation of such areas. 

Areas ident if ied by t h i s  program would have pr io r i ty  i n  a federal 

program t o  preserve natural areas. 

Both the Time and Tide and the Threshold t o  Maine Resource 

Conservation and Development Projects ident ify f i sh  and wildl i fe  

habitat  improvement and recreational development as project ob j ec- 

t ives.  The Time and T.ide Program of Action also encourages pre- 

servation of unique natural areas. Coordination with Resource 

Conservation and Development Project ac t i v i t i e s  could enhance non- 

consumptive uses of forested land through local support. 

The Maine Statewide Outdoor Recreation Plan ca l l s  for  the 

acquisit ion of . land for recreation, including wilderness and w i l d -  

l i f e  areas. I n  part icular ,  for  southwestern Maine, acquisition of 

land t o  f i l l  i n  the boundaries of the Evans Notch Dis t r i c t  of the 

White Mountain National Forest and the Rachel Carson National 

Wildlife Refuge i s  recominended. The Plan a lso  recommends that  the 

Maine Bureau of Parks and Recreation prepare a State  Park Plan t o  

address specif ic  needs of the State  Park System. A State Park 

Plan would provide guidelines for land acquisition and preserva- 

tion. 

On the federal level,  the Roadless Area Review and Evaluation 

(RARE 11) of the U.S. Forest Service has recently reviewed areas 

i n  the National Forest System for wilderness designation. While 

n o  lands i n  Maine have been designated under t h i s  program, RARE 

I1 has brought wilderness designation t o  the public at tent ion i n  

New England. Removal o f  'timberland i n  the White Mountains of New 

Rampshire from harvestable s ta tus  because of i t s  designation as a 

roadless area could increase pressure on the fores t  resource of 



Maine 'and prompt conservationists to push for more wilderness 

areas in the state. 

This alternative would not produce energy directly and would 

not contribute to a reduction in the national dependance on non- 

renewable energy sources. 



ALTERNATIVE PLANT D E S I G N S  

Generation of Steam Only 

Policy Statement 

A s  an al ternat ive t o  the proposed action, the U . S .  

Department of Energy could support the construction of a wood- 

f i red  steam generating fac i . l i ty  producing 510,000 pounds of steam 

per hour a t  the Westbrook m i l l .  

Description 

A steam boiler  operating a t  510,000 pounds per hour produc- 

ing industr ial  steam for  the S . D .  Warren Company would require 

approximately 3.5 percent less  fuel  annually than the proposed 

action as a resul t  of not incorporating e l ec t r i c  generation in to  

the f a c i l i t y  design. Harvested fuelwood chips would s t i l l  provide 

the bulk of fuel t o  the boiler and millwood residues would supply 

a s ignif icant  component (up t o  about 40 percent).  A turbine- 

generator-condensor would not be required in t h i s  a l ternat ive  

which would eliminate the need for a cooling tower. A l l  other , 

character is t ics  and requirements of t h i s  system would be similar 

t o  those of the proposed f ac i l i t y .  - .  
<v';i?= 

Economics 

The capi tal ,  operating and maintenance, and fuel costs of a 

510,000 pound per hour steam generating f a c i l i t y  would be similar 

t o  those of the proposed f a c i l i t y  except tha t  no turbine genera- 

to r  or cooling tower would .have t o  be purchased, erected, or 

operated. Reduced pressure requirements for the steam would 

enable construction of a s l igh t ly  smaller boi ler ,  which could 

reduce boiler construction costs by a few percent. Similarly, 

fuelwood costs and operation and maintenance costs would be some- 

what reduced though not by more than 3 t o  4 percent. The cost of 

t h i s  al ternat ive are outlined i n  Table 31. 

The use of the costs presented i n  Table 31 t o  calculate a 

u n i t  production cost, such as m i l l s  per kilowatt-hour d r  dol lars  

per million B t u  is subject t o  many variable factors .  Construc- 

t ion  time, financing-and the existing tax climate w i l l  influence 



TABLE 31: ESTIMATED CAP ITBL, OPERBTI HG AND MAINTENANCE, A N D  
FUEL COSTS OF A 510,000 POUIiD PER HOUR WOOD-FIRED BOILER' 

C a p i t a l  C o s t s  
i979 D o l l a r s  

( m i  Z l i o n s l  

I n s t a l l e d  C a p i t a l  c o s t 2  5 3 . 0  

A n n u a l  O p e r a t i n g  a n d  M a i n t e n a n c e  c o s t 3  1.3 

A n n u a l  F u e l  c o s t 4  8 . 5  

I .  These e s t i m a t e s  would vary  from s i t e  t o  s i t e  and should  
o n l y  be cons ide red  a s  approximate .  

2 .  Ca l cu la t ed  from Manar 1979b. 
3. Assumed t o  be 2.5% o f  i n s t a l l e d  c a p i t a l  c o s t :  Manar '1979a. 
4.  Based on a f u e l  p r i c e  o f  $12 .50 / ton  (AZZis.on 197L?J. 



the annual charges on investment. Recent changes i n  the invest- 

ment tax credi ts  and depreciation allowances enacted by the 

Energy Tax Act of 1978 w i l l  have important influence on the 

choice of fuel for energy f a c i l i t i e s .  For these reasons, it i s  

beyond the scope of an environmental impact statement t o  predict 

precise u n i t  costs. The capi ta l ,  operating, maintenance and fuel 

costs presented i n  Table 31, however, do indicate tha t  t h i s  

al ternat ive is a t  leas t  marginally commercial, and tha t  further 

consideration of i t s  environmental impacts is just i f ied.  

Environmental Impacts 

Construction impacts. The environmental and socioeconomic 

impacts of constructing'.a 510,000 pound-per-hour steam generating 

f a c i l i t y  would be similar t o  those of the proposed cogenerating 

plant. The elimination of the e l ec t r i c  generating equipment, the 

switch yard, and the cooling tower would not s igni f icant ly  af fec t  

the amount of s i t e  preparation required. 

operation impacts. The impacts of operation would be simi- 

l a r  t o  those associated with the proposed action. ~ - .. The very 

s l i gh t  reduction i n  fuel requirements would not s ignif icant ly 

lower the emissions described i n  ~ ~ p e n d i x  B for  the proposed 

f a c i l i t y .  Because of the elimination of the cooling tower used 

for  the cogenerating f a c i l i t y ,  thermal eff luents  would be 

released i n  the p lan t ' s  waste water. The quantity of heat 

released, however, would have no signif icant  impact on the 

receiving waters (Manar 1979a). 

.Fuel procurement. impacts. The. 3.5 percent lower fuel 

requirement would allow a steam-only f a c i l i t y  t o  rely somewhat 

more heavily on m i l l  residues. The impacts of procuring and 

transporting the fuel would not be s ignif icant ly d i f ferent  from 

those of the proposed cogenerating f a c i l i t y .  

Relationship t o  national, s t a t e ,  or 1ocal.plans and pol icies .  

This al ternat ive i s  compatible w i t h  federal and s t a t e  pol icies ,  

encouraging the use of wood fuels.  A decision, however, t o  con- 

s t ruc t  an industr ial  boiler producing steam only does not re f lec t  

f edera l  and s t a t e  policy on cogeneration. The Public Ut i l i ty  

~egu ia to ry  Policies Act of 1978 (~L95-617) encourages - the cogene- 



ration 02 energy under a variety of regulatory mechanisms to  be 

developed and exercised by the Federal Energy Regulatory 

Commission. The Maine Office of Energy Resources encourages the 

development of cogenerating f a c i l i t i e s  as a means to  more 

e f f i c ien t ly  u t i l i zed  energy resources (MOER 1976 ) .  

Summary of long-term effects .  The long-term effec ts  of a 

510,000 pound per hour .steam generating f a c i l i t y  would be similar 

to ,  although less  intense than, those of the proposed f a c i l i t y  

described throughout these appendices. The f a c i l i t y  would lessen 

national dependence on a limited supply of imported fo s s i l  fuels.  

Generation of Elec t r ic i ty  Only 

Policv Statement 

As  an al ternat ive t o  the,proposed action, the U . S .  Department 

of Energy could support the construction of a 50-megawatt wood- 

f i red  e l ec t r i c  generating s tat ion.  

Description 

A 50-megawatt wood-fired e l ec t r i c  generating s ta t ion  would 

require between 708,000 and 843,000 tons per year of wood ,fuel 

(Sherwood & Meadows 1978). The fuel  would be obtained from har- 

vesting operations and wood residue producers. The f a c i l i t y  

could be located a t  any of numerous s i t e s  i n  'Maine where the 

transportation system and water source'were adequate. The 

character is t ics  of t h i s  facility would be similar t o  those of the 

proposed 50-megawatt cogenerating f a c i l i t y ,  except tha t  the steam 

would be used only t o  generate e lec t r i c i ty .  

Economics 

The costs associated with a 50-megawatt e l ec t r i c  generating 

plant are presented i n  Table 20. With the exception of the 

expense for. a larger turbine generator, these costs are ident ical  

t o  those associated with the proposed action. 

The use of the costs presented ' i n  Table 32 t o  calculate a 

u n i t  production cost,  such as m i l l s  per kilowatt hour or dol lars  

per million Btu , .  is s1.1b ject . t o  many variable factors .  The nature 

of the plant s i t e  and i t s  location 'affect  the cost of capi ta l ,  



TABLE 3 2  : ESTIMATED CAPITAL,'  OPER.4TI WG AID MAINTENANCE, '  AND F U E L  
COSTS O F  P, 50-MW W O O D - F I R E D  E L E C T R I C  G E N E R A T I N G  FACILITY '  

1 9 7 9  Do1 1  a r s .  
(m iZZ ions )  

. . 

I n s t a l l e d  C a p i t a l  Cost 5 7 

3 Annua l  O p e r a t i n g  and  M a i n t e n a n c e  C o s t  1.4 

Annua l  F u e l  c o s t 4  8 .8  - 10.5  

- -- - - - - 

I .  These estimates would vary  from s i t e  t o  s i te  and should o n l y  be 
cons idered  as approximate. 

2. CaZcuZa'*ed from. M m r a r  :1979c-:.' 
3. Assumed t o  be 2.5% o f  i n s t a l z e d  c a p i t a l  cost: Manar 1979b: 
4. Based on a f u e l  price o f  $12.50/ tm:  AZZison 1979. 

Based on f u e l  consumption o f  708,000 t o .  843,000 tons o f  wood 
per year: Shemood & Meadows 1978. 



maintenance, operation and fuel. Construction ti.me, financing and 

the existing tax climate will influence the annual charges on in- 

vestment. Recent changes in the investment tax credits and 

depreciation allowances enacted by the Energy Tax Act of 1978 will 

have important influence on the choice of fuel for energy facili- 

ties. For these reasons, it is beyond the scope of an environ- 

mental impact statement to predict precise unit costs. The capi- 

tal, operating, maintenance and fuel costs presented in Table 32, 

however, do indicate that this alternative may be marginally com- 
J 

mercial and that further consideration of its environmental 

impacts is justified. 

Environmental Impacts 

While the environmental impacts' of a 50-megawatt wood-fired 

electric cogenerating plant are similar to those of the proposed 

facility, the location of- the plant could alter the impacts and 

might affect public recreational access to Maine's inland or 

coastal water resources. Emissions and effluents should be iden- 

tical to those of the proposed action, except that somewhat more 

waste heat may be discharged and a less efficient use of energy 

attained. 

Relationship with national, state, or local plans and 

policies. While this alternative is compatible with federal and 

state initiatives to utilize wood as an energy source, the choice 

of an electric-only facility over 'a cogenerating facility would 

not re'flect the policies established by the Public Utilities 

Regulatory Policy Act of 1978 and the Maine Comprehensive Energy. 

Plan of 1976. 

Summary of long-term effects. The fuel procurement program 

needed to supply this facility would have significant implication 

for the management of forest and related ecosystems in southern 

Maine. The potentially positive and negative impacts of wood fue 

collection are fully discussed throughout these appendices, 

particularly C and D. This alternative would assist a regional 

transition from dependence on nonrenewable sources of energy to a 

sustainable energy system. 



