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As requested in your memorandum of June 3, 1987, we have reviewed 
the subject final environmental impact statement (EIS) in 
accordance with our responsibilities under Department of Energy 
Order 5440.1C. The final EIS responds appropriately to public 
comments on the draft EIS. EH and ERA staff have agreed to a 
minor change on p. 4-26 and the inclusion of a paragraph in the 
Foreword reflecting the recent decision by Canada's National 
Energy Board to overturn Hydro-Quebec's contract to sell power to 
the applicant . Based on my staff's review and analysis and their 
recommendations and after consultation with the Office of General 
Counsel, I have determined that the final EIS is adequate for 
publication, subject to the changes noted and attached. 

The Office of NEPA Project Assistance will continue to assist in 
filing the final EIS with the Environmental Protection Agency and 
other distribution matters. We look forward to reviewing the 
Record of Decision, which may be issued no sooner than 30 days 
after public notice of the final EIS. 
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COVER SHEET 
FINAL ENVIRONMENTAL IMPACT STATEMENT 

NEW ENGLAND/HYDRO-QUEBEC TRANSMISSION LINE INTERCONNECTION-PHASE II 

a) Lead Agency: U.S. Department of Energy, Economic Regulatory 
Administration 

b) Proposed Action: Amendment of Presidential Permit PP-76 issued to Vermont 
Electric Power Company 

c) For additional copies or further information on this statement, please 
contact: 

Anthony J. Como 
Department of Energy 
Economic Regulatory Administration 
Office of Fuels Programs (RG-22) 
1000 Independence Ave. , SW 
Washington, D.C. 20585 (202) 586-5935 

For general information on the DOE's Environmental Impact Statement 
process, contact: 

Carol M. Borgstrom, Acting Director 
Office of NEPA Project Assistance 
Office of the Assistant Secretary for 

Environment, Safety and Health 
1000 Independence Ave., SW 
Washington, D. C. 20585 (202) 586-4600 

d) Designation: Final EIS (FEIS) 

e) Abstract: This Final Environmental Impact Statement (FEIS) was prepared 
by the Economic Regulatory Administration. The proposed action is the 
issuance of an amendment to Presidential Permit PP-76 to the Vermont 
Electric Transmission Company to operate the international interconnection 
therein authorized at power levels above those �tipulated in PP-76, and to 
construct new transmission facilities to distribute this power. The 
proposed new facilities, referred to as Phase II, consist of the extension 
of the Phase I ±450-kV DC transmission line (predominantly along existing 
transmission rights-of-way) between the town of Monroe, New Hampshire (the 
terminus of Phase I) and the town of Groton, Massachusetts; the construc
tion of an 1800-MW DC/AC converter terminal at the terminus of the 
proposed DC line; and the construction of two new linearly connected 
345-kV AC transmission lines along existing transmission rights-of-way and 
terminating at an existing substation at West Medway, Massachusetts. 
These new transmission lines are needed to reinforce the existing 
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New England 345-kV AC transmission system and thereby allow the NEPOOL 
system to operate reliably at the higher levels of import. The principal 
environmental impacts of the construction and operation of the trans
mission facilities will be incremental in nature and will include the 
conversion of a small amount of primarily forested land to right-of-way 
(shrubland/grassland vegetation) or to other project-related uses, and 
minor visual impacts. 
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FOREWORD 

This Final Environmental Impact Statement {FEIS) is issued by the 
U.S. Department of Energy {DOE). It assesses the environmental impacts of 
issuing an amendment to Presidential Permit PP- 7 6  that would result in the 
construction of certain new electric transmission facilities in New Hampshire 
and Massachusetts. 

The DOE determined that the issuance of the proposed amendment would be a 
major federal action significantly affecting the quality of the human 
environment. Therefore, in accordance with the National Environmental Policy 
Act of 1969 {NEPA), as implemented by the regulations promulgated by the 
Council on Environmental Quality {CEQ) {40 CFR 1500-1508 , November 19 7 8 )  and 
DOE's implementing guidelines {45 CFR 20694, March 28 , 198 0), DOE has prepared 
this F EIS to provide environmental input to the decision to grant {with 
conditions and limitations) or deny the amendment. A Notice of Intent to 
prepare this EIS was issued May 8 ,  198 5, and a public scoping process was 
conducted. A Draft Environmental Impact Statement {DEIS) was issued in August 
198 6 .  Fede�al and state agencies, as well as the public, were requested to 
comment on the DEIS. After all comments were considered and appropriate 
modifications made, this F EIS is being issued. DOE will issue a Record of 
Decision not less than 6 0  days following publication of the notice of 
availability of this F EIS. 

The format of this FEIS follows the suggested format in the CEQ 
regulations. Section 1 documents the purpose and need for a decision. 
Section 2 summarizes and compares alternatives and predicted environmental 
impacts. Section 3 summarizes the affected environments along the proposed 
transmission line route and at other facilities. Section 4 provides detailed 
information on analyses of the environmental consequences of the various 
alternatives. Section 5 presents a glossary, and Section 6 presents the names 
and professional qualifications of the persons responsible for preparing the 
statement. More detailed information and analyses are provided in several 
appendices. 

On June 18 , 198 7 ,  the Canadian National Energy Board denied an 
application by Hydro-Quebec for a license to export the energy associated with 
the Phase II project. Hydro-Quebec is appealing this decision. Upon Canadian 
resolution of this issue, DOE will determine whether this EIS needs to be 
revised or is adequate as presented. 
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SUMMARY 

The proposed action is the issuance of an amendment to Presidential 
Permit PP-76 to the Vermont Electric Transmission Company (VETCO) to operate 
the international interconnection therein authorized at power levels above 
those stipulated in PP- 7 6 ,  and to construct new transmission facilities to 
distribute this power. This international direct current (DC) interconnec
tion, referred to as Phase I, is currently in operation and was authorized to 
permit the New England Power Pool (NEPOOL) to transmit surplus hydroelectric 
energy purchased from Hydro-Quebec, the provincial utility of Canada, to load 
centers in central New England. 

The proposed new facilities, referred to as Phase II, consist of three 
principal elements. The first is the extension of the Phase I ±450-k.V DC 
transmission line (predominantly along existing transmission rights-of-way) 
between the town of Monroe, New Hampshire (the terminus of Phase I) and the 
town of Groton, Massachusetts. The second element is the construction of an 
1800-HW DC/AC converter terminal at the terminus of the proposed DC line, on a 
site adjacent to an existing 3 45-k.V AC substation. The third element is the 
construction of two new linearly connected 3 45-k.V AC transmission lines along 
existing transmission rights-of-way and terminating at an existing substation 
at West Medway, Massachusetts. These new transmission lines are needed to 
reinforce the existing New England 3 45-k.V AC transmission system and thereby 
allow the NEPOOL system to operate reliably at the higher levels of import. 

To minimize impacts to the extent practicable, DOE has identified in this 
Final Environmental Impact Statement numerous mitigative measures. Should 
PP-7 6 be amended, that amendment will include terms and conditions that 
require the Applicant to implement these mitigative measures. The Applicant 
has committed to these measures, and they are considered part of the proposed 
action. 

Because of these mitigative measures, and the fact that almost all of the 
proposed transmission line would be constructed within established 
transmission line corridors adjacent to existing transmission lines, most of 
the environmental impacts associated with the proposed action would be 
incremental in nature or would result from construction activities that would 
be transitory in nature. These impacts include clearing and control of 
vegetation, loss or alteration of wildlife habitat, displacement and/or 
disturbance of wildlife, disturbance of aquatic resources, release of gaseous 
pollutants and dust, and disruption of agricultural activities. Impacts from 
operation and maintenance of the transmission facilities include collision of 
birds with structures, visual intrusion of an additional line within the 
transmission corridor, and possible health and safety effects of the 
electromagnetic environment in close proximity to the proposed line. 

A total of about 145 ha (3 58 acres) would be converted from present uses 
(mostly forested land) to project-related uses, such as widening of the right
of-way and construction of the converter terminal. Of this total, less than 
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20 ha (50 acres) would be permanently converted to project-related uses that 
would preclude other uses such as farming or wildlife cover. 

Visual impacts of the proposed project would be m1nor and incremental 1n 
nature, 1. e. , adding to the visual intrusiveness of the existing lines or 
structures in the transmission corridor. 

The operation of 
pose any significant 
effects, or seriously 
the project region. 

the proposed line and associated facilities would not 
hazards associated with electric fields or related 

affect other components of human health and welfare in 

Several who commented on the draft EIS expressed concern that hydro
electric generation in Canada to meet Phase II energy requirements could have 
adverse impacts, particularly on migratory birds, in the James Bay region of 
Quebec, Canada. Although there is no requirement that this topic be addressed 
in the EIS, a discussion of this issue has been included as Appendix C of this 
document. The staff concludes on the basis of the analysis presented in 
Appendix C that no significant adverse effects on migratory bird populations 
in the James Bay region would be expected as a result of Phase II contract 
sales. 

Operation of the interconnection would result primarily in supplying 
imported electrical energy that would be used to reduce oil consumption in the 
region. The availability of the additional electricity would have a 
beneficial effect on the economy and should enhance continued growth and 
improvement in the service area. 

Three principal alternative DC corridor routes and six alternative 
converter terminal sites were considered. The alternative routes and sites 
were identified on the basis of existing rights-of-way or facilities and 
provided an adequate basis for comparative evaluation. This evaluation 
revealed that none of the corridors or terminal sites was environmentally 
preferable to the proposed route or site. 

If DOE were to deny an amendment to PP-76,  the Applicant could implement 
an alternative action to obtain the necessary capacity or maintain the status 
quo (no action). Alternatives to the proposed action that were evaluated by 
DOE include no action, construction and operation of new conventional or 
unconventional generating facilities, conservation and load management, 
decentralized energy sources, fuel conversion, and purchase of power from 
other utilities. All of these alternatives were deemed less desirable than 
the proposed action either because they were not deemed to be viable 
alternatives or they would result in greater adverse environmental impacts 
than would the proposed action. 
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1 .  PURPOSE AND NEED 

1. 1 INTRODUCTION 

In March 1 9 8 3 , t he member ut il i t i e s  of t he New Engl and Power Pool 
( NEPOO L )* ent ered into a formal agreement w i t h  Hydro-Quebec to purcha s e  
3 3  bi l l ion ki l owat t  hours ( kWh ) o f  surplus hydroelec t r i c  energy over an 1 1-
year period beg inning i n  1 98 6 .  To provide a means o f  del i ve r i ng thi s energy , 
t he con s t ruc t ion o f  cert a in t ransmi s s ion fac i l i t i e s  was propo sed . The s e  
fac i l i t i e s , referred to a s  Pha s e  I ,  incl uded: ( 1 )  a ±45 0-ki l ovol t  ( kV )  d i re c t  
current ( DC )  t ransmi s s i on l ine extending from t h e  U . S . -Canad ian border near 
t he t own o f  Norton , Vermont ,  t o  a s i t e  ad jacent t o  t he exi s t i ng Comerford 
generat i ng s tat ion in t he t own o f  Monro e ,  New Hamp s hi re , and ( 2 )  a converter 
terminal at  t he terminus o f  the DC t ransmi s s ion l in e. On Apr i l  5 ,  1984 , t he 
Econom i c  Regulatory Admi n i s t rat i on ( ERA ) i s sued a Pres i den t i a l  perm i t  i n  
Docket PP-76 to t h e  Vermont E l e c t r i c  Transmi s s ion Company ( VETCO ) autho r i z i ng 
t he con s t ruc t i on ,  connec t ion , opera t i on ,  and ma intenance o f  t he s e  
fac i l i t i e s . The Secretary o f  Energ y ,  wi th concurrence b y  t he Secretary o f  
Defen s e  and t he Secretary o f  State , ha s t he authori t y  t o  grant or deny such a 
Pres iden t ial permi t for t he con s t ruc t i on of t ransmi s s i on faci l i t i e s  t hat  c ro s s  
a n  inte rna t i onal border o f  the Un i t ed State s . 

The envi ronmental con sequenc e s  of the con s truct ion and operat ion of t he 
Phas e  I fac i l i t i e s  have been evaluated in an Envi ronmental I mpact  Statement 
( E I S )  ( U.S. Department of Energy 1 984 ). The Pha s e  I interconne c t ion wa s 
pl aced i n  s ervice on Oc t ober 1 ,  1 986 . The Pha s e  I converter terminal wa s 
de s i gned wi t h  a capa c i t y  o f  690 megawat t s  (MW ; 1 megawa t t  = 1000 ki l owat t s )  to 
match t he capab i l i t y o f  t he New Engl and a l t ernat i ng current ( AC )  t ransmi s s i on 
s y s t em t o  absorb the add i t i onal power del i vered t o  Monroe , New Hampshi re . The 
±450-kV DC l i ne wa s de s i gned with  t he capabi l i t y  to t ransmi t add i t i onal l evel s 
o f  power shoul d  further contract s wi t h  Hydro-Quebec be deemed de s i rabl e .  

Sub s equent t o  the i s s uance of Pre s i dent i a l  Perm i t  PP-76 , t he member s o f  
NEPOOL conc l uded that addi t i onal purcha ses  of hydroel e c t r i c  energy would be 
bene f i c i a l  to t he New Engl and reg i on . Ac cord i ng l y ,  NEPOOL , on behal f of i t s  
member ut i l i t i e s , ha s s i gned a f i rm energy contrac t wi t h  Hydro-Quebec for t he 
purcha s e  of an add i t i onal 70 b i l l ion kWh o f  energy over a 10-year per i od 
current l y  s c hedul ed t o  begin i n  1990 . I n  order t o  accept del i very o f  thi s 

*NEPOOL i s  an opera t ing ent i ty wi thin the Nor thea s t  Power Coord i nat i ng 
Counc i l , whi c h  i s  one o f  n ine reg i onal re l i ab i l i ty counc i l s  i n  Nort h  Ame r i c a . 
Al l pl ann i ng , con s t ruc t i on ,  and opera t i on of genera t ing and t ransmi s s i on 
fac i l i t i e s are h i ghly coordinated among NEPOOL members . Generat i ng uni t s  are 
cent ra l l y  contro l l ed and NEPOOL members s hare in t he economi e s  achi eved 
t hrough a l l  pool ventures. A total  of 92 i nd i v i dual publ i c  and i nve s tor
owned ut i l i t i e s  con s t i tute t he NEPOOL organ i za t i on. I nc l uded among the 
92 ut i l i t i e s  are 5 sma l l  inve s t or-own ed ut i l i t i e s , 40 publ i c  or mun i c i pa l  
ut i l i t i e s , and 9 l arge i nve s tor-owned ut i l i t i e s , wh i c h  i n  turn repre s ent 3 8  
sub s i d i a r i e s  or a f f i l i a t ed ut i l i t y  compan i e s. 
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addi t i onal hyd roe l e c t r i c  energy , i t  wi l l  be nec e s sary for the Pha s e  I 
fac i l i t i e s  to operate at  power level s above the 6 90-MW l eve l previ ous ly 
authori zed by Pre s i den t i a l  Permi t PP-76 . In add i t i on ,  i t  wi l l  be nec e s sary t o  
cons truc t certain  new fac i l i t i e s  t o  transmi t thi s add i t ional hydroe l e c t r i c  
energy to l oad centers i n  central New Engl and . Cons equen t l y , o n  March 4 ,  
1 985 , VETCO appl i ed to ERA t o  amend the Pre s i dent i al permi t i n  Docket PP- 7 6  to 
authori ze an i ncrease i n  thq nominal operat i ng l evel of the previ ou s l y  
permi t ted fac i l i t i e s  and t he con s t ruc t i on o f  certa i n  new fac i l i t i e s  requi red 
to impl ement t he new energy purcha s e  agreement with Hydro-Quebec .  

Al though a contract be tween the Appl i cant and Hydro-Quebec ha s al ready 
been s i gned , a den i a l  by ERA of the amendment to Pre s iden t i a l  Permi t PP- 7 6  
wou l d  preclude con s truc t i on o f  t he Phas e  I I  fac i l i t i e s  and al s o  t h e  use  o f  t he 
Pha se I fac i l i t i e s  at  l eve l s  of power impor t s  i n  exce s s  of tho se author i zed in 
t he original  permi t .  

The purpose of thi s E I S  i s  to provide a sound envi ronmental evaluat i on a s  
i nput t o  DOE' s future dec i s i on to grant o r  deny a n  amendment to PP-76 f o r  the 
propo sed add i t i on s  to the New Engl and /Hydro-Quebec Int erconnec t i on . To en sure 
publ i c  input to t he p l anning and preparat i on of thi s E I S , publ i c  s c op i ng 
meet ings were hel d  i n  June 1985  i n  Concord , New Hampshi re , and Bo s t on , 
Ma s sachus e t t s .  Dur i ng t ho s e  meet i ng s , and the sub s equent comment per i od ,  DOE 
rec e i ved comments  from agenc i e s , groups , and i nd i vi dual s .  S pec i a l  at tent i on 
wa s g i ven i n  the dra ft E I S  to tho s e  concerns and sugge s t i on s  resul t i ng from 
t he scoping proce s s .  

A not i c e  of the avai labi l i ty of the draft E I S  was publ i shed by the 
Envi ronmental Protect i on Agency on Augus t  15 , 1 986 . A 45-day comment per i od 
then ensued , whi ch c l o sed on Sept ember 2 9 , 1 986 . Thi s  f inal E I S  i ncorporates 
mod i f i ca t i ons resul t i ng from con s i dera t i on of the commen t s  rece i ved dur i ng 
t hat t ime per i od .  Commen t s  rec e i ved and respon s e s  t hereto are reproduced i n  
Append i x  F .  

1 . 2  PROJECT SUMMARY AND PURPOSE 

1 . 2 . 1  Pha se I I  Fac i l i t i e s  

The proposed new fac i l i t i e s , referred to a s  Pha s e  I I , con s i s t  o f  three 
princ i pal  el emen t s  ( see F i gure 1 . 1 ) .  The f i r s t  i s  the exten s i on o f  the ±450-
kV DC transmi s s ion l i ne ( predominant l y  a l ong exi s t i ng transmi s s i on r i ght s-of
way )  between the t own of Monroe , New Hamp s h i re , and the town of Groton , 
Ma s s achus et t s ,  a d i s t ance of 2 1 4 . 4  ki l ome ters ( km )  ( 1 3 3 . 2  mi l e s  [ mi ] ) .  The 
s econd e l ement i s  t he con s t ruc t i on of an 1 8 00-MW DC /AC converter terminal at  
the t ermi nus of the propo sed DC l i ne , on a s i t e s t raddl i ng the town l i ne 
be tween Groton and Ayer , Ma s sachu sett s ,  adj acent to an exi s t i ng 345 -kV AC 
subs tat i on . The third e l ement i s  the con s t ruct ion of two new 345 -kV AC 
t ransmi s s i on l i nes with  a combined l ength of 8 3 . 4  km ( 5 1 . 8  mi ) a l ong ex i s t i ng 
t ransmi s s i on r i ght s-o f-way . The se new transmi s s i on l ines  are needed to 
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reinforce the exi s t i ng New England 345-kV AC t ransmi s s i on sys t em and t hereby 
a l l ow the NEPOOL sys t em to operat e  rel i ab ly at t he higher leve l s  of i mport . 
The Pha s e  I I  fac i l i t ie s  are de s c r i bed i n  greater det a i l  i n  Sec t ion 2 .  

The propo sed pro j e c t  i s  requi red t o  imp lemen t  the new f i rm energy 
contrac t be tween NEPOOL and Hydro-Quebec . The benef i t s  that woul d  ac crue to 
the New England reg ion as  a resul t of the Pha se I I  energy contrac t i nclude 
( 1 ) the d i s pl acement of 12 mi l l i on barre l s  of o i l  per year that would 
o therwi s e  be used to generate e l ect r i c i t y ;  ( 2 )  a reduct ion in the c o s t  of 
elec t r i c  genera t i on wi th a concomi t ant reduc t ion in the fue l component of 
cus tomers ' electr i c i ty b i l l s ;  and ( 3 )  a reduc t i on of 900 MW in the amount of 
new , as yet unpl anned , generat ing capac i ty required to ma intain  adequate 
leve l s  of e l e c t r i c  re l iab i l i ty in the New Engl and reg i on . 

1 . 2 . 2  Pha s e  I I  Energy Contract 

The Pha se I I  agreement t ha t  has been s i gned by be tween NEPOOL and Hydro
Quebec provides for the guaranteed de l ivery by Hydro-Quebec of 7 b i l l ion kWh 
of energy per year for t he 10-year t erm o f  the agreement beginn ing i n  1 9 9 0 . 
For the year s  1 9 9 0  through 1 996 , t h i s  7 b i l l i on kWh per year wi l l  be i n  
add i t i on t o  t h e  3 b i l l i on kWh p e r  year expec ted to b e  de l ivered under t he 
terms o f  t he Pha s e  I energy contract ( s ee Volume 1 ,  p .  29 , of t he App l i c an t ' s  
Envi ronmental Report [ hereinafter referred t o  as  t he "ER" ] ) .  

The p r i c ing provi s ions of t he Pha se I I  agreemen t  prov i de that for each of 
the f i r s t  5 year s  o f  t he contrac t , the p r i ce of t he imported energy wi l l  be 
80% of NEPOOL ' s average fos s i l  fuel c o s t s  ( in ¢ /kWh ) i ncurred dur ing the 
previous year . Dur ing t he second 5 year s ,  the 8 0% f igure would i ncrea s e  to 
95%.  The average fo s s i l  fuel cost ref l e c t s  the we i ghted average c o s t  of 
energy generat ed from t he use o f  coa l , o i l , and natural gas . 

1 . 3  COST /BENEFIT OF PROPOSED ACTION 

The pro posed act i on s hould prov i de econom i c  benef i t s  to the New Engl and 
reg i on in t hree ways : ( 1 )  a reduc t i on i n  fuel co s t s  through a reduc t i on i n  
the amount o f  o i l  u s e d  t o  generate e l ec t r i c  energy ; ( 2 )  a reduc t i on of 9 0 0  MW 
i n  the amount o f  new genera t i ng capa c i ty requi red t o  ma intain the de s i red 
l evel of re l i ab i l i ty on t he NEPOOL s y s t em dur ing the 1 9 90 s ; and ( 3 )  a 
reduc t i on i n  t he e l e c t r i cal  l o s s e s  i ncurred when t ransmi t t i ng e l e c t r i c  energy 
to the l oad center s in s outhern New Engl and . 

The values appearing i n  thi s  sect i on of t he draf t E I S  were ba s e d  on fue l 
pr i c e  pro j ec t i on s  developed for the Appl i cant by Data Re s ource s ,  I nc . ,  i n  
January 1 98 5 . The c o s t / bene f i t  analys i s  appearing i n  thi s f inal E I S  u s e s  fuel 
pr i ce pro j ec t i on s  that were revi sed by Data Resourc e s , Inc . ( and adopted by 
the Appl i cant ) i n  March 1 986 . I n  add i t i on ,  the App l i cant has rev i sed the 
e s t imated cap i tal co s t  of the Pha se I I  pro j ec t  and t he we i ghted c o s t  of 
cap i t a l  for f i nanc ing t he pro j ec t . Thi s  rev i sed co s t / bene f i t  analys i s ,  as 
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wel l  as  a fuel price  sens i t iv i t y  analys i s ,  wa s provided by the App l i c ant in a 
supplement t o  t he ER t hat  included comment s on the draf t  EI S .  

1 . 3 . 1  Fuel Co s t  Savings 

The Appl i cant e s t i mates  t hat the cumulat i ve pres ent worth ( in 1990 
dol l ar s ) of the s avings i n  fos s i l  fuel cos t s  over t he 10-year period o f  the 
Pha s e  II agreemen t  wi l l  be $ 1 . 4  b i l l ion . *  I n  current dol l ars , s avings wou l d  
range from about $ 1 04 mi l l i on i n  1 9 9 1  to about $ 5 8 8  m i l l ion i n  t h e  year 2000 . 

DOE Sta f f  ha s revi ewed the a s s umpt i ons and met hodology used i n  thi s 
ana l y s i s  and ha s det ermined t hat  both appear to be rea sonabl e .  However , 
becau s e  the i mported energy wi l l  d i s place o i l- f i red generat i on a l mo s t  
exc l u s i ve l y  and b e  pri ced rel a t i ve to the price  of a l l  fos s i l  fuel s ,  fuel c o s t  
savings wi l l  vary d i re c t l y  wi th t he future p r i c e  of o i l  and inversely wi t h  the 
future pr i c e  o f  coal . Al t hough s ome savings in fuel co s t s  wi l l  result  from 
any and a l l  fuel price  l eve l s ( becau s e  the impor t ed energy i s  pr i c ed at l e s s  
t han 100% o f  actual cos t s ) ,  a dra s t i c  reduc t i on i n  the price  of o i l  cou l d  
reduce savings to t he po i n t  t hat  the ent i re Pha se I I  pro j ec t  wa s n o  l onger 
economi cal l y  v i ab l e . In order to eva l ua t e  thi s pos s i bi l i ty ,  the App l i can t  
performed a s en s i t iv i ty analys i s  i n  whi c h  t h e  pro j ec t ed p r i c e  o f  fo s s i l  fue l s 
wa s var ied ± 2 5 % ,  and -SO% from the base value s u sed . 

The App l i cant ha s e s t i mated that , us ing base-case  fuel pr i ce pro j e c t ions , 
the cumulat ive pre s en t  worth o f  fuel c o s t  savings ( in 1990  d o l l ar s ) wou l d  be 
$ 1 . 4 b i l l i on over t he 10-year l i f e  of the Pha s e  II f i rm energy contrac t . By 
increa s ing t he pro j e c t ed pr i c e  of fo s s i l  fue l s  25% , the s e  savings increa s e  to 
about $ 1 . 7  b i l l ion . A 25% reduc t ion in t he e s t imated pr i c e  o f  fo s s i l  fuel s 
reduce s  e s t i mated gro s s  savings 1 n  fuel c o s t s  to $ 1 . 1  b i l l i on . A 5 0% 
reduc t i on i n  proj ec t ed fo s s i l  fuel prices  reduce s  expe c t ed savings t o  
$0 . 7  b i l l i on . 

DOE S t a f f  per formed a s imi lar i ndependent analys i s  and obta i ned resul t s  
that were con s i s t en t  w i t h  t ho s e  submi t t ed by t he App l i can t . However , the DOE 
analys i s  wa s more comprehen s i ve and i nc l uded calcul a t ions o f  t he "break-even" 
pr i c e  for fo s s i l  fue l s ;  i . e . , the price  at  whi c h  the economic benef i t s  of the 
Pha se I I  pro j e c t  exac t l y  equal t he c o s t  of the pro j ec t . DOE determined t h i s  
l evel o f  fuel p r i c e s  to be about 6 5 %  below the ba s e  fuel pr i ce s  a s sumed i n  the 
March 1986  Data Re source s ,  I nc . ,  pro j ec t ions . Thi s  65% reduc t i on i n  fo s s i l  
fuel prices  would equa t e  t o  $ 6 . 60 / barrel o i l  and $ 19 / ton coal i n  1 9 9 0  and 
$ 24 / barrel o i l  and $ 3 2 / t on coal in the year 2000 . 

*The me thodo l ogy and t he a s sump t i on s  u sed i n  t h i s  analys i s  ( a s  i t  o r i g i n a l l y  
appeared i n  t he dra f t  E I S )  are d e s c r i bed on pages 2 3  t hrough 5 4  of Vo lume 1 
of t he ER . The rev i s ed a s sumpt i on s  on fuel p r i c e , pro j ec t  cap i tal co s t , and 
c o s t  of cap i tal u s ed in thi s f inal E I S  appear in Exh i b i t  A of the comment s 
submi t ted by t he App l i cant on the draft E I S .  
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1 . 3 . 2  Capac i ty Benefi t s  

The terms o f  the Pha se I I  f i rm ene rgy con tract  provide for a high degree 
of control by the Appl i cant in s chedul ing or " cal l i ng for" the de l i very o f  
ene rgy from Hydro-Quebec . The Appl i cant i s  n o t  purcha s i ng capac i t y .  However , 
1n performing re l i abi l i t y  ana l ys e s , the App l i can t ha s determi ned t ha t  the 
Phase I I  con trac t wi l l  reduce by 900 MW the amount o f  new generat i ng capac i ty 
requi red to  ma intain  the de s i red l eve l of rel i abi l i ty on the NEPOOL s y s t em 
dur i ng the 1990 s . 

I n  determining the economi c benef i t s  of t h i s  900-MW reduc t i on i n  new 
capac i t y  requi remen t s ,  the App l i cant a s s umed t hat  the capac i ty would have come 
from the instal l a t i on of gas turb i ne s . The DOE Staff  feel s that thi s i s  a 
rea sonable as sump t i on s i nce gas turbines have a relat i ve l y  l ow capi tal co s t , 
are qu i ckly i n s t a l l ed , and are i n s t a l led ( genera l l y )  for rel i abi l i t y  reasons 
onl y .  Furthermore , if the Pha s e  II pro j e c t  were not undertaken ( or the 
amendment were den i ed by DOE ) ,  gas turbines are the only cen t ral s t a t i on 
capac i ty s ource t hat  could be i n s t al l ed i n  the requ i red t ime period . 

The economi c analys i s  performed by the Appl i cant shows that the " capac i ty 
benef i t "  o f  the propo sed ac t i on ( when coupl ed wi th the Pha s e  I I  f i rm energy 
con t rac t )  reduces the revenue requi rement s as soc i a t ed wi t h  new capa c i t y  
add i t i on s  b y  $ 4 0 7  mi l l i on o n  a cumulat i ve pre s ent  worth bas i s  ( i n 1 990  
dol l ar s ) .  

1.3.3 Reduc t i on 1 n  Incremental Energy Lo s s e s  

The n e t  change i n  energy l o s s e s  a s s oc i a t ed wi t h  t h e  propo sed act i on ha s 
three component s :  (1 ) an i ncrea s e  i n  l o s s e s  a s s oc i ated wi th i n s tal l a t i on of 
the Pha se II DC fac i l i t i e s , ( 2 )  an i ncrease i n  l o s se s  a s soc i a t ed wi th the 
i ncrea sed energy f l ow through the Phase I DC fac i l i t i e s , and ( 3 )  a reduc t i on 
1 n  l o s s e s  on NEPOOL ' s  exi s t i ng AC t ransmi s s i on s ys t em .  

The i ncrea sed l o s s e s  a s s oc i a t ed wi th the DC sys tem produce a c o s t  
increase of approxima t e l y  $ 5 5  mi l l i on ( c umulat i ve present wor t h )  1 n  1 9 90 
do l l ar s . Reduced l o s s e s  on t he exi s t ing AC sys tem produce savings of 
approx i ma t e l y  $82 mi l l i on . The result  is  a net savings o f  approx i ma t el y  
$2 7 mi l l i on (App l i c an t ' s  comment s ,  Exhi b i t  A ,  p .  5-9 ) .  Varyi ng t he pro j ec t ed 
pr i ce o f  fos s i l  fuel ( a s d i scus sed i n  Sec t i on 1 . 3 . 1 )  wi l l  produce d i f ference s  
1 n  i nc rement a l  energy l o s s  s av1ngs . The se d i f ferences a r e  n o t e d  in 
Tabl e  1 . 1 .  

1 . 3 . 4 Gro s s  Savi ngs 

Tab l e  1 . 1  s hows the e s t i ma t ed gro s s  savings for the Pha s e  II pro j ec t  
under each of t he fos s i l  fuel price  s c enar i o s  con s i dered . 
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Tab l e  1 . 1  Gro s s  Savings 
( Cumula t i ve present wort h ,  mi l l i on s  o f  1990  dol l ars ) 

Fos s i l  Fuel Capac i t y  Inc remental Gro s s  
Fue l Prices  Co s t  Savings Cred i t  Lo s s  Savings Savings 

-65% 490 4 0 7  10  907  

-SO%  707  40 7 1 4  1 , 128 

-2 5 %  1 , 060 4 0 7  2 0  1 , 4 8 7  

Ba s e  1 , 4 1 5  40 7 2 7  1 , 849 

+25% 1 , 7 70 4 0 7  3 4  2 , 2 l l  

1 .  3 .  5 Co s t s  

The total  cap i tal cos t s  as soc iated w i t h  t he Phase I I  fac i l i t i e s  are 
e s t imated to be $ 5 4 7  m i l l i on . Tabl e  1 . 2  contains  a breakdown o f  the s e  c o s t s  
for each component o f  the pro j ec t . 

The Appl i cant conduc ted a revenue requi rement s analys i s  ove r t he l i fe of 
the Pha se II f i rm power agreement . Tab l e  1 . 3 contains  t he econom i c  a s sump
t i ons used in t hat  analys i s .  The resul t s  of t he anal ys i s  show t hat a 
$ 5 4 7  mi l l i on pro j e c t  c o s t  woul d produce $90 1 mi l l ion o f  revenue requi remen t s  
o n  a cumulat i ve present wor t h  bas i s  ( 1 990 dol l ars ) .  

The capi t al cos t s  o f  t he pro ject  were det ermined on the ba s i s  o f  " s tudy 
grade" e s t i mate s  that t he Appl i cant fee l s  are accurate to only ±2 5 % . I n  
recogn i t i on o f  t h i s  fac t , the Appl i c an t  performed add i t i onal revenue 
requi rement anal y s e s  for pro j e c t ed cap i tal cos t s  of $410 mi l l ion ( 2 5 %  l ower 
than the bas e  e s t i mat e )  and $684 mi l l i on ( 25 %  hi gher than t he ba s e  
e s t imate ) .  

U s i ng t he a s sump t i on s  i n  Tabl e  1 . 3 ,  the 
e s t imate produced revenue requi rement s of $ 6 7 6  
wort h ,  1990  dol l ar s ) .  W i t h  cap i tal c o s t s  
requi remen t s  would increase t o  $ 1 , 1 2 6  mi l l i on .  