Alternative Engineering Systems 

The information presented below was suppled by the Rust 

Engineering company (Finn 1979b) and. describes the alternative 

system designs that were evaluated during the design of the pro- 

posed wood-fired power plant. 

Cooling System Design 

The proposed wood-fired power plant will employ a one- or 

two-cell, induced draft, cross flow cooling tower to reject heat 

from the proposed wood-fired boiler. Two alternatives to this 

system were evaluated during the design of the cooling system: 

straight-through cooling with a direct discharge to the 

Presumpscot River and a combination straight-through/cooling tower 

system. Preliminary calculations were run to assess the impact of 

these systems on the thermal quality of the Presumpscot River. 

These calculations showed that a once-through cooling system or a 

combined system would. result in violations of the allowable tem- 

peratures in the Presumpscot during certain operation times .in- 

cluding periods oi high thermal discharge in summer coupled with 

low river flows. Discussions with the Maine Department of 

Environmental Protection indicated that the Board of Environmental 

Protection would not allow once-through or partial systems in this 

case. 

Ash Wandling and Disposal 

Both dry and wet ash-handling systems were evaluated for use 

in the proposed plant. A system featuring dry handling for the 

precipitator and siftings hopper, and wet handling for the boiler 

ash has been chosen. The dry handling systems were chosen be- 

cause their compact size allows them to fit within the space 

available near the precipitator and the siftings hopper. The wet 

handling system for boiler ash disposal was chosen to reduce fire 

hazard in the overall ash-handling system. Initially, a pneumatic 

ash-handling system was considered as the method to. remove and 

convey the fly ash to silos. This system was rejected because of 

explosion and fire hazard resulting from the hot char that is 

handled along with the fly ash through the pneumatically-operated 

system. 



Dewatering bins were also considered as an intermediate step 

in the ash-handling system between ash collection and deposition 

into the ash ponds. The short retention time in the bin, however, 

would have resulted in a contaminated water overflow which would 

have been prohibitively costly to treat before discharge into the 

Presumpscot. Additionally, an unacceptably large flow would have 

been generated with the use of dewatering bins. For these rea- 

sons, this system was discarded and the ash will flow directly 

into ash ponds. The water used to convey the ash will be recircu- 

lated in an essentially closed loop. 

The alkaline properties, potash content, and mineral content 

of the wood ash make it a suitable soil conditioner or, with addi- 

tives, a fertilizer. If a market for the wood ash can be estab- 

lished, an ash-handling system can be provided wherein the ash 

would be packaged and delivered to potential retai.1ers or whole- 

salers. This possibility is under continuing 

Water Treatment System , 

Three water treatment systems for the preparation of high- 

quality feedwater for the wood-fired steam generator were con- 

sidered. These systems included: 

A. Anthracite-sand filtration and activated carbon filtra- 

tion iollowed by two-bed and mixed-bed ion exchangers; 

B. Activated carbon filtration followed by two-bed and 

mixed-bed ion exchangers; 

C. Activated carbon filtration followed by mixed-bed ion 

exchangers. 

System C was selected because it will generate less wastewater and 

the wastewater will have a pH' compatible with the. U.S. Environ- 

mental Protection Agency's regulations. Additionally, System C 

requires less space than the other 'systems and has lower capital 

and operating costs. 

Pressure ~evel'of the Boiler 

Current technology in the burning of wood-fuel limits the 

pressure level of the boiler to an operating level of 1,500 pounds 

per square inch guage (psig). A range of operating pressures was 

considered for the proposed boiler and levels lower than 1,500 



psig could be employed a t  the proposed plant s i t e .  Hbwever, the 

1500 psig level provides the.highest cycle efficiency and has been 

chosen for tha t  reason. 

Steam Cycles 

Alternative heat balances and steam cycles were evaluated for 

cogeneration a t  the S . D .  Warren Company m i l l .  Because of the high 

expense associated w i t h  reworking existing steam f a c i l i t i e s  used 

i n  the pulp and papermaking process, turbine extractions were 

selected t o  be compatible w i t h  the existing S . D .  Warren .steam 

system. 

Fuelwood Drying 

Predrying fuelwood before inject ing it in to  the boiler 

reduces the moisture content. of the wood and thus improves the 

efficiency of combustion. Three systems were considered for 

predrying the wood: 

A. Separately f i red  bark dryers which dry the fuelwood 
through combustion of wood or some other fuel pr ior  t o  
the fuelwooil's entry .into the boi ler  feed system; 

B. Hbt  hogs which dry the fuelwood while processing the 
wood chips t o  make them more uniform i n  s i ze ;  

C. Flue-gas dryers which use heat i n  the stack emissions 
stream t o  dry chips prior  t o  injecting them into the 
boiler.  

Flue-gas bark dryers were selected because they have been operated 

successfully and economically i n  the past. 

Generator Cooling System 

Two generator cooling syst-ems were cons%dered for the pro- 

posed wood-fired power plant: air-cooled systems and hydrogen- 

cooled systems. Although hydrogen-cooled,systems operate more 

e f f i c ien t ly  than air-cooled systems, the i r  higher i n i t i a l  capi ta l  

costs could not be just i f ied and thus air-cooled generators were, 

chosen. 



ALTERNATIVE BIOMASS SUPPLY SYSTEMS 

Alternative HBrvesting Strategies 

Policy Statement 

The proposed wood-fired power plant will receive fuelwood in 

the form of chips that have been processed at the harvest site by 

a whole-tree chipper and transported to the facility in chip vans. 

As an alternative, standard logging procedures could be employed 

to produce logs to be chipped at the power plant. 

Description 

Fuelwood for the proposed action will be harvested from the 

region's forests with mechanized operations that produce one- to 

two-inch chips from whole trees. These chips will be procured 

from private logging contractors who in turn will acquire cutting 

rights ( stumpage) from individual landowners. It is expected that 

a wide variety of harvest systems (clearcutting, shelterwood, 

selective) . . and thinning strategies will be employed to supply 

these chips. The impacts of these various methods are discussed 

in Appendices C and D. 

Two major alternatives exist for the procurement of fuelwood. 

Wood could be grog and harvested on silvicultural energy planta- 

tions. This intensive system is not economically feasible in view 

of the less expensive, abundantly available, low-quality wood in 

the region's forests. Also; because of the long start-up time, 

wood would not be immediately available from this source. The 

Department of Energy is investigating the intermediate and long- 

term feasibility of this alternative in other research programs; 

consequently it will not be considered further here. 

The most feasible alternative to whole-tree chipping would be 

standard logging operations to cut logs which could then be . . 

chipped or hogged after delivery to the power plant. With this 

type of operation, better quality trees would be harvested, since 

the inefficiencies of transporting crooked logs constrain their 

use. If only the boles were taken, at least 50 percent of the 

combustible fiber would be left in the forest as tops and 



. . 
branches., Therefore, it is likely that almost twice as much 'land 

would be necessary to produce a given amount of wood for energy 

with the bole-only alternative. 

Economics 

Employment of bole-only harvesting may result in higher 

prices for fuelwood than those that would prevail if whole-tree 

chipping were employed. The major expense of acquiring and using 

wood resources 'results from the costs associated with handling the 

bulky, heavy, ir.regularly-si.zed trees. Whole-tree chipping at 

forest landings reduces the fiber from the whole tree into a much 

more uniform and readily transportable material. 

Stumpage fees for the bole-only system may be as high or 

higher than those for whole-tree removal. As stated earlier, 

shipment of logs necessitates leaving the tops and branches in the 

forest. Thus the fee paid to.the landowner per unit of material 

recovered. may be substantially higher with the bole-only alterna- 

tive. Also, handling and chipping logs at the power plant site is 

more expensive and time-consuming than processing chips. 

One advantage of bole-only harvesting is that less capital 

investment is required of logging contractors in the fuelwood 

business. The necessity of having a chipper operating at the 

landing can substantially increase harvesting capital costs (see 

Appendix E) and may prevent some contractors from entering the 

market. 

Environmental Impacts 

The environmental impacts of this alternative would be 

similar to those described for the proposed action. The major 

differences result from the disposal of tops, branches, and 

deformed trees left in the forest as slash. The exact nature of 

the resulting impacts would depend on how the slash was managed. 

If typical practices for the Northeast are followed, the slash 

would be left where the trees were felled and would be allowed to 

decompose slowly on the site. In this case, the slash would 

provide some shading for the forest floor following the removal of 

the tree canupy. Shade slows the rates of soil litter and organic 

matter decomposition (see Appendix D) and provides variations in 



s o i l  microclimate t h a t  may favor  more d i v e r s e  r egenera t ion  of t h e  

. s tand.  

I n i t i a l  r egenera t ion  f a i l u r e  has been observed on south- 

f ac ing  s lopes  i n  Vermont.following s l a s h  removal, whereas s i m i l a r  

s lopes  have regenera ted  s u c c e s s f u l l y  fol lowing a  bole-only har-. 

v e s t .  H'owever, s l a s h  may a l s o  impede reproduct ion of t h e  s t and  a s  

a  r e s u l t  of heavy shade, mechanical suppress ion ,  o r  p rov i s ion  of a  

microclimate s u i t a b l e  f o r  compet i t ive  herbaceous p l a n t s  and shrubs  

(Smith 1962).  

A s  t h e  s l a s h  decomposes over a  per iod  of t e n  t o  twelve yea r s ,  

it provides a  s u b s t a n t i a l  n u t r i e n t  i n p u t  t o  t h e  new o r  remaining 

s t and  and t y p i c a l l y  improves t h e  phys ica l  p r o p e r t i e s  of f o r e s t  

s o i l s  (Smith 1962).  This e f f e c t  is  enhanced because decomposing 

s l a s h  se rves  a s  a  s i t e  f o r  n i t rogen  f i x a t i o n  by decomposing bac- 

t e r i a  (Roskoski 1975) .  S lash  remaining on t h e  f o r e s t  f l o o r  

reduces t h e  r a t e  of s o i l  o rgan ic  ma t t e r  decomposition, and thus  

e f f e c t i v e l y  reduces t h e  leaching  of  n u t r i e n t s  i n t o  groundwater and 

streams. S l a s h  a l s o  a c t s  as a  b u f f e r  t o  reduce t h e  r a t e  of  s e d i -  

ment t r a n s p o r t  i n  su r face  water flow, a l though t h e  s i g n i f i c a n c e  o f  

t h i s  e f f e c t  i s  ques t ionab le  (Smith 1962).  By t h e  t ime s l a s h  

begins t o  decompose, t h e  new s tand  is  g e n e r a l l y  s u f f i c i e n t l y  

e s t a b l i s h e d  t o  r e t a i n  a  h igh  percentage of t h e  a v a i l a b l e  n u t r i e n t s .  

S lash  a l s o  provides h a b i t a t  f o r  w i l d l i f e  s p e c i e s  such a s  r a b b i t s  

and ground-nesting b i r d s .  

The v a s t  major i ty  of i n s e c t s  and funqi '  t h a t  feed  on logging - - 

r e s idues  b e n e f i t  t h e  f o r e s t  by decomposing s-lash and making i t s  

n u t r i e n t  con ten t  a v a i l a b l e .  Few of t h e s e  s p e c i e s  a t t a c k  l i v i n g  

t r e e s  (Smith 1962).  However, some bark b e e t l e s  and h e a r t - r o t  . 

fungi  do t h r i v e  i n  c u l l  logs  and l a r g e  branches and may e s t a b l i s h  

popula t ions  t h a t  t h r e a t e n  t h e  new o r  r e s i d u a l  s t and  of t r e e s .  

S lash  l e f t  i n  t h e  f o r e s t  can provide a  f u e l  source which, i f  

i g n i t e d ,  can speed t h e  spread of f o r e s t  f i r e s  and h inder  t h e  move- 

ment of  f i r e - f i g h t i n g  e f f o r t s .  Small branches and twigs can pro- 

v ide  t i n d e r  i d e a l  f o r  s t a r t i n g  w i l d f i r e s  bu t  t h i s  m a t e r i a l  gener- 

a l l y  decomposes qu ick ly  fol lowing h a r v e s t .  S lash  is not  perceived 



as .a major fire menace in the Northeast, where precipitation is ' 

rather evenly dispersed,throughout the year. 