1 . 3 . 6 Net Bene f i t s 

$4 1 0  mi l l i on cap i t a l  c o s t  
mi l l ion ( cumulat ive pre sent 

o f  $684 mi l l i on ,  revenue 

Tab l e  1 . 4 compare s e s t imated pro j e c t  c o s t s  wi th pro j ec ted bene f i t s . 
Cos t s  are represented by the cumulat i ve present wor t h  o f  revenue requi rement s 
generated by the cap i tal c o s t s  of the pro j ec t . Pro j e c t  bene f i t s  include the 
e s t imated gro s s  s avings f rom fuel co s t s ,  capac i t y  cred i t s , and reduc t i on s  i n  
inc remental energy l o s se s . 
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Tabl e  1 . 2 .  Cap i tal Cons truc t i on Co s t  E s t imate 
for Propo sed Fac i l i t i e s  

Capi tal Con s t ruc t i on 
Co s t  E s t imatea 

I t em (mi l l ions of do l l ar s ) 

1 3 3 . 2  mi l e s  of ±45 0-kV DC 
t ransmi s s ion l i ne 

One 1 800-MW converter terminal 
connec ted to Sandy Pond subs tat ion 

36 . 0  mi les of 345 -kV AC t ransmi s s i on 
l ine connec t ing Sandy Pond and Mi l l bury 
No . 3 sub s tat i on s  

1 6 . 1  mi l e s  of 345 -kV AC t ransmi s s i on 
l ine connec t ing Mi l l bury No . 3 and 
Wes t  Medway sub s t a t i on s  

345 -kV A C  c i rcu i t  breakers and 
m i s c e l l aneous equi pment at Sandy Pond, 
M i l l bury No . 3 ,  and We s t  Medway subs tat i on s  

Remove and rebu i l d  two sec t i on s  of two 
1 1 5-kV AC t ran smi s s i on l ines and remove 
and rebu i l d  port i on s  of two 6 9-kV AC 
t ransmi s s ion l ines  and support s t ruc tures 
on the Sandy Pond to  Mi l l bury r i ght-o f-way ; 
i n s t a l l  1 1 5 -kV AC c i rcu i t  breakers and 
mi s c e l l aneous subs t a t i on equi pment 

Other mi s c e l l aneous fac i l i t i e s  

TOTAL 

1 7 0 . 9  

236 . 6  

3 7 . 6  

1 6 . 5  

1 7 . 0  

42 . 1  

2 6 . 4  

$ 5 4 7 . 1  

a Cap i tal cons truc t i on c o s t  e s t ima t e  repre s en t s  the sum of current-year 
con s t ruc t i on ,  e s c alat i on ,  and a l l owance for funds used during cons truc
t i on (AFUDC ) .  
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Tab l e  1 . 3 .  Assumpt ions Used i n  Revenue Requi rement s  Analys i s  

I t em As sumpt ion 

Co s t  o f  Money 

DC fac i l i t i e s  

AC l i nes 

Pre s ent  Worth Rat e  

Property Taxes 

Converter 
AC and DC l ines 
E s calat i on Rat e  

O&M Co s t s  

Converter 
DC l i ne 
AC l i ne s 
E s c al at ion Rat e  
Land /Right-o f-way 

lease charge s 

L i f e  o f  Fac i l i t i e s  

Tax 
Book 

Norma l i zed 

Tax Rat e s  

Federal Income 
Ma s sachu s et t s  Income 
New Hamp shire Income 
I nve s tment Tax Cred i t  

Deprec iat ion 

Book 
Tax 

I n-Servi c e  Dat e  

60% Debt @ 
40% Equi t y  @ 
Weighted Total 

45% Debt @ 
10% Preferred 

S t ock @ 
45% Equi t y  @ 
Weighted Tot a l  

1 . 0% of project  
2 . 5% o f  project  
2 . 5 %  per year 

1 . 9% o f  project  
0 . 6% o f  pro j e c t  
0 . 7% of pro j ec t  
5 . 0% per year 

2 . 3% of pro j ec t  

1 5  years 
10 years for DC 
3 0  years for AC 
1 0  years for DC 
30 years for AC 

46 . 0% 

9 . 5%  
1 5 . 0% 
1 1 . 7% 

9 . 0% 

8 . 5% 
1 3 . 0% 
10 . 7 5 %  

8 . 8% 

cap i tal co s t  
capi t a l  c o s t  

cap i t a l  c o s t  
cap i t al c o s t  
cap i t al c o s t  

cap i t al c o s t  

l ine and converter 
l i ne s 
l i ne and converter 
l ines  

6 . 5% ( 7 0% sub j e c t  t o  i ncome tax )  
9 . 03% ( 30% sub j ec t  t o  i ncome tax ) 

1 0 . 0% deferred and amort i zed over 
book l i fe 

S t ra i ght l i ne 
Rate s e t  by Acc e l erated Cost  

Recovery Sys t em tax  l aws 

December 1990 

Source :  Appl i cant ' s  comment s, Exh i b i t  A, p.  4 .  
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Tabl e  1 . 4 .  Ne t Bene f i t s  of the Proposed Pro j e c t  
( mi l l i on s  o f  1 9 9 0  dollar s ) 

Gro s s  
Savings 

9 0 7  

1 , 1 28 

1 , 48 7  

1 , 849 

2 , 2 1 1  

Cap i tal 

+25%  
Base  
-25%  

+25% 
Base 
-25% 

+25% 
Base 
-25% 

+25 % 
Base 
-25% 

+25% 
Base 
-25% 

Projec t Co s t s  

Co s t s  C . P . W .  Rev .  Req . a 

1 , 1 26 
90 1 
684 

1 , 1 26 
90 1 
684 

1 , 126 
9 0 1  
684 

1 , 126 
9 0 1  
684 

1 , 1 26 
9 0 1  
684 

a C . P . W .  Rev . Req . = Cumulat i ve pre s ent worth revenue requi rement s .  

Ne t 
Benef i t s  

-2 1 9  
6 

2 2 3  

2 
2 2 7  
444 

36 1 
5 8 6  
803  

7 2 3  
948 

1 , 1 6 5  

1 , 08 5  
1 , 3 10  
1 , 5 2 7  

Tabl e  1 . 4 shows that the economi c bene f i t s  to  the New Engl and region 
coul d range from a net co s t  o f  $ 2 1 9  mi l l i on t o  a net savings o f  $ 1 . 5  b i l l i on 
over the 10-year l i fe o f  the Pha s e  I I  f i rm energy contrac t .  I t  i s  s ign i f i cant 
to not e ,  however , that a net c o s t  o f  $ 2 1 9  mi l l i on woul d re s u l t  only for the 
mo s t  pe s s imi s t i c  s c enar i o  o f  h ighe s t  cap i tal c o s t  and l owe s t  c o s t o f  fos s i l  
fue l . I n  order t o  produce thi s net c o s t  t o  the New Engl and reg i on ,  f o s s i l  
fuel p r i c e s  i n  1 990  woul d  need t o  be about two-thirds bel ow pre s ent  l eve l s .  

I n  add i t i on t o  the econom i c  bene f i t s  iden t i f i ed above , the con s t ruc t i on 
of t he Pha s e  I I  fac i l i t i e s  coul d provide other benef i t s  not ye t quant i f i ed .  
The se pot ent i a l  bene f i t s  i nc l ude : 

• The o pportun i t y  for i ncreased energy banki ng whereby NEPOOL member s  
coul d t ransmi t rel a t i ve l y  i nexpen s i ve energy north to  Quebec dur i ng 
o ff-peak periods and rec e i ve equal amount s o f  energy dur ing on-peak 
per iods  when genera t i on cos t s  in New Engl and are much higher . The 
bas i c  Energy Banki ng Agreement wa s e s t abl i shed under Pha s e  I but the 
amoun t of energy banking wa s l im i t ed to  power l eve l s  of 6 9 0  MW by the 
capac i ty o f  the Pha s e  I fac i l i t i e s . Con s t ruct i on o f  the Pha s e  I I  
fac i l i t i e s  would ra i s e the potent ial  l evel o f  energy banki ng t o  almo s t  
2000 MW .  
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• Add i t i onal opportun i t i e s  for energy interchange , whereby i f  Hydro
Quebec ha s add i t i onal surpl uses of energy , i t  could s e l l  t he surpl uses  
to  New Engl and at a frac t i on o f  New England ' s  avo ided fue l co s t . 

• I ncreased ab i l i ty t o  make emergency t rans fers of power t o  e i t he r  s ide 
of t he border for mutual rel i ab i l i ty purposes . 

1 . 4 RESOURCE PLAN AND SUPPLY REQUIREMENTS 

The Appl i cant i s  a member of NEPOOL and as such i t  t s  rel evant t o  
con s i der the suppl y  and demand s i tuat i on o n  a NEPOOL bas i s .  

As s hown i n  Tabl e  1 . 5 ,  the NEPOOL reg i on i s  heav i l y  dependent upon o i l  
( mo s t l y  fore i gn )  for the produc t i on of e l e c t r i c  energy . I n  1985 , 3 7 %  o f  a l l  
e l ec t r i c i ty generated i n  t he New Eng l and area was produced b y  burn ing o i l . 
However , future supply plan s  devel oped by NEPOOL ( New Engl and Power Pool 
1 986 ) *  could reduce t he region ' s  dependence on imported o i l  for t he produc t i on 
of e l e c t r i c  energy . By 1 9 9 5 , t he s e  p l an s  cal l for the i n s t a l l at i on of 2300 MW 
o f  nuc l ear capac i ty ,  the developmen t  of approxi ma t e l y  1600 MW of cogenerat i on 
i n  t he reg i on , and t he i mpor tat i on of hydroelec t r i c  energy through t he t e rms 
o f  t he New England / Hydro-Quebec Pha se I and Phas e  II agreement s . 

Tab l e  1 . 5  al s o  shows t ha t  even wi t h  the con s t ruc t ion of the Pha s e  I I  
fac i l i t i e s  and t he imp l ementat ion o f  the Pha s e  I I  f i rm energy contrac t ,  o i l 
f i red genera t ion i n  New England i s  pro j e c t ed t o  reach 34 . 0  mi l l i on MWh b y  1 9 9 5  
( 28% of t ot a l  generat i on ) .  Thi s  wi l l  requi re t h e  burning o f  approx i ma tely 
5 9  mi l l i on barrel s  of o i l  ( Nor t h  Ameri can E l e c t r i c  Rel i ab i l i ty Coun c i l  1 9 8 6 ) .  

I f  the energy from the Pha s e  I I  agreement were not ava i labl e ,  o i l- f i red 
generat i on in 1995  woul d  r i se to  41 mi l l i on MWh ( 34% of t o t a l  genera t i on ) . 
Thi s woul d  requi re the burn ing of approx imately 7 1  mi l l i on barrel s o f  o i l --
12 mi l l i on barrel s  more t han w i t h  t he energy from the Phas e  I I  f i rm energy 
contrac t . 

An add i t i onal impac t o f  the Phas e  I I  i n terconnec t i on and the Pha s e  I I  
f i rm energy contrac t i s  t o  reduce the amoun t o f  generat i ng capac i ty requi red 
to ma i n t a i n  adequa t e  leve l s  of rel i ab i l i ty .  In order to det ermine the 
" capac i ty bene f i t "  of the i n t erconnec t i on ,  t he App l i cant performed a l o s s -of
l oad analys i s .  Thi s  analys i s  con s i ders  the var iab i l i ty of sys t em l oad and the 
random outages o f  generat ing un i t s  i n  determining the probab i 1 i ty that the 
amoun t of generat ing capac i t y  avai l ab l e  at any t ime wou l d  not be suf f i c i en t  t o  
supply a l l  o f  the cus tomer demand f o r  e l e c t r i c i ty .  Based o n  t h i s  analys i s ,  
the Appl i cant ha s de t ermined that t he "capac i t y  bene f i t "  o f  Pha s e  I I  i s  
equivalent to  900 MW . 

*Throughout t h i s  document ,  comp l e t e  c i t a t i on s  for references c i t ed i n  a 
chapter are l i s t ed a t  the end o f  t hat chapt e r . 
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Table 1 . 5 .  NEPOOL Genera t ing Mix 

Ins tal l ed Genera t i ng Capac i ty ( summer ) 

1985  Ac tual a 1 9 9 5  Pro j e c t eda 

Source of Energy MW % 

O i l  9 , 30 9  44 
Na tural Ga s 1 , 0 9 7  5 
Coal 2 , 7 2 5  1 3  
Nuc l ear 4 , 2 1 8  20 
Hydro 2 , 9 35 1 4  
Otherb 9 5 3  4 
TOTAL 2 1 , 2 3 7  100 

- - - - - - - - - - - - - - - - - - -

Elec t r i cal 

1985 Ac tual c 

Source of Energy Mi l l ion MWh % 

Oi l 2 9 . 1  3 7  

Na tural Gas 4 . 6  3 
Coal 1 6 . 4  1 6  
Nuc l ear 2 7 . 2  2 6  
Hydroe 3 . 7  5 
Other£ 0 . 9 1 
Net Purcha s e s  1 2 . 8  1 2  

TOTAL 94 . 7  1 0 0  

a Source : New Engl and Power Pool ( 1 986 ) .  

MW % 

8 , 620  34 
1 , 0 7 5  4 
2 , 7 7 3  1 1  
6 , 5 2 9  2 6  
2 , 902  1 1  
3, 5 24 14 

2 5 , 42 3  1 0 0  
- - - - -

Ener�! Generated 

1 9 9 5  Pro j ec tedc , d 

Mi l l i on MWh % 

34 . 0  28  
( 4 1 . 0 )  ( 34 )  

0 . 4  0 
1 5 . 4  1 3  
43 . 2  3 5  

3 . 3  3 
1 1 . 3  9 
1 4 . 7  1 2  
( 7 .  7 )  ( 6 )  

1 22 . 3  1 0 0  

b Value s f o r  1985  include 5 2  MW of wood-burni ng capac i t y ,  1 6 9  MW of cogenera
t i on ,  and 7 3 2  MW of net purchases  and sales . Values for 1 9 9 5  i nc l ude 52 MW 
o f  wood-burni ng capac i t y ,  1 743 MW of cogenerat i on , 1 6 8 7  MW o f  net purcha s e s  
and sal e s . 

c Source : North Ameri can E l e c t r i c  Rel i abi l i ty Coun c i l  ( 1 986 ) .  
d The s e  values repre sent pro j e c t ed genera t i on for each fuel type i f  t he 

proposed pro j e c t  i s  i n s t a l l ed .  The val ue s  i n  parenthe ses  repre sent pro
j ec t ed generat i on if the proposed pro j e c t  i s  not i n s ta l led . 

e Val ue s  shown are net of pumped hydro pumpi ng l o s s e s . 
£ Val ue s  for 1 98 5  include 0 . 6  mi l l i on MWh o f  cogenerat ion and 0 . 3  mi l l ion MWh 

produced f rom wood and refus e .  Val ue s  for 1995  inc lude 1 1 . 3  mi l l ion MWh of 
cogenera t i on and 0 . 025  mi l l i on MWh produced from wood and refuse . 
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Another measure o f  system rel i ab i l i ty i s  t h e  capac i t y  reserve marg i n .  
Re s erve marg i n s  are defined a s  the d i f ference between planned re source s  and 
peak demand, expre s sed as a percentage of peak demand . The resource plan 
submi t ted by the Appl i cant shows that NEPOOL wi l l  have reserve marg ins  rang i ng 
from a l ow o f  4 . 6% to  a high of 3 1 . 5 % dur i ng the 10-year period o f  the 
Pha s e  II agreement .  Wi thout the 900 MW "capa c i t y  benefi t "  a s soc i a t ed w i t h  
Phas e  I I , the range of NEPOOL reserve margi n s  woul d drop to  between 0 . 8% and 
2 7 % . Deta i l s  of the NEPOOL reserve marg ins for the 10-year per i od of the 
Pha s e  II agreement appear i n  Table 1 . 6 .  

Tabl e  1 . 6 .  NEPOOL Load and Generat i ng Capac i t y  Pro j ec t i on s  

Total Total 
NEPOOL NEPOOL 

NEPOOL Res erve Marg in s b 
Power Load Capac i t yb 

Yeara ( MW )  ( MW )  ( MW )  % 

1 990 / 1 9 9 1  1 9, 7 00 25, 9 1 5  6, 2 1 5  3 1 . 5  
( 2 5, 0 1 5 ) ( 5, 3 1 5 ) ( 2 7 . 0 )  

1 99 1 / 1 992 20, 1 1 3  2 5, 5 36  5, 42 3 2 7 . 0  
( 24, 63 6 ) ( 4, 5 23 ) ( 2 2 . 5 )  

1 9 9 2 / 1 993  20, 6 3 5  2 5, 445 4, 8 1 0  2 3 . 3  
( 24, 545 ) ( 3, 9 10 )  ( 1 8 .  9 )  

1993 / 1 9 94 2 1, 1 2 6  25,437  4, 3 1 1  20 . 4  
( 24, 5 3 7 ) ( 3  , 4 1 1 )  ( 1 6 . 1 )  

1 9 9 4 / 1 99 5  2 1, 5 6 1  25, 4 74 3, 9 1 3  1 8 . 1  
( 24, 5 74 ) ( 3, 0 1 3 ) ( 14 .o) 

1 99 5 / 1996  22, 1 5 1 25, 1 0 5  2, 954 1 3 . 3  
( 24, 2 05 ) ( 2, 054 ) ( 9 . 3 )  

1 99 6 / 1 9 9 7  22, 5 3 3  25, 1 0 1  2, 5 6 8  1 1 . 4 
( 24, 2 0 1 )  ( 1, 668 ) ( 7  . 4 )  

1 99 7 / 1 998  22, 8 7 5  24, 839  1, 964 8 . 6  
( 23, 939 ) ( 1  , 064 ) ( 4 .  7 )  

1998 / 1 9 9 9  23, 2 6 9  24, 604 1, 3 3 5  5 . 7  
( 2 3, 7 04 ) ( 4 3 5 ) ( 1 .  9 )  

1 9 9 9 / 2000 2 3, 4  72 24, 5 5 7  1, 085 4 . 6  
( 2 3, 6 5 7 ) ( 18 5 ) ( 0 . 8 )  

a A power year beg i n s  on November 1 and ends on Oc t ober 3 1 .  
b The s e  values represent NEPOOL ' s  total  generat i ng resource s  and capac i t y  

res erve marg i n s  a s suming a 900-MW capac i ty bene f i t  o f  the Pha se I I  fac i l i 
t i e s  and f i rm energy contrac t . The values i n  parenthe ses repre s ent  the 
NEPOOL res ource s  and res erve marg i n s  that would resul t if the Pha s e  I I  
fac i l i t i e s  were not i n s t a l l ed and the Pha s e  I I  f i rm energy cont rac t were 
not in place . 
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Al t hough i t  i s  typi cal f o r  ut i l i t i e s  to  plan f o r  reserve marg ins  be tween 
1 5 %  and 2 5 % , various ut i l i t y  system charac ter i s t i c s ,  such as average 
generat ing un i t  s i ze , number and type of uni t s ,  un i t  avai labi l i t i e s , and o ther 
fac tors can cause the l eve l of res erve s requi red for adequate re l i abi l i ty to 
vary con s i derably from sys t em to  sys tem .  Cons equen t l y , the pro j e c ted range of 
capac i t y  res erve marg ins ( w i t h  and wi thout Pha se I I ) for the NEPOOL s y s t em 
canno t be cons t rued as e i ther inadequate or exc e s s ive without fur t her det a i l ed 
s tud i e s . However ,  ba sed on the re serve marg ins h i s t or i c a l l y  ma inta ined on the 
NEPOOL system ( 2 5 %  to 30% ) , i t  i s  l i kel y  that NEPOOL would s eek add i t i onal 
capac i t y  resourc e s  dur ing the early 1 99 0 s  i f  the 900 MW "capac i t y bene f i t "  of 
Pha se I I  were not avai l ab l e . 

1 . 5 REFERENCES FOR SECTION 1 

New England Power Pool . 1 986 . NEPOOL Forecas t Report of Capac i t y ,  Energy , 
Load s and Tran smi s s ion , 1 9 8 6-200 1 .  New Engl and Power Poo l . 

North Ame r i can E l e c t r i c  Re l i abi l i ty Counc i l . 1 986 . E l e c t r i c  Power Supply and 
Demand , 1 98 6 - 1 9 9 5 . North Ameri can E l e c t r i c  Rel i abi l i t y  Counc i l . 

U . S .  Departmen t o f  Energy . 1 984 . 
Engl and /Hydro-Quebec ±450-kV 
Interconnec t i on . DOE / E I S-0 1 0 3 . 
Secre tary for Env i ronmental 
Preparedne s s , Was hington , DC . 

Envi ronmental Impact Statemen t , New 
D i re c t  Current Transmi s s ion Line 

U . S .  Department of Energy , As s i s t an t  
Prot ec t i on ,  Safety , and Emergency 
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2 .  PROPOSED ACTION AND I TS ALTERNATIVES 

2 . 1  PROPOSED ACTION 

The proposed ac t i on 1 s  to amend Pres i dent i al Permi t PP- 7 6 , granted to the 
Vermont E l e c t r i c  Transmi s s ion Company ( the Appl i cant ) ,  to  al low member 
ut i l i t i e s  of the New England Power Pool (NEPOOL ) to  purcha s e  add i t i onal 
quan t i  t i e s  of energy from Hydro-Quebec , the provinc i al ut i l i t y  of Quebec , 
Canada , and to  con s t ruc t several new fac i l i t i e s  in  order to  u t i l i ze the 
add i t i onal power purcha s ed under the propo sed amendment . The new fac i l i t i e s  
( s ee Fi gure 1 . 1  i n  Chapter 1 )  include ( 1 )  an ext ens i on o f  t he ±450-ki l ovo l t  
( kV )  d i rect  current ( DC )  l i ne authori zed in  t he orig inal Pre s iden t i a l  permi t 
by about 2 1 4 km ( 1 33 mi ) southward from the Comerford converter terminal in  
Monroe , New Hampshire , t o  a l ocat i on between Groton and Ayer , Ma s sachu s e t t s ; 
( 2 )  a new 1800-megawat t ( MW )  converter termi nal ( referred t o  a s  Sandy Pond ) at  
the t ermi nu s o f  t he new DC t ransmi s s i on l i ne ; ( 3 )  two new 345 -kV al t ernat ing 
current ( AC )  t ran smi s s i on l i nes extend ing a t otal of 84 km ( 5 2  mi ) f rom an 
exi s t ing sub s tat i on ad j acent to the propo sed converter t e rminal t o  an exi s t ing 
subs tat i on i n  Mi l l bury and t hence to  an exi s t ing subs tat i on i n  Medway , 
Ma s sachu s e t t s ;  and ( 4 )  a ded i cated me tal l i c  return conduc tor ext ending for t he 
l ength both of the propo s ed Pha se I I  DC t ran smi s s i on l i ne and t he Pha s e  I DC 
t ran smi s s ion l i ne . The con s t ruct i on of the s e  fac i l i t i e s  i s  here i n  referred to  
a s  Pha s e  II  o f  the New Engl and /Hydro-Quebec Int erconnec t i on . 

One of t he data s ource s  used for the de s c r i pt i on of the propo s ed Pha se I I  
pro j e c t  i s  t he Appl i cant ' s  Envi ronmental Report , submi t t ed t o  t he U . S .  Depart
ment of Energy ( DOE ) a s  part of Docket PP- 7 6A from May to  Sept ember 1 9 8 5 ; 
here inafter thi s report i s  referred t o  as the " ER" . Al ong t he propo sed route , 
data are comp i led pr imar i l y  by t own , whi c h  i s  a geographical  and govern ing 
un i t  somewhat anal ogous t o  t own ships  in  o t her reg i ons . Several town s  make up 
a county , and a t own may inc lude s everal v i l l ages ·or popul at i on 
concent rat i on s . 

2 . 1 . 1  Study Area Select i on and De s c r ipt i on 

The t erm " s tudy area" as used i n  t h i s document refers t o  tho s e  areas 
inve s t i gated in  order to c haracter i ze t he environs and evaluate t he p o t ent ial  
impac t s  o f  t he propo s ed pro j ec t .  For a g i ven resource ,  the s t udy area wa s 
cho s en s o  a s  to  ( 1 )  provide suf f i c i ent data i n  a con text broad enough t o  a l l ow 
de s c r i p t i on of the ex i s t i ng cond i t i on of t hat  re source ,  and ( 2 )  encompa s s  the 
area wi thin whi ch impac t s  cou l d  be rea sonably expec t ed to  occur . Thu s , t he 
extent of a s pec i f i c  s tudy area depended on t he envi ronmental re source be ing 
cons i dered . For i n s t ance , t he soc i oeconom i c  s t udy areas were based primar i l y  
o n  t own , or in  some case s county , boundari e s  al ong the propo sed route ; whi l e  
cl i mat i c  cons i derat ions were based o n  a broader area ( central Ma s s ac huset t s  
and interior New Hamp s h i re ) .  I n  a s imi l ar manner , con s i derat i on o f  expec ted 
l evel of impact  t o  s o i l s  and vegetat i on wa s conf i ned ma i n l y  t o  t he ac t ual work 
area s , whi l e  evaluat i on of v i sual i mpac t s  invol ved cons idering an ext ended 
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area away from the immediate pro j e c t  s i t e . De s c r i pt i on s  of t he s tudy area s 
con s i dered for each re s ource ( or affec ted envi ronmental parame t e r )  are 
provi ded in  Sec t i on 3 .  

2 . 1 . 2 Corridor and Route Selec t i on 

Based on i t s  revi ew of the general purpo s e s  of the proposed act i on , route 
s e l ec t i on and fac i l i t y s i t ing procedures , and other i s sue s  invol ved ( ER ,  
Vo l .  4 ) ,  the DOE S taff concurs wi th the App l i cant that because o f  economi c ,  
envi ronmenta l , and serv i c e  re l i ab i l i ty con s i derat i ons  the propo sed route ( and 
a l t ernat i ves ) should mee t  t he fo l l owing cr i t er i a :  

( 1 )  The nor thern terminus s hould be l ocated at  the Comer ford converter 
terminal s i te  ( bui l t  during Pha se I )  �n order t o  avo i d  the 
requi rement s  of bu i ld ing a new DC l i ne from the Canadian border ; 

( 2 )  The s outhern 
and econom i c  
that would 
termina l ; and 

terminus should be l ocated based on sys t em rel iabi l i ty 
con s i derat i ons  of AC transmi s s i on system reinforcemen t s  
b e  requi red �n as s o c i a t i on w i t h  the new converter 

( 3 )  Both the DC and AC transmi s s i on l ine s s hould be l ocated , where 
prac t i cal , w i t h i n  ex i s t ing ut i l i ty corr idor s . 

Use  of ex i s t ing corr idors i s  con s i s t en t  wi th federal rout ing gui de
l ines . Add i t i ona l l y ,  any rout ing out s ide of ex i s t i ng , dedi cated , and al ready 
ut i l i z ed corri dors would l ead to  far greater economi c and adverse 
envi ronmental impac t s .  Locat i ons where new t ransmi s s i on l ines could be s i t ed 
on or adjacent to  ex i s t ing t ran smi s s i on l ine r i ght s-of-way were i n i t ial l y  
i dent i f i ed b y  the Appl i c an t . I n  t o tal , n ine t ransmi s s i on-l ine plan s  were 
evaluat ed ba sed on s i x poten t i a l  l ocat i on s  for the Pha s e  I I  converter 
terminal . The s e  a l t erna t i ve s  a l l owed compari s ons  of AC vs . DC l ine s 
( converter l ocated at  Comerford , New Hampsh i re ) ,  a compromi se between AC and 
the pl anned DC ex tens i on ( converter l ocated at Londonderry , New Hampsh i re ) ,  
and a l t ernat i ve l ocat i on s  for the converter t erminal with the proposed DC 
exten s i on ( converter t erminal located at Lud l ow ,  Mi l l bury , Tewksbury , or Sandy 
Pond , Mas sachuset t s ) .  The propo sed route was then determined ba s ed on 
add i t i onal fac t o r s  sugge s t ed by l ocal author i t i e s , l ocal plann i ng and zon ing 
regula t i ons , c o s t  and engineering c r i t er i a , and envi ronmental and land-use 
fac t or s . (A map showing the proposed route and t he three a l t ernat i ve rout e s  
i s  provi ded i n  F i gure 2 . 1 . ) Publ i c  opinion o n  t h e  propo s ed route wa s next 
sol i c i t ed and con s i dered through procedures requi red by the s t a t e s  of 
New Hamp s h ire and Ma s s achus e t t s  and through a publ i c  s c op ing mee t ing conduc t ed 
on June 4 and S ,  1 98 5 , by the U . S .  Department of Energy.  That meet ing wa s 
des i gned t o  sol i c i t  concerns and sugge s t ions from propert y  owners , l ocal 
res ident s ,  government agenc i e s , and publ i c  intere s t  group s . The Staff concurs 
w i t h  t h i s approach .  
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Figure 2 . 1 .  Locat i ons  o f  Proposed and Al t erna t i ve Rout e s  for Pha se I I .  ( The 
propo sed and Tewksbury a l t ernat i ve DC l i ne routes  fol l ow t he 
same corr i dor from Comerford t o  Huds on , New Hamp s h i re . 
From there , t he proposed rou t e  t urns southwe s t  t o  Sandy Pond , 
whi l e  the Tewks bury a l t ernat i ve cont inues s outhea s t  to  t he 
Tewks bury al t erna t i ve converter t erminal s i te . )  ( From ER , 
Vol . 4--F i g . I I I - 1 ) 
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2 . 1 . 3 Descript i on of the Propo s ed Rout e 

The propo s ed route ( Fi gures 2 . 2  through 2 . 4 )  woul d  beg in at the Pha s e  I 
converter terminal s i t e  in  the town of Monroe , New Hamp s h i re . The f i r s t  
port i on o f  the route woul d  b e  for the new ±45 0-kV D C  t ran smi s s i on l i ne that 
woul d  extend 2 14 km ( 1 3 3  mi ) to  the Gro t on/Ayer t own l i ne in  Ma s sachus e t t s .  
Except for the f i r s t  1 . 3  km ( 0 . 8  mi ) ,  whi c h  woul d  be on exi s t ing ut i l i t y  
propert y ,  the D C  l ine woul d  b e  located ent i rely wi thin occup i ed t ran smi s s ion 
l i ne r i ghts-of-way . For the f i r s t  1 8 1  km ( 1 1 2 . 5  mi ) f rom Monroe t o  Sandy Pond 
Junc t i on ( i n Hud son , New Hampshi re ) the DC l i ne would be located between two 
s i ng l e-c i rcui t ,  2 30-kV AC t ransmi s s i on l i nes , extend i ng in  a south
southeas terly d i re c t i on . The propo sed DC l i ne woul d then exi t the 2 3 0-kV AC 
t ran smi s s i on l i ne right-of-way and extend in  a south- s outhwe s terly d i rec t i on 
wi thin an exi s t ing 345 -kV AC t ransmi s s ion l i ne right-of-way be tween Sandy Pond 
Junc t i on and Gro t on/Ayer Ma s sachus e t t s ,  a d i s t ance of 33 km ( 2 0 . 5  mi ) .  The 
t erminus of the proposed DC l i ne woul d  be at the propo sed 1 800-MW converter 
terminal at a s i t e s t raddl ing t he town l i ne between Gro ton and Ayer , 
Ma s s achus e t t s .  The converter terminal would be con s t ruc ted adj acent t o  an 
exi s t ing 345 -kV AC subs tat i on known as Sandy Pond subs tat i on .  

A new 345 -kV AC t ran smi s s i on l i ne i s  propo sed t o  be bui l t  on an exi s t ing 
ri ght -of-way be tween the Sandy Pond subs tat i on in  Ayer , Ma s sachuset t s , and the 
exi s t ing Mi l l bury No . 3 345 -kV AC subs tat i on in  Mi l lbury , Ma s sachuse t t s . From 
the Sandy Pond substat i on ,  thi s l i ne would extend in a south- s outhwe s t e r l y  
d i rec t i on to  t he t own of We st  Boyl s t on , and thence southerly t o  t h e  M i l lbury 
No . 3 substa t i on . The l i ne would t raverse a d i s tance of about 58 km ( 36 mi ) 
and would be l ocated on an ex i s t ing r i ght-of-way be tween an exi s t ing 345-kV AC 
t ransmi s s i on l i ne and two exi s t ing 1 1 5-kV AC t ransmi s s i on l i nes . For the 
maj or i t y  of thi s right -o f-way , t he ex i s t ing s i ngle- c i rcui t ,  1 1 5 -kV AC s t ee l 
lat t i c e  s t ructures would b e  removed and replaced wi th double-c i rcui t , s i ngle
s haf t , s t eel-po l e  s t ruc t ures ( ER ,  Vo l .  2--F igs . I I - 7 , I I- 1 0 , I I- 1 1 ,  and 
I I - 1 2 ) .  Where t he proposed 345 -kV AC l i ne would cro s s  the Wachu s e t t  
Re servo i r , t he exi s t ing 6 9-kV AC s t ructures would b e  removed and replaced by 
s teel-po l e  H-frame cro s s ing s t ruc tures ( ER ,  Vo l .  2--F i g .  I I-9 ) . 

A second new 345 -kV AC t ran smi s s i on l i ne would ext end f rom the M i l l bury 
No . 3 sub s tat i on to  the We s t  Medway substat i on in  Medway , Ma s sachuset t s . From 
the Mi l l bury subs tat i on , thi s l i ne would extend ea s t - s outhea s t  for 
approx i ma t e l y  2 6  km ( 1 6  mi ) .  The t ran smi s s ion l i ne would be l ocated on an 
exi s t ing r i ght-of -way and woul d  para l l e l  an exi s t ing 345 -kV AC l i ne and two 
exi s t i ng 1 1 5 -kV AC l i ne s . 
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2 . 1 . 4 Propo sed De s i gn and Con s t ruct ion Ac t i vi t i e s  

2 . 1 . 4 . 1  De s i gn De s c r i p t ion 

Line Spec i f i ca t i on s  

Bas i c  de s i gn parame ters  f o r  the propo sed D C  t ransmi s s i on l i ne a r e  l i s ted 
in Tab l e  2 . 1 .  Each of the two current -carrying conduc t ors  would cons i s t  of 
three-bund le alumi num and s t eel ( ACSR ) subc onduc tor s . The subconduc tors  would 
be i n s t a l l ed in an inverted t r i angular forma t i on ( i . e . , apex down ) . There 
would a l s o  be a s i ng le , ded i cated me t a l l i c  return conduc t o r  extend ing the 
l ength of the DC l i ne . I t  would conne c t  the new converter t erminal at  Sandy 
Pond , Ma s sachuset t s , to the Pha s e  I converter in Monroe , New Hamp s h i re , and 
t hen ext end to t he U . S . / Canad i an border on Pha se I s t ructures beg inn i ng at  
s t ruc ture #320 in L i t t l eton , New Hampshi re , and end ing at  Nor t on , Vermont . At  
that po int  the dedi cated metal l i c  return conduc tor would be  connec t ed t o  the 
ded i ca t ed me tal l i c  neutral return conduc tor that  would be i n s t a l l ed on Hydro
Quebec t ran smi s s i on s t ructures that ext end from the border to  the De s Can t ons 
converter t erminal in  Sherbrooke , Quebec ( ER ,  Suppl ement , Sept . 29 , 1 9 8 6 ) .  
The dedi cated me ta l l i c  ret urn conduc tor would be a s i ngle 2839 . 8-kcmi l ACSR 
conduc t o r , approx ima t e l y  5 em ( 2- i n )  d i ame t e r .  

The conduc tors  would b e  protected f rom l i ghtn i ng s t rikes b y  i n s tal l a t i on 
of a bur i ed counterpo i s e  wire and two aerial groundwi res ( sh i e l d  wires ) ,  one 
above each conduc tor bund l e . 

Bas i c  des i gn parame t e r s  for the two propo s ed AC t ran smi s s i on l ines are 
l i s ted in Tab l e  2 . 2 .  The three current-carrying po l e  conduc tors  would each 
con s i s t  of two-bund l e  ACSR subconduc tors . The subconduc tors  would be s paced 
in  a hor i zontal plane . Spac ing of elec t r i c  conduc tors would vary wi t h  type of 
support s t ruc ture . Where s t andard 345-kV H-frame s t ructures were u s ed there 
would be 7 . 9-m ( 26 - f t ) pha s e  s pac i ng , and where narrower 345 -kV H-frame 
s t ruc ture s were u s ed there wou ld be 6 . 1 -m ( 20-ft ) pha s e  s pa c i ng . The 
conductors  would be pro t e c t ed from l i ghtn ing s t r i ke s  by i n s t a l l a t i on of a 
buri ed counterpo i s e  wire and two aerial groundwi res ( sh i e l d  wires ) .  

Both AC and DC t ransmi s s i on l i nes  would be des i gned t o  mee t  the Nat i onal 
E l ec t r i c  Safe t y  Code s pec i f i ca t i ons for heavy ice l oading cond i t ions ( i ce 
bui l dup o f  1 2 . 7  mm [ 0 . 5  i n ]  t h i ckne s s  and 0 . 8 kPa [ 1 6 l b / f t 2 ] of wind 
pre s sure ) and ext reme wi nd cond i t i on s  ( wind pres sure of 0 . 2  kPa [ 4  l b / f t 2 ] ) . 
In  add i t i on ,  the transmi s s i on s t ruc ture s would be de s i gned t o  wi t h s t and heavy 
i c ing ( de t ermined from a review o f  me teorologi cal data ) and imba lan c i ng due to  
i c e  bu i l dup . 