Slash represents a major aesthetic nuisance to many people, 

who may perceive it as a hazard, a sign of poor forest practices, 

or simply a mess. This problem can be mitigated by removing slash 

from highly visible areas. 

The use of bole-only harvesting in the Northeast typically 

means that substantial quantities of tops, limbs,. and branches are 

left in the forest. The employment of this harvest system would 

fail to demonstrate the commercial viability of whole-tree 

harvesting for the production of fuelwood, which would' reduce the 

total amount of fuelwood available immediately. These events 

could slow the development of the use of wood to produce energy in 

New England. The disposal of slash in the forest represents both 

beneficial and harmful impacts as seen above. Continuation of 

this practice, as an alternative to the proposed system which 

would remove slash, however, could reduce the danger of long-term 

nutrient depletion of the forest (see Appendix D). 

Alternative Residue Systems 

Policy Statement 

As an alternative to the proposed action, the U.S. Department 

of Energy could support a program to collect and utilize agricul- 

tural wastes for the production of energy i.n southern Maine. 

Description 

The characteristics and requirements of a facility designed 

to burn crop residues and animal manure, as either supplementary 

or primary fuels, are generally similar to those of the proposed 

wood-fired facility. An extensive collection network would be 

required to collect these residues, which are dispersed at a 

relatively low density over a wide area in southern Maine. Table 

33 outlines the availability of these fuels in the counties that 

intersect the fifty-mile radius harvest region of the proposed 

plant. 



TABLE 33: ANNUAL A V A I L 4 B I L I T Y  OF CROP RESIDUES 
AND ANIYlAL MANURE 

County 

Maine 

Androscoggin 

Cumber1 and 

York 

Kennebec 

Lincoln 

Oxford 

Sagada hoc 

New Hampshire 

Be1 knap 

Car ro l l  

S t ra f fo rd  

Total 

Crop Residues 1 Animal Manure 2 

(dry t&s)  (dry ' tons 

I .  Includes a l l  crop residues wasted and l e f t  i n  the field. 
2. Includes only manure wasted, since residues used as 

feed, fuel, or f e r t i l i zer  are not available for use a t  
the biomass faci l i ty .  

Source: SRI 1976. 



TABLE 34: ENERGY CONTENT OF AGRICULTURAL RESIDUES 

Material 

Chicken ~anure '  

Cattle Manure 1 

Corn Residues 2 

Wheat ~ e s  i dues2 

, Energy Content 

(lo6 ~tu/w ton) 

I .  AnaerobicaZZy digested t o  produce a Zow-Btu gas. 
2. Direct- ftred. 

Source: SRI 1978. 



While the crop residues could be chopped and dried to provide 

useful fuel, the animal manure would have to be converted to a gas 

before it is burned (SRI 1978). Table 34 describes the energy 

content of agricultural residue fuels after processing. 

From this information, it is calculated that the total energy 

contribution from agricultural wastes could not exceed 2.4 percent 

of the gross energy input of the proposed power plant. The 

extremely limited availability of these fuels precludes further 

consideration of this alternative. 

Alternative Transportation Systems 

Policy Statement 

As currently planned, most of the fuelwood will be trans- 

ported as chips to the proposed wood-fired power plant, in large 

truck vans and railcars (see Appendix F). No transportation . 

controls have been designed specifically for this project. There 

are three major types of alternatives to this proposed..-. 

transportation system -- modal alternatives,. implementation of 
transportation controls, and the implementation of harvesting 

controls. These alternatives are summarized in Table 35. 

Modal alternatives. There are two major modal alternatives 

to the present plan for transporting the wood chips to the 

proposed wood-fired power plant. Chips could be delivered to the 
. , 

plant by rail only or both by trailer-on-flatcar systems. Trailer- 

on-flatcar system would require .construction of loading and 

unloading ramps for moving truck vans on and off the flatcars. 

A rail-only transport system would actually have to rely on 

trucks to move wood from the harvest site to a central railcar 

loading station. Trucks could haul roundwood to be chipped at the 

station and blown into railcars. In this case, as much as 50 

percent of the fuelwood value of harvested trees would be left in 

tops and branches in the forest (H'ewett 1978). Alternatively, 

chip vans could transport chips from whole-tree harvesting 

0peratio.n~ to be reloaded into railcars at the rail landing. In 



TABLE 35 : MAJOR ALTERIPIATIVES TO PROPOSED 
TRANSPORTATION SYSTEM 

Modal A1 ternat ives  

Rail' Only 

Trai:l er-anAF1atcar 

Transportation Controls 

Wood Unl oadi ng Sc hedul e 

Routing 

Vehicle Loads 

Vehicle Condition 

Harvesting Controls 

Geographic Distribution 

Timing 

Description 

Use r a i l  fo r  long-distance haul of fuel 
I .  

Use both truck and r a i l  f o r  long-distance 
haul of fuel 

Accept wood fuel a t  plant a t  specified 
.times of the day and on specified days 
only 

Use only pre-specified routes fo r  truck 
travel 

Accept fuel only from trucks acceptably 
1 oaded 

Accept fuel only from vehicles meeting 
maintenance c r i t e r i a  

Harvesting (or wood removal ) i.n dis-  
persed areas 

Chip vans loaded a t  specified times 



t h i s  case ,  expensive equipment s u i t a b l e  f o r  unloading c h i p  vans 

and re loading  . r a i l c a r s  would have t o  be provided a t  'each l and ing  

(Adler,  Blakey & Meyer 1978).  

Transpor ta t ion  c o n t r o l s .  A number of c o n t r o l s  could be 

implemented t o  ease  t h e  impacts of t r u c k i n g  wood ch ips  t o  t h e  

wood-fired power p l a n t .  Any f a c i l i t y  accep t ing  wood d e l i v e r i e s  

can e s t a b l i s h  unloading hours,  which he lps  t o  minimize t r a f f i c  

impacts.  I f  t h e  t r u c k  f l e e t  were owned by t h e  power p l a n t  o r  

managed under r e s t r i c t i v e  c o n t r a c t ,  rou t ing  c o n t r o l s  could be 

i n s t i t u t e d .  These would ensure t h a t  t h e  p l a n t ' s  t r u c k  t r a f f i c  

avoided s e n s i t i v e  neighborhoods, congested a r e a s ,  o r  f r a g i l e  

s t r e e t s  and roads.  A wood-fired power p l a n t  could a l s o  i n s t i t u t e  

a  s t r i c t  p o l i c y  of r e f u s i n g  t o  unload overweight t r u c k s  a r r i v i n g  

a t  t h e  woodyard, and could e s t a b l i s h  an inspec t ion  and permit 

program t h a t  ensured t h a t  c h i p  vans d e l i v e r i n g  wood were main- 

t a i n e d  according t o  c e r t a i n  s t andards .  

Harvesting c o n t r o l s .  Harvest ing p o l i c i e s  a l s o  can a f f e c t  t h e  

impacts of t rucking .  I f  h a r v e s t i n g  were geographica l ly  d i spe r sed ,  

t r u c k  concen t ra t ions  on any one r o u t e  would be r e l a t i v e l y  small .  

S imi la r ly ,  loading  of  wood c h i p  vans could be timed s o  t h a t  t h e  

t r u c k s  would not  t r a v e l  during l o c a l  peak t r a f f i c  hours.  

Economics 

Using both  r a i l  and t r u c k s  f o r  t r a n s p o r t i n g  f u e l  t o  t h e  p l a n t  

would add cons ide rab le  c a p i t a l  expense t o  t h e  f a c i l i t y .  Truck- 

r a i l c a r  t r a n s f e r  equipment f o r  a s i n g l e  s i t e ,  i nc lud ing  a  blower 

system, a dumper and hopper, and . a  conveyor, would c o s t  

approximately $500,000 (Adler ,  Blakey & Meyer 1978).  R a i l c a r  

unloading equipment would c o s t  from $200,000 t o  $600,000, making 

t h e  t o t a l  c o s t  of  t h e  r a i l - o n l y  system approximately $1 m i l l i o n  

(Adler,  Blakey & Meyer 1978).  

Other a l t e r n a t i v e s  a r e  no t  a s  c a p i t a l  i n t e n s i v e ,  b u t  some 

w i l l  add t o  t h e  opera t ing  c o s t s  of  t h e  p l a n t .  I f  t r u c k  rou t ing  i s  

c o n t r o l l e d ,  t r i p s  w i l l  probably be longer .  Transpor ta t ion  c o s t s  

a r e  d i r e c t l y  r e l a t e d  t o  t r i p  l eng th .  T o t a l  y e a r l y  t r a n s p o r t a t i o n '  

ope ra t ing   cost^ w i l l  be approximately $ 2  m i l l i o n  (assuming t h e  

t r u c k s  a r e  c a r r y i n g  680,000 tons  pe r  year  an average of  50 mi les  



per t r i p  a t  $.06 per ton-mile: assumptions 'from ~ i l l i ~ a n ' 1 9 7 9 a  

and Adler, Blakey, & Meyer 1978). Therefore, a  r.erouting scheme 

that  increased t r i p  lengths by 10 percent would increase costs by 

$200,000 per year. Other controls on transportation ac t iv i t i e s ,  

such as establishing limited unloading schedules and refusing 

overloaded or poorly maintained trucks, are l ike ly  t o  have some 

e f fec t  on ra te  negotiations with haulers. A resul t ing increase 

of ,  for example, $.005 per ton-mile would add approximately 

$170,000 t o  the p lan t ' s  yearly costs.  The actual increase i n  

operating costs w i l l ,  of course, depend on the extent of the 

controls. Minor res t r ic t ions  on routing, scheduling, and loading 

would resul t  i n  cost impacts less  severe than those ci ted above. 

Environmental Impacts 

A trailer-on-flatcar or rail-only delivery system could 

reduce or eliminate the volume of chip van t r a f f i c  arriving a t  the 

wood-fired power plant and thus could reduce .or eliminate the 

potential  for adverse impacts in  the area. These impacts are 

described i n  Appendix F .  I n  e i ther  case , ' t ruck t r a f f i c  would 

af fec t  the fuelwood harvest region, since trucks would have to  

deliver wood from the harvest s i t e  t o  the r a i l  loading s i t e .  If 

the r a i l  loading system concentrated shipments ( i . e . ,  i f  the 

number of loading s i t e s  were less  than the number of harvest 

s i t e s ,  which would almost cer tainly be the case)., inappropriate 

location of these loading s i t e s  could exacerbate truck-related 

impacts. For cxample, if a loading s i t e  were 'located near a  

highway intersection with inadequate capacity, the truck t r a f f i c  

could add t o  the congestion a t  the intersection. Other impacts of 

increased reliance on r a i l  transportation are negligible (see 

Appendix F ) .  

Table 36 summarizes the ef fec ts  of the transportation 

controls al ternat ives.  These al ternat ives have benef i t s  that  a t  

l eas t  pa r t i a l ly  o f f se t  t he i r  cost ,  as discussed ea r l i e r .  

Generally, these al ternat ives could be ins t i tu ted  when or i f  it 

became necessary t o  reduce congestion, noise, a i r  qual i ty  

deteriota.tian, or highway damage. 
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Traff ic  impacts; Of the different  impact types, reduction of 

t r a f f i c  congestion is the most straightforward. As discussed i n  

Appendix F ,  t r a f f i c  congestion ar ises  due to,concentration of 

vehicles i n  time and i n  space. Deliveries of wood to  the power 

plant would be dis tr ibuted i n  a re la t ive ly  uniform way over time. 

Deliveries tha t  occurred during Westbrook's peak commuting hours 

would have the most adverse t r a f f i c  impact. An extremely effec- 

t ive  strategy t o  control t h i s  impact would be t o  use an unloading 

schedule tha t  directed wood del iveries  away from these peak hours.. . 

A measure of t h i s  . type would s ignif icant ly reduce the t r a f f i c -  

related impacts of truck del iveries .  