Support  S t ructure s 

Lat t i ce-s teel , H-frame suppor t s t ructures are propo sed for u s e  on the DC 
l ine from t he Comer ford converter t erminal t o  Sandy Pond Junc t i on in t he town 
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Table 2 . 1 .  De s i gn Parame ters  for Propo s ed DC Tran smi s s i on Line for 
Pha s e  II of t he New Eng land / Hydro-Quebec Interconnec t i on 

Parame ter 

Length of l i ne 

Vol t age 

Conf i gurat i on 

Capac i t y  

Conduc t o r  t ype 

Conduc tor s 1 ze 

Minimum c l earance : conduc t o r  
t o  ground at mid-span 

Lightn ing prot e c t i on 

Tangent s t ructures 

Hei ght of tangent s t ruc tures 

Average s pan l ength 

Right-of-way widths ( beginn i ng 
at  t he Comerford Converter 
Terminal in New Hamp s hi re ) 

a ROW = Right-of-way . 

Source : ER , Vol s .  1-3 ; Re i l l y  1 9 8 6 . 

Value 

2 14 . 4  km ( 1 33 . 2  mi ) 

±450 kV DC 

B i polar , hor i zon tal pole s pac ing 

2000 MW 
Al umi num/ s teel 

SO mm (2 i n )  nominal d i ame ter 

1 2 . 2  m ( 40 f t ) 

Two aerial shield wires and a bur i ed 
l ongi tud inal counterpo i s e wire a t t ached 
to each s t ruc ture . 

Lat t i c e  s teel H-frame ( f i r s t  1 8 1  km 
[ 1 1 2 . 5  mi ] ) ,  s i ngle- s ha f t  s teel-po l e  
( l a s t  3 3 . 3  km [ 2 0 . 7  mi ] )  

23-49 m ( 7 5 - 1 6 0  f t ) ;  typi cal l y  2 7 . 4  m 
( 9 0 f t ) 

1 8 3  m ( 6 00 f t ) 

6 1 -m ( 2 00-f t ) ROWa for 1 . 3  km ( 0 . 8  mi ) ;  
wi thin 1 0 7-m ( 3 50-ft ) ROW for 1 7 3 . 5  km 
( 1 0 7 . 8  mi ) ;  1 7 2 . 7 -m ( 5 6 6 . 5 - f t ) ROW for 
6 . 3 km ( 3 . 9  mi ) ;  82-m ( 2 7 0- f t ) ROW for 
1 3 . 7  km ( 8 . 5  mi ) ;  76-m ( 2 5 0- f t ) ROW for 
1 0 . 3  km ( 6 . 4  mi ) ;  102-m ( 3 3 5-ft ) ROW for 
6 . 6  km ( 4 . 1  mi ) ;  and 7 6-m ( 2 50-ft ) ROW 
for 2 . 7  km ( 1 . 7  mi ) .  

of Hud s on ,  New Hamp s h i re . S ingl e-shaft s t eel po l e s  would then be used for t he 
rema inder of t he DC l i ne ( ER ,  Vo l . 4 ) . Lat t i c e  s t ee l  wai s t - t ype s t ruc t ures 
may be used at  l ine angles  and dead end s a l ong t he northern 1 8 1-km ( 1 1 2 . 5 -mi ) 
port ion of t he DC l i ne ( ER ,  Suppl ement , Sept . 29 , 1 9 8 6 ) .  The AC l ine would 
general l y  use  wood- or s t ee l -pol e ,  H-f rame support s t ructure s , except for a 
few l ocat ions a l ong t he Sandy Pond to  M i l l bury righ t -of-wa y ,  where s i ng l e
shaf t , s teel -po l e  s t ruc ture s would be used ( ER ,  Vol . 2 ) .  Col orat i on for t he 
s t eel pol e s  would be provided by use of natural -weat hering s t eel ( CORTEN or 
s imi l ar ) .  
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Tabl e  2 . 2 .  De s i gn Parameters for Propo s ed AC Tran smi s s i on Lines  for 
Phas e  I I  of t he New England / Hydro-Quebec Int erconnec t i on 

Parame ter 

Length of l i nes 

Vol tage 

Conductor type 

Minimum c l earance : conductor 
to  ground at mid- s pan 

L i ghtning pro t e c t i on 

Tangen t s t ruc tures 

Height  o f  tangent 
s t ruc tures 

Average s pan l ength 

Right-of-way width 

Source : ER , Vo l . 2 ;  Re i l l y  1 986 . 

Converter Terminal 

Value 

58 krn ( 36 mi ) and 26 krn ( 1 6 . 1  mi ) 

345 kV AC 

Aluminum / s teel 

7 . 6 m (25 f t ) 

Two aerial shield  wires and a bur i ed 
l ong i tud i nal counterpo i s e wi re at tached 
to each s t ruc ture 

Wood- or s t ee l -pole H-f rame and s i ngle
s ha f t  s t ee l -po l e  

1 9- 3 7  m ( 6 1- 1 20 f t ) ,  typ i cal l y  
23  m ( 7 5 f t ) ,  f o r  H-frame s and 26-37  m 
( 85 - 1 20 ft ) ,  typ i cal l y  29 m ( 9 5  f t ) ,  for 
s i ngl e-shaft s 

1 8 3  m ( 600 f t ) from Sandy Pond t o  
Mi l l bury and 1 5 2  m ( 5 00 f t ) from 
Mi l l bury t o  We s t  Medway 

Var i ous widths ranging from a minimum of 
5 8 . 8  m ( 1 93 f t ) to  a max i mum of 1 2 3 m 
( 40 5  ft ) 

At the town l i ne between Groton and Ayer , Mas sachuse t t s , a bui l d i ng would 
be erected on a c l eared , 1 2 -ha ( 30-acre ) s i t e  to  hou s e  hi gh-vo l t age , d i rect 
current ( HVDC ) converter equipment for the propo sed converter t e rminal ( ER ,  
Vo l . 1 ) .  The converter t e rminal yard would be a square area 300 m ( 1 0 0 0  ft ) 
on a s i de and would cover an area o f  9 . 3  ha ( 2 3  acre s ) .  The bu i l d i ng woul d  be 

. 76 m ( 25 0  f t ) l ong , 30 m ( 1 00 f t ) wide , and 1 8  m ( 6 0  f t ) high . I t  would be a 
me tal bu i l d i ng con s t ructed on a concre t e  foundat i on .  The color  would be 
s e l e c t ed t o  be vi sua l l y  incon s p i cuous . Norma l l y  the bu i l d i ng would be 
unat tended . An aux i l i ary bu i l d i ng mea sur ing 1 8  m ( 6 0  f t ) by 1 2  m ( 40 f t ) by 
7 . 5  m ( 25 f t ) high would be located near the converter terminal bui l d i ng to  
hou se s pare part s for the e l ec t ron i c  conver s i on equi pment ( ER ,  Vo l . 1 ) .  

The t erminal bui l d i ng woul d  be surrounded by a swi t chyard cont a i n i ng 
e l e c t r i c  power equi pment and a s s o c i a t ed s t ructure s . The highe s t  s t ructures 
woul d  be for the t ransmi s s i on l i ne terminat i ons . They would be about 24 m 
( 8 0  f t ) tal l for the DC l ine and 23  m ( 7 5 f t ) tal l for the AC l i nes . E l e c t r i c  
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work i n  the swit chyard woul d  
A l l  power equi pment would 

be of the modern , o pen
be pa inted a v i s ua l l y  

Communi cat i on to  and from the converter terminal would b e  v i a  a mi crowave 
sys t em connected to the exi s t ing New Engl and system at an ex i s t ing s t at ion on 
the Shared M i c rowave Sys t em at the Sandy Pond subs t a t i on ( ER ,  Vol . 1 ) .  

The converter t ermi na l would be connec ted to  NEPOOL ' s  ex i s t ing AC power 
s ys t em at the Sandy Pond 345-kV AC sub s t a t i on southwe s t  of the t erminal 
s i t e .  Two 345-kV AC connec tor l ines , each about 0 . 5  km ( 0 . 3  mi ) l ong , would 
ext end from the converter t erminal to  the Sandy Pond substat i on .  The 
connec t or l ines would be s upport ed by s i ngle- c i rcui t wood or s t ee l  H-frame 
s t ructures varying from 1 8  m ( 60 f t ) t o  3 2  m ( l OS f t ) h igh . Each s t ruc t ure 
would carry two bundl ed ACSR conduc tors  per phase ( s ix conduc t ors ) and two 
1 . 0-cm ( 3 / 8 -i n )  d i ame t er , s even-s t rand , ut i l i t y-grade galvan i zed s t eel aer i a l  
groundwire s . Al so , one 1 . 0-cm ( 3 / 8-i n )  d iameter , common-grade galvan i zed 
s teel  or #4 Copperwe l d  coun t erpo i s e  wire woul d be bur i ed for each conne c t o r  
l ine . 

Ded i ca t ed Met a l l i c  Ret urn Conduc tor 

Rather than expand the Pha s e  I ground electrode sys t em a s  part o f  t he 
propo sed Phas e  I I  pro j e c t  ( as origina l l y  planned -- see ER , Vol . 8 ) ;  the 
Appl i cant now plans to  i n s t a l l  a dedi cated metal l i c  return conduc t o r  ( ER ,  
Supplement , Sept . 2 9 , 1 9 8 6 ) .  S i mi l ar t o  a ground e l e c t rode , the ded i ca t ed 
metal l i c ret urn conduct or would correct for current imbal ance between the 
pos i t i ve and negat i ve hal ve s  of t he HVDC interconnec t i on and accommodate 
abnormal operat i ng cond i t ions . The dec i s i on t o  use  a ded i ca t ed met a l l i c  
return conduc tor wa s ba s ed o n  performance t e s t s  for t he Phas e  I ground 
e l e c t rode . The t e s t s  were conduc t ed t o  determine i f  i t s  o perat i on and 
subs equent o perat i on as expanded for Pha s e  I I  would po t en t i a l l y  affect  
p i pe l ine s , mun i c i pal wat er sys t em ptpes , underground t e l e phone l ine s ,  and 
other s ys t ems known to be impac t ed by underground e l ec t r i c  current s .  Whi l e  
the Pha s e  I ground e l e c t rode would func t ion a s  planned , the t e s t s  ind i ca t ed 
that more m i t i gat i ve mea sures than ori g i nal l y  planned would be requi red i f  the 
ground e l e c t rode s ys t em were expanded ( ER ,  Suppl emen t , Sept . 29 , 1 986 ) .  

Dur ing normal opera t i on of the propo sed DC l i ne , the dedi cated meta l l i c  
ret urn conduc tor would carry l e s s  than 2 0  amperes o f  e l e ct r i c i ty a t  a vo l t age 
c l o s e  to ground potent i a l . In  cases  of abnormal o perat ing condi t i ons , the 
vo l t age o f  t he ded i cated me t a l l i c  return conduc t or would not exceed 1 5  kV at a 
current of 2450  ampere s . At thi s vol tage the l ine would no t be in  corona ( ER ,  
Suppl ement , Sept . 2 9 , 1 98 6 ) . The ded i ca t ed met a l l i c return conduc t o r  t s  
expe c t ed t o  be used for abnormal opera t i ng cond i t ions 2 0  t o  3 0  t imes per 
year . 
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2 . 1 . 4 . 2  Con s t ruc t i on Ac t i v i t i e s  

Schedul e  

De s i gn and cons t ruc t i on of the propo sed Pha se I I  t ransmi s s ion 1 ines , 
coupl ed wi th requi red reloca t ions o f  the 1 1 5 - and 6 9-kV AC t ransmi s s ion l ine s ,  
would take p l ace over a 5 -year per i od . The propo sed converter terminal would 
be con s t ruc ted over a 3-year per i od . 

De s i gn o f  t he proposed DC l i ne began in March 1 98 5  and wi l l  cont inue 
through 1 9 8 6 ; des i gn of t he propo sed AC l ines wi l l  cont inue t hrough the f i r s t  
quarter of 1 98 9  ( ER ,  Vo l . 2 ) . Material  would b e  ordered f o r  t h e  t ransmi s s i on 
l ines from Augus t 1 98 6  through Augu s t  1 989 . Con s t ruct i on of t he propo sed DC 
l ine would s tart 1n September 1 9 8 7  and be comp l e t ed 1n January 1 9 9 0 . 
Rel ocat i ons  o f  t he 1 1 5 - and 6 9-kV l ines would occur be tween Augus t  1 9 8 7  and 
Jul y 1 989 . The propo s ed 345 -kV AC l ines would be con s t ruc ted be tween 
Sept ember 1 9 8 8  and Apr i l  1 9 90 . 

S i t e  preparat ion for the propo sed converter t erminal wa s s t ar t ed ear l y  in 
1 9 8 7  ( Walker 1 9 86 ) ,  and s hould be completed by January 1988 . S i t e  founda t i on 
work would be completed by October 1 988 . The bui l d ing and swi t chyard 
s t ruc tures are expec t ed to be completed by Jul y  1 989 , w i t h  the e l ec t r i cal 
power equi pment t o  be i n s t a l l ed by March 1 990 . F i nal fac i l i t y  t e s t ing would 
be completed by Jul y 1 990 . 

Right-of-Way Cl ear ing Pract i ce s  

As nece s sary , t ransmi s s i on l i ne right s-of-way wou ld b e  c l eared of t rees 
( w i t h  shrubs reta ined where po s s i bl e ) to  fac i l i t a t e  ( 1 )  s taking , acces s ,  
a s s embl y ,  and erec t i on o f  s t ruc ture s ; ( 2 )  i n s tal lat ion o f  conductors ; and 
( 3 )  ma intenance . Thi s  would al s o  provide adequate c l earance for energ i zed 
l ines . The c l ear ing program would be planned and impl emented to  encourage 
growth of d e s i rabl e ,  l ow-growing plant s .  Thi s would he l p  s tabi l i ze the 
right s -of-way aga i n s t  ero s i on and prov ide for natural vegetat i on control . 
Area s requ i r ing c l ear ing are d i s cus sed in Sec t i on 4 . 1 . 4 . 1 .  

General l y ,  tal l -growing t ree s would be cut near ground l eve l , l eaving t he 
s t ump s and root s in  place . Stumps would be removed in  areas where acce s s  
road s and s t ructures are t o  be located . Saw logs , pul pwood , and cordwood 
resul t ing from c l ear ing would be s o l d  or s tacked and l e f t  at t he edge of t he 
right-of-way . S l a s h  wou l d  be chi pped and removed or s pread over de s i gnated 
areas o f  t he r i ght -of-way . In  area s inacces s i b l e  to  l ogging machi nery , fel l ed 
t imber wou l d  be l ef t . The s e  prac t i c e s  comp l y  wi t h  app l i c ab l e  s ta t e  
regul at i ons  ( ER ,  Vo l s .  2 and 3 ) .  

Acce s s  Roads and Cons truc t i on Stag i ng Area s 

To t he ext ent pos s i bl e ,  exi s t ing road s wou l d  be used to  gain acce s s  t o  
pro j e c t  s i t e s , a l t hough i t  i s  ant i c i pated that some o f  t he road s wou l d  need 
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upgrad ing , such as al i gnment improvement , grad ing , and widening . Some new 
acce s s  roads woul d be requi red both wi thin the r i ght s-of-way and from ex i s t ing 
road s t o  the r i ght s-of-way . Of f-road acce s s  may be pur sued in  s pecial  c a s e s  
to  avo i d  areas such as s t eep s l o pe s , wet l ands , and agr i cultural areas ( ER ,  
Vol s .  2 and 3 ) . The number and l ocat i on of the new acce s s  road s have n o t  been 
determined , but the need for new road s woul d  be l i mi ted because mo s t  of the 
propo sed t ransmi s s i on l i ne s would be con s t ruc ted wi thin exi s t ing r i ght s-of
way . To the extent po s s i bl e ,  cons t ruc t i on s t aging areas would be l ocated at  
exi s t ing c l eared areas al ong the proposed rout e .  However , about 1 1  s i t e s  ( no 
more than f i ve in  Ma s sachuset t s  and no more t han s i x  in  New Hamp shire ) would 
be l ocated from the r i ght-of-way . At t empt s would be made t o  secure abandoned 
grave l pi t s , open f i el d s , or ra i l road s i d i ngs for t he s e  laydown areas ( Re i l ly 
1986 ) .  

Me thods to  mi t i ga t e  ero s i on re l a t ed to  con s t ruc t i on of acc e s s  road s and 
s t aging areas are l i s t ed in Sec t i on s  2 . 1 . 5 . 2 and 2 . 1 . 5 . 3 .  

Support S t ruc ture I n s tal l a t i on ,  Frami ng , and S t r inging 

In  upl and areas , con s t ruc t i on of support s t ruc tures woul d i n c l ude 
exc avat i on ,  s e t t ing t he s t ruc ture , and backf i l l i ng the excava t i on .  The 
345-kV AC H-frame s t ruc tures would be d i rec t l y  embedded wi th e i t her local l y  
excavat ed material  o r  s e l e c ted c l ean backf i l l . The H-f rame s t ructures f o r  the 
±450-kV DC l i ne would emp l oy concrete cyl ind r i cal ca i s s on , s pread-foot ing , or 
s teel gri l l age foundat ions . The s i ngle- s ha f t  DC s t ruc ture s ; s i ngl e- s t ee l 
pol e ,  345-kV AC s t ruc ture s ; and double-ci rcui t ,  1 1 5-kV AC , s i ngl e-steel -po l e  
s t ruc ture s would be d i re c t l y  embedded or set in  conc rete cyl indri cal cai s s on 
founda t i on s . Mo s t  s t eel pole ang l e  s t ruc ture s would requi re concrete 
cyl indri cal c a i s s on foundat i ons . 

Direc t l y  embedded s t ructures would requ i re excavat i ons  rang i ng f rom 3 t o  
7 . 5 m ( 1 0 t o  25  f t ) deep and 1 t o  3 .  7 m ( 3  to  1 2  f t ) in  d i ame t er . The 
conc rete cyl indri cal c a i s s on foundat ions would requ i re excavat i ons  4 . 6  t o  1 1  m 
( 15 t o  3 5  f t ) deep wi th a 1 . 8- to 3 . 7-m ( 6- t o  1 2 - f t ) d i ame ter open ing . A 
s pread-foo t i ng foundat i on would requi re an excavat i on of 4 . 6  to  9 . 1  m ( 1 5 to  
30 f t ) i n  wi dth and l ength and about 3 t o  4 . 6  m ( 1 0 t o  1 5  f t ) in  dep t h . The 
s teel gri l l age foundat i on would require an excavat i on 3 to 6 m ( 1 0 to 20 f t ) 
by 6 to  9 m ( 2 0 t o  30 f t ) and a depth of 3 t o  4 . 6  m ( 1 0 t o  1 5  f t ) .  G r i l l age 
of heavy s teel members would then be bui l t  up from t he bo t tom of t he 
excavat i on t o  t he o r i g inal grade . The excavat i on would be backf i l l ed and l egs 
of t he H-f rame s t ruc ture bo l ted t o  t he expo sed members of t he gri l l age ( ER ,  
Vol s .  2 and 3 ) .  

Three me t hods of s t ruc ture placement would be used in  wet land s . The 
f i r s t  i s  d i re c t  embedment wi thin  an excavat i on 1 t o  2 m ( 3  t o  7 ft ) i n  
d i ame ter and 3 to  9 m ( 1 0 t o  30 f t ) deep . The second me thod i s  t o  drive p i l e s  
i n t o  underl ying f irm ground and at tach t he s t ruc tures t o  the p i l e s . The t h i rd 
method i s  t o  i n s t a l l  a concrete foundat i on and s e t  t he s t ructure on the 
foundat i on .  S i t e - s pec i f ic evaluat i ons  based on s t ructure type s , s o i l  
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s t rengt h ,  s t ruc tural l oad s , envi ronmental impac t ,  and economi c s  would need t o  
be made b y  the App l i cant in  det ermining whi c h  s t ruc ture placement me thod t o  
use ( ER ,  Vol s .  2 and 3 ) .  

After s upport s t ructures were 1n  place , i n sulators would be i n s tal l ed and 
aer ial  groundwi res and conduc t o r s  would be s t rung . Conduc tors would be pu l led 
through the s t r ing ing blocks by tens ion ing equi pmen t . 

Converter Terminal 

Cons truc t i on of the propo sed converter termi nal would include ( 1 )  s i te 
preparat i on ,  ( 2 )  foundat i on work , ( 3 )  erec t i on o f  bui ld ings and s t ruc ture s , 
( 4 )  i n s t a l l a t i on of power equi pment , and ( 5 ) t e s t ing and commi s s i oning . S i t e  
preparat i on would inc lude surveying , c l earing , and grad ing o f  the t erminal 
s i t e .  Where fea s i b l e , a buffer zone of uncut vege t a t i on would be l e f t  around 
the s i te  to act  as a sc reen . The c l eared s i te  would be covered with a layer 
of crushed rock to  prevent regrowth of vegetat i on and then woul d  be fenced . 
Foundat i on work would inc lude forming and pour ing foundat i ons  for the 
bui l d ings and swit chyard s t ruc ture s . Conc rete and other bui l d i ng mat e r i a l s  
would b e  trucked i n  from o ff s i t e .  Erec t i on o f  t he bui l d i ngs and swi t c hyard 
s t ructures and i n s t a l l a t i on of the electrical  power equi pment would requ ire 
crane s , ut i l i ty t rucks , and other con s t ruc t i on equi pmen t . 

Ded i ca t ed Me ta l l i c Re turn Conduc tor 

For the l ength of the propo s ed Phase II  DC t ransmi s s i on l ine , the 
ded i ca t ed me tal l i c return conductor would be s t rung along wi th the aer i a l  
groundwires and conduc tors . S t r i nging o f  the ded i ca t ed met al l i c return 
conduc t o r  al ong the l ength of t he Pha se I DC t ransmi s s i on l i ne would be done 
with l i ght- and medi um-we i ght t rucks . The conduc tor would be pul l ed through 
s t r i ng i ng bl ocks by t en s i on i ng equi pmen t , wi th a l l  acc e s s  al ong exi s t ing 
road s .  The t ransmi s s ion l ine s t ructures for Phas e  I were de s i gned and 
con s t ruc ted so that  a return conductor could be i n s t a l l ed on them i f  needed 
( E R ,  Suppl emen t , Sept . 2 9 , 1 9 86 ) .  

2 . 1 . 5  M i t igat i ve Measures Commi t t ed t o  by the Appl i cant 

The f o l l owing sub s e c t ions summar i z e  the mea sures comm i t t ed to  by the 
Appl i cant to  mi t i gate the l arge l y  t ran s i tory impac t s  of cons t ruct i on and the 
mos t l y  inc remental impac t s  ( i . e . , inc rement a l  to  the impac t s  of the exi s t ing 
corr i dor and t ransmi s s i on l ine s ) of operat i on ,  and ma intenanc e of proposed 
pro j e c t  fac i l i t i e s . The envi ronmental cons equence s  of the pro j ec t , eval uated 
in  Sec t i on 4 ,  are ba sed on the as sumpt i on t hat  the s e  mi t iga t i ve measures wi l l  
be car r i ed out . I f  DOE de termi nes t hat  an amendment to  the Pha s e  I perm i t  i s  
i n  the publ i c  int ere s t , a cond i t i on wi l l  be placed i n  that amendment requ i r ing 
the App l i cant t o  impl ement the mi t i ga t i ve mea sures i dent i f i ed 1 n  thi s 
sec t ion . 
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Prac t i c e s  t hat  t he Appl i cant wou l d  implement to  mi t i gate i mpac t s  t o  l and 
and water re source s  ( see below) genera l ly a l s o  would hel p  mi t i ga t e  i mpac t s  on 
a i r  qual i t y  and , in some cases , no i s e .  These i nc l ude t he fol l owing : 

• Except where transmission l ines and an access road enter and leave the 

proposed converter terminal s i te ,  natural vegetation would be left intact 

between the proposed converter terminal and areas where the publ i c  has 

access . [ Wh i le t h i s  mi t i gat ive measure would primar i ly min1m1 ze 
ecological and vi s ua l  i mpac t s , i t  a l s o  woul d  mi t i gate no i s e i mpac t s  to 
nearby res i dent s . ]  

• The transmi ssion l ine systems have been desi gned so tha t  air-qua l i t y  

changes resul ting from their operation would b e  minimal and general l y  

confined to the r i gh t-of-wa y .  

• Construction work would occur primari l y  during dayl i gh t ,  whi ch would 

minimize off-hour noise impacts to nearby res i dents . Power equipment at 

the converter terminal s i te woul d be desi gned and located so that the 

noise at the nearest res i dence woul d not be objectionabl e rel a t i ve to 

exis ting ambient noise levels . 

2 . 1 . 5 . 2 Land Feature s and Use  

Land Feature s 

I mpac t s  related to  un s t ab l e  s l opes woul d  be mi t i gated through t he u s e  of 
careful s i t i ng o f  s t ruc tures  and u s e  of t horoughly supervi sed con s t ruc t ion 
prac t i ce s . Jud i c ious s i t i ng of pro j ec t  fac i l i t i e s  woul d  be employed to 
minimi ze the impac t s  as soc i a t ed w i t h  geolog i cal i n s t abi l i ty ,  such a s  
l and s l ides , s l umpi ng , ma s s  wa s t ing , and earthquake s .  The fo l l owing c r i teria  
repre s ent s pec i f i c  m i t i ga t i ve measure s commi t t ed to  by  the  Appl i c ant : 

• To reduce the potential for erosion and mass soil movement,  areas that 

are known to be susceptible to erosion or slope instab i l i t y  would be 

eval uated during final des i gn . Transmi ssion struct ures would be located 

to a vo i d  l arge areas of s teep or unstab l e  slopes wherever practi cal , and 

other cons truction work would,  when possibl e,  be conducted in a manner 

tha t minimi zes changes in natural topography and disturbances of uns tabl e 

areas . In areas where thi s  is not possible,  excess excavated material s 

not used as backfi l l  wou l d  be removed to a sui table di sposal s i te . 

• Landscape al tera ti ons for transmi ssion structure foundati ons and access 

roads wou l d  be minimi zed to reduce erosion losses . The converter 

terminal swi tchyard wou l d  be s urfaced wi th crushed rock . In general , 

grading and leveling woul d be a voi ded a t  potenti a l l y  unstable areas . 
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• Typ i cal l y ,  excava t i on for structures would be l imi ted t o  transmi ssion 

structure foundation holes and the converter terminal si te . [ Thi s i s  not 
expected to  creat e o ther than minor probl ems o f  i n s tabi l i t y . ] 

• Exi sting access roa ds , bri dges, and cleared areas wou l d  be used to the 

extent poss ible during construction . Construction of new roads woul d be 

hel d to a minimum to ens ure the least disturbance to soi l ,  vegetation ,  

and water . 

• New a ccess roads woul d fol low, wherever practi cal ,  the natural contour of 

l and so that excess i ve cutting and fi l l ing woul d be avo i ded . 

• Access roads wou l d  be maintained to minimi ze erosion due to construction 

traffi c ,  and traffi c woul d be confined to the ri gh t-of-way and des i gnated 

roads . 

• Overland tra vel wou l d  be minimi zed where the r i gh t-of-wa y crosses 

ri verbanks or passes close to l akes ,  wetl ands , or other surface 

waterbodies to minimi ze potential soil erosion and sediment transport .  

• In areas s ubject to erosion ,  roads used for construct i on whi ch wi ll not 

be used for maintenance access woul d be restored to the ori ginal na t ural 

contour of the l an d  and revegetated, after cons truct i on . Where 

construction roads wi l l  be used for maintenance a ccess , drainage and 

erosion control devices wo ul d be l eft in place and s i de sl opes woul d be 

graded and stab i l i zed to bl en d  wi th the terrain . 

Land U s e  

Cri t e r i a  adop t ed f o r  rou t i ng the propo sed t ransmi s s i on l i nes would t end 
to l im i t  l and-u se impac t s .  For example , the proposed route i s  d i rec t ,  thu s 
minimi z i ng the ove ra l l  l ength o f  the l i nes . Furthermore , the propo sed l i ne s 
wou ld be con s t ruc ted almo s t  ent i rely w i th i n  e s tabl i shed right s -o f-way , thus 
e s s ent i al l y  ma inta ining compat i bi l i t y with exi s t ing l and-u se pa t t ern s and 
minim i z i ng add i t i onal i mpac t s  to adjacent l and u s e s . Furthermore , the 
fol l owing m i t i gat i ve mea s ures would be ins t i tuted : 

• Wherever poss i bl e ,  pl acement of transmission structures in agri cul t ural 

areas woul d be avo i ded . Where feasibl e,  the hei ghts of structures woul d 

be increased in order to span croplan ds . 

• Reasonable a ttempts woul d be made to p l a ce proposed transmi ssion 

s tructures directl y oppos i te to, or in l ine wi th , exi s ting structures , 

thus concentra ting structures in one porti on of the a gri cul t ural area and 

minimi zing inconveni ence to operators of farm machinery . 

• Typ i cal l y ,  structures wou l d  be self-supporting and no guy wires wo uld be 

used, thus minimi zing the amount of cropl and una va i l able for 

production . 
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• After construction, access roads i n  cropland areas where the soil has 

been compacted wou l d  be l oosened through t i l l age and seeded or l eft 

fall ow, depending on the l and owner ' s  wi shes . 

• Fences and s tone wal l s  woul d be repaired upon completion of 

construction . 

• Cl earing opera tions woul d be supervi sed b y  experienced foresters and 

construction supervi sors . 

• Slash and sma l l  trees woul d be chipped and the material woul d be e i ther 

spread over desi gnated areas on the r i gh t -of-wa y or hauled offs i te for 

di sposal . At the converter terminal s i te ,  grubbed stumps wou l d  be hauled 

offs i te and buried . Where practi cabl e ,  merchantabl e timber woul d be cut 

to length , ski dded offs i t e ,  and sol d .  

• Wherever possibl e ,  

l ocated so as t o  

areas . 

construction and ma intenance access roads wou l d  be 

minimi ze di s turbance of resi dent i al and commercial 

• Construction act i vi t i es wou l d  be intermi t tent and woul d be spread along 

the ent i re l ength of the proposed l ines , thereb y reducing the potential 

for local traffi c conges tion due to the proposed project . 

• During l ine-s tringing operations , guard structures woul d be pl aced at all 

h i ghwa y ,  rai l road, and exi sting uti l i t y  l ine crossings to ensure p ubl i c  

safety and minimize disruption of traffi c flow pat terns . 

• Construction of the proposed l ines wou l d  be closel y coordinated wi th 

affected ra i l roads in order to minimi ze interference wi th scheduled rail 

traffi c .  

• The Federal Avi a tion Administration woul d be notified rel a t i ve to the 

proximi t y  of proposed l ines to airports , and measures required by the FAA 

woul d be impl emented . 

• Crossings of the proposed l ines over exi sting transmi ssion l ines woul d be 

coordinated with owner u t i l i t i es . 

• All conductor clearances of the proposed l ines over h i ghwa ys ,  rai l roads , 

and existing transmi ssion l ines wo ul d be in accord wi th the National 

El ectric Safet y  Code and appropri ate state codes . 

• Fol lowing project construct ion ,  the construction l a ydown and staging 

areas that had been establ ished at various l ocations along the proposed 

transmi ssion l ine routes woul d be restored to condi t i ons s imi l ar to what 

exi sted prior to project construct ion . 
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2 . 1 . 5 . 3  Hydrology , Wa ter Qual i t y ,  and Water Use  

Con s t ruc t i on of the t ran smi s s i on l i ne sys t em and use of related acce s s  
roads could 1 ncrease so i l  ero s i on and s t ream channel s i l t a t i on due to  
al terat ion of near-surface material s .  However , care ful l o ca t i on , 
cons truc t i on , and ma i ntenance of the t ransmi s s i on fac i l i t i e s  and acce s s  road s 
could minimi ze t he s e  adverse  impac t s . Spec i f i c  mi t i ga t i ve mea sure s would 
i nc lude t he fol l owing : 

• Proposed faci l i t i es wou l d  be desi gned and constructed so as no t to 

interfere wi th local drainage patterns . 

• In general , streambank grading for construction si tes and access routes 

wou l d  be a vo i ded ; machine clearing woul d be prohi bi ted wi thin steep -slope 

areas adjacent to streams ; and river fording woul d be hel d to a 

minimum . Streams would be forded onl y  where streambanks and bottom 

materials were suffi cientl y s t able .  Fording b y  heavy equipment and 

vehicles wou l d  be minimi zed or a vo i ded where practi cable .  

• Gravel woul d not b e  removed from stream bottoms , al though i t  might be 

moved to enable cul vert placement . 

• As a general practice, transmi ssion l ine structures and foundat ions would 

not be placed in ri vers or l akes ; structures would be set back as far as 

pract i cal from ri verbanks and streambanks to reduce the potential for 

erosion and sedimentation; and transmi ssion l ine facil i t i es woul d span 

exi s ting water supp l y  reservoirs . 

• Where feasible, stream and ri ver crossings woul d be at or near r i ght 

angles to the water course . Access roads woul d be l ocated to avo i d  

s treams and wetlands to the extent feasible .  

• Where practi cable ,  vegetat ion buffers (native ground cover , brush, and 

l ow-growing trees ) woul d be l eft along streams to stab i l i ze the soi l ,  

trap sediments , and thus minimi ze surface runoff erosion and other 

a dverse impacts to water qual i t y . 

• Cons truct ion s i tes and access routes would be located to avo i d  areas of 

unstable soi l s ,  steep l y  sloped ri verbanks , streams , and wetlands wherever 

feasibl e .  

• Excavated s o i l s  from structure founda tions would not be disposed of in 

waterbodies . 

• Construction si tes would be prepared in a manner that minimi zes erosion 

and probab i l i t y  of stream or wetland sedi mentation . 
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• In the vi cin i t y  of streams, exi sting roads and bri dges wou l d  be used as 

much as pract i cal for transporting ma teri als and equipment during 

cons truction . An y damage to permanent access roads, bri dges , di tches , 

and cul verts caused b y  transporta tion of construction equipment or 

s upp l i es wo ul d be repaired . 

• Cul vert s ,  di tches, and waterbars woul d be instal led,  as needed, at s tream 

crossings to control s urface runoff, maintain exi sting dra inage pattern s ,  

and minimi ze erosion . 

• Unl ess the y  are to be used for transmi ssion -l ine or r i gh t -of-wa y 

maintenance, temporar y bri dges, cul vert s ,  and other such fac i l i t i es wou l d  

b e  careful l y  remo ved ,  and the dist urbed area res tored after project 

completion . 

2 . 1 . 5 . 4 Ecology 

S i nce herb i c i de u s e  ha s the poten t i a l  to affect  bot h  aqua t i c  and 
t erre s t r i a l  res ource s ,  t he App l i cant ha s c ommi t t ed to t he fol l owing mi t igat i ve 
mea sure s t hat relate  t o  herb i c ide use in  general and t o  i t s  use  near wat er 
bod i e s : 

• The Appl i cant wou l d  onl y use herbi ci des tha t  are regi s tered wi th the 

u. s .  Environmental Protection Agency and approved for use in r i gh t -of-wa y 

management b y  the states in whi ch they are to be app l i ed . 

• Herbi cides wou l d  onl y be app l i ed b y  means of select i ve spr a y  app l i ca t i on 

by workers using hand-held app l i cation tool s ,  and there wou l d  be no 

broadcast appl i cation . Onl y  state-l i censed or certified operators woul d  

s upervi se herbi cide appl i cations . 

• No herbi ci des wou l d  be app l i ed to surface waters, and state and company 

gui del ines wou l d  be fol lowed whi ch establ i sh buffer zones around 

sens i ti ve areas ( s uch as p ubl i c  water s uppl ies,  wel l s ,  and resi dences ) . 

These gui del ines specify for each t ype of sens i t i ve area whether no 

herbi cides wou l d  be used, onl y  certain herb i ci des would be used, or onl y 

certain herb i c i de appl i cation methods wou l d  be used ( see Tabl e  B . 1  in 

Appendix B for the current gui delines) . 

Terre s t r i a l  Vege t a t ion 

• All construction and vehi cular act i vi t i es not invo l ved in r i ght-of-wa y 

clearing, transmi ssion l ine structure construction, or wi re stringing 

wou l d  be restri cted to designated work areas or access roads . 

• The growth of herbaceous species , most shrubs, and some low-growing trees 

that are consi dered desirable ground cover for the right -of-wa y would be 

encouraged . 
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• No equipmen t containing pol ychl orinated biphen yl s (PCBs) woul d be located 

at the converter terminal . 

• Power transformer equipment containing insulating oil woul d be pl aced 

over p i ts capable of containing the entire vol ume of oil . 

Terre s t rial Wi ldl i fe 

The primary mean s by whi ch impac t s  to  wi ldl i fe would be mi t i gated are by 
careful rout ing and des i gn of the t ransmi s s i on l i ne s , inc luding the fol l owing 
con s i derat i on s :  

• The transmi ssion l ines have been desi gned to minimi ze corona effects ( and 

hence, minimize a i r  ion production ,  audible noise, radio and T . V. 

interference, and ozone production ) , and the l arge di stances be tween the 

conductors and grounded s tructure parts minimi ze the l ikel ihood of bird 

electrocution . 

Aqua t i c  ( Inc lud ing We t l and s ) 

The mi t i gat i ve mea sures d i s cus s ed in  Sec t i on 2 . 1 . 5 . 3 to  m1n1m1 ze i mpac t s  
on wat e r  qual i ty a l s o would minimi ze impact s  on aqua t i c  ecosys t ems , inc lud i ng 
wet l and s . Add i t i onal deta i l s  on mi t i gat i on o f  i mpa c t s  to  f l oodpl a i n s  and 
wet l ands are provided in  Append i x  B .  

Threa t ened and Endangered Spe c i e s  

• Final structure l ocations and construction schedules would b e  des i gned to 

avo i d  jeopardizing the continued exi stence of an y endangered or 

threa tened species found along the corr i dor . 

2 . 1 . 5 . 5  Soc i oeconomi c s  

In  general , socioeconom i c  impac t s  are pro j ec t ed t o  be minor and s hort 
t erm , and no s i gn i f i cant mi t i gat i ve measures have been deve l oped , with t he 
fol lowing except i on : 

• The Appl i cant woul d reduce poten t i al adverse effects to local traffi c 

flows during construction through judi cious cho i ce of access roads and 

prior notifi cation to communi ties . 

2 . 1 . 5 . 6 V i s ual Re source s  

The Appl i cant h a s  conduc t ed a vi sual resource characteri zat ion s t udy o f  
t h e  natural and man-made f ea t ures al ong t h e  righ t s-of-way invo l ved i n  t h i s 
pha s e  of the pro j e c t  ( ER ,  Vo l s .  7 and 8 ) .  The s e  mi t igat i ve meas ures are 
ba sed , in  part , on the resul t s  of that s t udy . M i t i gat i on propo s ed by the 
Appl i c ant for vi sual re source impac t s  cons i s t s  o f  meas ures in  four general 
categor i e s : de s i gn and l ocat i on of s t ruc ture s , r ight-o f-way t reatment s ,  
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mea sures involving the converter terminal s i t e ,  and cons truc t i on l aydown and 
s tag ing area s . Measures rel ated to the des ign a s pec t s  of l ine s t ruc tures 
inc lude the fol l owing : 

• Tangent structures would be simi l ar to adjacent existing structures in 

form and color; l ine angle steel pole structures would be self-supporting 

structures to a vo i d  the vi sual impact of guy wires ( la t t i ce steel H-frame 

structures may require guy wires at l ine angl es and dead ends } . 

• Structure heights woul d be . minimi zed a t  points where s i gnifi cant 

reducti ons in l ine vi sibil i t y  could be achieved, consisten t  wi th other 

environmental objecti ves, such as spanning wetlands , croplands , or 

cul tural resource areas . 

• Two exi sting 1 1 5-kV l ines 

minimi ze the number of 

r i ght-of-way and el iminate 

woul d be rebui l t  as a double-ci rcui t l ine to 

structures wi thin the Sandy Pond-Mi l lbury 

the need for right-of-wa y  expans ion . 

M i t i gat ive mea sures  invo lving locat ions of l ine s t ruc tures include the 
fol l owing : 

• Where feasible, placement of structures in vi sual l y  sensi t i ve areas wo ul d 

be a vo i ded . In addi tion ,  when feasibl e ,  structures wo uld be set back at 

l east 15 m ( 50 ft}  from pub l i c  roadways . 

• Where feasible,  new s tructures wo ul d general l y  be located oppos i te or in 

l ine wi th exi sting s tructures to a vo i d  a staggered appearance of 

s tructures and promote s ymmetry wi thin the r i ght-of-wa y .  

Con s iderat ions o f  r ight-of-way treatmen t s  would inc lude the fol l owing : 

• Cl earing wo ul d be minimi zed to permi t preserva t i on of a tree buffer along 

the edges of r i ghts-of-wa y where practicable .  

• When feasible,  indi geno us low-growing speci es would be preserved across 

r i gh ts -of-wa y at road crossings to provi de vi sual screening . Where 

feasible,  new plantings wo uld be estab l i shed in selected areas along or 

across ri ghts-of-wa y and at the converter t erminal at locations where 

s creening woul d appreciabl y reduce vi sual impacts . 

• Those converter terminal faci l i ties wi th sui table fin i sh wo ul d be painted 

colors compatible wi th the surrounding environment .  

• Fol lowing use during construction, the con s truction and s taging areas 

located along the proposed routes would be recl a imed . Dis turbed surfaces 

woul d be covered wi th stockp i l ed topsoi l ,  if needed, and the overal l  

appearances o f  the areas would b e  restored t o  condi tions s imi l ar t o  those 

exi sting prior to project construction . 
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2 . 1 . 5 . 7  Cul tural Res ourc e s  

The Appl i cant ha s conduc t ed a l i t erature / f i l e  s earch f o r  prev i ou s l y  
rec orded cul tural re source s i t e s  al ong the propo s ed rout e and ha s conduc t ed 
f i e l d  surveys for archeolog i cal s i te s  and h i s t or i c  s t ruc ture s ( New Engl and 
Power 1 9 86 ) . ( The me thodol ogy and resul t s  of the surveys are descr i bed in 
Sec t i on 3 .  7 ) .  Propo sed s t ruc ture l ocat i ons  have been moved in  tho s e  cases  
where archeolog i cal s i t e s  would l i e  within the e s t imated 9 .  3-m2 ( 1 00-ft 2 ) 
con s t ruc t i on-impac t area . Al l federal and s t a t e  regul a t i on s  per t a i n i ng to  
cul tural re sourc e s  wi l l  be adhered to  dur ing con s t ruc t i on . Add i t i onal 
mi t i ga t i ve mea sures inc lude the f o l l owing : 

• The Appl i cant would conduct further archeological testing, prior to 

construction ,  as appropri ate should any proposed structure locat i ons be 

moved to an archeol ogical l y  sens i t i ve area that has not previousl y been 

tested . 

• Iden tified surfi cial cul tural features on the right-of-wa y wo u l d  be 

fl agged to facil i tate avoi dance during the construction phase . 

• The App l i cant wo ul d assess potential impacts and the need for mi t i ga ti on 

measures for adversel y affected historic s tructures in proximi ty to the 

proposed ri gh ts -of-wa y i n  consul t a t i on wi th the New Hampsh i re and 

Massachusetts Hi s tori c Preservation Offi cers and, if necessary, the 

Advisory Council on Hi s tori c Preservation (New Engl and Power 1 986-

p .  1 1 ) . 

2 . 1 . 5 . 8  Hea l th and Safety 

• Standard work practi ces and regulations woul d be fol l owed to ens ure the 

heal th and safety of workers to the ful l est extent poss ibl e .  

• All vegetat ion clearing, construction, and ma intenance acti vi ties near 

publ i c  drinking water suppl ies would be done so as to avo i d  or minimize 

changes to wa ter qual i t y  or quan t i t y . 

• Standard u t i l i t y  compan y  practices woul d be followed where i t  i s  

necessary t o  ground stat ionary objects such as fences , l arge metal roofs , 

fuel containers , and antennas that are located under the transmi ssion 

l ines . 

• Special ma intenance practi ces wou l d  be used near publ i c  and private wel l s  

and near p ubl i c  wa ter s uppl y reservoirs (hand-cu tting o f  vegetation ,  use 

of specifi c herb i c i des, or specifi c  herbi cide app l i cation methods) . 

• Limi tations on herb i c i de use es tabl i shed b y  the states of New Hampshire 

and Massachusetts woul d be fol lowed ( see Table B . l in Appendix B for the 

current l imi tations) . 
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2 . 1 . 5 . 9 Rad i o  and Tel evi s i on I n terference 

Rad i o  and t e l evi s i on int erference from opera t i on of the propo s ed AC and 
DC tran smi s s i on l ines could be mi t i ga t ed by one or more measure s .  M i t igat i on 
typ i c a l l y  invo l ve s  reor ienta t i on , relocat i on , and /or repl acemen t of rece i ver 
ant ennas . Televi s i on i n t erference resul t ing from the phy s i cal pre s ence of 
t ransmi s s ion fac i l i t i e s  i s  usua l l y  a l s o  remedied by change s o f  ant enna 
sys t ems . Int erference due to  gap s parking i s  m i t igated by rout i ne ma int enance 
of the t ransmi s s i on l i ne fac i l i t i e s . 

• As a mat t er o f  pol i c y ,  any t e levi s i on interference prob l ems that can be 
a t t r i buted to the o perat i on of the pro j e c t  fac i l i t i e s  would be corre c t ed 
by the Appl i cant . 

2 . 1 . 6  Re lated Con sul tat i on and Permi t t ing Requ i remen t s  

Con su l t a t i on w i t h  certain federal and s t a t e  agenc i e s  1 s  requi red by 
s tatut e . In add i t i on , many federal and s t a t e  agenc i e s  have s ome degree of 
respons i b i l i ty for cer t a i n  geographi cal or topi cal areas addre s s ed in t he 
environment a l  impac t s ta t emen t  ( E I S )  ( U . S .  Department of Energy 1 9 84 ) .  DOE 
reque s t ed consul tat i on wi t h  each of t he agenc i e s  i dent i f i ed in Tab l e  2 . 3 ,  and 
each wa s inv i t ed to cont r i bute informat i on and views to be con s i dered by DOE 
s taff  whi l e  preparing t he E I S . The U . S .  Army Corps o f  Engi neer s wa s granted 
the role o f  cooperat ing agency i n  the s e  proceed i ng s . Tabl e  2 . 4  pre s en t s  a 
l i s t  of the federal l i censes and /or approval s expe c t ed to  be s ought i n  
connec t i on wi th the Pha s e  I I  fac i l i t i e s . 

2 . 2  DESCRI PTION OF ALTERNATIVES TO THE I NTERCONNECTION 

The dec i s i on under cons i derat i on by DOE i s  to  grant or deny an amendment 
to  Pre s i dent i a l  Perm i t  PP- 7 6  t hat  would author i z e  an ext en s ion o f  a prev i ou s ly 
authori zed internat i onal interconnec t i on t o  be used for e l e c t r i c  power 
exchanges between NEPOOL and Hydro-Quebec .  A gran t ing of the amendment by DOE 
would resul t in t he con s t ruct i on of t he Phase I I  fac i l i t i e s  and t he a s s o c i ated 
economic benef i t s . A no-act i on dec i s i on on t he part of DOE is  equ i va l ent to  
den i a l  of the perm i t  amendment . Upon den i a l  o f  t he permi t amendment , the 
Appl i c ant coul d choose one of two ba s i c  cour s e s  of ac t i on : ( 1 )  ma i n t a i n ing 
t he s tatus quo by also taking no ac t i on or ( 2 )  pur s uing a l t ernat ives t o  t he 
i nt erconne c t i on .  

2 . 2 . 1  No-ac t ion Dec i s i on -- Ma intain Status Quo 

As di scus s ed i n  Se c t i on 1 ,  t he benef i t s  a s s oc i ated wi th the pro po s ed 
act i on include a reduc t i on i n  o i l  used to generate e l ec t r i c i t y ,  a reduc t i on i n  
the c o s t  of e l ec t r i c i t y  in  New Eng land , and a reduc t i on in  the requi rement s 
for future genera t i ng capac i t y  add i t i on s . I f  a "no-ac t i on" deci s i on were 
cho sen by DOE and the Appl i cant cho s e  to ma intain  the s tatus quo by not 
pur suing an a l t erna t i ve ac t ion , the o i l  consump t i on ,  e l ec t r i c i ty co s t , and 



Sub ject Area 

Endangered S pec i e s  

H i s tor i c  
Pre servat i on 

Work in  Navigab l e  
Water 

Prime and Un i que 
Farml and s  

Fl oodpl a i n s  

Wet l and s 

Water Po l l ut i on ,  
Air  Pol lut i on 

Land Use  

Water Use and 
Ava i l ab i l i t y  

So i l s  

No i se 

S i t ing , Planni ng 

So l i d Wa s t e s  

Herb i c ide U s e  
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Tab l e  2 . 3 .  Con sul t a t i on s  

Leg i s l a t i on 

Endangered S pe c i e s  Ac t of 
1 9 7 3 ,  a s  amended ; state l aws 

Archeological and H i s to r i c  
Pre servat i on Ac t of 1 9 7 4 ;  
Archeological Re sources  
Protect i on Ac t o f  1 9 7 9  

Sec t i on 404 o f  Federal Water 
Po l l ut i on Control Ac t 

CEQ Memo o f  Augus t  3 0 , 1 9 7 6  

Execut i ve Order 1 1 988 

Execut i ve Order 1 1 990  

Var ious water po l l ut ion and 
a i r  emi s s i ons  ac t s  ( Federal 
Water Po l l ut i on Control 
Ac t ,  Cl ean Ai r ,  Cl ean Water 
Emi s s i ons  St andard s )  

Federal Land Po l i cy and 
Management Ac t of 1 9 7 6  

Water Resources Plann ing 
Ac t of 1 9 6 5 ; Safe Dr inking 
Water Ac t ;  others 

So i l  and Water Resources 
Cons ervat i on Ac t o f  1 9 7 7  

No i s e Pol lut ion and Abate
ment Ac t of 1 9 7 0 ; No i se 
Control Ac t of 1 9 7 2  

S t a t e  s i t ing ac t s ; county 
zoning commi s s i on 
regul at ion s 

S t a t e  l aws 

S t a t e  l aws 

Agency 

U . S .  Fi sh and W i l d l i fe 
Servi ce ; s ta t e  agenc i e s  

S t a t e  H i s t o r i c  
Preserva t i on Of f i c e s ; 
Advi sory Counc i l  on 
H i s toric  Pre servat ion 

Corps of Eng ineer s 

So i l  Con s ervat ion 
Service 

Corps of Engineers ; 
s tate agenc 1 e s  

Corps of Eng ineer s ;  
s t ate agen c i e s  

U . S .  Envi ronment a l  Pro
tec t i on Agenc y ;  s t ate 
agenc i e s  

So i l  Con serva t i on 
Servi c e ;  s t a t e  agenc i e s  

O f f i c e  o f  Water Po l i c y ;  
s t ate agenc i e s  

So i l  Con s erva t i on 
Service 

U . S .  Envi ronment a l  Pro
t e c t i on Agency ; s t a t e  
agenc i e s  

State and county 
agenc i e s  

State agen c i e s  

State agenc i e s  
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Tabl e  2 . 4 .  Federal Li cen s e s  and Approval s 

Li cense /Approval Agency 

Amendment of Pre s i dent i a l  Permi t 
for Tran smi s s i on o f  Energy at 
Int ernat i onal Boundaries  

Amendment of Energy Export Li cen s e  

Po s s i b l e  Amendment o f  Water Power 
Pro j e c t  Li cense 

Rate Schedul e s  and F inanc inga 

Dredge or F i  1 1  

Cro s s  Navigable Waters  

Po s s i b l e  Nat i onal Pol l utant 
Di s charge El iminat i on Sys t em 
Perm i t  

No t i ce of Con s t ruc t i on Affect ing 
Navigab l e  Ai r s pace 

M i crowave Fac i l i t i e s  

F inanc ing and Transact ions 
be tween Af f i l i a t e s a 

Department of Energy , Econom i c  
Regulatory Admi n i s tra t i on 

Department of Energy , Economi c  
Regulat ory Admi n i s t rat i on 

Federal Energy Regulat ory Commi s s i on 

Federal Energy Regulat ory Commi s s i on 

Army Corps of Engineers 

Army Corps of Eng ineers 

Envi ronmental Prot ec t i on Agency 
and Mas sachus et t s  Department o f  
Env i ronmental Qual i t y  Engineer ing , 
Divi s i on of Water Pol l ut ion Con t rol 

Federal Av i a t i on Admi n i s t rat i on 

Federa l Commun i cat i ons  Commi s s i on 

Secur i t i e s  and Exchange Commi s s i on 

a The s e  l i cens e s / approval s are related to  f i nanc i ng and corporat e  ma t t ers  
a s  d i s t ingui shed from con s t ruc t i on-type l i cen ses  or approval s .  

capac i t y  requi rement savings a s soc iated wi t h  the propo s ed ac t i on wou l d  no t 
occur . Th i s  woul d  mean the New Engl and reg i on would cont inue t o  re l y  on t he 
use  of o i l  for the produc t i on o f  approxima t e l y  34% of i t s  1 995  e l ec t r i c  energy 
requi remen t s . Thi s  would inc rea s e  o i l  con sumpt i on by approx i ma t e l y  1 2  mi l l i on 
barre l s  per year over that wh ich would be requ i red i f  t he Pha s e  I I  
int erconnect i on were i n  service . Wi thout the Pha se I I  i n terconnec t i on ,  
New Engl and o i l  consump t i on for e l ec t r i c  genera t i on 1 s  pro j e c t ed t o  be 
approximately 7 1  mi l l i on barre l s  in 1 9 9 5 . 

I n  add i t i on ,  the unreal i zed savings in fuel c o s t s  and increment a l  energy 
l o s s e s , and the l o s s  of 900 MW of capac i t y  bene f i t s  would comb i ne to increase 
the c o s t  of produc ing e l e c t r i c i t y  in  New Engl and by approxima t e l y  $948 mi l l i on 
( cumul a t i ve present wor t h ,  1 9 9 0  do l l ar s ) over the 10-year per i od o f  the 
Pha s e  I I  con t rac t .  
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Ano t her impac t of ma i n t a i n i ng the s tatus  quo would be a reduc t i on i n  the 
pl anned generat ing res erve marg i n s  on the NEPOOL s y s t em .  Wi thout t he 900-MW 
capac i t y  bene f i t  of the Pha s e  I I  f i rm energy c ontrac t ,  NEPOOL re serve marg ins 
wou l d  fal l bel ow 25% by t he summe r o f  1 992 and below 2 0 %  by t he summer o f  1 9 9 3  
( s ee Table 1 . 6 ) . Al though the s e  l evel s o f  res erve s would n o t  nece s sar i l y  
render h e  NEPOOL s y s t em unrel iable  t o  the point of caus ing blackout s ,  t hey are 
be l ow the l evel of res erve s h i s t or i ca l l y  ma inta ined on t he NEPOOL sys t em .  In 
fac t ,  even w i t h  the Pha s e  I I  fac i l i t i e s  in serv i c e , NEPOOL re s erve marg i n s  are 
pro j ec t e d  to fal l below 2 5 %  by 1 9 9 3  and bel ow 2 0 %  by 1 9 9 5 . The s e  reserve 
marg i n s  ind i ca t e  t hat  t he NEPOOL ut i l i t i e s  mus t  pur sue o t her supply opt i ons  
even if  the Pha s e  II  pro j e c t  come s to  fru i t i on .  

2 . 2 . 2 No-ac t i on Dec i s i on Pur sue Al t ernat i ve Ac t i ons  

As i nd i cated in  the previ ous s ec t i on ,  it  is  unl i kel y  t ha t  the Appl i cant 
would respond t o  a no-ac t i on dec i s i on by DOE by ma i n t a i n ing t he s t atus quo . 
The re serve marg in anal ys i s  in  Tabl e  1 . 6  al ready as sume s t he deve l opment o f  
approximately 1 ,  700  MW of cogenera t i on and t he use  o f  l oad management to  
reduce peak demand by 7 6 9  MW by the year 1 9 9 2 . Even w i t h  the s e  resource 
add i t i ons  and demand reduc t ions , without the 90 0-MW capac i t y  bene f i t  of 
Pha s e  I I , NEPOOL would need to  add an add i t i onal 5 0 0  MW o f  capac i ty by 1992 in  
order t o  achi eve a 25% re serve marg i n . 

The fol l owing a l t ernat i ve s  
eva l ua t ed o n  t he bas i s  of co s t ,  
reduc ing capabi l i t y .  

to  the propo sed Pha s e  I I  fac i l i t i e s  are 
envi ronmental i mpac t , t ime l i ne s s ,  and o i l -

2 . 2 . 2 . 1  Cons t ruc t i on and Opera t i on of a New , Conven t i onal Cen t ral Stat i on 
Generat ing Fac i l i ty 

One of t he al t ernat ives t o  be con s i dered i s  t he con s t ruc t i on o f  a new 
cent ral -s t a t i on ,  non-o i l - f i red generat ing plan t . Cand i date plant type s would 
be nuc l ear and coal . The ava i lable data sugge s t  t hat  a hydroe l e c t r i c  fac i l i ty 
o f  t he requi red s i ze i s  not a v i ab l e  cand idate plan t  t ype for cons idera t i on as 
an a l t erna t i ve .  ( See Sec t i on 2 . 2 . 2 . 5  for d i scus s i on o f  smal l ,  decen t ral i zed 
energy sourc e s ; nonconvent i onal energy sources -- such as b i omas s ,  s o l ar , and 
wind , et c .  -- are d i scus sed in Sec t i on 2 . 2 . 2 . 3 . ) 

Whi l e  con s t ruc t i on o f  a non-o i l - f i red generat ing p l ant cou l d  achi eve t he 
same l evel of reduc t i on in  o i l  consumpt i on as the proposed act i on , t he t ime 
requi red t o  l i cense and con s t ruct  such a plan t  ( e i t her nuc l ear or coa l - f i red ) 
woul d  not permi t plac ing the s e  a l t ernat ives i n  serv i c e  be fore t he mid t o  late-
1 9 9 0 s . The Energy Informat i on Admi n i s t rat i on ha s found t ha t  t he amoun t of 
t i me requi red to  l i cens e  and bui l d  a new nuc l ear plant is  be tween 10 and 
15 years . Al s o ,  the average l ead t ime for a new coal - f i red plan t  i s  8 years 
( Energy I nformat i on Admin i s t ra t i on 1 9 84 ) . Thi s  means t hat  i t  i s  not  l ikel y  
that a new coal-f i red plant could b e  placed in  serv i c e  before 1 9 9 5 , and that 
the earl i e s t  in-service da t e  for a new nuc l ear plan t  would be 1 9 9 7 . Ne i ther 
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o f  t he s e  p l ant type s cou l d  be p l aced in  serv i c e  in  t ime to  suppl ement t he sub-
2 5 %  res erve marg i n s  whi ch would ex i s t  �n 1 9 92 i f  DOE were to deny t he 
reque s t ed amendment . 

In  add i t i on t o  coal  and nuc l ear un i t s  not be ing viable a l t ernat i ve s  due 
t o  l ead t ime requi rement s ,  a compari son of t he l i fe-cyc l e  c o s t s  of energy from 
new non-o i l - f i red generat i ng plan t s  and t he proposed t ransmi s s i on pro j e c t  
favor t he propo sed act i on . An analys i s  conducted by DOE Staff  conc l uded t hat 
t he l evel i zed c o s t  ( in c l ud i ng cap i t al co s t s ,  O&M , and fuel co s t s )  of t he 
energy to  be i mpor t ed over the propo sed int erconnect i on i s  e s t i ma t ed t o  be 
4 . 8 5 ¢ /kWh in 1 9 9 0  dol l ar s . Further anal ys i s  by DOE Staff  found t he pro j ec t ed 
c o s t of energy from nuc l ear and coa l - f i red p l an t s  in 1 990  to be 1 3 . 1 4¢ / kWh and 
9 . 3 5 ¢ / kWh , re s pe c t i ve l y  ( Energy Informat i on Admi n i s t rat i on 1 9 8 2 ; Commi t t ee for 
Tec hn i ca l  and Econom i c  S t ud i e s  1 985 ) .  

Con s t ruc t i on and o pera t i on o f  a new , central i zed generat i ng fac i l i t y  
( coal o r  nuc l ea r )  would re sul t i n  genera l l y  d i f ferent envi ronmental impa c t s  
from t h o s e  as soc i a t ed w i t h  t he proposed i n t erconne c t i on ext en s i on . The s e  
i mpac t s  would b e  h i ghly s i t e- and d e s i gn- s pe c i f i c . Because t he con s t ruc t i on 
of a coa l - f i red or nuc l ear plan t  can be d i smi s s ed a s  a viable a l ternat i ve on 
t he bas i s  of t imel ine s s  and c o s t ,  a detai l ed , s i te-spec i f i c  anal y s i s  o f  t he 
envi ronmental impac t s  o f  the s e  plant type s i s  no t warranted . ( However , i t  
s hould b e  no t ed t hat dur i ng t he con s t ruc t i on o f  a nuc l ear o r  coal-fi red 
generat i ng plan t , certain mi t i gat i ve measures wou l d  be emp l oyed in order t o  
bring any pot ent i a l  i mpac t s  to  w i t h i n  t he l imi t s  e s t abl i s hed b y  the 
Envi ronment a l  Pro t e c t i on Agency . )  

Features of a coa l - f i red powerplan t  t hat  have the great e s t  poten t i a l  for 
adverse  envi ronment a l  impact s i nc l ude m i ni ng , c l ean ing , and s t orage o f  coa l , 
emi s s i on of part i culate and gas eous combu s t i on product s ,  d i s po s a l  o f  f l y  ash 
and f lue-ga s desul fur i zat i on s l udge , and release of thermal e f f l uent s to  
aqua t i c  sys t ems ( Dvorak et  a l . 1 9 7 8 ) .  M i n i ng , c l ean ing , and s t orage o f  coal  
result  i n  l and d i s turbance , no i s e ,  and releases  o f  t ox i c  l i qu i d  e f f l uent s  
( o f t en termed ac i d  dra i nage ) into  surface wat ers . D i s po s a l  o f  combus t i on 
produc t s  ( a s h  and de s u l fur i zat ion s l udge ) requires  s i zable l and areas and ha s 
t he po t en t i al to  adver s e l y  affect groundwa t e r ,  s o i l s ,  and aquat i c  sys t ems . 
The t ox i c  effec t s  o f  a i r  pol lutan t s  from combu s t i on emi s s i ons  ( su l fur d i oxide , 
n i t rogen oxide s , and part i culat e s ) on plan t s  and anima l s  can be s ign i f i cant . 
Ac i d  prec i p i t a t i on ,  a secondary effect  o f  combus t i on emi s s i on s ,  i s  suspec ted 
t o  cause d i re c t  and i nd i re c t  i mpac t s  on t erre s t r i a l  and aquat i c  ecosys t ems . 
Rel ea s e  o f  heated condenser coo l ing water t o  aquat i c  s y s t ems has t he poten t i al 
to  be detr i mental  t o  f i s h ,  s he l l f i s h ,  and o t her aqua t i c  organ i sms . V i s ua l  
impa c t s  would a l s o  result  f rom the powerpl ant and i t s  as soc i a t ed s t ructure s , 
a s  wel l  a s  v i s i bl e  emi s s i ons  from smoke s t acks and coo l ing t ower s  ( i f any ) . In  
add i t i on , new t ransmi s s i on l in e s  wou l d  need t o  be bui l t  from t he new central
s t at i on power source . The e f fec t s  of cons truc t ion o f  new t ransmi s s i on l ines 
as soc i a t ed wi t h  t he new powerpl ant would be qual i ta t i vely s im i l ar t o  t ho s e  
d i scus s ed f o r  t he propo sed interconnec t i on ext ens ion . 
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The mos t  s i gn i f i can t envi ronmental concern as soc iated wi th a coal - f i red 
generat ing fac i l i t y of a s i ze that would produce power equal to tha t  suppl ied 
by the propo s ed exten s i on would probabl y be combu s t i on emi s s i on s . Loca l i zed 
deter i orat i on of a i r  qual i ty in  terms of sul fur d i oxide and par t i culat e s  would 
l i kel y  re sul t  from operat ion of a plant of that capac i t y  ( Dvorak et al . 
1 9 7 8 ) .  Al though the l evel of combu s t ion emi s s i ons would be brought to  wi thin 
pre s c r i bed l i mi t s  by the use of appropr iate emi s s i on control s t rateg i e s , the 
net emi s s i ons  would be greater than for the propo s ed ac t i on ,  whi ch does not 
require the combus t i on o f  fos s i l  fuel . 

Ai r-qua l i t y impac t s  from an operat ing nuc l ear plant are negl i g i b l e , but 
land d i s turbance for plant and t ransmi s s i on fac i l i t i e s  would be s imi lar t o  
that  f o r  a coal - f i red plant , as would the potent i al thermal effec t s  to  aquat i c  
sys terns . Current l y ,  no new nuc l ear p l an t s  are under cons t ruc t i on-l i cense 
con s i dera t i on by the U . S .  Nuc lear Regulat ory Commi s s i on beyond Seabrook I and 
Mi l l s t one 3 .  

2 . 2 . 2 . 2  Refurb i s hment of Ol der Gene ra t i ng Uni t s  

The report "NEPOOL Foreca s t  o f  Capac i t y ,  Energy , Load s and Tran smi s s i o n ,  
1986-200 1 "  ( NEPOOL 1 9 8 6 ) shows that b y  1 988 ut i l i t i e s  in the New Eng l and 
reg 1 on wi l l  have placed approximately 46 7 MW of capac i t y  on deac t i vated 
s tatus . In  add i t i on ,  NEPOOL ut i l i t i e s  have plans to  re t i re approx imately 
458 MW of exi s t ing capac i t y by 1 9 8 9 . Refurbi shment of these un i t s  would add 
about 925  MW to NEPOOL ' s  generat ing capac i t y  by the early 1 9 90 s . 

Th i s  a l t ernat i ve could replace the 900 MW capa c i t y  cred i t  for Pha s e  I I  
that NEPOOL would lose  by a no-ac t i on dec i s i on by DOE . Howeve r ,  a l l  o f  the 
capac i t y  under con s i dera t i on i s  o i l - f i red . Re furbi shment and con t i nued 
operat i on of the se un i t s  would exacerbate the o i l  dependency of the New 
Engl and regi on and po s s i b l y  con t r i bute to hi gher elec t r i c i ty co s t s .  ( The fue l 
cos t component of total  bus bar c o s t s  of refurb i shed o i l - f i red un i t s  would be 
a l e a s t  2 0 %  h i gher than the c o s t  of energy from the Pha s e  I I  contrac t . 
Cap i t al co s t s  for refurb i shing older generat ing un i t s  could onl y be det ermined 
on a cas e-by-case ba s i s . )  

Fur thermore , even i f  al l po s s i b l e  refurb i shment s  we re pur sued ( and the 
permi t for Pha s e  I I  we re den i ed ) NEPOOL would s t i l l  be approxima t e l y  3 3 0  MW 
de f i c ient in  the amount of gene rat ing capac i t y requi red to  mee t  a 2 5 %  re serve 
marg in in 1 9 9 3 . On the o t her hand , even i f  the permi t for t he Pha s e  I I  
fac i l i t i e s  were granted , NEPOOL ut i l i t i e s  l i ke l y  would cons ider delay i ng s ome 
planned re t i rement s  and returning s ome previous l y  deac t i vated un i t s  t o  service 
in order to  mee t  re s erve margin requ i remen t s  in  1 993  and beyond . Therefore , 
when cons idering capa c i ty requi remen t s , gene rat ing un i t  refurb i s hmen t i s  not 
l i kel y  to be an al ternat i ve t o  the Pha se I I  pro j ec t  but a suppl emental s ource 
of capac i t y even i f  the permi t for Pha s e  I I  were granted . 

The envi ronmen tal impac t s  o f  opera t i ng refurb i s hed un i t s  l i ke l y  would be 
greater than con s t ruc t i on o f  the Pha se I I  fac i l i t i e s . Each of the refurb i shed 
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un i t s  would be burn ing o i l  with s ome resul t ing ai rborne emi s s i on s  of sul fur 
dioxide and ash.  In add i t i on ,  there would be a certain amount of thermal 
di scharge a s s o c iated wi th t he coo l i ng cyc l e  of thermal generat ing plant s .  I t  
i s  not po s s i b l e  to  determine the exact amount o f  emi s s i on s  wi t hout un i t 
s pec i f i c  anal yses . Some of the un i t s  whi ch were ret i red o r  deac t i vated may be 
requi red to have emi s s i on-control equi pment retrof i t t ed . Thi s  would depend 
upon gove·rn ing s t at e  and federal regul at ions and whet her o f f s e t t ing emi s s i on s  
were con s i dered when the un i t s  were orig inal l y  ret i red or deac t i va t ed . 
However , in general a net increase in  a i rborne and thermal emi s s i ons  coul d be 
expec ted for t h i s  al t ernat i ve . 

2 . 2 . 2 . 3  Cons t ruc t i on and Operat ion of Nonc onvent ional Generat ing Fac i l i t i e s  

Sol ar- , wind- , and b i oma s s-powered fac i l i t i es of a s i ze requi red to  meet 
the energy supply l evel o f  t he propo sed interconnec t i on canno t be con s i dered 
as a l t ernat ives to the propo s ed ac t i on . The opt imum t echno l o g i e s  for the 
exp l o i t at i on of the s e  energy source s  wi l l  not be ava i l able in  t ime t o  a l l ow 
o i l  backout in  the same quant i t y  or t ime frame a s  t he proposed pro j ec t . 
Fur thermore , because New England wi l l  cont inue t o  rely on o i l  for at  l e a s t  1 5 %  
of i t s  elec t r i c  energy needs even wi th the proposed pro j ec t  i n  s ervi ce , these 
techno l og i e s  can be con s i dered as add i t i onal o i l -saving mea sures rat her than 
al ternat i ve s  to the propo sed act i on . No twi ths tand i ng ,  the s e  fue l s  are now 
ava i l ab l e  and wi l l  be used increas ingl y at sma l l , d i s persed s i t e s  throughout 
New Engl and ( U . S .  Department of Energy 1 9 8 1 ) .  D i s persed use of these 
t echno l og i e s  is  d i scussed i n  Sec t i on 2 . 2 . 2 . 5 .  

2 . 2 . 2 . 4  Con servat i on and Load Management 

I mplementat i on of con servat i on mea sures ( e . g . , insul a t ion , wea t her
izat i on , energy-ef f i c ient appl iances or machinery , and more eff i c i ent l i ght i ng 
and heat ing ) in any of t he cus t omer c l a s s es ( re s i dent ial , i �dus t r i al , or 
commerc ial ) resul t s  in l e s s  energy use , whi c h  may be t ran s l ated into  l e s s  
demand for energy produced b y  o i l - f i red generat ing capac i t y .  