Where t r a f f i c  problems occurred only i n  cer tain geographic 

areas,  delivery trucks could be directed t o  avoid routes passing 

through those areas. Control over truck routing, however, i s  

d i f f i c u l t  t o  establ ish,  especially over only a part icular  category 

of trucks. Special ins t i tu t iona l  arrangements would be necessary 

t o  implement such controls (see Table 36). 

The general e f fec t  of trycks. i n  the t r a f f i c  stream i s  

strongly influenced by the condition of the vehicles and i n  

part icular  by the vehicles '  horsepower-to-weight ra t io .  Poor 

acceleration a t  intersections and performance on grades d i rec t ly  

af fec t  t r a f f i c  flow (AASHrO 1965). By controlling the condition 

and design of vehicles, t h i s  impact can be minimized (Whiteside e t  

a l .  1973). 

Noise impacts. The impact of truck-related noise depends 

both on the magnitude of noise and on the proximity t o  sensitve 

land uses. I n  some cases, timing is also a s ignif icant  factor.; 

trucks operating early i n  the morning or l a t e  a t  night when 

general t r a f f i c  volumes are low may be more noticeable and 

bothersome. Adherence t o  an operating schedule could reduce t h i s  

noise nuisance (Galloway, Clark & Kerrick 1969). Use of only 

specified routes could similarly reduce the extent t o  which power 

plant trucks impacted sensi t ive areas (~al loway,  Clark & Kerrick 

1969). As mentioned ea r l i e r ,  however, control over truck routing 

i s  somewhat more d i f f i c u l t  t o  exercise than other controls. While 

considerable e f fo r t  has been made t o  reduce truck noise through 



TABLE ' 36 : EFFECTS AND IMPLEMENTATION OF TRANSPORTAT ION 
CONTROL ALTERNATIVES 

Control 

Wood Unloading Schedule 

Routing 

Ve hi cl e Loads 

Vehicle Condition 

Congestion 
Noise 
Air qual i ty 

Congestion 
Noise 
Air quality 
Bridge maintenance 

Implementation Requirements 

Adherence to strict 
unloading schedule 

Full fleet control: i.e., 
fleet owned. by power plant 
or managed under restrictive 
contract 

Highway maintenance Weighing at power plant, 
Bridge maintenance rejection of over1 oaded 
Congestion vehicles 

Noise 
Air qual i ty 
Congestion 

Inspection/permi t program 
managed by - power plant 
operator 



mechanical improvements and muffl ing,  f u r t h e r  improvements i n  

v e h i c l e  des ign  w i l l  l ead  t o  q u i e t e r  t r u c k s  (Kugler & P i e r s o l  1.973) 

a l s o ,  c a r e f u l  maintenance of  t h e  v e h i c l e s  reduces t r u c k  noise  

emissions (Kugler & P i e r s o l  1973) .  

A i r  q u a l i t y  impacts.  Air  q u a l i t y  problems t h a t  occurred  a t  

p a r t i c u l a r  t imes of day ( e  .g . , high carbon monoxide concen- 

t r a t i o n s )  o r  i n  p a r t i c u l a r  geographic a r e a s  could be reduced 

through schedule and rou t ing  c o n t r o l .  Use of  newer, p r o p e r l y  

maintained v e h i c l e s  would r e s u l t  i n  o v e r a l l  r educ t ions  i n  t r u c k  

emissions.  

Highway and b r idge  maintenance impacts.  I t  was assumed t h a t  

t r u c k s  would not  use b r idges  pos ted  wi th  l i m i t s  lower than  t h e i r  

g ross  weights . .  S t r i c t  c o n t r o l s  over t r u c k  r o u t i n g  could as su re  

conformance wi th  br idge  l i m i t a t i o n s .  In a d d i t i o n ,  a p o l i c y  t o  

c o n t r o l  v e h i c l e  g ross  weights by r e f u s i n g  d e l i v e r y  from v i o l a t o r s  

would reduce p o s s i b l e  b r idge  and highway impacts.  Damage t o  

highway s u r f a c e s  i s  exponen t i a l ly  r e l a t e d  t o  a x l e  loads  (Chas ta in  

e t  a l .  1965).  Thus, t h e  p o t e n t i a l  f o r  roadway o r  b r idge  damage 

can be s i g n i f i c a n t l y  reduced by a s t r i c t  p o l i c y  of r e f u s i n g  t o  

unload overweight t rucks .  

Summary of long-term impacts.  A v a r i e t y  of  wood t r a n s p o r t a -  

t i o n  a l t e r n a t i v e s  could reduce t h e  impacts of  t h e  c h i p  hau l ing  

a c t i v i t y .  U s e  of  r a i l  t r a n s p o r t  a s  a s u b s t i t u t e  f o r  t r u c k s  would 

r e q u i r e  increased  investment i n  loading/unloading equipment bu t  

could s i g n i f i c a n t l y  reduce most. impacts of  wood haul ing .  Less 

expensive t r a n s p o r t a t i o n  and ha rves t ing  c o n t r o l s  could reduce a l l  

c a t e g o r i e s  of impacts due t o  t r u c k  t r a n s p o r t .  Many of  t h e s e  

c o n t r o l s  could be q u i t e  r e a d i l y  i n s t i t u t e d  i f  t h e  impacts of wood 

c h i p  d e l i v e r y  became unacceptably adverse.  



ALTERNATIVE. SITES 

Process of S i te  Selection 

To ensure selection of a  s i t e  tha t  would best meet a l l  c r i -  

t e r i a  for  location of a wood-fired power plant,  the Department of 

Energy's contractor ( R u s t  Engineering Company for Wheelabrator 

Cleanfuels Corporation) assessed locations i n  the three northern 

New England s ta tes .  Because of high fuel costs ,  substantial  local 

in te res t  and a re la t ive  abundance of low-quality wood and wood 

residue, Maine was chosen for detailed investigation. Twenty-two 

s i t e s  i n  Maine, , each ad'jacent t o  a  large-scale indust r ia l  steam 

customer, were assessed. These locations were analyzed t o  ensure 

tha t  the maximum energy-conserving benefits of congeneration could 

be ,obtained. Of' these s i t e s ,  f ive were selected on the basis of 

engineering' and economic potential  for f ina l  evaluation. 

The s i t e s  selected for f i na l  assessment were Madawaska, i n  

Aroostook County; East Millinocket, i n  Penobscot County; Lincoln, 

i n  ~enobscot  County; Bucksport, i n  Penobscot County; and 

'Westbrook, i n  Cumberland County (see Figure 3 ) .  Westbrook, the 

s i t e  f ina l ly  selected, i s  the subject of t h i s  environmental impact 

report;  the evaluation of the four al ternat ive s i t e s  follows. The 

plant specifications for the al ternat ive s i t e s  are assumed t o  be 

the same as those for  the Westbrook s i t e ;  however, because the 

cogeneration requirements d i f f e r  a t  each s i t e ,  the actual plant 

.specifications would probably di f f er  s l ight ly .  The environmental 

impacts of the proposed plant a t  the a l ternat ive  s i t e s  are de- 

scribed here only t o  the extent tha t  they d i f f e r  from those a t  the 

Westbrook s i t e .  Otherwise, the impacts may be assumed t o  be simi- 

l a r .  

Characteristics of Alternative Si tes  

Madawaska 

Location. The power plant s i t e  considered would be located 

on reclaimed land owned by the Bangor and Aroostook'Railroad adja- 

cent t o  Fraser Paper Limited's American paper m i l l .  The s i t e  i s  



FIGURE 3.: FIVE MAINE SITES EVALUATED AS LOCATIONS FOR WOOD- , ,  

F I R E D  POWER PLANT 



bounded by the Saint John River, U. S. Route '1, and. Bridge St ree t ,  

the access t o . t h e  international bridge t o  Edmunston, New Brunswick 

(see Figure 4 ) .  

S i t e  character is t ics .  The s i t e  has suff ic ient  land available 

only for the power plant buildings. This land. i s  reclaimed and 

comprised mainly of coal a s h f i l l  (Hale 1 9 7 8 ) .  Steam transmission 

and e lec t r i c  transmission l ines would be contained on the property 

of Fraser Paper Limited, the proposed steam customer. Truck 

access t o  the s i t e  is from M i l l  and Bridge Street ;  r a i l  sidings 

are located on the property. No land i s  available nearby for wood 

storage; it would be necessary t o  acquire land along the valley 

close t o  Route 1 for a chip storage area. However, much of the' 

sui table land close t o  Route 1 and the railroad i s  flood-prone and 

zoned for resource protection. 

Use of power by customer. Fraser Paper Limited has s tated 

tha t  it would use the proposed plant t o  replace existing o i l - f i red  

boi lers  tha t  it presently operates (Hale 1978). Many impacts of 

the plant would be reduced in significance because of the elimina- 

t ion  of impacts associated w i t h  existing o i l  boi ler  combustion. 

Transport routes.and t r a f f i c  problems. From harvesting areas 

i n  Maine, chip vans would haul fuelwood to  the plant on U . S .  Route 

1, the only major highway in to  Madawaska from other parts  of the 

s ta te .  Route 1, which i s  a lso  Main St ree t  i n  Madawaska, currently 

suffers s ignif icant  congestion, which would be made worse by the 

chip van t r a f f i c  associated with t h i s  project. If s ignif icant  

quantit ies of wood were supplied from Canada, severe congestion 

would also resu l t  a t  the only border crossing, the International 

Bridge, which i s  currently served by two small customers s ta t ions  

a t  a constricted access point. 

A i r  qual i ty  impacts. Madawaska and the proposed plant s i t e  

are  s i tuated deep i n  the valley of the S t .  John River, which flows 

from west t o  east .  The valley floor l i e s  appro~imately 500 feet 

below the mountains t o  the south, and the walls are moderately 

steep (see Figure 4 ) .  Although there are no re l iable  climatic 

data available for  Madawaska, t h i s  si'te appears t o  have poor a i r  
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dispersion characteristics relative to the other sites because of 

its deeply enclosed location. 

As the plant would replace existing high-sulfur, oil-fired 

boilers, sulfur dioxide pollution would be reduced but particulate 

emissions would increase. Recent measurement of the ambient par- 

ticulate pollution levels indicated a number of violations of the 

state's 24-hour particulate standard (see Figure 5). Examination 

of the ratios between particulates.and sulfur dioxide on days of 

high particulate pollution suggests that the high particulate 

levels may be attributed partially to fugitive dust or secondary 

sources at the recording site rather than plume impaction from the 

stacks at Fraser Paper Limited. Figure 6 shows ambient concentra- 

tions of sulphur dioxide in the area. 

Because of the existence of multiple sources of particulates 

in the Madawaska-Edmunston area, the extent to which a wood-fired 

power plant would contribute to particulate levels cannot be 

determined without intensive modeling analysis. A preliminary 

assessment of the air quality impacts of. the plant was made using 

the VALLEY air pollution :impact model (see Appendix B for a des- 

cription of the model); The input parameters for the model are 

given in Table 37. The source of the emissions was assumed to be 

adjacent to the Fraser Paper Company Mill and the source elevation 

was 520 feet above sea level. The output of the model for partic- 

ulates and sulfur dioxide is given in Table 38. This table indi- 

cates the worst case impacts under a variety of conditions and 

.operating assumptions for the four alternative sites. 

In general, for Madawaska, maximum impacts of the proposed 

plant would occur under stable (Class 6) conditions with low wind 

speeds from the northwest and southeast. Highest levels of both 

particulates and sulfur would occur under these conditions and 

affect the valley walls to the south-southeast and northwest of 

the plant. Sulfur dioxide concentrations would be highest when 

the proposed plant was operating on Number 6 fuel oil in the back- 

up mode. Particulate impacts would be highest when wood fuel was 

being burned with wood drying in operation. 
. '  
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FIGURE 6: SULFUR DIOXIDE CONCENTRATION - MADANAS14 
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TABLE 37: VALLEY MODEL INPUT AND PROGRAM PARAMETERS USED TO 

ASSESS IMPACTS OF WOOD-F I RED PLANT AT ALTERNATIVE s ITES 

Inpu t  Parameters 

Stack Gas Source Strengths 
Stack Gas Volume Flow (grams/secon J )  

Temperature (cu ft/minute) Par t i cu l a tes  Su l f u r  d iox ide  

Normal Opera t i  on: 
no wood d ry ing  350°F 330,000 9.5l  

' Normal Opera ti on': 
f u l l  wood' d ry ing  . 200°F 270,000 9 . 5 l  

Emergency O i  1 - 
Only operat ion 350°F 184,000 0 . 0 5 ~  

I .  Emissions estimates supplied by Rust Engineering Company of 56 Zbs/hour would 
correspond t o  7.1 grams/second. The more con~ervative EPA New Source Performance 
Standard for an oiZ boiler emitting 0.1 Zb/10 Btu. 