Load management i s  a me thod to  increa s e  t he ba s e  l oad b y  reduc ing peak 
power demands whi l e  f i l l ing in  l ow demand per i ods  of the l oad cycl e .  Thi s 
more e f fec t i ve use  o f  ut i l i ty generat ing capac i ty i s  accomp l i shed by 
at tempt ing to  al t er cus t omer use pat t ern s ( ER ,  Vol . 6 ) .  Whi l e  l oad managemen t 
i n i t iat i ve s  have reduced , and wi l l  con t i nue to  reduce , energy demand s ,  
expec t ed growth rat e s  for e l ec t r i c i ty consump t i on are s t i l l  pro j e c ted t o  be 
high enough to requ i re s i gn i f i cant new s ourc e s  of non-o i l -f i red generat i on .  

E l e c t r i c  energy demand pro j e c t ions  for the NEPOOL serv i c e  area ( s ee Sec
t ion 1 )  include t he as sump t i on that by t he year 2000 t he effec t s  of 
con s erva t i on by NEPOOL cus t omers and ut i l i t y  l oad management and conservat i on 
programs wi l l  reduce the demand for e l ec t r i c i ty by 1000  MW f rom what cus t omer 
demand otherwi s e  would be wi thout t he s e  programs in place . Therefore , t he 
bene f i t s  of the propo sed int erconnec t i on are in  add i t i on to  any bene f i t s  
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der i ved from cons erva t ion and l oad management ,  and t he propo sed pro j e c t  does 
not preclude further pur suance of t he s e  programs . 

2 . 2 . 2 . 5  Decen t ra l i zed Energy Source s  

D i s persed appl ic a t i ons o f  var 1 ou s  smal l-scale  ene rgy t echno l o g i e s  
e . g . , ( 1 )  solar , primar i l y  f o r  s ing l e-res idence or bu s i ne s s  appl icat ions of 
so lar wat er or s pace hea t ing , and phot ovol t a i c  power genera t i on ; ( 2 )  wind
e l ec t r i c  generat i on ;  ( 3 )  l ow-head hydroe l e c t r i c  i n s t al l a t ions ; ( 4 )  cogener
a t i on ;  and ( 5 )  wood s tove s for home and bus ine s s  space hea t ing -- al s o  could 
decrease e l ec t r i c  energy demand and reduc e t he need for o i l -ba s ed e l e c t r i c  
energy . 

The member compan i e s  o f  NEPOOL are pur su ing t he deve l opment of 
a l t ernat ive genera t i on s ource s ,  and pro j e c t ed cont r i bu t ions from the s e  s ourc e s  
have been inc luded in  t h e  plann ing s tud i e s . For examp l e , t he resource plan s  
subm i t t ed b y  t he App l i cant ( NEPOOL 1 9 86 ) a l s o  ind i ca t e  t h e  po s s i b i l i ty of two 
add i t i onal cogenerat i on pro j e c t s  -- one in  Vermont and one i n  Rhode I s land . 
Each pro j e c t  i s  s l a t ed t o  burn na t ural gas and each would be 230 MW .  Th i s  
4 6 0  MW would b e  in  add i t i on t o  the 1 , 700 MW of cogenerat ion al ready inc l uded 
in  t he res erve marg i n s  in Table 1 . 6 .  Thi s  al t ernat ive woul d  prov ide t he 
needed capac i ty and would a l s o  hel p  reduce t he u s e  o f  o i l  in  New Eng land , 
a l t hough onl y  about one-third as much a s  Phase I I . However , the deve l opment 
of t he s e  fac i l i t i e s  wi l l  be by an ent i ty o ther t han the Appl i c ant . There fore , 
t he Appl icant could no t be as sured of t he ava i l ab i l i t y  of t he s e  resources in  
t ime for the 1 9 9 2  summer peak . 

Al s o ,  New Eng l and Elec t r i c  began purchas ing power ( about 1 5  MW )  from the 
Lawrence hydroe l e c t r i c  pro j e c t  in  September 1 98 1 . Several o ther sma l l  hydro
elec t r i c  pro j ec t s  are a l s o  in the development /con s t ruc t i on s t ages , but t he s e  
wi l l  produce l e s s  t han S O  MW of capac i t y  ( ER ,  Vo . 6 ) . Fur t hermore , a 1 9 8 1  
s tudy b y  t he New Eng land River Bas ins Commi s s ion 0 9 8 1 ) conc luded t hat t he 
en t i re New Engl and region had t he pot ent ial for deve l o p ing onl y  144 MW of new 
hydroe l e c t r i c  fac i l i t i e s  at 1 30 s i te s  t hroughout the reg ion . 

New Engl and E l ec t r i c  a l s o  wa s invo l ved in  t he con s t ruc t i on of t he U . S .  
Windpower Wi nd farm a t  Crot ched Mounta in , New Hampshire , where 2 0  wind machines 
had a total i n s t a l led capac i t y  of 1 MW .  Whi l e  thi s deve l o pment did  no t mee t  
expect a t ions , new windfarms near Canaan , New Hamp s h i re , and Flor ida , 
Ma s sachuset t s ,  are in devel opmental s tage s ( ER ,  Vol . 6 ) . New England Elec t r i c  
a l s o  ha s a powe r swap / cogenera t ion arrangement wi t h  Un i t ed Shoe Machinery , i s  
cooperat ing i n  a pho t ovo l t a i c s  pro j e c t  a t  the Beverly H i gh Schoo l , and 
recent ly s i gned a s pec ial  cogenerat ion agreement wi t h  Brown Un iver s i ty in  
Rhode I s land . New Engl and E l ec t r i c  ha s s i gned cont rac t s  t o  purchas e  power 
f rom a number of pl anned a l t erna t ive energy pro j ec t s ,  includ ing three 
res ource-recovery fac i l i t i e s .  Other NEPOOL companies  have s im i lar programs . 
Many of t he s e  a l t erna t ive energy pro j ec t s  are s im i l ar t o  t he poo l - t o-pool  
t rans fers over t he propo s ed int erconne c t ion becau s e  they provide energy and 
d i s place o i l ,  but t hey provide l i t t l e or no capac i ty .  Data Re s ource s , Inc . 
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( 1 985--Tabl e  A-6 2 )  e s t ima t e s  that solar energy and other decent ral i zed sourc e s  
wi l l  cont r i bute l e s s  than 0 . 1  MW to New Engl and sources of elec t r i c i t y  suppl y 
through the year 2000 . 

However , e s t ima t e s  by DOE sugge s t  that a comb i nat ion of solar , wind 
genera t i on ,  l ow-head hydro , wood-burn ing s t ove s , and cogenera t i on po s s i b l y  
could account f o r  u p  to  2 , 7 00 MW o f  capa c i t y  wi thin NEPOOL b y  t h e  year 1 9 9 0  
( U . S .  Depar tment of Energy 1 9 8 1 ) .  The s e  e s t imates  a s s ume that appropr i a t e  
econom i c  incent i ve s  wi l l  ex i s t  and that in s t i t u t i onal , l eg i s l a t i ve ,  and 
unknown technical  ma t t ers wi l l  not hinder impl ementat i on .  The above ana l ys i s  
al so may be overly opt �m� s t i c i n  that i t  would requi re a concerted and 
coord ina t ed effort invol v i ng the publ i c , commerc ial / indu s t r i al intere s t s ,  and 
a number of i nd i v i dual ut i l i t i e s . At any rat e ,  even i f  a l l  of the above 
capac i ty were impl ement ed , NEPOOL would s t i l l  be suf f i c i en t l y  dependen t upon 
o i l-f i red genera t i on for the propo sed pro j e c t  to  provide t he pro j ec t ed o i l  
savings and fue l - c o s t  saving s ident i f i ed in  Sec t i on 1 .  For exampl e ,  2 , 700  MW 
of d i spersed , sma l l - scale capac i ty operat i ng at  a 60% ut i l i za t i on fac tor would 
produce 1 4 . 2  mi l l i on MWh of energy per year . As shown i n  Tabl e  1 . 5 ,  t h i s 
would s t i l l  l eave 1 0 . 5  mi l l i on MWh of o i l - f i red generat i on on the NEPOOL 
sys tem by 1 9 94 . The f i rm energy contract as soc iated w i t h  Pha s e  I I  of the New 
England/ Hydro-Quebec interconnec t i on woul d  only supp l y  7 mi l l i on MWh of t h i s  
rema i n i ng o i l -based energy . There fore , the al ternat i ve s  d i s cu s s ed above 
cannot be con s i dered a l t ernat ives to  t he propo s e d  pro j e c t ,  but s impl y  
add i t i onal way s  t o  meet t he overal l  objec t i ve of reduc t i on � n  o i l - f i red 
generat i on . 

2 . 2 . 2 . 6  Fue l  Convers i on 

Pur s uan t t o  impl ementat i on of the Powerplant and Indus t r i a l  Fuel Use  Ac t 
of 1 9 7 8  ( FUA--Publ i c  Law 9 5 -620 ) ,  DOE evalua t ed the bene f i t s  and envi ronmental 
effec t s  of convert ing up t o  42 powerplan t s  i n  the northea s t ern Un i t ed S t a t e s  
from t h e  use  o f  o i l  and natural g a s  to  t h e  use  of c o a l  ( U . S .  Depar tment o f  
Energy 1 9 8 1 , 1 982 ) .  I t  was concluded that as many a s  2 7  powerp l an t s  could 
qual i fy for t he volun t ary conver s i on prov� s �ons o f  the Omn ibus Budge t 
Reconc i l i a t i on Ac t o f  1 9 8 1  ( U . S .  Depar tment of Energy 1982 ) .  A number of the 
plan t s  ident i f i ed were in the NEPOOL region . However , to date only 12 of 
these 27 powerplan t s  have been converted . The ut i l i t i es in  New England are 
not act ively pur suing conver s i on of the rema i n i ng plan t s  because o f  schedul ed 
ret i rement s ,  s i t e 1 imitat i on s , or econom i c  cons idera t i on s . There fore , the 
approval or den i a l  of a Pre s iden t i al permi t amendment for t he proposed 
transmi s s i on pro j e c t  woul d  ne i ther prec l ude nor promo t e  add i t i ona l coal 
convers i on ac t ivi t i e s . Furthermore , future convers i ons  could be con s i dered 
compl ementary rather than a l t ernat ives to  the proposed act i on s �nce coal 
conver s i ons woul d  reduce the average co s t  of fo s s i l - f i red e l e c t r i c  genera t i on 
�n New Engl and and thereby reduce the c o s t  o f  energy purchased under t he terms 
of the Pha s e  I I  agreemen t .  
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2 . 2 . 2 . 7  Purchase of Power From Other Ut i l i t i e s  

Pre s ent l y ,  s everal NEPOOL member s purcha se power from t h e  New York Power 
Authori t y  ( NYPA ) , Hydro-Quebec , t he New Brunswi ck E l e c t  r i c  Power Commi s s i on 
( NBEPC ) , and , t o  a l imi ted extent , Ontario Hydro . The s earch for al t ernat i ve 
s ource s  of purcha sed power can be broken down into two areas : con t i guous 
ut i l i t y  s y s t ems and s y s t ems whi c h  are far removed from NEPOOL . However ,  in 
order to be con s i dered a viable a l t ernat i ve ,  a po t en t ial s ource mu s t  be able 
t o  provide NEPOOL wi t h  a comparable quant i t y  of f i rm ( guaranteed ) energy at 
prices whi c h  are compe t i t i ve wi t h  t ho s e  of the Pha se II agreement . 

One of t he cont i guous ut i l i t y  sys tems whi ch i s  a po tent ial  s ource o f  
purcha sed powe r i s  t h e  New York Powe r Poo l ( NYPP ) . NYPP cons i s t s  of t he ma jor 
elec t r i c  ut i l i t i e s  in  New York S t at e .  NYPP is  heav i l y  dependent upon o i l  for 
the produc t i on o f  e l ec t r i c  energy and is  pres ent l y  a compet i tor o f  NEPOOL for 
t he surp lus hydroelec t r i c  energy ava i l ab l e  in Canada and the coa l - f i red 
surpluses  in  t he midwe s t ern Un i t ed S tates . 

Several NEPOOL members curren t l y  purchas e  power from the Po i nt Lepreau 
Un i t  fl l nuc l ear genera t i ng un i t ,  whi ch i s  owned and operated by t he NBEPC . 
Provinc ial  o f f i c i al s in  New Brun swi ck have ind i cated an intere s t  i n  
con s t ruc t i ng a second un i t  at  Po i n t  Lepreau i f  U . S .  ut i l i t i e s  woul d b e  wi l l ing 
t o  purchas e  a suf f i c i ent l y  large por t i on of the out put of the un i t .  NEPOOL 
has de t ermined that the to tal c o s t of energy from thi s second un i t  would be 
about 80% more expen s i ve than the energy from the Phase I I  agreement .  In  
add i t i on ,  the del i very of energy from thi s uni t  t o  the l oad center 1 n  
Ma s s achuset t s  l i kely would requi re the con s t ruc t i on of a 345-kV AC 
t ransmi s s i on l ine through the s t at e  o f  Maine . The DOE S t aff has revi ewed th i s  
as ses sment and ha s det ermi ned that , whi l e  the magn i tude o f  the c o s t  
d i fferent ial between Pha se I I  energy and Po int  Lepreau # 2  energy appears t o  be 
s omewhat overs tated ( when one cons i ders  the pro j e c t ed c o s t  of energy from U . S .  
nuc l ear plant s ) ,  the relat ive economi c s  do appear t o  favor the Pha s e  I I  
energy . Fur thermo re , the 345-kV t ransmi s s i on l i ne requi red t o  impl ement thi s 
a l t ernat i ve would be approxima t e l y  290  km ( 1 8 0  mi ) l ong , po s s i bl y  not along 
exi s t ing r i ght s -of-way , and would l i ke l y  resul t in greater env i ronmental 
i mpac t .  

The M i dwe s t  1 s  con s i dered ano ther po t en t i a l  source of purchased power 
because of i t s  present surplus of non-o i l - f i red capac i t y .  The M i dwe s t  
genera l l y  i s  cons i dered t o  include t he ut i l i t i e s  within the Ea s t  Cent ral Area 
Rel iab i l i ty Counc i l  ( ECAR ) . ECAR i s  anot her of the n i ne reg i onal rel iab i l i t y  
counc i l s o f  the North Amer i can E l e c t r i c  Rel iabi l i ty Counc i l . Thi s  counc i l  
includes e l e c t r i c  ut i l i t i e s  1 n  M i chigan , Ind i ana , Ohi o ,  Kentucky , We s t  
Vi rg i n ia , and pa r t s  o f  V i rg i n i a  and Penn s yl van i a . Several factors tha t  
prec l ude cons iderat ion o f  Midwe s t  energy a s  a viable a l t ernat i ve t o  t he 
propo sed ac t i on are a s  fol l ows : 
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( 1 )  Load and capa c i t y  pro j e c t i ons  indicate that  the pre s ent capac i ty 
surpl u s e s  en j oyed by the ECAR ut i l i t i e s  woul d not l a s t  l ong enough 
t o  sus t a i n  a f i rm energy sale  to NEPOOL through the 1 9 9 0 s .  

( 2 )  Any ava i l ab l e  s urpluses  are l i ke l y  t o  be purchased by u t i l i t i e s 1n 
the Penn syl van i a-New Jers ey-Maryl and reg i on ( PJM ) wh i ch have 
exi s t ing d i rect  t ransmi s s i on connec t i ons  to ECAR ut i l i t i e s . 

( 3 )  Any power purcha s ed from ECAR mus t  fol l ow through the central 
New York State and PJM sys t ems . The t ran smi s s ion sys t ems in  the se 
areas are al ready heav i l y  ut i l i zed and coul d no t wi ths tand the 
addi t i onal l oad imposed by whee l i ng Midwe s t  energy t o  New Engl and . 

( 4 )  The con s t ruc t i on o f  add i t i onal transmi s s i on through New York and / or 
the s ta t e s  o f  the PJM sys t ems coul d mee t  with var i ous regul at ory , 
l egal , and envi ronmental obstac l e s  whi c h  coul d prevent or delay 
impl ementat i on and rai s e  the f i nal c o s t  o f  the energy . 

However , an analys i s  performed by the Appl i cant i nd i ca t e s  that , 
notwi ths tand ing the above l ogi s t i cal imped imen t s  to  the purcha s e  of M i dwe s t  
power , the total  cost  o f  energy del i vered to  New Engl and would b e  almo s t  
doubl e  that o f  the Phase I I  agreement .  The DOE Staff  ha s revi ewed thi s 
anal ys i s  and i s  in  agreement wi th t h i s  conc lus i on .  

2 . 2 . 3  De s c r i pt i on o f  Al t erna t i ve Converter Terminal S i t e s , 
Rout e s , and De s igns 

Pot en t i a l  a l t ernat i ve rout e s  were i dent i f ied by the Appl i can t  on the 
bas i s  of ex i s t ing r ight s-o f-way , a s  di scus sed in  Sec t i on 2 . 1 . 2 .  Based on 
the s e  con s i derat i ons , the Appl i cant ' s  analyses  i n i t i a l l y  i dent i f i ed s i x 
pot en t ial converter terminal s i t e s  and three potent i al DC corri dor rou t e s  ( E R ,  
Vol . 4 ) . The s e  a l t ernat ives were then evaluated ba sed on a number o f  
envi ronmental and econom i c  cons i derat i ons . The DOE S t a f f  ha s revi ewed the 
methodol ogy and rat i ona l e  empl oyed by the Appl i cant i n  eva lua t i ng 
a l t ernat ives , and based on that review concludes that the a l t erna t i ve s  
i dent i f i ed b y  the Appl i cant a r e  viable and provide a n  adequa t e  bas i s  for 
comparat i ve eva luat i on with the propo sed route and propo sed converter t ermi nal 
s i t e .  

2 . 2 . 3 . 1  Converter Terminal Opt i ons  

Opt i ons  for converter terminal l ocat ions were i n i t i a l l y  determined on t he 
bas i s  of sys t em rel iabi l i ty ( E R ,  Vol ._ 4 ) . Thi s  c r i terion wa s then used in  
con j unc t ion w i t h  econom i c  cons i derat i on s  and the oc currence of ex i s t ing 
t ransmi s s i on corri dors t o  rank terminal locat i ons . No feas i b l e  a l t ernat i ve to 
the northern t e rm i nus for the propo sed Pha se I I  pro j ec t  ex i s t s .  S i t i ng of the 
northern terminus at any l oca t i on other than at the propo sed Comerford 
t erminal s i t e  at  Monroe , New Hampshire , wou ld nece s s i t a t e  con s t ruc t i on o f  a 
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new DC l i ne from the Canad i an border . Al so , ful l capac i t y  ut i l i za t i on o f  the 
Pha s e  I DC t ran smi s s ion l ine coul d be achi eved only with  the northern terminus 
for the Phase II pro j e c t  l ocated at the Comerford terminal s i t e ( ER ,  
Vol . 4 ) . 

S i x  po t en t i a l  s i t e  areas were i dent i f ied for the Pha s e  I I  converter 
terminal : Monroe and Londonderry , New Hampshire ; Lud l ow ,  M i l l bury , Tewks bury , 
and Groton/ Ayer , Ma s s achuset t s . The se s i t e  areas were cho s en becau s e  they 
provi ded a wide geograph i c  range in ident i fying an economical l y  opt imal 
network or because they were located ne a r  the s i te o f  an AC sub s t a t i on . Based 
on the s e  con s i derat ions , onl y  the proposed Sandy Pond s i t e at  Groton/Ayer and 
the a l t ernat i ve s i t e area of at Tewksbury were deemed fea s i b l e .  Thi s  dec i s i on 
was ba sed primari l y  on economi c con s i derat ions ( ER ,  Vo l . 4 ) . The economic 
con s i dera t i on s  al s o  trans l a t e  into envi ronmental , social , l and use , and other 
cons i derat i ons , because t he ext ra c o s t s  are primari l y  a s soc i ated wi th fore s t  
c l ear i ng , we t l and mod i f i cat i on , l and condemnat i on , and s imi l ar ac t i vi t i e s . 

C r i t e r i a  deemed nec e s sary for a converter terminal s i t e  at  Tewksbury were 
that the s i t e  mu s t  be ( 1 )  at l ea s t  14 ha ( 3 5 acre s )  in s i z e ;  ( 2 )  wi thin 1 . 6  km 
( 1-mi ) of t he New Hamp shi re-to-Tewksbury t ransmi s s i on l i ne right-of-way and 
not too far s outh or we s t  of the right-of-way ( s o as to avo i d  the need t o  
ac qu i re much new r i ght-o f-way and to  minimize t he number of t ransmi s s i on l i nes 
on a s i ngle right-o f-way ) ;  ( 3 )  owned by the Appl i cant or capab l e  of be i ng 
placed under opt i on i n  a rea s onabl y  prompt t i me frame ; and ( 4 )  capabl e  of 
be ing permi t ted , if nece s s ary , in  t i me to  a l l ow con s t ruc t i on o f  the t erminal 
to  s tart on schedul e  ( Lind s ay 1 9 86 ) .  

Based on the above c r i t e r i a ,  n i ne s i t e s  were i dent i f ied -- f i ve i n  Dracut 
and four in Tewks bury . The Drac ut s i t e s  were rul ed out due to  the i r  proximi ty 
to  we t l ands and /or l arge hou s i ng s i t e s , ant i c i pa t ed d i f f i cul t i e s  i n  s i te  
development , and ant i c i pa t ed d i f f i c ul t i e s  in  obtaining t he requi s i te  purcha se 
opt i ons  in  suf f i c i ent t ime . Three o f  the Tewks bury s i t e s  were rul ed out -- one 
becaus e  t he proper t y  opt i on s  could not be obt a i ned in t ime and t he s i t e  would 
have been located near two hou s ing development s ;  one becaus e  t he s i t e  would 
have requi red f i l l i ng o f  about 5 ha ( 1 2 acre s ) of wet l and and t hus 
nece s s i t at ing the crea t i on o f  compen satory f l ood s t orage ; and one becau s e  the 
s i t e wou l d  have requi red f i l l i ng o f  a s imi l ar area of wet l ands but no 
add i t i onal l and would be ava i lable to  create a compen sat i ng f l oodwa t er s t orage 
area ( Lind s ay 1 986 ) .  

The a l t erna t i ve Tewks bury converter t ermi nal s i te  cho s en would be located 
near t he exi s t ing Tewksbury 345 -kV AC sub s t a t i on .  Th i s  s i t e  i s  about 32 km 
( 20 mi ) eas t o f  t he propo sed converter t ermi nal s i t e .  Land area , equi pmen t , 
ground ing s y s t em ,  commun i cat i on sys t em ,  and other fac i l i t i e s  t hat woul d  be 
requ i red for t he Tewksbury conver t er t erminal are t he same a s , or s imi l ar to , 
those needed for the proposed Sandy Pond converter t e rminal ( see 
Sec t i on 2 . 1 ) .  The ma jor d i fferences be tween the two t ermi nal s rel a t e s  to 
deve l opment o f  t he fac i l i t i e s . The Tewksbury t erminal would requ i re 
con s t ruc t i on i n  a we t l and and f l oodpl a i n .  Al s o , because the Tewksbury s i t e  i s  
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located in  an area of numerous exi s t ing overhead t ran smi s s i on l ine s , ground
surface-i n s t a l led sul fur hexafluoride bus duc t s  would have to be used for t he 
two 345 -kV AC c i rcui t connec t i on s  wi t h  t he Tewksbury 345 -kV AC sub s t at i on ( ER ,  
Vol . 1 ) .  The connector c i rcui t s  would each be about 0 . 6  km ( 0 . 4  mi ) l ong . 

2 . 2 . 3 . 2  AC Rei nforcemen t s  

the same two AC t ran smi s s i on 
requi red whe t her the converter 

E s s en t i a l l y  
propo s ed would be 
Sandy Pond or at 
Sec t i on 2 . 1 . 4 . 1 .  

Tewksbury . The propo s ed AC 

2 . 2 . 3 . 3  DC Route Al t erna t i ve s  

s y s t em re i n forc emen t s  a s  
terminal we re l ocated a t  

sys tem 1 s  descr i bed 1 n  

On the bas i s  o f  t he c r i teria di scus sed 1n  Sec t i on 2 . 1 . 2 ,  three 
al ternat i ve routes  for the DC l i ne have been i dent i f i ed :  ( 1 )  the Tewks bury 
a l t erna t i ve ( F igures 2 . 5  and 2 . 6 ) ,  ( 2 )  t he east ern a l t erna t i ve ( F igure s 2 . 7  
and 2 . 8 ) , and ( 3 )  t he we s t ern al ternat ive ( F i gure s 2 . 9  and 2 . 1 0 ) .  

The Tewks bury al terna t i ve would involve u s e  of the al terna t i ve Tewks bury 
converter s i t e and provi de as d i rect  as  po s s i b l e  rout ing of t he DC l i ne from 
Comerford t o  Tewks bury . The e a s t ern a l t erna t i ve would ut i l i ze the neare s t  
nort h- south r i ght-of-way eas t o f  the propo sed DC route , and would t ermi na t e  at  
the prop o s ed Sandy Pond terminal . S imi larl y ,  t he we s t ern a l t ernat i ve would 
ut i l i ze the neare s t  exi s t i ng nor t h- s outh right -of-way we s t  of t he pro po s ed DC 
l i ne . 

The f i r s t  1 8 1  km ( 1 1 2 . 5  mi ) of the Tewks bury route ( t o  the town of 
Hud s on , New Hamp s h i re ) would be t he same a s  t he propo sed DC route ( s ee 
Sec t i on 2 . 1 . 3 ) .  The rema i n ing 23 . 5  km ( 14 . 6  mi ) of the Tewks bury route would 
ext end wi thin an exi s t i ng r i ght-of-way s outhea s t erly t o  t he al t erna t i ve 
Tewks bury terminal s i t e .  Thi s s egment wou l d  paral lel  two 2 3 0-kV AC 
t ransmi s s i on l i ne s . A 1 1 5-kV AC l i ne pre s en t l y  located between t he 23 0-kV 
l i ne s would have t o  be relocated for a 1 5 . 1-km ( 9 . 4-mi ) s egment be tween 
Hud s on , New Hamp s h i re , and Dracut , Ma s s achus e t t s . Add i t i ona l l y ,  a 7 . 2-km 
( 4 . 5 -mi ) s t retch from Dracut t o  Tewks bury would requi re re l ocat i on o f  an 
exi s t i ng 2 3 0-kV AC l i ne and a p l anned 345 -kV AC l i ne would be mounted on 
doubl e-c i rcui t ,  s i ngle-po l e  s t ructure s . 

The ea s t ern a l t ernat i ve would ext end for 248 km ( 1 54  mi ) from the 
Comerford terminal to t he propo sed Sandy Pond terminal s i t e .  Mo s t  of the 
route wou ld be a l ong exi s t ing right s -of-way . However , i n  many c a s e s  t he s e  
ri ght s -of-way are t o o  narrow to  accommodate t he new D C  l i ne , and thus 
s i gni f i cant right-o f-way acqu1 s 1 t 1 on and c l earing would be requi red ( ER ,  
Vol . 4--p . 5 5 ) .  From t he Comerford terminal , t he ea s t ern a l t ernat i ve would 
fol l ow exi s t i ng r i ght s-of-way ea s t  and s outh for abou t 1 6 3  km ( 1 0 1  mi ) t o  the 
v i c i n i t y  o f  t he Merrimack s t a t i on i n  Bow , New Hamp s h i re . The s e  r i ght s-o f-way 
are occup i ed primar i l y  by 1 1 5 -kV AC l i ne s and i nt ermi t t ent ly by a 60-kV AC 
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l ine . The eas tern al terna t i ve would then fol l ow exi s t ing r i ght-o f-way 
southwe s t  for about 5 3  km ( 3 3 mi ) ,  cros s i ng the propo sed route near the Gregg s 
sub s tat i on i n  Gof f s t own , New Hampsh i re , and then would proc eed s outhea s t  unt i l  
i t  j o ined the right-of-way o f  the propo sed DC l i ne i n  Hud son , New Hampshire . 
Th i s  s t re t ch i s  occupied pr imar i l y  by 1 1 5-kV AC l i nes and int ermi t ten t l y  by 
low-vol tage l i nes . The remain ing 32 km ( 2 0  mi ) of the eas t ern a l t ernat i ve 
would be ident i cal to the propo sed route ( s ee Sec t i on 2 . 1 . 3 ) .  

The we s t ern a l t erna t i ve would ext end for 246 km ( 1 5 3  mi ) from the 
Comerford terminal to the Pha s e  I I  converter terminal s i t e .  S imi lar to the 
case for the eas t ern al ternat i ve ,  the need to widen the exi st ing r i ght s-o f-way 
to accommoda te the new DC l i ne would nec e s s i t ate s i gn i f i cant right-o f-way 
acqui s i t i on and c l earing al ong the we s t ern al ternat i ve rout e .  From Comerford , 
the route would ext end about 8 7  km ( 5 4  mi ) southwe s t  al ong exi s t ing r i ght-of
way to the Wi lder hydroelec t r i c  generat ing s ta t i on i n  Har t ford , Vermont .  The 
exi s t ing r i ght-of-way i s  occup i ed primar i l y  by 34 . 5 - to 46-kV AC l i ne s . Thi s  
right-o f-way f o l l ows the Conne c t i cut River Val l ey i n  Vermont for about 7 6  km 
( 4 7  mi ) .  For the next 64 km ( 40 mi ) ,  the we s t ern a l t erna t i ve would ext end 
s outh wi thin an ex i s t ing r i ght-of-way paral l e l i ng the Conne c t i cut River Val l ey 
on the New Hamp shire s i de t o  Wal po l e ,  New Hampshire . A 1 1 5-kV AC l i ne 
current l y  oc cup i e s  thi s r i ght-of-way . The we s t ern a l t ernat i ve would para l l el 
a doub l e-c i rcui t ,  1 1 5 -kV AC l i ne for about 95  km ( 5 9  mi ) t o  the Pra t t s  
Junc t i on sub s ta t i on ( 6 9 / 1 1 5 / 2 30-kV AC ) i n  Sterl ing , Mas sachu se t t s .  Var i ous 
s egmen t s  o f  the 1 1 5 -kV l ine would require relocat i on . Rather than runni ng the 
We s t ern a l t erna t i ve back north about 24 km ( 1 5  mi ) to the propo s ed Sandy Pond 
converter terminal s i t e , the Appl i cant would con s truc t a converter t ermi nal 
adj acent to the Pra t t s  Junc t i on subs tat i on . A new 345-kV AC sub s tat i on at 
Pra t t s  Junc t i on would al s o  have to be con s t ructed t o  connect the converter 
terminal t o  the 345-kV AC transmi s s i on s y s t em ( ER ,  Vol . 4 ) .  

2 . 2 . 3 . 4 De s i gn Al t ernat i ve s  

Several al ternat i ve s t ructure de s i gn s  were con s i dered for the D C  l ine : 
s teel-po l e  H-frame , s t eel -pole s i ng l e-shaft , lat t i c e  s t eel wa i s t-type , and 
lat t i c e  s t eel H-f rame ( ER ,  Vol . 4 ) . The s e  a l t ernat ives  would only be 
prac t i cal for the nor thern 1 8 1  km ( 1 1 3  mi ) of the DC l i ne , but were not cho s en 
due t o  economi c  and env i ronmental cons iderat i ons ( ER ,  Vol . 4 ) . The propo s ed 
s ingle- shaft  s t eel po l e  i s  the onl y s truc ture type that coul d be u s ed on the 
rema i nder of the DC l i ne that would not require acqui s i t i on of add i t i onal 
r i ght-of-way . 

2 . 2 . 3 . 5 Underground Transmi s s i on Sys tem 

I n s t a l l ing the transmi s s i on l ines underground 1 s  a techn i ca l l y  f eas i b l e  
a l t ernat i ve t o  con s t ruc t i on of the propo s ed overhead tran smi s s ion l i ne s . 
However , envi ronmental impa c t s  and con s t ruc t i on co s t s  woul d be greater and 
sys t em rel i abi l i ty would be l ower for an underground sys tem than for overhead 
s y s t ems ( s ee Sec t i on 2 . 3  and ER , Vol . 4 ) . 
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An underground DC l ine would requi re one bipole c i rcui t ( two cabl e s ) and 
one s pare cabl e .  Sel f-conta ined , o i l -f i l l ed cabl e s  would be i n s t al l ed in  a 
cont inuou s trench . The t rench would be at l ea s t  1 . 2  m ( 4  f t ) w i de and 1 . 5  m 
( 5  f t )  deep , with  the cabl es  placed at l eas t 1 . 1  m ( 3 . 5  f t ) be l ow ground 
l eve l . Thermal sand and c l ean backf i l l  would be used to ref i l l  the t rench . 
The l and ove r and in the v i c i n i ty o f  the l ine would have to be ma inta ined free 
of t rees and shrub s . Improved acce s s  woul d  a l s o  be requi red for the l ength of 
the l i ne (ER,  Vol . 4 ) .  

An underground 345 -kV AC tran s mi s s i on l ine would requ i re t hree paral l e l , 
hi gh-pre s sure , o i  1 -f i l l ed ,  p i pe-type cabl e s . They would be i n s tal led 1n  a 
cont i nuou s t rench s imilar t o  the t rench for an underground DC l i ne . 
Backf i l l ing would al so  be s imi l ar to that for a DC l i ne . Cabl e s p l i c e s  would 
be requi red every 0 . 8 km ( 0 . 5  mi ) and aboveground oil  pump ing s t a t ions every 8 
t o  1 6  km ( 5  to 1 0  mi ) .  One or more aboveground react i ve compen s a t i on s t a t i on s  
would a l s o  b e  needed . Acc e s s  and ground mai ntenance requi remen t s  would be 
s imi l ar to tho s e  for an unde,rground DC l ine ( ER ,  Vol . 4 ) .  

For e i ther l i ne ( DC or AC ) t o  be con s t ruc ted unde rground , a cont i nuous 
work area genera l l y  about 12  m ( 40 f t ) w i de would be requi red . Add i t iona l l y ,  
new ri ght-of-way acqui s i t i on would b e  requi red where the l i ne s would have t o  
dev i a t e  from exi s t ing ri ght s -of-way ( e . g . , at archeo l og i cal s i t es , l ake s , 
we t l and s , s t eep s l ope s , areas of high ero s i on , and areas o f  rocky terrain ) 
( ER ,  Vol . 4 ) .  In  a number of s i tua t i on s , we t l ands could probably not be 
avo i ded . A s imi l ar s i tuat i on would occur for s t ream cro s s ings where dredg ing 
or s imi l arly d i srupt i ve procedures would have to be u s ed to inplace t he 
cabl e s . Tran s i t i on s t at i on s  would be requi red to go from underground t o  
ove rhead and v i c e  vers a .  The se s tat ions genera l l y  requ i re about 6 1  m ( 2 00 f t ) 
on a s i de for a requi red area o f  about 0 . 4 ha ( 0 . 9  acres ) .  Bus work , 
terminat i on s t ruc ture s , and a control equi pment bu i l d i ng wou l d  be l ocated at 
each s i t e .  Max imum s t ruc ture he ight would b e  24 m ( 80 ft ) ( ER ,  Vol . 4 ) . 

F i nal l y ,  opera t i on and ma int enance co s t s  and periods o f  outage wou l d  be 
much greater for an underground s y s t em in compar i s on w i t h  an overhead s y s tem 
( ER ,  Vo l . 4 ) .  

2 . 2 . 3 . 6  H igh-Vo l t age AC Transmi s s i on Sy s t em 

An a l t erna t i ve to t he propo sed Pha s e  I I  DC t ran smi s s i on l ine would 
invo l ve l ocat ing t he Pha s e  II  converter terminal ad jacent to the exi s t ing 
Pha s e  I converter terminal and i n s t a l l i ng a s ing l e  h i gh-vol t age AC 
tran smi s s i on l ine into Mas sachuset t s . However , an AC t ran smi s s ion l ine sys tem 
wou l d  be more co s t l y  and l e s s  rel i ab l e  t han a DC t ran smi s s i on l ine s y s t em .  
For a DC s y s t em ,  onl y  hal f  the l oad. would b e  affected by mo s t  s hort 
c i rcui t s .  The ent i re DC l ine would go out o f  s ervi ce onl y  i f  both pol e s  were 
affe c t ed by a s hort c i rcui t ( more t han 90% of s hort c i rcu i t s  i nvo l ve onl y  one 
pole ) .  However , any s hort c i rc u i t  would cau s e  an outage o f  an AC sys t em .  On 
a DC sys t em ,  t he meta l l i c  re turn conduc tor would al l ow the s y s t em to operate 
at SO% capac i ty for ext ended per iods  ( hours t o  days ) .  Thi s  i s  not po s s i b l e  
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wi th an AC system.  Al so , i f  a DC sys tem i s  forced out of serv 1 c e  due to 
i n sulator probl ems ( e . g . , from accumulat i on of impur i t i e s ) the sys tem can be 
returned to serv i c e  by operat i ng it at a l ower vo l t age so  that the integri ty 
of the i n sulators can be ma intained . Thi s  type o f  opera t i on canno t be done 
w i th an AC s y s t em .  There are a l s o  i n i t ial  co s t s  for AC s y s t em componen t s  that 
would exceed tho se for a DC sys tem ( ER ,  Suppl ement , Sept . 2 9 , 1 9 8 6 ) .  

2 . 2 . 3 . 7  Ground El ectrode 

Rather than s t r i ng a dedi cated metal l i c  return conduc tor t o  the ground 
e l ec trode s y s t em in Quebec to correct for current imba lance s , the Pha s e  I 
ground e l e c t rode s y s t em could be expanded a s  part of the propo s ed Pha se I I  
proj ec t .  The expan s i on wou ld ent a i l  con s t ruc t i on of a second s e r i e s  of rod s 
connec ted by cab l e  and bur i ed i n  e i ght vert i cal hol e s  0 . 3 m ( 1  f t ) i n  d i ame ter 
and 40 t o  7 0  m ( 1 30 t o  230 ft ) deep . Thi s  second array of ho l e s  and rods 
would be phys i cal l y  s eparated from the Pha s e  I array but would be e l ec t r i cal ly 
connected so  that they would funct i on as  a s ingl e ground electrode . 

The ground e l e c t rode expan s i on would be l ocated on a 1 20-ha ( 300-acre ) 
parcel of l and off  Oregon Road i n  Li s bon , New Hamp s h i re , about 1 8  km ( 1 1  mi ) 
southea s t  of the Pha se I converter terminal . The s i t e i s  heavi l y  wooded . 
About 1 . 2  t o  1 . 6  ha ( 3  to 4 acre s ) would have to be c l eared for the e l e c t rode 
array , and a shor t , 1 5-m ( 5 0-f t ) wide corr i dor would have to be c l eared for 
the feeder l i ne . The proposed converter term i nal wou l d  be e l ec t r i cal ly 
connected t o  the expanded ground e l e c t rode by a ded i cated me tal l i c return 
conduc tor i n s t al l ed on the pro po sed DC transmi s s ion s t ruc ture s from the 
pro po s ed converter t erminal to the Pha s e  I converter t erminal . At the 
Comerford terminal , the conduc tor would be connec t ed t o  the Pha se I ground 
electrode feeder l ine . 

Expan s i on of the ground e l e c t rode was o r i g i nal ly the preferred 
a l t ernat i ve ( ER ,  Vo l .  8 ) .  However ,  performance t e s t  resul t s , coupled with  
concern s of p i pel ine compan i e s , have made the  exten s i on of the  dedi cated 
metal l i c return conductor into Canada a more viab l e  opt i on ( ER ,  Suppl ement , 
Sept . 2 9 , 1 9 8 6 ) .  Expan s i on o f  the Pha s e  I ground electrode sys t em wou l d  have 
nece s s i tated i n s t al lat i on of c o s t l y  mi t i ga t i ve mea s ur e s  to control po t en t ial  
corro s i on and /or coat i ng d i s banding of l inear underground s t eel s t ruc ture s 
such as  p i pel i ne s . 

2 . 3  COMPARI SON OF ALTERNATIVES 

2 . 3 . 1  Compar i s on of the Propo sed Act i on and Al t ernat i ve Act i on s  

I n  the d i s cu s s i on i n  t he preceding subsect i on s , i t  was conc luded that 
mainta i n i ng the s t atus quo , con s erva t i on ,  l oad management ,  refurbi shment of 
deac t ivated and aging generat ing un i t s , decen t ral i zed energy produc t ion , fuel 
conver s i on ,  and dome s t i c  power purcha s e s  were not viabl e a l t ernat ives t o  the 
propo sed pro j e c t  for one or more o f  the fol l owing rea s on s : ( 1 )  poten t i al 
capac i ty wa s too l ow ,  ( 2 )  reas onabl e  expectat i on s  of the al t ernat ive capac i ty 
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and energy sav i ngs  were already f i gured in  demand and resource pro j ec t i on s , 
and /or ( 3 )  the a l t ernat ives were compl ementary to the proposed ac t i on i n  that 
their cont r i but i on s  woul d  reduc e somewhat the demand for o i l-f i red generat i on 
of elec t r i c i ty in  New Engl and . 

Therefore , on l y  a l t ernat ive s involving new l arge-c apac i t y ,  centra l i zed , 
non-o i l - f i red genera t i ng fac i l i t i e s  could be cons i dered viable al terna t i ve s . 
Such fac i l i t i e s  would inc l ude coal - or nuc l ear-fuel ed s t eam-e l e c t r i c  plant s 
and large- scale hydroelec t r i c  i n s t a l l a t i on s . Large-scale hydro wa s ruled out 
because there are no remain ing s i te s  wi thin New Engl and where an i n s t a l l at i on 
with a suf f i c i ent l y  l arge generat i ng capac i ty could be l ocated . Thus , of the 
act i on al terna t i ve s  examined , only coal- or nuc l ear- f i red generat ing plant s 
are cons i dered fea s i bl e  a l t ernat i ve s  t o  the propo s ed pro j ec t . 

As previous l y  s t at ed , ne i ther the coal nor nuc l ear opt ion 1 s  as  
economical l y  viab l e  as  the propo s ed t ran smi s s i on pro j e c t  due primar i l y  t o  the 
hi gher cap i t a l  requi remen t s  of these a l t ernat ive s . In add i t i on ,  the l ong 
period requi red for de s ign , l i cens i ng ,  and con s t ruc t i on of the se plant s would 
preclude e i ther type of p lant from be i ng p laced i n  serv i c e  unt i l  the mi d- to 
late- 1 9 90 s . By compar i son , the propo s ed t ransmi s s i on pro j ect  could be p l aced 
i n  serv 1 c e  as  s oon as  the l a s t  quarter of 1 9 9 0 . 

Envi ronmental  impacts  al so  would be greater for the powerplant opt i on . 
Even though impac t s  would be brought wi thin e s tabl i shed l imi t s  by the adopt i on 
of var ious mandatory m i t i gat i ve mea sures ,  the net adverse impac t s  would s t i l l  
be greater for the powerpl ant a l t ernat i ve .  

Mo s t  of the impac t s  as soc iated with the propo sed pro j e c t  would occur 
dur i ng the cons t ruc t ion per i od ; the current evalua t i on by DOE i dent i f i ed no 
s i gni f i cant adverse i mpac t s  rel ated to the operat i on of the propo sed 
t ransmi s s i on l ine and onl y  s hort-term impac t s  related t o  con s truc t i on o f  the 
pro j ec t . Powerp1ant impac t s  would be equal t o  or greater dur ing t he 
con s t ruc t i on per i od ( a l though the con s t ruc t i on per i od would be much l onger and 
l ocal i zed to the powerplant s i te v i c ini t y ) , but certain adver s e  operat i onal 
impact s  ( previ ous l y  d i s cus s ed )  would exi s t  for the l i fe of the plant --
30 year s or more . 

Ma intaining the s t atus quo woul d  no t produce the i mpact s  a s s oc i at ed wi th 
the cons t ruc t i on of t he propo sed pro j e c t ;  however ,  it would cause the burning 
o f  an add i t i onal 1 2  mi l l i on barre l s of o i l  per year i n  New England w i t h  a 
resul t ing increa s e  i n  a i rborne emi s s i on s . Fur thermore , the "no-ac t i on" 
a l ternat i ve woul d  not produce t he economi c bene f i t s  pro j ec t ed for the propo s ed 
pro j ec t . 

Onl y  a l t erna t i ve rout e s  and de s i gn s  are concluded t o  be feas i bl e  
a l t erna t i ve s  t o  the propo sed ac t i on . However , con s i dera t i on o f  the 
envi ronmental  consequences  o f  the a l t erna t i ve de s i gn s  and routes  ( s ee Sec
t i ons 2 . 3 . 2 and 4 . 2 )  ind i cates  that the magn i t ude o f  impac t s  ( e s pe c i a l l y  
economi c )  would b e  s ign i f i cant l y  greater than f o r  the propo sed pro j ec t . 
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2 . 3 . 2  Compari s on of Propo sed and Alterna t i ve Converter Terminal S i te s ,  
Rout e s , and De s igns 

Exten s i ve d e s c r i p t ions and compar i s on s  o f  the propo sed and a l t erna t i ve 
routes  were provided in  the Appl i c ant ' s  ER ( Vo l . 4 ) . The more pert inen t 
compari sons are out l i ned in Table 2 . 5  and bri e f l y  di scus s ed in  the f o l l owing 
sub sec t i on s . Above- and bel owground a l ternat i ve s  a l s o  are d i s cu s sed be l ow .  

2 . 3 . 2 . 1  A i r  Qua l i t y  

The ai r-qual i t y  cond i t i on s  a t  the l ocat ions for the propo sed and 
al terna t i ve rou t e s  and converter terminal s i t e s  are very s i mi lar . The s e  
cond i t i on s  are d i scus s ed in  Sec t i on 3 . 1 .  The al terna t i ve route s  and t erminal 
s i t e s  are c l o s e  t o  the s i t e s  of the equ i valent componen t s  o f  the propo sed 
route . Thus , greater var iat i on s  1n  air qua l i ty would occur between the 
northern and s outhern ext reme s o f  a par t i cular route than a t  equ i va l ent 
sec t i on s  among rout e s . 

Changes in  a i r-qual i t y  condi t i on s  related to cons truc t i on and operat i on 
would be s imi lar for a l l  overhead a l t erna t i ve rout e s . Increa s ed con s t ruc t i on 
ac t i vi t i e s  as s o c iated wi th the underground a l t erna t i ve would have a greater  
impact on  air  qual i t y .  Impac t s  ( po t ent ial or real ) would re sul t from 
increa sed fug i t i ve du s t ,  eng ine emi s s i ons , and aud i bl e  no i s e  a s soc i a t ed wi th 
the increased con s t ruc t i on act i vi t i e s . The underground a l t erna t i ve would have 
l e s s potent ial impact s on a i r  qua l i ty dur ing opera t i on due to reduc t i on or 
el iminat i on o f  ozone , a i r  i on s , and magne t i c  and e l ec t r i c  f i eld e f fec t s  
as s o c i ated w i t h  ove rhead t ran smi s s i on s y s t ems . Al so , the underground 
al terna t i ve would not produce the no i s e as sociated with corona ac t i v i t y  common 
to overhead t ransmi s s ion l i nes . However , o i l  pre s sur i z a t i on/ pumping s t a t i on s  
produce no 1 s e  l eve l s  much hi gher than that as soc iated with corona ac t i vi t y .  

2 . 3 . 2 . 2  Land Features and Use 

Geol ogy and So i l s  

The geo l og i c  and s o i l impac t s  a s s oc i at ed wi th the overhead de s i gn opt i on s  
of the ±45 0-kV D C  t ransmi s s i on l i ne , 345-kV AC l i ne , and doubl e-c i rcu i t  
1 1 5 -kV AC l i ne would b e  s i mi lar becau se ma j o r  de s i gn , con s t ruc t i on ,  and 
operat i onal features of the l ine s are s i mi l ar .  Sl ope s tabi l i ty and re sul t ing 
land s l ides  mi ght be a problem on s l opi ng areas such a s  s t ream cro s s i ng s .  The 
geo l o g i c  impac t s  of the propo sed overhead t ransmi s s i on fac i l i t i e s  would l i ke l y  
be l e s s  than t ho s e  a s s oc iated wi th a n  underground t ran smi s s i on l i ne . Con
s t ruc t i on of an unde rground l i ne would requi re more exten s i ve excava t i on ,  
grad i ng ,  o r  backf i l l i ng than an overhead l i ne , and therefore woul d create 
poten t i a l  land s l i d e  o r  ma s s-wa s t ing problems . I n  add i t i on ,  the underground 
cab l e  i n s ta l l a t i on would require areas for permanent acc e s s  to the s p l i c ing 
manho l e s  and for t emporary s i t e s t orage for therma l sand and s po i l  ma t erial . 
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Tab l e  2 . 5 .  Summary Compar i s on of Proposed and Al t ernat ive Rout es a , b , c  

Character i s t i c s  

Length ( km )  

Cen ter l i ne s l opes 
>20% ( km )  

Right s-of-way acqu i s i t i on 
requi red ( ha )  

Pot ent ial  home / bus i ne s s  
relocat i on s  ( number ) 

Clearing requi red ( ha )  

Se lected land use t ypes 
cro s s ed ( km )  

Fore s t  
We t l and 
Agr i c u l ture 
Re s i dent i a l  
Bu s i ne s s / commerc i al 

Number of cro s s ings 
Road s 
Streams / ri ve r s  
Lake s / ponds 
Stat e / nat i onal fore s t s  
State parks 
Wi l d l i f e  management areas 
Recreat i onal areas 
Trai l s  

Cap i tal  con s t ruc t i on 
co s t s  ( $  mi l l i on )  

Propo sed 
Route 

2 14 . 4  

9 . 3  

0 

0 

86 . 2  

24 . 0  
1 5 . 0  
1 6 . 4  

0 . 8  
3 . 1  

1 3 7  
209 

1 2  
2 
0 
2 

2 1  
2 

5 8 5  

Tewksbury 
Route 

204 . 5  

9 . 3  

0 

0 

13 . 7  

N/Ad 

1 5 . 0  
14 . 8  

0 . 3  
3 . 5  

1 2 1  
1 9 1  

1 0  
2 
0 
2 

23  
2 

608 

a Source : ER , Vo l .  4--Tabl e s  I V-2 , IV-4 , and I V-6 . 

Ea s t ern 
Route 

248 . 0  

2 1 . 1  

64 1 . 4  

40-60 

693 . 3  

204 . 4  
10 . 3  
1 5 . 0  
10 . 8  

N/A 

N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 

662 

We s t ern 
Route 

246 . 2  

2 2 . 2  

440 . 3  

3 5  

7 1 6 . 3  

1 6 5 . 9 
6 . 1  

36 . 5  
9 . 5 
N/A 

N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 

649 

b Data do not inc lude the proposed 345-kV AC t ran smi s s ion l i nes that woul d  
b e  common t o  the propo sed and a l t erna t i ve rout e s . 

c Convers i on s : 1 km = 0 . 6 2  mi l e ; 1 ha = 2 . 4 7  acre s . 
d N/A = not ava i l abl e . 
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The l onger con s t ruc t i on t ime for the underground l i ne would inc rea se the 
po tent ial  for ero s i on of expo sed ma terial s and s o i l .  S o i l  contami nat i on would 
a l s o  be po s s i bl e from l eaks or s p i l l s  o f  o i l  from e i ther the underground 
cab l e s  or aboveground pumphou s e s . 

There wou ld be no s i gn i f i cant d i f ferenc e s  in  geo l og i c  and s o i l s  impac t s  
be tween the Tewks bury a l t ernat i ve DC t ransmi s s i on l i ne and the propo sed 
rout e .  However , geol ogy and so i l  impac t s  a s soc iated with the east ern and 
we s t ern al ternat i ve rou t e s  wou ld be greater than tho s e  a s s oc i ated with the 
propo s ed rout e ,  primari l y  becau s e  of the subs tant ial l y  greater ri ght-o f-way 
c l earing that wou ld be required ( ER ,  Vol . 4--Tabl e IV-4 , Tab l e  IV-6 ) .  

The propo sed Sandy Pond converter terminal wou ld be located on a graded 
12-ha ( 30-acre ) s i t e ad j acent to the exi s t ing Sandy Pond 345 -kV AC sub s ta
t i on .  Mo s t  o f  the s i t e i s  an ex i s t ing upland oak wood land with l ow to 
moderat e topographic  rel i e f . The 1 1 -ha ( 2 6-acre ) Tewks bury a l t erna t i ve 
terminal s i t e  woul d  be lo cated i n  a wooded we t land , the Great Swamp , and 
par t i a l l y  on l and occup i ed by an exi s t ing 345 -kV AC subs tat i on .  The geo logic  
and s o i l  impac t s  are  expec ted to be  s imi lar at the propo sed and a l t ernat ive 
converter terminal s i t e s . However ,  devel o pment of the Tewksbury a l t ernat ive 
s i t e  would requ i re creat i on o f  compensat ory of f s i t e f l ood s t orage ( ER Vo l . 4-
P •  44 ) .  Thus , impac t s  on s o i l resources  would l i kely exceed tho s e  a s soc i ated 
wi th deve l opment o f  the propo sed s i t e . 

Land U s e  

De s i gn a l t ernat ives i den t i f i ed b y  the Appl i cant inc lude var 1ous type s of 
t ran smi s s i on s t ruc tures a s  we l l  as  DC and AC underground t ransmi s s i on 
sys tems . Compared wi th the propo sed s teel lat t i c e  H-frame and ot her 
a l t e rnat i ve des igns , the s t eel-po l e , s i ngl e-shaft s t ructures would requi re the 
lea s t  s pace and therefore wou ld re sult in the l ea s t  amount of l and area 
dedi cated to e l ec t r i c  energy t ransmi s s i on .  

Land-us e conf l i c t s  dur ing con s t ruc t i on o f  e i ther the DC o r  AC underground 
t ran smi s s i on s y s t em would be far greater than tho s e  a s s oc i ated wi th con s truc
t i on of the propo sed overhead t ransmi s s i on l i ne . Long- term con s i derat ions of 
land use would favor deve lopment of the underground s y s t ems . However , bui ld
ing an underground s y s t em within the e s t abl i shed t ransmi s s i on corri dor wou ld 
not  a l leviate l and-u se con s t ra i nt s as s o c i a t ed wi th the two curren t l y  exi s t i ng 
t ran smi s s i on l i nes within the corr i dor . 

The we s t ern and eas tern a l t erna t i ve t ran smi s s i on l i ne routes  are each 
l onger than the propo sed rou t e .  Furthermore , the inten s i t y of land-u se 
impac t s  a s soc iated wi th the two a l t ernat ive rout e s  wou ld also  be  greater than 
for the propo s ed rout e .  The Tewk s bury a l t erna t i ve and the propo s ed route 
corre spond wi th e s tab l i s hed t ransmi s s i on l i ne corridors and t raverse 
rel a t i ve l y  s imi l ar terra i n ; therefore , l and-u s e  impac t s  related to those two 
rout e s  would be relat i vely s i mi lar . The Tewks bury a l t ernat i ve i s  about 4 . 6% 
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s hort er than the propos ed route ( E R ,  Vol . 4--p . 42 ) .  Thus , l and-u s e  impac t s  
would not be a s i gn i f i cant 1 s sue for choo s ing be tween the two rout e s . 

Land-use opportun i t i e s  at both the propo sed and alternat i ve Tewks bury 
converter terminal s i t e s  are rel a t i ve l y  l imi ted . Al though cons i s t i ng of 
marg inal fore s t  l and , the propo sed terminal s i t e  ha s some potent ial  for 
produc t i �n of commerc ial  wood produc t s  and for d i s persed rec rea t i onal use . 
Thus , devel opment of the propo sed s i t e would re sul t in  s omewha t greater land
use impac t s  than would development of the Tewks bury al ternative . 

2 . 3 . 2 . 3  Hydrol ogy , Wa ter Qual i t y ,  and Water Use 

Surface Water 

Potent ial  surface-water impac t s  re lated t o  eros i on , water qual i t y ,  dra in
age pa t t ern s , surface runoff , and damage t o  s t reambanks woul d be s imi l ar for 
all overhead t ran smi s s i on fac i l i t i e s . The adverse impac t s  a s s oc i ated with 
cons t ruc t i on of an underground transmi s s i on s y s t em are expec t ed t o  be greater 
than tho s e  as soc i a ted w i th the proposed overhead fac i l i ty ,  ma inly becau s e  of 
increa sed volume of excavat ed material for t renche s and manho l e s  and i ncreased 
l ength of cons truc t i on t ime f or an underground s y s t em .  Surface-water impac t s  
could i ncrea s e , part i cularly when the underground l ine would pa s s  under 
surface water bod i e s .  Dur ing operat i on of an underground s y s t em ,  there woul d 
be a poten t i a l  for o i l  s p i l l s  or l eaks into surface wa t ers . 

The propo s ed DC and the Tewksbury al terna t i ve t ransmi s s ion l ine s would 
have comparab l e  surface-water impact s .  The sub s t an t i a l l y greater r i ght-of-way 
c l earing and s o i l  d i s turbance as soc iated with deve l op ing the ea s t ern or 
we s t ern al terna t i ve routes  would increa s e  ero s i on potent ial and sed iment 
depo s i t i on in surface wa ter bod i e s  to a greater extent than would be the case 
for the propo sed rout e . 

The propo s ed Sandy Pond converter termi nal s i t e  contains  no surface wa ter 
bodi e s , whereas the Tewksbury al t erna t i ve converter terminal s i te conta i n s  
3 ha ( 8  acre s ) of 1 00-year f l oodplain , of wh i ch 2 . 4  h a  ( 6  acre s ) a r e  vegetated 
wet l and s . The we s t ern a l t erna t i ve converter t erminal woul d be ad j ac ent t o  a 
smal l wet l and and a t r i butary s t ream to the North Na shua River ( ER ,  Vol . 4 ) ; 
there fore , surface-water i mpac t s  for the propo s ed terminal s i te would be l e s s  
than for the a l t erna t i ve converter termi nal s i t e .  

Groundwa ter 

Some adverse impac t s  on groundwater cond i t i on s , inc lud ing aqu i fer 
contamina t i on and d i s rupt i on o f  shal l ow groundwater f l ow pat tern s , would be 
s imi l ar for all overhead des i gn opt i on s . The groundwater i mpac t s  of the 
underground tran smi s s i on l ine are expec t ed to be greater than tho se of the 
overhead transmi s s i on opt i on s ince the underground l i ne would i nvol ve 
excava t i ng a cont inuous t rench for the ent i re l ength of the propo sed i n t er'


conne c t i on .  Rout i ng detour s t o  bypa s s  areas that woul d  hinder or prec lude 
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t renching opera t i ons would sub s tan t i a l l y  inc rea s e  the vol ume o f  mat erial s t o  
b e  excavated . Backf i l l ed t renches would t end t o  serve as subsurface col l ec tor 
drains for groundwater at sha l l ow depths . Contaminat i on of groundwater 
res ources could also result from o i l  s p i l l s  or l eaks . 

There would be no s i gn i f i can t d i f ference s  in  groundwater impac t s  among 
propo sed and a l t erna t i ve converter t erminal s i t e s , al though t here would be 
s l ight changes in groundwater cond i t i ons for the Tewksbury a l t erna t i ve 
converter terminal s i te because of the f i l l ing of the 3-ha ( 8-ac re ) 
f loodpla i n .  

2 . 3 . 2 . 4 Ecology 

The ecolog i cal charac teri s t i c s  of the al terna t i ve routes  and converter 
terminal s i te are s imi l ar to tho s e  of the propo sed rou t e s  and of the s i t e for 
the propo sed converter terminal fac i l i t i es  ( s ee Sec t i on 3 . 4 ) . D i f ferences  are 
primar i l y  in the extent of var i ous  habi tat t ype s wi thin each route or at each 
s i t e .  Of ma jor concern are the amoun t s  o f  fore s ted hab i ta t  that would requi re 
c l earing and the extent of d i s t urbance t o  wet l and s .  D i f f erenc es  i n  numbers  of 
f l owing or s tand ing wat er bod i e s  to be eros s ed are of min imal concern , as 
these water bod i e s  would be s panned in  almo s t  a l l  cases . The d i f fering 
amount s  of open ( nonfore s t ed )  upland hab i t at are not of ma jor concern because 
such hab i tat s would only be mi nima l l y  impacted by s t ructure placement , l ayd own 
area development , and acc e s s road improvement s .  Add i t i onal l y ,  such hab i tat s 
can be more read i l y  re s t ored than can fores t ed or we t l and hab i tat s .  

Briefly , the princ i pal d i f ferenc e s  o f  the overhead route al t ernat i ve s  a s  
compared wi th the propo s ed route are as  f o l l ows : 

• Tewks bury Al terna t i ve--l e s s  fore s t  c l earing ( i nclud i ng fore s t ed 
we t l and s ) ( 9 . 3  ha [ 2 2 . 9  acre s ] for the Tewks bury rou t e  vs . 74 . 1  ha 
[ 1 83 acre s ] for the propo sed rout e ) ,  and greater wet l and and f l oodplain 
di s pl acement ( due t o  l ocat i on of the converter terminal part ial l y  i n  a 
f l oodplain /wet land area ) ( 4 . 6  ha [ 1 1 . 3  acre s ] of we t l and d i s pl acement 
for the Tewks bury route vs . 4 . 1  ha [ 10 . 2  acre s ] for the propo sed route , 
and 4 . 2  ac re-feet of f l oodplain d i s placement for the Tewks bury 
route vs . 3 . 2 acre-feet for the propo s ed rout e )  ( ER ,  Vo l . 4 ) . 

• E a s t ern Al t erna t i ve--great er fore s t  c l ear i ng ( 6 93  ha [ 1 , 7 1 3 acre s ] for 
the eas t ern a l t ernat i ve vs . 86 . 2  ha [ 2 1 3 acres ] for the propo sed 
route ) ,  l e s s  wet l ands t raversed ( 1 0 .  3 km [ 6 . 4  mi ] of wet l and s t o  be 
t raver sed for the eas t ern a l t ernat i ve vs . 1 5 . 0  km [ 9 . 3  mi ] for the 
propo sed rout e ) , and grea ter ero s i on po t en t i a l ( 2 1 . 1  km [ 1 3 . 1  mi ] o f  
t erra i n  wi th centerl ine s l opes greater than 2 0 %  for the ea s t ern 
a l t ernat i ve vs . 9 . 3  km [ 5 . 8 mi ] for the propo sed rout e )  ( ER ,  Vol . 4 ) .  

• We s t ern Al t ernat i ve--grea ter fore s t  cl eari ng ( 7 1 6 ha [ 1 , 7 7 0  acre s ] for 
the we s t ern a l t ernat i ve vs . 86 . 2  ha [ 2 1 3 acre s ] for the propo sed 
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route ) ,  l e s s  we t l ands  t raversed ( 6 . 1  krn [ 3 . 8  mi ] for the we s t ern 
a l t ernat i ve vs . 15 krn [ 9 . 3  mi ] for the propo s ed rout e ) ,  and greater  
ero s i on po t en t i a l  ( 2 2 . 2  krn [ 1 3 . 8  mi ] of t erra i n  wi th c en t erl ine s l opes 
greater  t han 20% for the we s t ern a l t ernat ive v s . 9 . 3  krn [ 5 . 8  mi ] for 
the propo s ed rout e )  ( ER ,  Vol . 4 ) .  

D i f ferences among the s e  a l t ernat ives are d i scus sed more f u l l y  1 n  Sec
t i on 4 . 2 . 2 . 4 .  

The onl y  o ther a l t erna t i ve of c oncern i s  that  invo l ving placemen t  o f  the 
t ransmi s s i on l i ne s underground . The underground l ine would fol l ow the s ame 
rou t e  a s  the propo s ed overhead s y s t em .  However ,  becau s e  of con s t ruc t i on and 
ma i n t enance d i f f erenc e s , there would be d i f fering ef fec t s  on ecolog i cal  
re s ourc e s . Compared wi t h  the overhead l i ne , the underground a l t erna t i ve 
genera l l y  wou ld requ i r e  inc reased c l earing of vege t a t i on ,  s i gn i f i can t l y  more 
d i s t urbance of s t reams and we t l and s , increa s ed po t en t i a l  for ero s i on ( due to 
more exc ava ted ma t e r i a l ) ,  and increa sed d i s t urbance t o  wi ldl i f e  and vege t a t i on 
( due t o  requi remen t s  t o  ma i n t a i n  the r i ght-o f-way of the underground sys t em in 
a gra s s y cond i t i on ) .  The se d i fferences  are d i s c u s s ed i n  mo re deta i l  1 n  
Sec t i on 4 . 2 . 1 . 4 .  The underground l i ne c o u l d  al so resul t in t h e  cont ami na t i on 
of we t l ands and o ther habi t a t s  due to o i l  s p i l l s  or l eaks . 

2 . 3 . 2 . 5  Soc i oec onomi c s  

Soc i oec onom i c  impac t s  caused by impl emen t a t i on o f  a l t erna t i ve de s i gn s  
wou l d  b e  the s ame a s  t ho s e  of the propo s ed pro j ec t ,  except i n  the ca se  o f  
deve l o pmen t  of a n  underground t ran smi s s i on l ine . The underground opt i on could 
create grea ter d i s t urbance ( t emporary and l ong-term) t o  commun i t i e s  al ong the 
r i ght-o f-way a s  a re s u l t  o f  i nc rea sed tra f f i c , noi s e ,  and du s t  l evel s .  

The Tewks bury a l t ernat ive overhead rou t e  and c onver t er t erminal s i t e 
wou l d  have effec t s  s im i l a r  t o  tho s e  o f  the propo sed pro j ec t ;  however , the 
ea s t ern and we s t ern a l t erna t i ves would have grea ter impac t s  becau s e  of the 
need for r i ght-o f-way expan s i on .  For the s e  al terna t i ve s , the acqui s i t i on of 
an add i t i onal 400 t o  6 0 0  ha ( 1 , 000 t o  1 , 500  acres ) wou ld neces s i t a t e  
reloca t i on of 3 5  t o  60 home s or bu s ine s s e s , and heav i er ac c e s s  road demand s 
wou l d  have poten t i a l  d i s t urbance effec t s  on l ocal commun i t i e s . 

2 . 3 . 2 . 6 Vi s ua l  Resources 

V i s ual  impac t s  are minimi zed when s t ructures of mul t i pl e  t ransmi s s i on 
l ines wi thin a c ommon corridor are symme t r i cal  in t erms of s t ructural de s i gn 
and placemen t . Thus , the Appl i cant 1 s s e l e c t i on of s t eel l a t t i c e  H-frame 
s t ru c tures for the propo sed DC t ransmi s s i on l ine between the Comerford 
conve r t er t erminal  and Sandy Pond Junct i on i n  New Hampshire wou l d  cause l e s s  
i nc remental v i sual impa c t  than any o f  the three a l t erna t i ve s t ruc t ure t ypes 
c on s i dered . Overhead suppo r t s  for the propo s ed DC tran smi s s i on l i ne be tween 
Sandy Pond Jun c t i on and the propo sed conve r t e r  terminal s i t e at  Sandy Pond in 
Ma s s achu s e t t s  wou ld be s ingl e- shaf t , s teel-po l e  s t ructures ( ER ,  Vol . 2--p . 48 , 
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Vo l . 3--p . 34 ) .  The leve l of vi sual i n t ru s i vene s s  a s s o c i ated wi t h  the s e  
s t ru c t ure s i s  general l y  con s i dered re l a t i ve l y  l ow c ompared wi th t h a t  o f  o ther 
s t ru c t ure de s i gn s  of s imi l ar s ta ture . However ,  thi s advan tage wou l d  be o f f s e t  
t o  some extent s ince the form and l i ne at t r i bu t e s  of the propo sed s ingle- sha f t  
s t ruc tures would contra s t  with tho s e  of H-f rame s t ru c t ure s of a n  exi s t ing 
t ransmi s s i on l i ne wi thin the common r i ght-o f-way . 

Dur i ng con s t ruc t i on ,  development of the propo s ed overhead DC t ransmi s s i on 
l ine wou l d  re sul t in far l e s s v i s ual  impa c t  than would con s t ru c t i on of the 
a l t erna t i ve underground t ransmi s s i on system.  However , fo l l owing rec l ama t i on 
of s i t e s  d i s turbed dur i ng con s t ru c t i on ,  t he s i tua t i on wou l d  be reve r s ed i n  
that t h e  incremental v i s ual  impac t s  of overhead t ran smi s s i on l in e s  wou l d  
exceed those of underground sys tems . None thele s s ,  the appearance o f  the 
r i ght s-o f-way for underground s y s t ems wou l d  i n t rude on numerous l and s c apes 
s ince t he r i ght s-of-way mus t  rema i n  c l eared of t rees and shrubs ( ER ,  Vo l .  4-
P •  80 ) .  The effect  woul d  be mo s t  not i ceable in fore s t ed l and s c ape s , 
par t i cularly i n  areas where con s t ruc t i on con s t ra i n t s  would nece s s i t a t e  rou t ing 
of t he underground sys tem out s i de t he e s t abl i s hed r i ght s -of-way ( ER ,  Vol . 4-
p .  86 ) .  

The poten t i a l  for vi sual impa c t s  for both the eas tern and we s t ern 
a l t e rnat i ve rout e s  woul d  be grea t er than that for the propo sed rout e . The 
al ternat i ve rout e s  are apprec iably l onger , enc roach on s ub s t an t i a l l y  greater 
re s i dent i a l  area , and woul d  requ i re cons i derably more r i ght-o f-way c l ea r i ng 
than wou l d  be the case  for the propo s ed rout e  ( ER ,  Vol . 4--Sec . I I I . C ,  
Sec .  I I I . D ) . The a l t ernat i ve Tewks bury route corre s pond s wi th t he propo s ed 
rout e  for about 1 8 1  km ( 1 12 .  5 mi ) .  The rema i nder of the two rout e s  wou l d  
t raver s e  rel a t i ve l y  s imi l ar terrain and cul t ural development s .  However , 
vi s ual  impac t s  wou l d  be great er for the Tewksbury al ternat i ve ,  primar i l y  
becaus e  t he a l t erna t ive rout e  t raver s e s  a 7 . 2-km ( 4 . 5-mi ) s egment o f  an 
e s t abl i s hed t ran smi s s ion corridor in whi ch paral l e l i ng t ransmi s s i on l ines 
woul d  enta i l  suppor t  s t ru c t ures  of six d i f fering s t ru c tural de s i gn s . 

Both the propo s ed and a l t erna t ive Tewks bury converter terminal s i te s  are 
chara c t eri zed by l ow-qual i t y  l ands cape v i ews . Furthermore , bo t h  s i te s  are 
re l a t ively we l l  s creened from v i ews by the general publ i c .  Thu s , vi sual 
re sources are not mean i ngful i s sues  for choo s ing be tween the two c onverter 
t ermi nal  s i te s . 