2. Computed from EPA 1976. 
3. Computed from suZfur content o f  oiZ (0.7% when i n  emergency mode) and EPA 1976. 

. . * 
9 

PROGRAM PARAMETERS 

Stack height :  300 f e e t  above ground l e v e l  
Stack i ns i de  diameter; 8 ' 6 "  
Un i ts  o f  concentrat ion:  ug/cu m 
Environment: Rural 
P o l l u t a n t  ha l f - 1  i f e :  I n f i n i t e  
Concentrat ion averaging time: 24 hours 



TABLE 381: VALLEY MODEL OUTPUT - WORST CASE AIR QUALITY IMPACTS OF 

THE WOOD-FIRED PLANT AT THE FOUR ALTERNATIVE SITES' 

S i t e  

Madawas ka 

East 
M i l l i n o c k e t  

L i  ncol  n 

Bucks p o r t  

Atmospheric Wind Speed Concentrat ions (pg /m m )  
Stabi  1 i t y 2  (me ters/Second) ~ a r t i c u l  ates3 Sul f u r  d iox ide4  

I .  Data rowzded t o  two significant figures. Highest and second highest concentrations for each 
s i t e  shcwn. 

2. ~tmbspheric .  s tab i l i t y  i s  rated 1 through 6, 1 indicating highly unstable, 4 indicating neutral, 
and 6 ifidicating highly s table.  

3. Asswnes plant operating wzder normal conditions, 98.5% wood and 1.5% o i l  with fu l l  wood drying. 
4. Assumes plant i s  operating under emergency oil-only conditions, using o i l  with 0.7% sul fur  content. 



The current existence of some violations,  a high background 

part iculate  level,  and the probability of poor dispersion w i t h  

plume impact on the valley wall indicate tha t  a i r  qual i ty  impacts 

of the proposed plant a t  t h i s  s i t e  could pose a problem. The sub- 

s t i t u t i on  of a wood-fired power plant .for the present oil-burning 

f a c i l i t y  would, however, improve the sulfur dioxide level i n  the 

a i r .  

Water ava i lab i l i ty .  The S t .  John River would provide water 

for the proposed plan't. A t  Fort .Kent, approximately twenty-two 

miles upriver from Madawaska, the S t .  John has a mean discharge 

of 9,961 cubic fee t  per second ( c f s ) ,  and a recorded low flow of 

596 cfs  based on ten years of records (see Table 39). The p lan t ' s  

water requirements would represent 2 percent of the low flow 

figure. Thus, the water supply is adequate. I n  any case, the 

plant would replace an existing o i l - f i red  f a c i l i t y ,  which cur- 

rent ly draws comparable amounts of water from the r iver .  

Water qual i ty  impacts. The S t .  John River is c lass i f ied  by 

the s t a t e  of Maine as a cold water fishery. Therefore, heated 

water discharged in to  the r iver  i s  not allowed t o  ra ise  the r iver  

water temperataure above 68OF. A s  the river naturally exceeds 

the.  allowable 68OF maximum (Groves 1978) ,. no further temperature 

increase w i l l  be permitted. Cooling towers or ponds would ensure 

tha t  t h i s  standard could be met. 

Landfill avai labi l i ty .  A seventy-five acre state-approved 

l and f i l l  s i t e  operated by the town of Madawaska i s  available six- 

teen miles from the  s i t e .  

Zoning., The probable power plant location on the Fraser 

Paper Company property i s  zoned for industry. The wood storage 

area has not been specified, but there is a shortage of sui table 

land zoned for  indust.ria1 use near the Fraser s i t e .  Much of the 

undeveloped land along the S t .  John River is flood plain land and 

has been zoned for  resource protection. 

Socioeconomic impacts. Madawaska, a town of 5,594 persons 

(MSPO 1977) is located i n  Aroostook County on the Canadian border. 

Madawaska had an average labor force o f -  2,308 in  the period from 

March of 1978 t o  January of 1979, with 15'1 persons unemployed 



TABLE 39: DISCHARGE OF THE ST. JOHN RIVER 

AT FORT KENT 

Month , . 

:act 

No v 
Dec 
Jan 
Feb 
Mar 

A P ~  
May 

Jun 
Jul 

Aug 
S ~ P  
~nnua l  

. . 

Mean 1 

6,657 

6,989 

5,601 

3,300 

3,145 

3,786 

23,018 

43,631 

9,309 

4,105 

4,252 

5,199 

9,96 1 

Minimum 2 

596 

1,210 

1,370 

1,440 

1,070 

1,260 

1,500 

4,570 

1,820 

1,610 

848 

651 

65 1 

I .  Mean = Mean discharge of each month averaged over 10-year 
period. 

2. M i n i m  = M i n i m  dischazye recorded during each month over 
I 0-year period. 

3. Annual mean = Mean of 12 monthly means. Annual minimwn = 
Minimwn discharge recorded over ent ire time period specified. 

Source: USGS 1967-1977. 



(MDMA 1979). Because of the small local labor force, construction 

workers would come from outside the immediate area. T h i s  tempor- 

ary increase i n  population would tighten local housing markets and 

s t r a in  r e t a i l  and community services. Some impact would also 

occur i n  the Canadian town of Edmunston. 

School enrollments declined from 1,929 pupils in  1970 t o  

1.681 i n  the 1977-1978 school year (Hbughton 1979); consequently, 

the town would be able t o  cope with the increased school popula- 

tion. 

The labor force of about 32 workers needed t o  run the boiler 

would be composed, i n  par t ,  of those who had run  the o i l  boi lers  

a t  Fraser,  Paper Limited. No net change i n  local employment or 

expenditures would be expected t o  resul t  from the operation of the 

new boiler  and no change i n  indirect  employment or income would 

'occur (see Appendix E ) .  

The t o t a l  assessed property value of Madawaska is $99,843, 

390, . w i t h  a property tax ra te  of $25 per $1,000 a t  56 percent 

assessment (Madawaska 1979). To obtain the same amount of reve- 

nue, the local property tax ra te  could be lowered t o  $16 per 

$1,000 i f  the plant were constructed or a wider variety of com- 

munity services could be obtained a t  the current tax rate .  

If the plant were located a t  Madawaska, some wood would 

undoubtedly be harvested i n  Canada. Thus, Maine would share the 

d i rec t  and indirect  economic benefits of harvesting w i t h  tha t  

country. While these benefits would be shared i n  rough proportion 

t o  the amount of wood harvested on e i ther  side of the border, it 

is  a lso  l ike ly  tha t  some Canadian loggers would find harvesting 

employment i n  Maine. Hence, the d i rec t  and indirect  socioeconomic 

benefits from harvesting described i n  Appendix E would be smaller 

for  the s t a t e  of Maine i f  the proposed plant were located i n  

Madawaska. Similarly, the costs t o  the s t a t e  ,for socia l  services 

aid road maintenance needs resul t ing from th i s  project would also 

be somewhat lower . 
,Fuelwood supply impacts. Although fuelwood harvesting areas 

have not been located i n  de t a i l ,  the wood supply from Maine would 

come mainly from the west and southwest of Madawaska as the region 



t o  the south and southeast i s  dominated by agriculture.  The har- 

vesting impacts i n  t h i s  area would probably not be s igni f icant ly  

different  from those i n  the Millinocket, Lincoln, or Bucksport 

regions although over half of the area w i t h i n  a f i f t y  mile radius 

of the proposed Madawaska s i t e  ' l i e s  i n  Canada. The established 

pulpwood supply areas for the Edmunston-Madawaska m i l l  complex are  

mainly i n  Canada. 

The forests  of northern Maine are dominated by spruce/fir  

stands, which are under increasing pressure for pulpwood produc- 

t ion. The forest  lands are mainly held i n  large ownerships by 

companies producing commercial sawlogs and pulpwood. Within the 

spruce/fir  stands are smaller but s ignif icant  amounts of northern 

hardwoods, which a t  present are  of poor qual i ty  and of less  eco- 

nomic value t o  the pulp and paper industry than the spruce and 

f i r .  Harvesting wood for energy production would -almost cer ta in ly  

involve both hardwood and softwood forest  types and may involve 

integrated operations w i t h  pulp and timber harvesting tha t  would 

'lead t o  more complete u t i l i za t ion  of the wood .from existing logg- 

ing operations. In  the spruce/£ ir fores ts even-age management and 

clearcutting are frequently the preferred managment practice .for 

pulpwood production. 

The impacts of harvesting fuelwood i n  these areas w i l l  depend 

on the management practices adopted. It seems l ike ly  tha t  the 

creation of a new market for low-quality wood i n  t h i s  region w i l l  

resul t  i n  increased use of clearcutting as part  of a management 

strategy t o  convert hardwood stands 'to spruce, which would in- 

crease the use of even-aged management and single-species stands. 

I n  some instances, the market for low-quality wood created by th i s  

project would a lso  stimulate increased timber stand improvement i n  

both hardwood and softwood stands. With both clearcutting and 

timber stand improvement operations, increased mechanization and 

more complete wood removk from the forest  would ensue. Impro- 

perly conducted, both techniques could lead t o  increased s o i l  

erosion, larger volumes of water runoff, severe water qual i ty  

impacts, and aesthet ic  deterioration. These impacts are typica l ly  



more adverse w i t h  clearcutting procedures though well-designed 

harvest operations minimize t he i r  severi ty (see Appendix D ) .  

Potential harvesting impacts i n  Canada have not been assess- 

ed; however, they w i l l  be generally similar t o  those in Maine. 

Large supplies of bark and wood residue are available i n  the 

area; t he i r  use i n  t h i s  plant would reduce current l and f i l l  pro- 

'blems and the use of open bark burners (cone burners) which cause 

high 'levels of part iculate  a i r  pollution. 

Summary. The d i f f i cu l ty  of finding a location near Fraser 

Paper Company for wood storage would create a severe problem . a t  

t h i s  s i t e .  The su i t ab i l i t y  of a coal ash l andf i l l  area for the 

power plant s i t e  is a lso  open t o  question and would require addi- 

t ional  detailed analysis. The poor dispersion character is t ics  of 

the valley, could also pose a i r  pollution complications. Traff ic  

congestion i n  Madawaska, on Route 1 and across the International 

Bridge would be suff ic ient ly  serious t o  cause public concern. 

East Millinocket 

Location. The s i t e  considered would be adjacent t o  the Great 

Northern Paper Company M i l l  # 2  i n  East Millinocket. The s i t e  i s  

bounded by Route 11 and the West Branch of the Penobscot (see 

Figure 7 ) .  

S i te  character is t ics .  The s i t e  l i e s  i n  the valley of the 

West Branch of the Penobscot River; it is immediately adjacent t o  

the present Great Northern o i l - f i red  boiler on i t s  north side and 

approximately 2,000 fee t  from Route 11. The area a t  present i s  

used as. a parking lo t .  Minor rerouting of private plant drive- 

ways and relocation of another small parking l o t  would be neces- 

sary t o  accommodate the proposed plant,  although no demolition of 

buildings would be required. A t  present, no vegetation exis ts  on 

the s i t e ,  which is  used ent i re ly  for indust r ia l  purposes. Wood 

. chip storage would be located a t  the northern end of the Great 

Northern yard i n  an area c.urrently used for cordwood storage. 

Access t o  the chip storage area would be from Main Street  (Route 

l l ) ,  via the present plant entrance ( M i l l  Road). Steam and elec- 

t r i c  power l ines  could be contained on the Great Northern s i t e .  
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Use of power, by customer. Great Northern has indicted tha t  

it would t o  use the steam and e l ec t r i c  power generated by the 

plant t o  replace existing o i l - f i red  boi lers  tha t  they currently 

operation (Reardon 1978). No expansion of the paper company's 

manufacturing capacity i s  planned in conjunction with t h i s  pro- 

ject. The impacts of the wood-fired power plant would be offse t  by 

the removal of impacts associated w i t h  the operation of oi l -f i red 

boi lers  tha t  w i l l  be shut down. 

Transport routes and t r a f f i c  problems. Fuel would ar r ive  a t  

the plant from a l l  directions: from the west on Route 11, the 

north and south on In te r s ta te  95 via Route 11, and the east  on 

Route 157. A l l  t r a f f i c  would converge on Main Street  (Routes 11 

and 157) for  access t o  the plant s i t e  (see Figure 7 ) .  The town of 

East Millinocket is s i tuated primarily to  the north of Route 11, 

and therefore would not be s ignif icant ly impacted by trucks on 

route t o  the plant. The only area where serious t r a f f i c  problems 

might occur is i n  the town of Millinocket, where t r a f f i c  from the 

private haul road of Great Northern is routed through the center 

of town on Route 15. This route, however, would probably accommo- 

date no more than one-quarter of the t o t a l  truck t r a f f i c ,  depend- 

ing on harvesting plans. Traff ic  problems should be re la t ive ly  

minor a t  t h i s  s i t e .  

A i r  qual i ty  impacts. Air qual i ty  Region 109 and East 

Millinocket are  legal attainment areas for part iculates ,  sulfur  

d i  oxi-de, carbon monoxide, and nitrous oxides, but exceed primary 

~ t a n d a r d s ~ f o r  photochemical oxidants (ozone). In  t h i s  respect, 

however, East Millinocket is  in  the same position as a l l  the other 

s i t e s .  Monitoring of part iculates  and sulfur dioxides i n  1975 and 

1976 (see Figures 8 and 9)  shows tha t  the town meets annual am- 

bient a i r  qual i ty  standards. There have been three occasions on 

which the maximum 24-hour part iculate  standards have been exceed- 

ed, however, and one on which the 24-hour sulfur dioxide standard 

was exceeded. The generally open topography of the Penobscsot 

Valley a t  East Millinocket provides good a i r  dispersion. The sub- 

s t i t u t i on  of wood for o i l  as an energy source would reduce ambient 
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sulfur dioxide levels although it would increase particulate 

pollution. 

A preliminary assessment of the air quality impacts of the 

proposed plant was made using the VALLEY air pollution impact 

model. (See Appendix B for a description of the model); the input 

parameters for the model for all alternative sites were given in 

Table 37. For East Millinocket the source of the expected emis- 

sions was assumed to be adjacent to the Great Northern Paper 

Company mill #2; the source elevation was 300 feet above sea 

level. The worst case impacts predicted by the model for particu- 

lates and sulfur dioxide at East Millinocket were shown in Table 

38. In general, for East Millinocket, maximum impacts occur under 

highly-unstable (Class 1) conditions, with low wind speeds. 

Hrighest levels of both particulates and sulfur dioxide would occur 

under these conditions and impact the area to the south-southwest 

and north of the plant. Sulfur dioxide concentrations are highest 

when the plant is operating on number 6 fuel oil in the back-up 

mode. Particulate concentrations are highest when wood fuel alone 

is being burned. 

Water availability. The water source for this site is the 

West Branch of the Penobscot River, the flow of which is con- 

trolled year-round by an extensive series of upstream dams owned 

and. operated by Great Northern. The average daily flow is 2,800 

to 2,900 cubic feet per second (Welch 1978). As the flow is 

carefully controlled, the flow seldom drops below this level; no 

Low-flow information was available for a site on the .West Branch. 

Hbwever, a U.S. Geological Survey gauging station on the Penobscot 

downstream at Mattawamkeag reported the minimum daily flow for the 

last ten-year period to be 2,000 cubic feet per second (see Table 

40). This flow also includes the volume of the East Branch. 

Based on the relative sizes of the East and West Branch water- 

sheds, the ten-year minimum. flow on the West Branch at East 

Millinocket is estimated to be approximately 1,500 to 1,800 cfs. 

The wood-fired power plant's water requirements equal .6 to .8 

percent of this flow. As the wood-fired power plant will replace 

existing oil-fired boilers of roughly the same capacity, no signi- 



TABLE 4 0 :  DISCHARGE OF THE PENOBSCOT RIVER AT I'lATTAWAMKEAG' 

Month Mean I Minimum 2 

Oc t 4,199 2,740 

No v 4,988 2,970 

Dec 5,485 2,380 

Jan 4,409 2,200 

Fe b 4,852 2,500 

Mar 

Jun 

Ju l  

Aug 

S ~ P  
Annual 

I .  Mean = Mean discharge of .each month averaged over 10-year 
period. 

2 . M i n i m  = M i n i m  discharge recorded during each month over 
10-9 ear period. 

3. Annual mean = Mean of 12 monthly means. Annual minimum = 
Minimum discharge recorded over ent ire time period. specified. 



ficant additional drain.on the waters of theSWest Branch will 

occur. 

Water quality impacts. The Penobscot River at this point is 

classified as a cold water fishery (Groves 1978) and therefore 

state regulations prohibit artificially raising the temperataure 

above 68O F. No 'water temperature data is available at this 

site. Several design options would enable the facility to meet 

required standards. 

Landfill availability. A state-licensed landfi 11 owned by 

Great Northern is available two miles from this site. Great 

Northern dumps one hundred dry tons per day at present, and the 

landfull could accommodate an additional ten tons per day (Reardon 

1978). 

Zoning. This site is zoned for industry. 

~ocio&cpnomic impacts. The impacts on the local community 

would be shared by the towns of East Millinocket and'Millinocket, 

both of which have experienced substantial construction acitivity 

in recent years. The labor force in East Millinocket averaged 

1,021 during the period from March of 1978 to January of 1979, 

. with 511 persons unemployed (MDMA 1979). The 240 construction 

workers needed would for the most part come from other areas of 

the state. 

If construction worker availabiliity were low in the 

Penobscot County area at the time of construction and workers were 

not available within commuting distance, some sort of temporary 

housing facility would have to be established. The towns of East 

Millinocket and Millinocket would not be able to supply enough 

temporary housing. A temporary increase in population would 

create a strain on existing community services. Educational ser- 

vices should be least affected since schools experienced declining 

enrollments from 1,444 in 1970 to 1,325 in 1979. (Savage 1979). 

Construction probably would cause a temporary boom-town effect. 

Most of the positions created by the proposed wood facility 

would be filled by workers who had previously run oil boilers at 

Great Northern. The number of those employed in jobs indirectly 



c r e a t e d  by t h e  opera t ion  of  t h e  b o i l e r  is s m a l l  and should come. 

from t h e  immediate a r e a .  

A s i g n i f i c a n t  impact a s s o c i a t e d  wi th  t h e  opera t ion  phase 

would be t h e  i n c r e a s e  i n  t o t a l  a s sessed  p r o p e r t y  va lue  of t h e  town 

by about $60 mi l l ion .  East  Mi l l inocket  c u r r e n t l y  has a  t o t a l  

assessed  p roper ty  va lua t ion  o f  $80,128,820 wi th  a  p roper ty  t a x  

r a t e  of  .$20 pe r  $1,000 a t  100 pe rcen t  assessment r a t e  ( E .  

Mi l l inocket  1979) .  The proposed power p l a n t  would a l low t h e  town 

t o  lower t h e  p roper ty  t a x  r a t e  to .  $12 pe r  $1,000 and s t i l l  r e c e i v e  

t h e  same revenue. 

Within a  f i f t y - m i l e  r a d i u s  from Eas t  Mi l l inocket  and Lincoln 

a r e  p o r t i o n s  o f  H%ncock, Penobscot, P i s c a t a q u i s ,  Aroostook, and 

Washington Counties.  There a r e  over 350 logging f i rms  i n  t h e  a r e a  

(MDC undated) .  Some of  t h e  h a r v e s t e r s  needed f o r  t h i s  p l a n t ' s  

ope ra t ion  would be c u r r e n t l y  unemployed persons i n  t h e  a r e a ;  

o t h e r s  would be Canadian bonded o r  v i s a  workers; o t h e r s  would be 

persons p r e s e n t l y  i n  o t h e r  occupat ions ,  p a r t i c u l a r l y  heavy equip- 

ment opera to r s .  Any immigration t o  f i l l  t h e s e  p o s i t i o n s  would be 

d i spe r sed  over a  wide a r e a  (over  7,800 square  mi les )  and would 

have a  minimal impact on popula t ion .  I n d i r e c t l y  c r e a t e d  jobs,  

approximately seventy,  should a l s o  be p r i m a r i l y  f i l l e d  by persons 

i n  t h e  a r e a ,  a s  would t h e  jobs i n  t ruck ing .  

Fuelwood supply impacts.  E a s t  Mi l l inocket  l ies  i n  t h e  middle 

o f  t h e  n o r t h e a s t ' s  l a r g e s t  f o r e s t e d  region,  an a r e a  dominated by 

s p r u c c / f i r  f o r e s t s  and c o n s i s t i n g  airnost e n t i r e l y  of  l a r q e  land- 

ownerships he ld  by companies i n t e r e s t e d  i n  marketing t imber pro- 

duc t s .  Current ly ,  no s i g n i f i c a n t  market f o r  low-grade hardwood 

produced i n  t h i s  region e x i s t s .  The impacts of h a r v e s t i n g  i n  t h i s  

reg ion  would be g e n e r a l l y  s i m i l a r  t o  those  desc r ibed  f o r  Madawaska 

except  wood is  not  expected t o  be harves ted  i n  Canada. Large 

amounts of  bark and wood r e s i d u e  a r e  a v a i l a b l e  i n  t h i s  reg ion;  

t h e i r  use would c o n s t i t u t e  an important  environmental  b e n e f i t  by 

a l l e v i a t i n g  t h e  need f o r  l a n d f i l l s  and open cone burners .  

Summary. Impacts a s s o c i a t e d  wi th  t h e  o p e r a t i o n  and har -  

v e s t i n g  f o r  t h e  proposed p l a n t ,  i f  it were loca ted  a t  Eas t  

Mi l l inocket ,  would be r e l a t i v e l y  minor. Some t r a f f i c  conges t ion  



could occur i n  ' ~ i l l i n o c k e t  from the transport of fuelwood through 

tha t  town. Construction impacts could be somewhat disruptive and 

cause a  temporary housing shortage and boom-town atmosphere. 

Lincoln 

Location. The s i t e  considered would be located on the pro- 

perty of ~ i n c o l n  Pulp and Paper Company, the potential  steam cus- 

tomer, between Lincoln Village and the Penobscot River (see Figure 

10).  

S i te  character is t ics .  Although the proposed location of the 

power plant would probably be close t o  the pulp mill ,  the exact 

s i t e s  for the boi ler  and chip storage p i les  have not been speci- 

fied. There exis ts  the poss ib i l i ty  tha t  the s i t e  would l i e  i n  the 

flood plain. Access t o  the s i t e  by road would probably be through 

existing entrances on Depot Street and on an access road off West 

Broadway (Route 2 ) .  Transmission l ines for steam and e l ec t r i c  

power would be contained on the property of the  Lincoln Pulp and 

Paper Company. 

Use of power by customer. Lincoln Pulp and Paper Company 

would use the steam provided by the plant t o  expand i t s  pulp and 

paper-making.operations. I t  would not shut down existing boi lers .  

Transport routes and t r a f f i c  problems. Lincoln i s  cent ra l ly  

located i n  a  major forested area: wood supplies are expected to  

come from a l l  directions.  Fuelwood would arr ive along from the 

north and south w i t h  connections t o  In te r s ta te  95,  and along Route 

6 from the east  and west. Truck t r a f f i c  converging on Lincoln 

would cause t r a f f i c  problems a t  a  number of points. These include 

the intersections of Depot Street and Route 2, Fletcher Street  and 

West Broadway (Route 2 )  , Main St ree t  and Lee Street  (Route 6 ) ,  and 

Main Street and West Broadway (see Figure 1 0 ) .  In  many cases, 

these problems could be greatly reduced by minor road realign- 

ments,, some of which are currently i n  progress. Truck scheduling 

t o  avoid Main Street  would great ly reduce the t r a f f i c  problems. 