2 . 3 . 2 . 7  Cul t ural Resources  

A l t erna t i ve s t ru c t ure type s ( s i ngle po l e  and wa i s t ed ) could  have greater 
vi sual impact  on hi s to r i c a l  s i t e s  near the r i ght-of-way , al t hough spec i f i c  
impa c t s  have yet t o  be ident i f i ed .  Bur i a l  o f  the t ran smi s s i on l i ne woul d  have 
much hi gher pot en t i al for both surface and subsurface damage to archeolog i cal 
s i te s . 

Among the a l t ernat i ve overhead rout e s  con s i dered , t he we s t ern a l t ernat i ve 
probably has the highe s t  potent i a l  for impac t s  t o  archeological  and hi s t o r i c  
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segment would t rave r s e  the Conne c t icut River 
surveys would be needed i n  order to effec t ively 

a s  i n  t he case  of the proposed rout e .  

s i t e s  becau s e  i t s  northern 
Val ley . Cul tural resource 
a s s e s s t he adverse impac t s ,  

2 . 3 . 2 . 8 Hea l t h  and Safety 

Hea l t h  and safety concerns genera l l y  would be s imi lar among all overhead 
t ransmi s s ion s y s t em a l t erna t i ve s . As d i scus s ed in Sec t i on 4 . 1 . 8 ,  t he l evel s 
of a 1 r  i on s , ozone , aud i b l e  noi s e , e l ec t r i c  f i e l d s , and magnet i c  f i e l d s  
a s soci a t ed w i t h  ±450-kV D C  and 345-kV AC t ransmi s s i on l i nes are w i t h i n  leve l s  
that have been s hown t o  have l i t t l e  o r  ( more o f t en ) n o  b i omed ical or 
behav i oral effec t s  on an ima l s  and human s .  Therefore , no impa c t s  would be 
expec t ed from any of t he overhead al t ernat i ves . Neverthel e s s , per c e i ved 
impac t s  would probabl y  be great er for both the e a s t ern and we s t ern a l t erna
t ive s compared with  t he propo s ed route and t he Tewk s bury a l t ernat i ve . Thi s 
d i f ference would be due t o  t he great er number of re s i dent i a l  and bu s i n e s s 
devel opment s  ad jacen t  to  t he ea s tern and we s t ern al ternat i ve rout es . 

Worker safety i s sues would be s im i l a r  for a l l  overhead t ransmi s s i on l i ne 
al t ernat i ves . Relat i ve safety wou l d  be l e s s  for t he east ern and we s t ern 
al terna t ives because tho s e  rout es  would be l onger and because grea t er amoun t s  
o f  fore s t  would requ i re c l earing . 

The underground al t ernat ive would not have the perce i ved impa c t s 
a s s o c iated wi th elec t r i c  f i el d  effec t s , a i r  ions , and other operat i onal ai r
qual i t y  concern s . The peak magne t i c  f i e l d  w i t h i n  the r i ght -of-way o f  an 
underground l ine would be greater than tha t  from an equival ent overhead 
l ine . However , becau se of c l o s er s pac i ng of underground cabl e s , the magnet i c  
f i e l d  would decrease more rap idly ( e . g . , would b e  l e s s  a t  t he edge o f  the 
r i ght-of-way than the magnet i c  f i eld f rom an equivalent  overhead l i ne ) .  
However ,  worker safety i s sues  woul d  i ncrease because of t he greater amoun t of 
con s t ruc t i on a c t i v i t i e s  requi red for an underground s y s t em .  Al s o , hea l th and 
s afety i s sues woul d  be great er becau s e  of t he i nc rea s ed ma i n t enance ( e ffort 
and frequency )  required for an underground s y s t em .  

2 . 3 . 2 . 9  Rad i o  and Te l ev i s i on Interference 

I n  cont r a s t  wi th e l e c t r i cal f i el d s  surround i ng conduct o r s  of overhead 
t ransmi s s i on l i ne s ,  there i s  e s sent i a l l y  no e l e c t r i cal  f i e l d  surround i ng 
cabl e s  of underground t ran smi s s i on s y s t ems ( Bonnevi l l e  Power Admi n i s t ra t i on 
1 98 2 ) .  Thus , receivers adj acent t o  buri ed t ran smi s s i on cabl es  are not subj ect  
to  rad i o  and t el evi s i on i n t erference . 

The ea s t ern and we s t ern a l ternat i ve routes  would t rave r s e  more 
re s i dent i a l  and commerc i a l  development than woul d  t he propo sed route ( ER ,  
Vol .  4--Sec . IV . C-D ) . Thu s , the poten t i al for occur rences o f  rad i o  and 
t e l evi s i on i n t erference would be greater al ong t he ea s t ern and we s t ern 
a l t e rnat i ve route s .  The ext ent of re s i dent i al  and commerc i al devel opment s  
t raver sed by t he propo sed route and t he a l t ernat i ve Tewk s bury route woul d  be 
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re l a t i vely s i mi lar ; t herefore , the poten t i al for t he i nc idence of rad i o  and 
televi s i on i n t erferenc e would l i kewi se  be s imi l ar .  
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3 .  AFFECTED ENVI RONMENT 

3 . 1  AIR RESOURCES 

The princ i pa l  c l ima t i c  chara c t er i s t i c s  o f  central Ma s s achuset t s  and 
interior New Hamp shire include changeable wea t her , large day-to-day and annual 
temperature vari a t ions , evenl y d i s t r i buted monthly prec i p i t a t i on ,  great 
d i f ferences between the same season o f  d i f ferent years , and con s i derable 
anomal i e s  in  local i zed c l imate ( Na t i onal Oceanic  and Atmo s phe r i c  Admi n i s t ra
t i on [ NOAA ] 1 98 0 ) .  

Average annual  t emperatures are about 9 . 4 ° C  ( 4 9 ° F )  in the Mas sachus e t t s  
por t i on o f  the s t udy a rea and from 7 . 8 ° C  ( 46 ° F )  i n  the south to  5 . 0 ° C  ( 4 l ° F )  
1 n  t he north i n  the New Hampshi re po r t i on ( NOAA 1 98 0 ) .  

Prec i p i t at i on i s  f a i r l y  un i form throughout t he year and i s  ma i n l y  
a s s o c iated w i th f rontal pa s sage s . Although t he f requency of frontal pa s s age s 
dec rea s e s  during t he summer months , increa s i ng thunde r s t orm a c t i v i t y  in  the 
summer more t han compensates  for t he prec i p i t a t i on di f ference .  Snow cover i s  
usua l l y  con t i nuou s  through t he winter ( Bal dwin 1 9 74 ) . I n  Ma s sachu s e t t s ,  
annual prec i pi ta t i on i s  about 1 14 em (45 i n ) , and in  New Hampsh i re ranges f rom 
104 em ( 4 1  i n )  in the s outh to 94 em ( 3 7  in ) in the nor t h .  Annual snowf a l l  i s  
j u s t  under 1 78 em ( 70 i n )  i n  Ma s sachuse t t s ,  and i n  New Hamp shire range s f rom 
1 5 2  em ( 6 0  i n )  in the south to 229 em ( 9 0  in ) in the north ( ER ,  Vo l s .  1 -3 ) .  

The changeabi l i t y  o f  t he weather i s  a t t r i butable t o  t he large number of 
s t orm t racks and t he fre quent migra t i on o f  air ma s se s  t hrough t he regi on . The 
predominant wind d i rec t i on i s  we s t , wi th devi a t i on s  t o  the southwe s t  i n  the 
summer and to t he nor thwe s t  dur ing winter . Over t he general area that would 
be t raver sed by the t ransmi s s i on l i ne , the wind s peed s range from monthly 
average h i ghs  o f  8 to 15  km/h (5  t o  9 mph ) i n  the summer t o  .1 3 t o  1 9  km/h ( 8  
t o  1 2  mph ) i n  the winter ( ER ,  Vol s .  1 -3 ) . 

Hurri cane s and t ropi cal s t orms occa s i ona l l y  affect  the area , but the area 
1 s  far enough inl and that the d e s t ruct i ve nature o f  the wind s i s  con s i derab l y  
l e s s ened . Thunderstorm days have a frequency o f  20  t o  30 p e r  year ; however , 
severe thunder s torms w i t h  attendant ha i l  or  tornadoes  are rare ( Ba l dwin 
1 9 74 ) . Glaze and freez ing rains torms i n  winter make t ravel hazardous . At 
l ea s t  one i c e  s torm can be expec ted each winter ( NOAA 1 9 80 ) .  

The few a i r-qual i ty mon i to r s  that exi s t  i n  the reg i on are usua l l y  s i ted 
near maj or s t at i onary s ources of pol lut i on and , therefore , do not repre s en t  
the rural s e t t i ng found al ong t h e  propo sed t ransmi s s i on l ine corri dor . 
Ambi en t  a i r-qual i t y  data for 1 9 8 3  ( U . S .  Envi ronmental Protect i on Agency 1 9 8 4 )  
ind i cate that the pol l utant level s o f  sus pended pa�t i culate s ,  sul fur d i ox i de , 
and n i t rogen d i ox i de are we l l  be l ow s tandard s i n  the urban areas o f  
Ma s sachus e t t s  and New Hamp s h i re , and a r e  undoubtedly even l ower i n  the rural 
area s . Carbon monoxide and hydrocarbon leve l s  are probably we l l  below 
s tandard s in the rural areas al s o .  However , el evated l eve l s  of ozone are 



3-2 

frequent 1n the urban areas of New Engl and ( U . S .  Env i ronmental Pro t ec t i on 
Agency 1 9 84 ) .  H i gh l eve l s  may a l s o  occur i n  the rural areas al ong the 
propo sed t ransmi s s i on l i ne during s ummer due to  pol lutant tran s port  i n t o  the 
reg i on coup l ed w i t h  c l imat i c  c ond i t i ons  that promot e  ozone produc t i on ( ER ,  
Vol s .  2 and 3 ) .  

3 . 2  LAND FEATURES AND USE 

3 . 2 . 1  Geol ogy and Topography 

The proposed route l i e s  within  the New Engl and phys i ograph i c  provi nce , a 
northward cont inuat i on of the P i edmont , Blue R idge , and Val l ey prov i n ce s . 
Thi s  area i s  d i f feren t i a ted from the mo re s outherly port i on of the Appal achian 
range ( ER ,  Vol s .  2 and 3 ) ,  i n  ma j or part due t o  the pronounced e f fe c t s of 
glac i at i on .  

The geomorphol ogy of the area i s  par t i al l y  i n f l uenced by the underlying 
crys ta l l ine bedrock.  The gran i te s  and me tamorph i c  rocks form a p l a t eau l i ke 
surfac e .  I n  general ,  t he s e  rocks have been c ompre s s ed to  s ome degree , up
l i f t ed ,  and eroded to the i r  pre s en t  character  ( Fenneman 1 9 3 8 ) .  The geo
morpho l ogy a l s o  has been i nf l uenced by i ntense glac i a t i on ; domi nat ing much of 
the surface geol ogy are such glac i a l  features as moraines , druml i n s , kame s , 
and e s kers  ( E R ,  Vol s .  2 and 3 ) .  

The New Engl and phys i ographi c  provi nc e  i s  d i vi ded i n t o  f i ve d i s t in c t  sec
t i ons ( Hunt 1 9 6 7 ) .  Three of the s e  are i n c l uded within the s tudy area-- the 
Whi te Mount a i n  s e c t i on i n  the northern port ion o f  t he s t udy area , t he New 
Engl and Upland s ec t i on i n  the c en t ral por t i on o f  the s tudy area , and t he 
Seaboard Lowl and s e c t ion 1 n  the southern port i on of t he s t udy area ( ER ,  
Vol . 2--p . 7 3 ) .  

I n  genera l ,  t opograph i c  rel i ef and l and eleva t ions  decrea s e  from north t o  
south.  Domi nant l and forms o f  t he northern part o f  t he s t udy area are an 
upl and p l a t eau and the adj o in ing Whi t e  Mount a in s ; the l a t ter i s  an exten s i ve 
moun t a i n  mas s  w i t h  average e leva t i on s  o f  about 5 80 m ( 1 , 9 00 f t ) above mean sea 
l evel ( MSL ) . Several l ower moun t a i n  range s ext end north- s outh acro s s  the 
p l a t eau . Central  and southern por t i on s  of the s t udy area are l ocated wi thin 
an upra i s ed and eroded penepl a i n . Res idual hi l l s  and l ow moun t a i n s  
( monadnocks ) a re relat i vely abundant i n  t he upl and or northern port i on of t he 
penepl a i n  and oc cur wi t h  decrea s i ng frequency i n  a s outherly d i rec t i on .  The 
upl and s o f  t he penep l a i n  are s t rongly d i s s e c t ed , typ i cal l y  by s t eep- s i ded , 
narrow val l eys . Compared w i t h  topograph i c  rel i e f  of t he upl and penepla i n , 
l and forms o f  the southernmo s t  part of t he s t udy area are l ower and 
smoothe r .  Surface e l evat i on s  typ i c a l ly range from 75 m ( 2 5 0  f t ) to 1 5 0  m 
( 5 0 0  f t ) MSL . 

The a rea a l ong t he propo sed route and t he propo sed subs t a t i on s i t e s  are 
w i t h i n  S e i smi c Zone 2 ( Corps of Eng i neer s 1 9 8 3 ) .  Thi s  de s i gnat ion mean s t ha t  
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the reg i on has l i ght t o  moderat e  earthquake potent ial ( ER ,  Vol . 2--p . 7 4 ) . No 
s tructural damage would be expec ted from an earthquake i n  a Sei smic Zone 2 .  

3 . 2 . 2  Soi l s  

The s o i l  condi t i ons o f  New Eng l and ref l e c t  t he s t rong i n f l uence o f  recent 
glac i a l  even t s . Some of t he o r i g i n s  of t he s o i l s  are g l a c i a l  t i l l , g l ac i o
fluvial depo s i t s , and glac i olacus t r i ne depo s i t s  ( So i l  Con s erva t ion Serv i ce 
1 96 5 ) .  S o i l  re s ource s re levant t o  t he propo s ed pro j e c t  are t ho s e  w i t h i n  a 
s tudy area de f i ned a s  a 1 6-km ( 1 0-mi ) wide corridor cent ered on t he proposed 
t ransmi s s ion l i ne ( Fi gure 2 . 1 ) .  So i l  re source s within  t h i s s tudy area range 
in t h i ckne s s  from nonex i s tent ( exposed bedrock)  to  very deep a l l uvial depos i t s  
i n  r i ver val l eys . I n  s ome c a s e s , s t ream t erraces can be s een i n  t he r i ver 
val l eys . 

The s l ope s o f  t he s o i l  surfac e s  range from f l a t  t o  mo re t han 2 5 %  i n  
l imi t ed area s . Becau s e  of t he exi s t i ng vegetat i on cover al ong and wi t h i n  t he 
e s t abl i s hed r i ght-o f-way , t he amount of s o i l  ero s i on i s  rel at i ve l y  minor . 
However , s and and gravel ex t rac t i on ac t ivi t i e s  have resulted i n  accel erated 
ero s ion rates i n  s everal s pot s a l ong t he rout e .  

The proposed DC and AC t ransmi s s i on l i ne routes  would t raverse  a t o t a l  of 
about 27 km ( 1 7  mi ) of prime and important  farml and' i n  Ma s sachus e t t s  ( ER ,  
Vol . 2--Table I I I -2 8 ) . Thi s d i s t ance repre s ent s about 26% o f  t he t o tal  1 0 3  km 
( 64 mi ) of propo sed t ransmi s s ion l i ne route i n  the s ta t e . I n  New Hamp s h i re , 
t he propo s ed 1 9 5-km ( 1 2 1 -mi ) DC t ransmi s s i on l i ne route would t raverse  a t o tal  
of about 8 km (5  mi ) of prime and important farml and s , about 4% of t he New 
Hamp s h i re rout e  ( ER ,  Vol . 3--Table I I I -30 ) .  Thus a cumulat i ve t o tal of 35 km 
( 22 mi ) o f  prime and important farml and s would be t raversed by t he propo s ed 
rout e s  wi thin t he two s ta t e s . 

Some so i l s  of the 9-ha ( 23-acre ) converter terminal s i te al so  have been 
i dent i f ied as prime farml and s , but t he s i t e i s  charac teri zed by rock outcrops 
and l arge boul der s  and t hus  may not be wel l  sui ted for farming ( ER ,  Vo l . 1 ,  
Sec . IV . C .  1 .  b )  • 

3 . 2 . 3  Agr i cul ture 

Land use for agr i cul tural purpo s e s  i n  Ma s s achu s et t s  and New Hampshire  ha s 
decrea s ed marked l y  dur i ng t he l a s t  few decade s . For exampl e ,  i n  Ma s s achus et t s  
the proport ion o f  l and categori zed a s  " l and i n  farms " decrea sed from 3 3 . 0% i n  
1 95 0 , t o  1 7 . 9% i n  1 9 64 , and t o  1 2 . 2% i n  1 9 8 2  ( Bureau o f  the Cen sus  1 9 84a ) ; i n  
New Hamp s hi r e  t he corre s pond i ng percentage decrea s e s  were 2 9 . 7% ,  1 5 . 7% ,  and 
8 . 2% , re s pec t i ve l y  ( Bureau of t he Cen sus 1 984b ) . 

As s hown i n  Tabl e A . l  of Append ix A ,  t he propor t i on of l and i n  farms i n  
the count i e s  t raver sed b y  t he proposed t ran smi s s ion l i ne i s  re l a t i vely l ow ,  
rang i ng from 1 3 . 8% for Worce s ter Coun ty to  5 . 2% f o r  Nor folk Coun t y .  However , 
data presented by t he Appl i cant ( E R ,  Vol . 2--Table I I I - 1 9 , Vo l . 3--
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Tab l e  I I I - 1 8 )  indicate  t ha t  agr i cul t ure ranks s econd only to  fore s t ry as  a 
ma J o r  l and u s e  i n the pro j e c t  s t udy area . The propor t i ons  o f  l and in  farms i n  
these coun t i e s  in  1 9 8 2  were e s sen t i a l l y  unchanged f rom comparab l e  1 9 7 8  da ta . 
The percentage s o f  l and i n  farms for 1 9 8 2  decrea sed from tho s e  for 1 9 7 8 ,  wi t h  
t he except i on of Wor c e s t e r  and Grafton count i e s , but a l l  changes were l e s s  
than 1 %  o f  t he l and i n  t he respec t i ve count i e s . On t he o t her hand , t he 
average s i ze o f  farms i n  a l l  count i e s  decrea sed duri ng 1 9 7 8 - 1 9 8 2 , and i n  s ome 
c a s e s  change s were s ub s t ant i a l . For the mo s t  part , t he effec t s  of decrea sed 
farm s i ze were e s s en t i a l l y  o f f s e t  by corres pond ing increa s e s  i n  t he number of 
farms ( Bureau of t he Cen s u s  1 984a , 1 984b ) .  

Among the Ma s sachu s e t t s  count i e s  al ong the propo s ed rou t e , s a l e s  f rom 
l i ve s t ock produc t i on and d a i ry opera t i ons  were ma j or s ourc e s  of agr i cul t ura l 
income i n  Worce s t er Count y in  1 982 , whi l e  s a l e s  f rom crop produ c t i on ,  
e s pec i al l y  nur sery and greenhous e  produc t s , were princ i pa l  s ource s  o f  income 
for farms i n  Middl e s ex and Norfolk count i e s . For the New Hamp s hi re count i e s  
al ong t he propo s ed rout e , s a l e s  from dai ry o perat i ons  con s t i tuted t he 
predominant agr i cu l t ura l i ncome i n  Gra f t on and Merrimack count i e s ; dairy 
produc t s , frui t s ,  nut s ,  and berr i e s  were the princ i pa l  s ource s  o f  income f rom 
H i l l sbo rough Count y  farms ; and s a l e s  o f  agr i c u l t ural produc t s  f rom Rocki ngham 
Coun t y  farms der i ved pr i mar i l y  f rom dairy and poul t ry opera t ions ( Tabl e A . l ) .  

3 . 2 . 4 Fore s t ry 

As of 1 9 7 7 ,  about 5 9 %  ( 1 . 2 mi l l i on ha [ 3  mi l l i on acres ] )  o f  t he l and area 
in Ma s sachus et t s  cons i s ted o f  fore s t  l and . Of thi s ,  about 95% ( 1 . 1  mi l l ion ha 
[ 2 . 8  mi l l i on acres ) )  wa s c l a s s i f i ed as  commercial  t imberl and ( Fore s t  Servi c e  
1 9 7 8 ) .  I n  New Hamp s h i re , about 8 7 %  o f  the l and i n  t he s t at e ,  or 2 mi l l i on ha 
( 5  mi l l i on acre s ) ,  con s i s ted of forest  land , and about 94% of the t o t a l  
fore s ted area wa s cl a s s i f i ed as  commerc i al t imber land . 

The predomi nance o f  fore s t  land use  in  count i e s  t raver sed by the propo s ed 
t ransmi s s i on l i ne i s  i l l u s t rated in  Table A . 2  of Append ix A .  Fore s t  l and u s e  
in  New Hamp shire coun t i e s  substan t i a l l y  exceeds t ha t  f o r  mo s t  Ma s sachu s e t t s  
count i e s . The propor t i on o f  total  fore s t  area for New Hamp s hi re coun t i e s  
ranges from about 7 5 %  i n  Rockingham County to  about 9 0 %  in  Graf ton Coun t y .  
For Ma s sachu se t t s  count i e s , the proport ion o f  fore s t  l ands ranges from a bout 
44% i n  Middlesex County t o  about 69% in  Worce s ter County ( Tabl e A . 2 ) .  For the 
mo s t  part , the l ower percentages o f  fore s t  l and i n  M i dd l e sex Count y  are 
a t t r i butable to  t he inten s i ve re s i dent i a l , commerc i a l , and i ndu s t r i a l  l and u s e  
i n  the Bo s ton area . Thi s i s  supported b y  fore s t  l and data pre sented b y  the 
Appl i cant ( ER ,  Vo l . 2--Table I I I - 1 9 ) that are based on a pro j e c t  s t udy area 
compo sed of only those t own s w i t h i n  a g i ven count y  that are t ravers ed by the 
propo s ed l ine . 

Tab le A . 2 shows that about 90% or more of the fore s t  land in  each county 
t raversed by the propo s ed route cons i s t s  of commerc i al t imberland and that 
.o a t  fore s t  l ands are in  private ownershi ps . 
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The d i s t r i but ion o f  fore s t  type s wi thin count i e s  t raversed by the 
propo s ed t ran smi s s i on l ine t s  pre sented tn Tabl e  A . 3  o f  Appendix A .  I n  
general , the t rends i n  occurrence o f  the fore s t  types corres pond wi t h  
eco sys t ems as del ineat ed b y  the U . S .  F i s h  and W i l d l i fe Serv i c e  ( 1 9 7 9 ) ; i . e . , 
fore s t  s t ands o f  New Hamp s h i re count i e s  corre s pond wi t h  the No rthern 
Hardwood s-Spruce fore s t , whi l e  fore s t  t ypes in Ma s sachus e t t s  coun t i e s  
repre sent t rans i t i on t o  the Appalachian Oak fore s t . 

3 . 2 . 5  M i n i ng 

Cumu l a t i ve data f rom l ong-t erm inven t o r i e s  i nd i cate that onl y  minor 
quant i t ie s  of t he ma j or met a l s ( go l d ,  s i lver , l ead , z inc , and i r on ) have been 
extrac ted in Ma s sachus e t t s  and New Hamp s h i re ( Geological  Survey 1 9 7 0 ) .  The 
maj o r  mat e r i a l s ext rac ted in the two s t a t e s  are e s s en t i a l l y  nonmetal l i c  and 
are of relat i ve minor econom i c  s i gni f i cance . The 1 984 produc t i on of minera l s  
in  New Hamp s h i re der i ved pr i ma r i l y  from sand and gravel material s ,  f o l l owed by 
more l imi ted ext rac t i on of s t one produc t s  ( F . E .  Compton Co . 1 9 84 ) . As 
obs erved dur i ng Staff  reconna i s sance of the New Hampshire proj ec t  area 
( Fi gure 2 . 1 ) ,  sand and gravel materi a l s are genera l ly poorl y  sorted , 
extrac t i on i s  not  ext en s i ve ,  and use  appears oriented t o  l ocal needs . 
Exp l o i t a t i on o f  mineral resource s  in  t he pro j ec t  area occurs only a s  scat t ered 
sand and gravel p i t s  and gran i te quarr i e s  ( ER ,  Vol . 3-- p .  6 1 ) . 

The val ue o f  mineral product i on i n  Ma s sachus et t s  i s  more sub s t ant ial  t han 
in  New Hamp s h i re ( F . E .  Compton Co . 1984 ) .  M i neral resources of economi c val ue 
within Ma s s achus e t t s  coun t i e s  who l ly or par t i a l l y  t raversed by the propo s ed 
t ransmi s s i on l ines ( F i gures 2 . 2  t hrough 2 . 4 )  occupy a t o t a l  o f  about 4 , 82 8  ha 
( 1 1 , 93 0  acre s ) .  About 9 7 %  o f  t h i s  total area cons i s t s  of s and and gravel 
depo s i t s  ( ER ,  Vo l . 2--Table I I I -3 ) .  Of  the t o tal surface area of economi c 
mineral depo s i t s  ( 1 , 6 9 5  ha [ 4 , 1 9 0  acres ] )  i n  M i dd l e s ex Coun t y ,  only 7 %  occurs 
within t owns t raver s ed by the propo s ed t ransmi s s i on l ine and invo lves onl y  
sand and gravel depo s i t s . About 3 9 5  h a  ( 98 0  acre s )  of s and and gravel 
depo s i t s  and 1 5  ha ( 35 acre s ) o f  o ther m i neral depo s i t s  occur i n  t owns o f  
Worc e s ter Coun t y  t raversed by the propo sed l ine .  Only 4 8  ha ( 1 2 0  acre s )  o f  
econom i c  sand and gravel depo s i t s  occur in  t he t own o f  Medway in  Norfolk 
County ( ER ,  Vol . 2--p . 7 9 ) .  

3 . 2 . 6  Natural and Recreat i onal Area s 

3 . 2 . 6 . 1 New Hamp s h i re 

The s t udy area for the i nvent ory o f  natural and recrea t i onal s i te s  in  
New Hamp s h i re con s i s ted o f  a 6 . 4-km ( 4-mi ) wide corridor cent ered on the 
propo s ed t ransmi s s i on l ine rout e . Des i gnated natural areas  inc lude the Whi t e  
Mount a i n  Nat i onal Fore s t , whi ch i s  t raver sed b y  the proposed rou t e  for about 
15 km ( 9  mi ) in the t owns o f  Benton , Warren , and Wentworth ( F i gure 2 . 2 ) . An 
add i t i onal 3 5  natural areas are l ocated par t i a l l y  or whol l y  w i t h i n  the s tudy 
area corr i dor , of whi c h  19 areas are s t a t e  ( 1 6 ) , t own ( 2 ) ,  and private 
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( 1 )  fore s t s  rang ing i n  s i ze f rom 1 0  ha ( 2 5  acre s ) to  400 ha ( 1 , 0 0 0  acre s ) 
( Freeman 1 9 8 1 ) .  Among the l arger d e s i gna t ed natural areas adjacent to  the 
propo s ed rout e  are the Hopkint on-Evere t t  and Blackwater re servo i r s  i n  the t own 
of Hopkinton and Web s t e r , re s pec t i vely ( F i gure 2 . 3 ) .  Other de s ignated areas 
featur ing aquat i c  a t t ract i ons include Mus quash Swamp , Merr imack Fi sh Rearing 
Sta t i on ,  Smi t h  Pond Bog , Contoocook R i ver , and the Parker Natural Area 
( Freeman 1 9 8 1 ; New Hampshi re O f f i c e  of S t a t e  Planning 1983a ) .  Other no table 
areas are t he 440-ha ( 1 , 1 00-acre ) Cons ervat ion Commi s s i on Land and t he sma l l er 
Cont oocook R i ver Park wi thin the towns of Bow and Concord , re s pec t i ve l y  
( F igure 2 . 3 ) .  

Ded i c a t ed recrea t i onal area s to tal ly or part i al l y  wi thin the s tudy area 
corridor include two s tate parks and seven mun i c i pal  park s . The s ta t e  parks 
are the Plummer s  Ledge Geo l og i c  S i t e  in the town of Wentworth and the 
Wel l i ng t on Beach State Park i n  the towns of Bri s to l  and Al exandria . Four o f  
the mun i c i pal  parks a r e  in  the t own of Manche s t er , with  one each in  t h e  town s  
o f  Hud s on ,  Hebron , and Haverhi l l  ( F igures 2 . 2  and 2 . 3 ) .  The mo s t  numerous 
recreat i onal s i t e s  adj acent t o  the proposed route are mun i c ipal and s choo l  
fac i l i t i e s  devel oped f o r  inten s i ve recrea t i on ( Freeman 1 9 8 1 ) .  For exampl e ,  
there are more than 40  athl e t i c  f i el d s , 5 go l f  c our se s , and 2 gymna s i ums 
ad jacent to  the propo sed l ine i n  H i l l s borough Count y ,  pr imar i l y in  t he t own s  
o f  Gof f s town , Manche s ter , and Bedford ( F i gure 2 . 3 ) .  Other c omparabl e 
recreat i onal opportuni t i e s  or  fac i l i t i e s  within  the s tudy area corri dor 
inc l ude wa ter sport a c t i  Vl t 1 e s  ( 1 6 s i t e s ) ,  athl e t i c  f i e l d s  ( 1 6 si t e s ) ,  
campground s ( 23 s i te s ) ,  winter s port ac t i vi t i e s  ( 4  s i t e s ) ,  a road s i de park , a s  
wel l  a s  publ i c  hunt ing ( 2 )  and f i shing ( 4 )  areas . 

The propo sed route intersec t s  s everal de s i gnated r i ver and overl and 
recrea t i onal rout e s . Segment s of t he Baker , South Branch Baker , and 
Cont oocook Rivers intersect ing the propo sed route are inc l uded in the federal 
invent ory o f  nat i onwi de r i ve r s  wi th rec reat i onal po ten t i al ( Na t i onal Park 
Servi c e  1 9 8 2 ) .  The Baker and Contoocook are de s ignated s t a t e  recreat ion 
r i ver s , and South Branch Baker i s  a state s ceni c  r i ver route ( New Hamp s h i re 
Of f i ce o f  Comprehen s i ve Pl ann ing 1 9 7 7a ) . Add i t i onal l y ,  inter s e c t ed segment s  
o f  the Ammonoo suc and Smi t h  R i vers  are s t a t e  recrea t i on corridor s . Several 
highway s  i n t e r s e c t ing t he proposed rout e  inc l ude State  Route ( SR )  1 3 5  and 
U . S .  3 0 2 / SR 1 0 , whi ch are de s i gnated s ceni c  hi ghway/bike rout e s .  I n t er se c t ed 
s ceni c  hi ghways inc l ude SRs 1 1 ,  1 3 ,  2 5 , 1 0 3 , and 1 1 2 and u . s .  4 ;  SRs 1 0 1 ,  1 0 2 , 
1 1 1 ,  and 1 14 are de s i gnated b i ke routes  ( New Hamp s hi re Off i c e  of Comprehen s ive 
Pl ann i ng 1 9 7 7 b ;  ER , Vol . 3--Table I I I-25 ) .  The proposed rout e  i n t e r s ec t s t he 
Appalachi an Tra i l  i n  t he t own o f  Warren ( F i gure 2 . 2 ) .  

Add i t i onal i nformat i on c oncern i ng 
propo sed New Hampshire pro j e c t  area 
Sec . II I .  C .  1 2 )  • 

recrea t i onal 
1 s  presented 

resourc e s  within t he 
in  t he ER ( Vol . 3--
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3 . 2 . 6 . 2  Ma s s achus e t t s  

S i t e s  i nc l uded i n  the Mas s achus e t t s  s t a t ewide i nventory o f  recrea t i onal 
re sourc es  are c l a s s i f i ed i n  four maj o r  c a t egor i e s -- in t ens ive recrea t i on area s , 
general rec rea t i on area s , natural ( cons erva t i on )  area s , and hi s tor i cal / 
cul tural areas ( Ma s s achus e t t s  O f f i c e  of P l anning 1 9 7 8 ) .  The hi s tor i c a l / 
cul tural areas l o c a t ed 1 n  Ma s sachu s e t t s  t own s  t raversed by the •propo sed 
t ransmi s s i on l i ne route ( the pro j e c t  s t udy area ) are di scus sed 1n 
Sec t i on 3 . 7 .  

The natural and general recreat ion area s vary cons iderab l y  i n  s i z e , but 
i n c l ude the larger of the recreat i on areas i n  the s t ate . General recreat i on 
areas are mo re h i ghly devel oped and af ford a wider range of recrea t i on 
oppor t un i t i es . Of the l arge recreat i on a reas immed i a t e  t o  t he propo s ed rout e ,  
the 1 , 0 7 5-ha ( 2 , 6 60-acre ) Upton S t a t e  Fore s t  prov ides for a var i e t y  of 
d i s persed and t ra i l -rel a t ed recreat ion ac t i vi t i e s  ( Ma s sachus e t t s  D i v i s i on of 
Fore s t ry and Parks unda ted ) .  A sma l l  por t i on o f  thi s s t ate fore s t ,  a s  we l l  as 
a sma l l  part of t he Wachu s e t t  Re servo i r , wou l d  be t raversed by the propo s ed 
rou t e  ( F igure 2 . 4 ) .  Res ervo i r  shore l ines provide opportun i t i e s  for pa s s ive 
recreat i on ac t i vi t i e s , and the general area i s  a ma j o r s cen i c  at t rac t i on ( ER ,  
Vol . 2--Sec . I I I . C . l 2 ) .  

Loca t ed 1 n  the t own of Worc e s t er ( F i gure 2 . 4 ) , the Qu i n s i gamond S t a t e  
Park i s  out s i de of t he pro j e c t  s t udy area b u t  i s  l oc a t ed wi t h i n  2 km ( 1 . 2 mi ) 
of the propo sed rout e .  The park affords oppo r t un i t i e s  for swimming , boa t i ng ,  
s a i l ing , f i s h i ng , t enn i s ,  and p i cni cking ( Rand McNa l l y  & Company 198 5 ) .  Al l 
or po rt i ons  of seven add i t i onal s t a t e  parks and fores t s  oc cur w i t h i n  8 km 
( 5  mi ) of the propo s ed rou t e .  

The c ons erva t i on area s wi thin  t he pro j e c t  s t udy area are var i abl e i n  s i ze 
and are primari l y  admi n i s t ered by local  t own governmen t s .  The se areas t end t o  
b e  large ly undeve l oped w i t h  l imi ted opportun i t i e s  f o r  recrea t i onal u s e .  The 
Appl i cant ha s iden t i f i ed seven such s i t e s  ( ER ,  Vo l . 2--Table I I I - 2 5 ) --the 
Fl oyd and Ba t e s  Conservat i on Area s , the Who r t on P l antat i on ,  and the Pr i e s t  
Memorial  Area i n  the town o f  Groton ; the Hol l i ngswo r t h  Conserva t ion Area and a 
town fore s t  i n  the town o f  Ayer ; and the Lanca s t er-Cook Con servat ion Area i n  
the t own of Lanc a s t e r . 