A i r  qual i ty  impacts. The topography surrounding the Lincoln 

s i t e  is gentle and a i r .d ispers ion appears t o  be no worse than a t  

the o ther 'va l ley  s i t e s  considered. The ambient a i r  qual i ty  i n  



FIGURE 10: LINCOLN SITE 
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. No. o f  
Locat ion Year Observations 

Mattanawcook 1973 34 
Academy 1974 5 8 

1975 57 
1976 5 6 
1977 4 0 
1978. 2 7 

P a r t i c u l  ates 
bg/cu  m )  

Hiqhest o f  
Highest 2 n d - ~ i  ghest 

Val u e l  Val ues2 
Annual 

~ e a n 3  

31 * 
36 
34 
35 
26** 
34 * 

No. Exceedences 
Federal 24-Hr Std No. Exceedences 

primary4 secondary5 Maine 24-Hr ~ t d 6  

L inco ln  Vocation- 1977 18 119 7 5 35* 0 0 1 
a1 Educational 1978 2 4 104 9 1 44" 0 0 1 
B u i l d i n g  

L i n c o l n  Post 1977' 16 169 6 9 
O f f i c e  1978 26 105 100 

SULFU~"DIOXIDE 
fvg/cu m )  

Mattanawcook 1973 3 4 28 28 11 0 0 
Academy 1974 61 6 3 38 12 0 0 

1975 5 6 118 40 10 0 0 
1976 1976 5 9 106 68 12 0 0 

1977 4 2 64 4 6 8 0 0 
197E. 20 32 -3 1 9 0 0 

I .  Highest concentration recorded over one year a t  ang one o f  the locations for 24-hour averaging period. 
2. Highest of the seccnd-highest concentrations recorded over one year a t  any one of the locations for a 24-hour period. 
3. .4nmirzZ particulate standards are expressed as a geometric mean; su l fur  dioxide, standards are expressed as an aKthmetic 

mean. * indicates data do not meet EPA guidelines for accuracy. 
4. National primary standards determine the levels  o f  a i r  quality necessary, with an adequate rnarginof safety ,  t o  protect 

the public health. Federal primamj 24-hour standard for particuZates = 260 Pg/cu m and for su l fur  dioxide = 365 ~ g / c u  m. 
5. National secondary standards determine the levels  o f  a i r  quality necessary t o  protect the public welfare from any 

known or anticipated adverse e f f e c t s  o f  a pollutant. Federal Secondary 24-hour Standard for particulates = 150 ~ g / c u  m. 
Them 5s no federal secondary 24-hour standard' for sul fur  didxide. 



Lincoln has  been monitored f o r  s u l f u r  d i o x i d e  and t o t a l  suspended 

p a r t i c u l a t e s  s i n c e  1973. In  a d d i t i o n ,  ozone and n i t r o g e n  d i o x i d e  

w e r e  monitored f o r  f o u r  and t h r e e  weeks each  i n  t h e  f a l l  of  1978. 

The a i r  q u a l i t y  f o r  p a r t i c u l a t e s  and s u l f u r  d iox ide  i n  

Lincoln i s  summarized i n  Tab le  41. P a r t i c u l a t e s  p r e s e n t  a  problem 

i n  Lincoln.  While the f e d e r a l  pr imary 24-hour s t anda rd  has no t  

been exceeded s i n c e  1973, t h e  s t r i c t  Maine 24-hour s t a n d a r d  has 

been exceeded a t  l e a s t  f i f t e e n  t imes  i n  tha t  pe r iod .  Annual con- 

c e n t r a t i o n s ,  however, a r e  q u i t e  low. S u l f u r  d iox ide  l e v e l s  a r e  

f a r  below s t a n d a r d s  f o r  any averaging  t i m e .  

Ozone c o n c e n t r a t i o n s  monitored dur ing  one week i n  August d i d  

v i o l a t e  the o l d  n a t i o n a l  ambient - a i r  q u a l i t y  s t anda rds  f o r  ozone 

(160 micrograms pe r  cub ic  m e t e r : u g / m 3 )  f o r  a  t o t a l  of  t h i r t e e n  

hours  (see Table  42 ) .  Unfor tuna te ly ,  an i n c o r r e c t  s e t t i n g  on the 

r e c o r d e r  p r o h i b i t e d  r eco rd ing  va lues  g r e a t e r  t han  200 u g / m 3  

(which w e r e  observed,  and t h e r e f o r e  it is  unknown whether o r  n o t  

the new s t anda rd  o f  235 ug/m3 would have been exceeded. I n  

September, the s i n g l e  h i g h  hour ly  v a l u e  was on ly  125 ug/m3.  A s  

ozone l e v e l s  have n o t  been monitored dur ing  an e n t i r e  summer, 

maximum c o n c e n t r a t i o n s  a r e  n o t  known. Nit rogen d iox ide  concentra-  

t i o n s  a s  observed i n  September o f  1978 only ,  averaged about  20 u 
g/m3, o r  20 p e r c e n t  o f  t h e  annual  mean n i t r o g e n  d i o x i d e  n a t i o n a l  

ambient a i r  q u a l i t y  s t anda rd .  

T h e  Maine Department o f  Environmental P r o t e c t i o n  has  c l a s s i -  

f i e d  Lincoln a s  an a t t a inmen t  a r e a  f o r  s u l f u r  d iox ide ,  n i t r o g e n  

d iox ide ,  p a r t i c u l a t e s ,  and carbon monoxide, and a s  i n  a  n o n a t t a i n -  

ment a r e a  ( the  Downeast A i r  Q u a l i t y  Cont ro l  Region) f o r  ozone 

(DMEP 1979) .  

A p r e l i m i n a r y  assessment  o f  the a i r  q u a l i t y  impacts o f  the 

p l a n t  has  made us ing  the VALLEY a i r  p o l l u t i o n  impact model (see 

Appendix B f o r  a  d e s c r i p t i o n  of  the model) .  T h e  i n p u t  parameters  

f o r  the model f o r  a l l  the a l t e r n a t i v e  si tes w e r e  g iven  i n  Tab le  

37. For Lincoln,  the source  o f  the emiss ions  was assumed t o  be 

a d j a c e n t  t o  the  Lincoln Pulp and Paper Company M i l l ;  the e leva-  

t i o n  o f  the p l a n t  is 220 f e e t  above s e a  l e v e l .  The worst-case i m -  

' p a c t s  p r e d i c t e d  by t h e  model f o r  s u l f u r  d i o x i d e  and p a r t i c u l a t e s  
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TABLE 42: OZONE AND NITROGEN DIOXIDE CONCENTRATIONS 
I N  LINCOLN, MAINE' 

Ozone 
(pg/cu m )  

2 3 
Hours Exceeding 

Date No. Days Mean Range Federpl 24-Hour St$ 
Observed - 01 d - New 

Sept. 1978 2 1 

Nit rogen Dioxide 
(pg/cu m )  

Sept. 1978 2 1 2 2 10- 70 

I .  A t  Mattancrwcook Academy location. 
d 2. ~ r i t h m e t i c  mean 

3. Recorder set t ing prec.luded recording ozone .concentratio'ns higher than 
200 pg/cu m. 

4. Old strmdard (before January 1979) = 160 pg/cu m. 
5. New standard = 235 pg/cu m. 



a t  Lincoln were shown i n  Table 38. I n  general, for Lincoln,  maxi- 

mum impacts occur under highly unstable (Class 1) conditions with 

low wind speeds. H'ighest levels  of both part iculate  and sulfur  

dioxide concentrations occur under these conditions and impact the 

area immediately southwest of the plant. Sulfur dioxide concen- 

t ra t ions  are highest when the plant i s  operating on Number 6 fuel 

o i l  i n  the back-up mode. Particulate concentrations are highest 

when wood fuel alone i s  being burned with wood drying i n  opera- 

t ion. Maximum impacts of part iculates  from the wood-fired power 

plant are  predicted t o  be weaker than those for  any other alterna- 

t i ve  s i t e .  Hbwever, these impacts would be i n  addition t o  present 

levels,  as existing boi lers  w i l l  continue t o  be used a t  t h i s  

s i t e .  

Water avai labi l i ty .  There are two potential  sources of water 

a t  the Lincoln s i t e :  the m i l l  pond on the Mattanawcook Stream and 

the Penobscot River. The m i l l  pond is the present source of water 

for the Lincoln Pulp. and Paper Company m i l l .  The mean discharge 

of the Penobscot based upon data from Mattawamkeag is 6,160 cubic 

fee t  per second ( c f s ) ,  and the recorded low flow is  2,000 c f s  (see 

Table 40). The wood-fired power p lan t ' s  water requirements would 

represent .6 percent of the recorded low flow. On t h i s  basis,  an 

adequate supply of water is available. 

Water qual i ty  impacts. The Penobscot River is c lass i f ied  by 

the St'ate of Maine as  a  cold water fishery (Groves 1978), but i t s .  

summer temperatures exceed the maximum acceptable level of 68O~ 

or  20°c (see Table 43) . Cooling pondo or towers w i l l  enable the 

standard t o  be met a t  t h i s  s i t e .  . ' 

Landfill avai labi l i ty .  There is a  l and f i l l  on the Lincoln 

Pulp and Paper Company s i t e ,  but it i s  close t o  capacity (Linnell 

1978) so another s i t e  would have t o  be found. There is no s i t e  

available i n  the town of Lincoln a t  present, and a recent study 

showed tha t  the closest  possible s i t e  tha t  meets s t a t e  standards 

i s  i n  H'ampden, over f i f t y  miles away (Lincoln Conservation 1978). 

Zoning. The proposed s i t e  , is  zoned for industry. 

Socio-economic impacts. Lincoln had a combined labor force 

of 5,120 i n  June 1978 w i t h  an average labor force of 1,997 during 



TABLE 4-3: TEMPERATURE OF THE PENOBSCOT RIVER 

AT WEST ENFIEUI 

Month 

Ju ly  
August 

September 

Maximum 2 

I .  Mean = Mean temperature of each month.averaged over 10-year 
period. 

2. M d m  = M a x i m  temperature recorded d d n g  each month over 
10-year period. 

Source: .USGS . 1967-1.977 . . .  .. ; 
. .- 



the period from March.of 1978 to January of 1979 with 126 persons 

unemployed ( MDMA 1979). Construction workers' in large part would 

have to come from other parts of the state. This temporary 

increase in population would create some stress on housing and 

local services, although Lincoln has experienced large construc- 

tion operations in the recent past without serious problems. 

Lincoln would be able to accommodate increased school requirements 

because enrollments have declined from 1,678 pupils in 1970 to 

1,613 in 1978. They are projected to drop to 1,598 by 1979 

(Webster 1979). 

~incoln, unlike the other alternate sites, will not be 

closing down an oil boiler. Consequently, the persons required to 

run the wood boiler would be newly hired. It is likely that most 

would come from the Lincoln-Howell labor area, as would the small 

number of indirectly employed persons. 

The socioeconomic impacts of harvesting would probably be 

similar to those described for East Millinocket. 

Fuelwood supply impacts. Lincoln lies in the middle of the 

Northeast's largest forested area. It is a region primarily of 

large landownerships held by companies interested in marketing 

timber products. Currently, no significant market for low-grade 

hardwood produced in this region exists. A large amount of bark 

and wood residues is available in this area; their use would 

constitute an important environmental benefit by alleviating the 

need for landfills and cone.burners. 
? 

Summary. The major impacts at Lincoln would be air quality 

impacts, truck transport impacts, and socio-economic impacts dur- 

ing construction. 

Bueksport 

Location. A site for the wood-fired power plant has not 

been specified; it would probably be less than one and one-half 

miles north or northwest of the St. Regis Paper Company mill, the 

proposed steam customer (see Figure 11). 

Site characteristics. As the site has not been chosen, the 

site characteristics cannot be assessed. The only undeveloped 



FIGURE 11: BUCKSPORT SITE 



) 

land within one and one-half miles of the paper m i l l  i s  north of 

the plant and t o  the east  of Route 15.. This area is gently slop- 

ing and part ly wooded. Several small res ident ia l  developments and 

an o i l  tank farm close t o  Route 15 occupy adjacent s i t e s .  .Depend- 

ing on the choice of s i t e ,  r ights  of way or easements for the 

steam and e l ec t r i c  transmission l ines would be required. These 

might have t o  pass through resident ial  areas and the tank farm, 

and cross Route 15'and the Maine Central railroad tracks. 

Use of power by customer. S t .  Regis Paper Company has indi- 

cated tha t  it would use the steam from the proposed plant t o  

replace exis t ing 'o i l - f i red  boi lers  and the e l ec t r i c i t y  t o  replace 

e l ec t r i c  power purchased from Central Maine Power Company. Many 

impacts of the plant would be offse t  by the elimination of the 

impacts associated w i t h  existing o i l  boi ler  combustion. 

Transport routes and t r a f f i c  problems. The wood.supply areas 

for the proposed plant would be generally similar t o  those from 

which the S t .  Regis Paper Company m i l l  obtains i t s  pulpwood. Cur- 

rent ly,  most cordwood arr ives i n  Bucksport vi'a U.S.  Route l from 

Washington and H'ancock Counties. Some additional wood for a wood- 

f i red  power plant i n  Bucksport would undoubtedly come as residues 

or  low-quality hardwood via s t a t e  Route 15 from north of the 

Bangor area. A l l  chip vans arriving from eastern Maine and most 

arriving from western Maine would reach the probable ~uckspor t  

s i t e  by traveling westbound on Main Street  through the vi l lage of 

Rncksport. T h i s  narrow, small-town, commercial main s t r ee t  is 

severely congested during summer months when tour i s t s  frequent the . 

vil lage,  and is moderately congested during the "off-season" 

(Lowell 1978; Bucksport Conservation 1978). The intersection of 

U. S. Route 1 and Route 15, where the only major' supermarket in 

Bucksport i s  located, a lso experience serious congestion and t r a f -  

f i o  delays. Additional truck t r a f f i c  associated with the proposed 

project would increase t h i s  congestion and could necessitate a 

bypass. 

The impact of chip vans from Bangor and Brewer on. Route 15,  a 

narrow road tha t  winds through several small 'towns, could also be 

adverse. 



FI  GORE 12':  ; PARTICULATE CONCENTRATIONS - BUCKSPQR 

MONTHLY MEAN PARTICULATE CONCENTRATION 
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Data Source: St. Regis 1975-1977. 
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FIGURE 13: PARTICULATE CONCENTRAT IONS - BUCKSPORT 

MONTHLY MAXIMUM PARTICULATE CONCENTRATION 

(rg/m3) 

Lowell 24-hour 
particulate 
state standard 

- - - - (100 vg/m3/ 
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FIGURE 14 : SULFUR DIOXIDE CONCENTRATIONS - BUCKSPORT 
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FIGURE: 15: SULFUR DIOXIDE CONCENTRATIONS - ,BUCKSPORT 
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A i r  Qual i ty ,impacts. The probable s i t e  a t  Bucksport i s  near. 

the bottom of a moderately steep-sided valley,  300 t o  500 fee t  

deep, tha t  r u n s  north t o  south. The dispersion character is t ics  a t  

Bucksport are  less  than ideal ,  but probably not great ly d i f ferent  

from those a t  other valley s i t e s  considered. Examination of the 

ambient part iculate  and sulfur dioxide data collected during a 

detailed two-year aerometric monitoring program undertaken by S t .  

Regis Paper Company indicates tha t  an a i r  pollution problem ex is t s  

i n  the Bucksport area (see Figures 12-15). There have been 

several violations of the s t a t e  part iculate  and sulfur dioxide 

standards during the past two years. Although conditions have 

improved, especially for sulfur dioxide, since the completion of 

S t .  Regis' t a l l  stack i n  June of 1976, there have nevertheless 

been eight violations of the s t a t e  24-hour part iculate  standard 

since t ha t  date. Although some of these incidents might be a t t r i -  

butable t o  fugitive dust, t he i r  occurrence a t  several s i t e s  and 

the high background levels  indicate a problem. 

Uncertainty with respect t o  how much oi l - f i red  capacity would 

be closed down i n  response t o  the wood-fired power p lan t ' s  output.': 

makes it d i f f i c u l t  t o  determine the extent of l ike ly  air-qual i ty  

trade-offs. Some reduction in  sulfur  dioxide levels could be 

expected by shutting down o i l  boi lers ,  but net part iculate  emis- 

sions would increase. The proximity of elevated t e r ra in  nearby 

increases the poss ib i l i ty  of localized a i r  qual i ty  standard viola- 

t ions resulting from the plume impaction. A preliminary assess- 

ment of the a i r  qual i ty  impacts of the proposed plant was made 

using the VALLEY a i r  pollution impact model. (See Appendix B for 

a description of the model). The input parameters for the model 

for  a l l  the al ternat ive s i t e s  were given in Table 37. For 

Bucksport, che suurce of the emissions was assumed to  be adjacent 

t o  the St. Regis Paper Company M i l l ;  the elevation of the plant 

assumed t o  be 20 fee t  above sea level.  The worst-case impacts 

predicted by the model for part iculates  and sulfur  dioxide a t  

Bucksport were shown i n  Table 38. I n  general for  Bucksport, 

maximum impacts occur under s table  (Class 6) conditions with low 

wind speeds from the northeast. Wighest concentrations of both - 



part iculates  and sulfur  dioxide occur under these conditions and 

af fec t  the high land across the Penobscot River t o  the southwest 
P 

of the plant. Sulfur dioxide concentrations are highest when the 

plant i s  operating on Number 6 fuel -ail i n  the back-up mode. 

Particulate concentrations are highest when wood fuel alone is 

burned with fuelwood drying i n  operation. 

A plant i n  Bucksport, depending on construction schedules, 

might have to  compete for the allowable regional part iculate  

increment with a large coal-fired power plant planned for Sears 

Island by Central Maine Power Company. A major hydrocarbon 

source, such as a wood-burning plant,  which proposed to  locate i n  

the v ic in i ty  of a large nitrous oxides source, ' such as the Sears 

Island .coal-fired power plant,  could cause excessive ozone forma- 

t ion where the plumes in tersect .  

Water avai labi l i ty .  The S t .  Regis Paper Company m i l l  uses 

water from Silver Iake, which i s  approximately three-quarters of a 

mile north of the plant. The lake could provide a t  l eas t  20 m i l -  

l ion gallons .per day: a t  present only 15 t o  16 m i l l i o n  gallons are 

'used for boiler feed (Robinson 1978). The lake also supplies 

Bucksport's domestic water. The proposed wood-fired power plant . 

could probably draw the 1.8 million gallons per day it needs from 

th i s  source. 

Water qual i ty  impacts. There are no discharge or temperature 

data available a t  Bucksport. A t  the gauging s ta t ion  a t  West 

Enfield, approximately s ix ty  miles upstream, the mean annual dis- 

charge of the Penobscot i s  13,166 cubic fee t  per second ( c f s ) ,  and 

the m i n i m u m  recorded flow is 3,200 cfs  (see   able 4 4 ) .  A t  

Bucksport, the flow i s  undoubtedly much greater.  Because the 

volume of the Penobscot a t  t h i s  point surpasses those of the water 

sources a t  the other s i t e s ,  thermal discharge from a once-through 

cooling system a t  Bucksport would probably be less  s ignif icant  

than a t  the ,a l t e rna t ive  locations. The Penobscot a t  Bucksport i s  

t i d a l ,  however, adding t o  the complexity of determining the extent 

of the mixing zone. If cooling towers were used as a t  the pro- 

posed plant in  Westbrook, thermal impact would def in i t e ly  be i n  

the acceptable range. 



TABLE 44: DISCHARGE OF THE PENOBSCOT RIVER 
C 

AT WEST ENFIELD 
. ' I c f s )  . . : 

Month - ~ean '  

Oc t 
Nov 

Dec 
Jan 
Feb 
Mar 

Apr 
May 
Jun 
Jul 

Aug 

Sep 
~ n n u a l ~  

Minimum 2 

1. Mean = Mean discharge of each month averaged over 10-year 
period. 

2. M i n i m  = M i n i m  discharge recorded during each month over 
10-year period. 

3. Annual mean = Mean of 12 monthly means. Annual m i n i m  = 
Mi.n.?:mm discharge recorded over entire time. period speei f ied. 

Source: USGS 1967-1977. 



Landfill. avai labi l i ty .  There are no sui table l and f i l l  s i t e s  

i n .  the Bucksport area. The st. Regis l and f i l l  is close t o  capa- 

c i t y ,  and the town of Bucksport, a f t e r  searching for a closer 

s i t e ,  now trucks i t s  sol id waste twenty miles t o  Hampden near 

Bangor. 

Zoning. The town of Bucksport does not have zoning ordi- 

nances except for s t a t e  mandatory shoreland zoning. Unless the 

plant were t o  be located on the waterfront, zoning would not 

apply 
Socioeconomic impacts. ' Bucksport i s  seventeen miles from the 

Bangor-Brewer area and twenty miles from the Ellsworth area. The 

average labor force i n  Bucksport during the period from March of 

1978 t o  January of 1979 was 2,028, with 89 persons employed (MDMA 

1979). Additional workers could commute from the Bangor-Brewer 

and Ellsworth areas. About one hundred construction workers would 

be expected t o  move temporarily in to  the area i f  the plant were 

bu i l t  a t  Bucksport. This influx would place pressure on housing 

i n  the-_town, but workers should be able t o  find accommodations in 

the Bangor-Brewer o r  Ellsworth areas. School enrollments have 

declined s l igh t ly  from 1,456 i n  1972 t o  1,451 i n  1977 (Kinney 

1979). 

Construction would cause temporary increases i n  employment 

. and income. These increases would be dis tr ibuted throughout the 

Ellsworth and Bangor-Brewer areas and therefore would not cause 

the boom-town effec ts  expected a t  M i  l l inocket , Lincoln, and 

Madawaska. 

Most of the thirty-two workers needed t o  .run the proposed 

boi ler  would be the people who ran the o i l  boi lers  it replaced. 

The number of those indirect ly employed would be small and should 

come from the immediate area. 

The socioeconnmic impacts associated with harvesting fuelwood, . 

for the plant a t  t h i s  s i t e  would be similar t o  those discussed for  

Lincoln and East Millinocket. 

Fuelwood supply impacts. The area l ike ly  t o  be the major 

biomass supply area for a wood-fired power plant a t  Bucksport l i e s  

t o  the east  and northeast of the town. It is a region primarily 



of large landownerships held by companies interested i n  marketing 

timber products. Currently,, no s ignif icant  market exis ts  for low- 

grade hardwood produced i n  t h i s  region. The harvesting impacts 

, for  Bucksport are expected t o  be generally similar to  those des- 

cribed for  East Millinocket and Lincoln. The proportion of hard- 

woods i n  the Handcock county area i s  higher than in the other 

a l ternat ive  s i t e s '  harvest areas. Landowners i n  the area are 

poisoning hardwoods a t  present t o  convert the forests  t o  the more 

profi table spruce/fir  type. The opening of a market for low-grade 

hardwoods would enable landowners t o  s e l l  these hardwoods and 

could hasten the t rans i t ion  to  spruce/fir  forest .  Large amounts 

of bark and wood residue are available i n  t h i s  area; t he i r  use 

could consti tute an important environmental benefit by a l levia t ing  

the need for l and f i l l s  and cone burners. 

Summary. Construction of the proposed plant a t  Bucksport 

would require the acquisition and development of a , cur ren t ly  

undistured s i t e  'for boi ler  location. Additionally, steam and 

e l ec t r i c  power transmission l ines  from the proposed plant t o  the 

steam and e l ec t r i c  customers would involve the acquisit ion and 

development of right-of-ways. Truck t r a f f i c  congestion, a i r  

pollution, and the lack of sui table l and f i l l  s i t e s  are other 

environmental- problems tha t  would be encountered a t  Bucksport. 
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