I n t ens i ve recrea t i onal area s are s i t es  invo l v i ng h i gh l eve l s  of 
recrea t i onal ac t i v i t y  wi t h  deve l oped fac i l i t i es  for one or  mo re s pec i f i c  
rec rea t i onal us e s , such a s  a t hl e t i c  f i e l d s , t enn i s  court s ,  swimming poo l s , and 
publ i c  s chool pl ayground s . Such s i t e s  are s c a t t e red t hroughout the pro j e c t  
s tudy area , pr ima r i l y  i n  as s o c i a t i on wi t h  urban area s ( ER ,  Vol . 2-
Figure s I I I -6 . 1  through I I I -6 . 1 2 ) .  Other publ i c l y  admi ni s t e red recrea t i onal 
s i t es  in the pro j e c t  s t udy area inc l ude Sarg i son and Spe c t a c l e  Pond bea che s , 
Sha lan Park , and Pra t t  Pond ; located 1 n  the town s  of Gro t on , Lanc a s t er , 
Ster l i ng ,  and Upton , respe c t ively ( ER ,  Vol . 2--Tabl e  I I I-25 ) .  
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The App l i c ant ha s ident i f ied several private rec reat ional s i t e s  1n t he 
pro j e c t  s t udy area ( ER ,  Vol . 2--Table I I I - 1 5 ) .  Seven s i t e s  are u s ed by 
var 1ous you th organ i za t i on s . Other s i t e s  include areas u s ed by s port sman 
c l ubs ( 4 ) ,  a hang gl ide-ski  s l ope area , and a private beach area . 

The propo sed rou t e  i nter se c t s  several de s i gna t ed r 1 ver and overl and 
recrea t i on rout e s . Inter sec ted segment s of the Merr imack and Nor th Na shua 
Ri ver s are de s i gnated as urban recreat i on r i vers ; the i n t ersec t ed segment of 
the Na shua R i ver i s  a l ocal s c e m c  n ver ( ER ,  Vo l .  2--Table I I I - 1 5 ) .  A 
segment of the Na shua R i ver from be l ow Pepperell t o  the Ayer S t a t e  Game Farm 
is inc l uded in the Federal Nat i onwide R i vers  I nvent ory ( Na t i onal Park Service 
1982 ) .  The federa l l y  i nven t oried segment is  immed i a t e l y  down s t ream from where 
the propo sed route i nt ersec t s  the Nashua R i ver . Ove rl and recreat i on corridors 
tha t  i n t e r s e c t  the proposed t ransmi s s i on l i ne route i nc l ude three state rou t e s  
( SR 1 1 3 ,  1 1 9 ,  and 6 2 ) t ha t  are des ignated a s  s c e n i c  hi ghways o n  s t andard 
Ma s s achu s e t t s hi ghway map s . 

Add i t ional de t ai l s  re lat i ve t o  recreat i onal resources of the 
Mas sachus e t t s pro j e c t  area are ava i l able in the ER ( Vol . 2--Sec . I I I  C 1 2 ) .  

3 . 2 . 7  Re s i den t ial , Comme r c i a l , and I ndus t r i a l  

The New Hamp shire s t udy area for land u s e  d a t a  pre sented b y  the Appl i c ant 
( ER ,  Vo l . 3--Table I I I - 1 8 ) cons i s t s  of the New Hamp shi re t own s  t raversed by 
the propo sed rou t e  ( F i gure s 2 . 2  and 2 . 3 ) . About 5 . 6 % of the s t udy area wa s 
repor t ed a s  "devel oped" l and in 1 9 7 8 . The devel oped l and inc l uded areas u s ed 
for re s i dent i a l , commer c i a l , i ndus t r i al , recreat i onal , and o t her mi nor l and 
use cat egor i e s . I t  i s  expec ted , however , tha t  the area of deve l oped land has 
increased s i nce comp l e t i on of t he survey c i t ed by the Appl i c ant . For exampl e ,  
resul t s  of a 1 9 8 0  survey i nd i c a t e  t ha t  the number of hous ing uni t s  i n  New 
Hampshire coun t i e s  t raversed by t he propo sed t ransmi s s i on l i ne rou t e  increased 
by percent ages rang ing from 3 5 . 5 % t o  43 . 3 % dur ing the 1 9 7 0 - 1 980 pe r i od ( Bureau 
of the Cen s u s  1 9 8 3 ) .  

Recent e s t ima t e s  of land area s used for res iden t i al purpo s e s  wi t h i n  t own s 
of the New Hamp s h i re pro j e c t  s t udy area are not read i l y  ava i l abl e . Howeve r ,  
the den s i t y of hou s i ng un i t s  ( number per un i t  area ) provides some ins ight i n t o  
res ident ial land u s e . Based o n  1 9 8 0  data ( ER ,  Vol . 3--Tables  I I I - 1 4 , I I I - 1 6 ) ,  
the average hous ing un i t  den s i t y i n  t own s of the s t udy area i n  Graf t on Coun ty 
range s from l e s s than 1 t o  1 2 . 4  uni t s / km2 ( 2 . 6  t o  32 . 1 / mi 2 ) ,  t hus  refl e c t ing 
t he rural charac t e r  of the coun t y .  The grea t e s t  concentrat ion of res ident i a l  
land u s e  1 n  t he New Hamp s h i re s t udy area 1 s  1 n  t he t own of Conc ord i n  
Merr i mack Coun t y ,  wi t h  a n  average hous ing un i t  den s i t y of 7 3  uni t s / km2 

( 189 /mi 2 ) .  Den s i t i e s  for o t her Me rrimack t own s are con s i derab ly l ower . The 
ave rage hous ing un i t  den s i t i e s  for a l l  H i l l s borough t own s w i t h i n  the pro j ec t  
s tudy area are compa ra t i ve l y  high , rang ing from 3 2  t o  5 8  un i t s / km2 ( 8 3 t o  
149 /mi 2 ) .  I n  general , re s i dent ial land u s e  t end s t o  increa se wi th d i s t ance 
from t he nor t hern t o  the sou thern part of the New Hamp s h i re s t udy area 
( F igure s 2 . 2  and 2 . 3 ) .  
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Based on supp l emen tal  data provided by the Appl i c an t , about 
1 1 40 res i denc e s  are l o c a t ed wi thin 305  m ( 1 0 0 0  f t ) on e i ther s i de of the outer 
edges  o f  the propo sed t ransmi s s i on l ine r i ght-of-way in New Hamp s h i re ( ER ,  
Suppl ement , Sept . 29 , 1 9 8 6 , Exh i b i t  B ) .  For ind i vi dual t own s c ro s s ed by the 
propo sed rou t e ,  the number o f  re s i dences wi thin 305  m ( 1 000 f t )  o f  the r i ght 
o f-way edges range from zero ( f ive town s ) to  a high of 338  re s i denc e s  in the 
town of Bed ford . The number of r e s i dent i a l  uni t s  s im i l a r l y  located w i t h  
re s pec t to  t he r i ght-of-way in the town o f  Hudson i s  a l s o  re l a t i vel y high a t  
2 3 9  r e s i denc e s ;  the number f o r  a l l  other t own s i s  l e s s  than 100  re s i den t i al 
un i t s .  The Memo r i a l  E l ementary School i s  a l s o  within 305 m ( 1 0 0 0  ft ) o f  the 
edge o f  the propo sed r i ght-of-way i n  the t own of Bedford . 

Empl oyment data  provide some i n s ight t o  t he concen t rat ions o f  commerc i a l  
and indu s t r i a l  l and u s e  i n  the area ( ER ,  Vol . 3--Tab le I I I - 1 7 ) .  Ac cord ing l y ,  
count ry-wide emp loymen t for indus t r i a l  and commercial  a c t iv i t i e s  ind i c a t e  that 
l and area u s ed for indu s t r i al and commerc ial  purpo ses  1 s  grea t e s t for 
H i l l s borough Coun t y  and l ea s t  for Graf ton Coun t y .  Commerc ial  and indu s t r i a l 
l and u s e  in Merr imack and Ro cki ngham coun t i e s  i s  intermed iate  between that for 
the aforemen t i oned count i e s . In  general , pa t t ern s of commerc i a l  and 
indu s t r i a l  l and u s e  t end to correl a t e  with  pat terns of res ident i a l  l and us e .  

I n  Ma s s achu s e t t s , the pro ject  s t udy area a l s o  cons i s t s  of t own s t rave r s ed 
by t he pro po sed t ransmi s s i on l ine ( F i gur e s  2 . 3  and 2 . 4 ) . Based on the 
App l i cant 1 s data ( ER ,  Vol . 2--Table I I I - 1 9 ) , re s i den t i a l  l and use repr e s en t s  
9 .  7 %  o f  the t o t a l  l and s i n  t he Ma s s achu s e t t s  s t udy area . Howeve r ,  the 
Appl i c ant ' s  data repre sent l and use before 19 7 1  and do not ref l e c t  mo re recent 
changes . For examp l e ,  t o tal  hou s ing uni t s  i n  Middlesex , Nor fo l k ,  and 
Worce s t er coun t i e s  increa sed dur i ng t he 1 9 7 0- 1 9 80 per i o d  by 14 . 3 % ,  1 7 . 5 % ,  and 
1 7 . 5 % ,  respec t i ve l y  ( Bureau of the Cen sus  1 9 8 3 ) .  

Compared w i t h  New Hampshire t own s , t he overa l l  res i dent ial  l and u s e  i s  
sub s t ant i a l l y  grea t er for Ma s sachu se t t s  t own s in t he pro j e c t  s t udy area 
( F igures 2 . 3  and 2 . 4 ) .  The only comparat i ve l y  rural t own in t he Ma s s achu s e t t s  
s t udy area i s  Dun s t ab l e , w i t h  an average ho us i ng un i t  den s i t y o f  
1 1 . 0  un i t s  /km2 ( 2 8 . 5  / m i  2 ) .  The ave rage hou s i ng uni t dens i t i e s  in 
Mas sachu s e t t s  t own s o f  Lanca s t er , Sterl ing , Boyl s t on ,  Sut t on ,  and Upton range 
from 2 2 . 5  to 29 . 4  uni t s / km2 ( 5 8 . 3  to 7 6 . 1 /mi 2 ) ;  whi l e  average den s i t i e s  for 
all o t her t own s o f  the Ma s s achuse t t s  s t udy area exceed 45 uni t s / km2 

( 1 1 6 /mi  2 ) .  The ma j o r  concentra t i o n s  o f  re s i dent i a l  l and use oc cur i n  the 
town s o f  Medway , Ayer , M i l l bury , Shrews bur y ,  and M i l ford , wi th average hou s i ng 
un i t  den s i t i e s  rang ing from 8 7  to 2 1 5  un i t s / km2 ( 2 24 . 5  to 5 5 6 . 9 /mi 2 ) .  

Da t a  provi ded by the Appl i c ant ind i c a t e  about 1 , 960 res i dences are 
l oc a t ed wi thin 305 m ( 1 000 f t ) on e i ther s i de of t he edges o f  t he propo sed 
transmi s s i on l i ne r i ght-of-way in Ma s s achu s e t t s  ( ER ,  Suppl emen t ,  Sept . 29 , 
1986 , Exhi b i t  B ) . About 6 0 0  ( 3 1 % )  o f  the se r e s i dent i a l  uni t s  are l o cated i n  
the t own of Shrews bur y .  Other town s wi th subs t ant i al number s  of r e s idences 
( i . e . , 100  t o  200  un i t s )  s im i l arly l o cated with r e s pe c t  to  the propo s ed r i ght
of -way inc l ude Ayer , Shi r l ey ,  S t er l i ng , We s t  Bo y l s t on ,  Gra f ton , and M i l ford . 
Comparab l e  number s  o f  r e s i denc e s  for the rema i n ing t own s t rave r s ed by the 
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propo s e d r i ght-o f-way a re l e s s  t han 1 0 0 un i t s .  
o f  t he bounda r i e s  o f  t he propo s ed r i g h t - o f -way 
S c hoo l , Ayer H i gh Scho o l , Purcha s e  S t reet 
Schoo l .  

Schoo l s  w i t h i n  3 0 5  m ( 1 0 0 0  f t ) 
i n c l ude t he S t one Envi ronment a l  

Schoo l , and t he She pard Knapp 

A l mo s t  ha l f  t he manufac t ur i ng i n  t he Ma s s achus e t t s  s t udy a rea o c c u r s  1 n  
t he t own s o f  We s t  Boy l s t on ,  Shrews bu r y ,  Gra f t on , and M i l l bury ( ER ,  V o l . 2 - 
P • 1 2 8 ) .  H i gh l eve l s  o f  both i n du s t r i a l  and c omme r c i a l a c t i v i t i e s  o c c u r  i n  
t he t own o f  Mi l ford , and h i gh l e ve l s  o f  c ommerc i a l  a c t i v i t i e s  i n  t he t own s o f  
Aye r and Sh i r l ey s e rve t o  acc ommodat e demands o f  t he Fort  Devens  c ommun i t y .  
Medway i s  p r i ma r i l y  a re s i d ent i a l  t own wi t h i n  commut i n g  d i s t an c e  o f  t he B o s t on 
a rea . Comme rc i a l  l and u s e  i s  o r i en t ed t o  provi d i ng for  l o c a l  need s . 

3 . 2 . 8  M i l i t ary 

No ma j o r mi l i t a ry i n s t a l l a t i on s  o c c u r  on or  near t he propo s ed rout e i n  
New Hamp s hi re ; howe ver , t he n o r t he rn port i on s  of  t he propo s e d  route a s  f a r  
sout h a s  Heb ron , New Hamp s h i r e , are wi t h i n  e i t he r  the Yankee O n e  o r  Yankee Two 
M i l i t ary Operat i o n s  Are a s  ( NOAA 1 9 8 5 a , 1 9 8 5 b ) . In nort he a s t ern Ma s s a c hu s e t t s ,  
o n l y  F o r t  Deve n s  i s  i n  the pro j e c t  s t udy area . The propo s e d  rout e i s  ad j a cent  
t o  Fort  Deven s i n  t he t own s o f  Ayer and  Sh i r l ey ( ER ,  Vol . 2 -- F i g u re I I I -6 . 3 ) . 

3 . 2 . 9 Transpo rt at i on ,  Tran s m i s s i on ,  and Commun i c a t i on Sys t ems 

3 . 2 . 9 . 1  Tran s por t a t i on Sys t ems 

H ighway and Roads 

The n o r thern port i o n  o f  the propo s e d  t rans mi s s i o n  c o r r i d o r  ( F i gure 2 . 2 )  
t rave r s e s  predominan t l y  rural a rea i n  Gra f t on Coun t y , New Hamp s h i re , and t he 
h i ghway n e t work wi t h i n  t he c oun t y  i s  gener a l l y  l e s s  deve l o ped t han 1 n  mo re 
sout her l y  c ount i e s  o f  New Hamp s h i re , whe r e  l and u s e  is  more i n t en s i ve ( DeLorme 
Publ i s h i ng Co . 1 9 8 5 ) .  The propo s e d  c o r r i do r  i n t e r s ec t s  a s i ng l e  federal  
h i ghway i n  Gra f t on Coun t y ,  U . S .  302  in  t he t own o f  Ba t h .  S t a t e  r o u t e s  ( SR )  i n  
G ra f t on Coun t y  t h a t  a r e  i n t er s e c t ed b y  t he propo s e d  c o r r i do r  i n c l ude 1 3 5 , 2 5 , 
2 5 c , 2 S a , l l 8 ,  and 104 . About 2 6  l o c a l  road s ( i nc l ud i ng s t reet s ,  permanen t 
t ra i l s , e t c . )  wi t h i n  the c oun t y  a l s o i n t e r s ec t t he propo s ed c o r r i do r .  I n  
Mer r imack Coun t y ,  t h e  propo s e d  c t> r r i do r  i n t e r s ec t s  U . S .  I - 8 9 , U . S .  2 0 2  ( bo t h  
i n  t h e  t own o f  Ho pk i n t on ) ,  U . S .  4 ( i n t he t own o f  S a l i s b ury ) ,  S R s  l l  ( two 
p l ac e s ) and 1 3 , and 3 2  l o c a l  road s . The h i ghwa y s  of H i l l s bo rough Coun t y  t ha t  
i n t e r s ec t wi t h  t he pro p o s ed c o r r i d o r  a r e  U . S .  3 and the  Eve re t t  Turn p i ke i n  
Me rr i ma c k ; SRs  1 1 4  ( two i n t e r s e c t s ) ,  1 0 1 ,  3 A  ( t wo i n t e r s e c t s ) ,  and 1 1 1 ;  and 2 6  
m i no r  road s . I n  Rocki ngham Coun t y , t he propo s e d  c o r r i dor  i n t e r s e c t s  S R  1 0 2  
and t hr e e  l o c a l  road s . 

The p r i nc i pa l  h i ghwa ys i n  Ma s s a chuse t t s  t h a t  a r e  i n t e r s e c t ed by t he pro
posed t ra n s m i s s i on l i ne c o r r i dor  t end to promo t e  e i t he r  d i re c t  ac c e s s  t o  down
t own Bo s t on or t o  channe l t ra f f i c  a round t he immed i a t e  Bo s t on a r ea . The 
p r i n c i pa l  h i ghwa y s  i n  M i dd l e s ex Coun t y  i n t e r s e c ted by t he propo s e d  c o r r i d o r  
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i n c l ude U . S .  3 and SR 3A i n  the t own o f  Tyng s borough . Ot her i n t e r s e c t s  1 n  
M i d d l e s ex Coun t y  i n c l ude SRs  1 1 9 / 2 2 5 , 1 1 1 , and 2 A ,  and about  2 2  l o c a l  road s . 
The hi ghway n e t wo rk i n  Wor c e s t e r  Coun t y  i s  pa r t i c u l a r l y we l l  devel oped s i nce 
t he coun t y  s urrounds much o f  t he B o s ton area . Ma j o r  h i ghways  and t own s i n  
wh i ch i nt e r s e c t i on s  o c c u r  are U . S .  I - 1 9 0 , S R  1 1 7 ,  the Un i on t u rnp i ke , and t he 
Lunenburg t urnp i ke i n  Lanc a s t e r ;  U . S .  I - 1 9 0  and SR 6 2  i n  S t e r l i ng ;  SR 1 7 0 ,  
S R  1 1 0 ,  and SR 140  t n  We s t  Boyl s t on ; U . S .  I - 2 9 0 , S R  9 ,  and S R  2 0  t n  
Shrews bury ; U . S .  I - 9 0  t n  Mi l l bury ; S R  1 2 2  and SR 1 4 0  t n  G ra f t on ; and 
U . S .  I -4 9 5 , SR 8 5 , and SR 16 in Mi l f o rd . The propo s e d c o r r i d o r  a l s o 
i n t e r s e c t s  about 3 5  l o c a l  roads t n  Worce s t er  Coun t y .  I n  No r f o l k  Coun t y  t he 
propo sed c o r r i d or  ext end s o n l y  i n t o  the t own o f  Medway and i n t e r s e c t s  SR 1 0 9 
and two l oc a l  road s . 

Ra i l roads  

The propo s e d t ransmi s s i on l i ne route i n t e r s e c t s  four ra i l road l i n e s  1 n  
New Hamp s h i re ( DeLorme Pub l i s h i ng Co . 1 9 8 5 ) ;  a l l  i n t e r s e c t i on s  i n vo l ve f re i ght 
l i n e s  of t he B o s t on and Ma i n e  Cor p . , a subs i d i ary of Gu i l f o rd Trans po r t a t i on 
I ndu s t r i e s , I n c . ( Na t i on a l  Ra i l way Publ i c at i on Co . 1 9 8 5 ) .  The i n t e r s e c t i o n s  
occur n e a r  Bath , Andover , a n d  Go f f s t own and i n  Me rr imack , New Hamp s h i re . The 
ra i l way t hrough And over i s  s c hedu l e d for  aband onment ( ER ,  Vol . 3 -- p .  1 4 7 ) .  

The B o s t o n  and Ma i n e  Corp . a l s o  opera t e s  ra i l road l i nes  i n  Ma s s achus e t t s  
that  i n t e r s e c t  t he pro p o s e d  t ra n s m i s s i on l i ne ( Na t i on a l  Ra i l way Publ i ca t i on 
Co . 1 98 5 ) ;  t he s e  are f r e i ght  l i n e s  i n  t he town s  o f  Tyng s borough ( 1 ) ,  Ayer ( 2 ) ,  
and S t e r l i ng ( 1 )  ( ER ,  Vol . 3--F i gure s I I I -6 . 1 ,  I I I -6 . 3 ,  and I I I -6 . 7 ) ,  The 
Bo s t on and Ma i ne /Ma s s a c hu s e t t s  Bay Tran s i t  Au t hor i t y  o pera t e s  a 
f re i ght / p a s senger s e r v i c e  l i ne that  i n t e r s e c t s  t he pro posed  l i ne near Sh i r l e y ,  
Ma s s achu s e t t s . Conra i l  l i nes  i n t e r s e c t i ng t he propo s e d t ra n s m i s s i on l i ne 
rout e i n c l ude one f re i ght  l i ne in each of t he t own s of S t e r l i ng and M i l ford . 
Al s o ,  Conra i l /AMTRACK fa c i l i t i e s  i n c l ude f r e i ght / pa s s enger s e r v t c e  
i n t e r s e c t ing t he propo s e d l i ne i n  t h e  town o f  Gra f t on . Two ad d i t i on a l  f r e i ght  
l i n e s  i n t e r s e c t t he propo s e d l i ne i n  Gra f t o n , one  opera t ed by the Provi dence 
and Wor c e s t e r  Ra i l road Co , and t he o t her by t he Gra f t o n  and Upton Ra i l road Co . 

A i rpo r t s  

Seven a i r po r t s  are l o c a t e d  a t  o r  w i t h i n  8 km ( 5  m i ) o f  the New Hamp s h i re 
po rt i on o f  t he propo sed t ra n s m i s s i on l i ne rout e ( NOAA 1 9 8 5 a , 1 98 5 b ) .  I n c l uded 
are Le e Ai rport  (a p r i va t e  f ac i l i t y near Go f f s t own ) and s i x  publ i c  a i r po r t s :  
Dean Memo r i a l  A i rpo r t  near Haverh i l l , Newfound Val l e y  Ai rport  near B r i s t o l , 
P l ymou t h  Ai rport  near P l ymou t h ,  Coun t ry C l ub Ai rport and Skypa r k  Campground 
Ai rport  near Go f f s t own ,  and Manche s t e r / Gren i e r  I ndus t r i a l A i r po r t  at 
Manche s t e r , The l a s t  men t i oned i s  a c ompa ra t i ve l y  l a rge a i rport , t he o n l y  one 
of t he s e ven wi t h  a con t ro l  t ower . 

The s t udy area f o r  t he i nven t o ry o f  Ma s s achuse t t s  a i rport  f ac i l i t i e s  
a d j a c e n t  t o  the propo s e d  t ransmi s s i on l i ne route c on s i s t ed o f  a c o r r i dor  wi t h  
boundar i e s  a t  8 km ( 5  m i ) on e i t her  s i de o f  t he propo s ed rout e .  The a i rport s 
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nea re s t  t he propo s e d  t ransmi s s i o n  l i ne route i nc l ude pr i va t e  f ac i l i t i e s  a t  t he 
Lar s o n  Seapl ane Ba s e  on t he Merr i mack R i ve r  a d j acent t o  t he Ma s s achu s e t t s  
s t a t e  l i ne ,  the a i rport  a t  t he Moo r e  Army A i r  Force Ba s e  a t  Fort  Devens ( wh i ch 
i nc l ud e s  a cont rol  t ower ) ,  and t wo publ i c  a i rpor t s -- t he S h i r l ey A i rpo r t  
immed i at e  t o  Fort Deven s , and t he S t e r l i ng A i rpo r t  near Oakd a l e  ( NOAA 
1 9 8 5 b ) .  Add i t i onal a i r po r t s  who l l y  or par t i al l y  w i t h i n  t he s t udy area i n c l ude 
p r i va t e  f ac i l i t i e s  a t  t he Spo r t s Center  Ai rpo r t  near Peppere l l  and the Wa l t e r s  
Ai rport  s ou t h  o f  M i l l bury , a s  we l l  a s  publ i c  fac i l i t i e s ,  i nc l ud i ng the G r o t on 
A i r por t s o u t hea s t  o f  Pepperel l ,  the F i t c h f i e l d  A i rpo r t  a t  F i t c h f i e l d , t he 
Hopedal e / Draper A i r p o r t  near M i l ford , and No r f o l k  Ai rport  near Medway . 

3 . 2 . 9 . 2  Trans m i s s i on Sys t ems 

Ma j or l i nks 1n the e l ec t r i c  powe r g r i d  of New Hamp s h i re i nc l ude t wo 
345 -kV AC t ran smi s s i on l i ne s that  t rave r s e  t he s o u t hern part o f  t he s t a t e  i n  
general  s o u t hwe s t -nor t he a s t  d i r e c t i on s , l i nk i ng t ran s m i s s i on f ac i l i t i e s  o f  
Ma i ne and sout hern New Hamp s hi re w i t h  f ac i l i t i e s  i n  Ve rmont and Ma s s achu s e t t s  
( ER ,  Vol . 3 --p . 1 5 1 ) .  The p r i n c i pa l  nor t h- s o u t h  t ransmi s s i on corr i do r  i n  t he 
New Hamp s h i r e  po r t i o n  o f  t he p r o j e c t  s t udy area i nc l ud e s  t wo 2 3 0 -kV AC 
t ransmi s s i on l in e s  t ha t  ext end f rom the Come r f ord subs t a t i o n  near t he 
Come r f ord Dam t o  t he Sandy Pond Junc t i on i n  s o u t hern New Hamp sh i r e , and f rom 
t here to t he Tewk s bury s ub s t a t i on in Ma s s achu s e t t s .  T he propo s e d  DC 
t ransm i s s i on l i ne para l l e l s the e x i s t ing 2 3 0 -kV l in e s  in a common c o r r i d o r  
f r o m  t he Come r f ord s ub s t a t i o n  t o  t he Sandy Pond Junc t i on and t hen e x t end s 
s ou t he r l y  and we s t er l y  wi t hi n  ano t her e s t ab l i s hed t ra n s mi s s i on l i ne c o r r i d o r  
t ha t  i n t e r s e c t s  t he s t a t e  boundary a d j acent t o  t he Merr i mack R i ver . 

The no r t hern s egment o f  t he proposed  route  i n t e r s e c t s  e x i s t i ng 
t ransmi s s i on l in e s  a t  only two l oc a t i on s  ( i nvo l v i ng three l ine i n t e r s e c t i on s ) 
i n  t he t own o f  Monroe ( ER , Suppl ement , Sept . 2 9 , 1 9 8 6 ) . However , t he power 
g r i d  in s o u t hern New Hamp s h i re i s  r e l a t i ve l y  we l l  deve l o ped , r e f l e c t i ng the 
more i n t e n s i ve l and u s e  pat t er n s  ( NOAA 1 9 8 5 a ,  1 9 8 5 b ) .  Cro s s i n g s  of e x i s t ing 
t ransm i s s i on l ine s by t he propo s e d  DC t ransmi s s i on l i ne route in s o u t he rn New 
Hamp sh i r e  are as fo l l ows : one l o c a t i on i n  t he t own o f  Andover , one l o c a t i o n  
i n  t he t own o f  Conc ord , t h r e e  l oc a t i on s  ( f i ve l ine i n t e r s ec t i on s ) i n  t he t own 
o f  Go f f s t own , t wo l oc a t i on s  i n  the t own o f  Me r r i mack , two l o c a t i on s  i n  t he 
t own o f  Londonderry , and t wo l oc a t i on s  ( t hree l ine i n t e r s e c t i on s ) i n  t he t own 
o f  Hud s on ( ER ,  Vo l .  3 ,  Tab l e  I I I -4 0 ; ER , Suppl ement , S e p t . 2 9 , 1 9 8 6 ) .  

W i t h i n  the Ma s s achus e t t s  por t i on o f  the p r o j e c t  area ( F i gure s 2 . 3  and 
2 . 4 ) , t he propo s ed DC and AC t ra n sm i s s i on l i ne rout e s  t rave r s e  e s t a bl i s hed 
t ransmi s s i on l i ne corr i do r s  f o r  e s s en t i a l l y  t he ent i re d i s t ance f r om t he 
Ma s s a chus e t t s  s t at e  l i ne t o  t he p r o j e c t  t erminus a t  t h e  We s t  Medway 
s ub s t a t i o n . De pend i ng on t he l oc a t i on a l ong t he route , e x i s t i ng t r an s m i s s i on 
fac i l i t i e s  w i t h i n  t he c o r r i dor  s egment s vary f rom one t o  s i x  i nd i v i dual  l i ne s  
opera t i ng a t  vo l t ag e s  r ang i ng f r om 6 9  kV t o  345 kV ( ER ,  V o l . 2--F i gures  I I -5  
t hrough I I - 1 5 ) .  E l ec t r i c  t ran s m i s s i on f ac i l i t i e s  i dent i f i e d  i n  t he t own s t ha t  
a r e  t rave r s ed b y  t he propo s e d  D C  and AC rout e s  cons i s t  o f  the f o l l ow i ng : 
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t h i r t y  1 1 5 -kV l i ne s , t e n  345 -kV l i ne s , f i f t een 6 9 -kV l i ne s , three 2 3 0 -kV 
l i ne s ,  and f i f t een e x i s t i ng sub s t a t i o n s  ( ER ,  Vol . 2 -- p .  1 5 2 ) .  Land u s e  ma p s  
pre s e n t e d  by t he Appl i c ant  reve a l  para l l e l t ra n smi s s i on l i n e s  w i t h i n  c o r r i dor  
s egmen t s ,  a s  we l l  a s  e x i s t i ng t ransmi s s i on l i ne s  that  i nt e r s e c t the proposed 
DC  and AC rout e s . For  examp l e , mul t i pl e  l i ne i n t e r s ec t i on s  o c c ur i n  the t own s 
of Dun s t a b l e ,  Groton , Ayer , Shi r l ey , We s t  Boyl s t on ,  and M i l l bury ( ER ,  Vo l .  2-
F igure s I I I -6 . 4  and I I I -6 . 7  through I I I -6 . 9 ) . 

O t he r  t ransm i s s i o n  s y s t ems i n  the v i c in i t y  o f  the propo s e d  t ra n s m i s s i o n  
l ine rou t e  i n c l ude p i pe l i ne s . A s egment o f  a Tenneco na t ura l ga s p i pe l i n e  i n  
the New Hamp s h i r e  t own s o f  Londonde rry , W i ndham , and Pel ham genera l l y  
para l l e l s  the pro po s ed route  ( ER ,  Vo l .  3--Fi gure I I I - 3 ) a t  a c l o s e s t  d i s t ance 
of about 1 km ( 0 . 6  m i ) .  Add i t i o na l l y ,  the propo s ed DC t ransmi s s i on l i n e  r o u t e  
cro s s e s  an  e x i s t i ng ga s p i pe l i n e  i n  the town o f  Hud s on , New Hamp s h i re ( ER ,  
Supp l emen t , Sept . 2 9 , 1 9 8 6 ) .  P i pe l i ne c ro s s i ng s  o f  t he pro p o s e d  r o u t e  o c c ur 
i n  t he Ma s s achu s et t s  t own s o f  Lanc a s t e r , We s t  Boyl s t on ,  and Upton i n  Worc e s t e r  
Count y ,  a n d  1n  t he t own o f  Medway 1 n  No r f o l k  Coun t y  ( ER ,  Vo l .  2 - 
F i gure s  I I I - 6 . 5 ,  I I I -6 . 7 ,  I I I -6 . 1 1 ,  a n d  I I I -6 . 1 2 ) .  

3 . 2 . 9 . 3  Commun i c at i o n  Sys t ems 

The s t ud y  area f o r  i d en t i f y i ng a 1 r  t ra f f i c  commun i c a t i on fac i l i t i e s  
adj acent t o  t he propo s ed t ransmi s s i on l i ne rou t e  c on s i s t ed o f  a c o r r i dor  w i t h  
boundar i e s  a t  8 km ( 5  m i ) on e i ther s i de o f  t he propo s e d  rout e .  Commun i c a t i on 
fac i l i t i e s  w i t h i n  t he s t udy area i nc l ude two VORTAC s t a t i on s  i n  New Hamp s h i r e  
near Concord and Deery ( NOAA 1 9 8 5 a ) ,  a s  we l l  a s  nond i re c t i on a l  rad i obeacons  
near Deery 1 n  New Hamp s h i re , and a t  F i t chburg and Worc e s t er 1n  
Mas s a chu s e t t s . Ot her nond i re c t i on a l  rad i o beacon s somewhat more removed from 
t he pro p o s e d  route  i n c l ude s t a t i o n s  in  t he v i c i n i t y  o f  Hooks e t t  and M i l ford  i n  
New Hamp s h i re and a s t a t i o n  near Town s end i n  Ma s s a chus e t t s . A i rport s near the 
propo s ed l i ne t ha t  have cont r o l  t ower s are  t he Manche s t e r / Gren i e r  Indus t r i al 
A i r p o r t  i n  New Hamp sh i re and the Moo r e  Army A i r Force  Ba s e  i n  Ma s s achu s e t t s . 

The s t udy area f o r  i dent i f y i ng o b s t ruc t i on s  t o  a i r  t ra f f i c  c on s i s t ed o f  
a n  8 -km ( 5 -m i ) w i d e  c o r r i do r  c ent ered o n  t he propo s e d t ra n s m i s s i on l i n e  
rout e .  The s e  o b s t ruc t i on s  i n c l ude c ommun i c a t ion t owe r s  f o r  rad i o , t e l ev i s i on , 
and m i c rowave t ra n s m i s s i on s . Four s ing l e  and t wo -group o b s t ruc t i on s  o c c ur 
w i t h i n  t he corr i do r  i n  New Hamp s h i r e ; s even s i ng l e  and one group ob s t ruc t i on s  
occur w i t h i n  t he c o r r i do r  i n  Ma s s achuse t t s  ( NOAA 1 9 8 5 a , 1 9 8 5 b ) .  Mo s t  o f  t he 
s t ru c t ur e s  o c c ur near urban a r e a s  i n  s ou t hern New Hamp s h i re , and 1n  t he 
F i t c hburg , W o rc e s t er , and M i l ford areas  i n  Ma s s achu s e t t s .  

3 . 3 HYDROLOGY , WATER QUAL I TY ,  AND WATER USE 

3 . 3 . 1  Surface Wa t e r  

The proposed  t ra n s m i s s i o n  l i ne rou t e  s uc c e s s i ve l y  t rave r s e s  t h e  wa t er
she d s  o f  t he Connec t i cut , Merr i mac k ,  Blacks t o n e , and Cha r l e s  R i ve r s . The l i ne 
wou l d  c ro s s  more t han 300 surface wa t e r  bod i e s  ( ER ,  Vo l s .  2 and 3 ) , i n c l ud i ng 
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the Ammonoo suc , Baker , Cockermouth , Fowl er , Smi t h ,  Con tooc ook , P i s c a t aquog , 
Na shua , and Nor th Na shua R i vers . Runoff i n  these water shed s var i e s  c on s i der
abl y on a seasonal ba s i s ,  wi th the grea t e s t  f l ows in s pr i ng and t he l ea s t  
f l ows 1 n  summer and fal l .  Snowme l t  and s ummer thunder s t orms can cause 
drama t i c  increas e s  i n  s t reamf l ow .  Mo s t  of  the t r i butary creeks are 
int ermi t tent i n  the area o f  the propo sed rout e .  Selec t ed s t reamf l ow data  for 
water shed s that would be cros sed by the propo sed rout e  are g i ven i n  Table A . 4  
o f  Appendix A .  Re s ervo i r s  that would be cros sed by the propo sed l i ne range 
from an i s ol ated pond wi th a s urface area of about 74  m2 ( 80 0  f t 2 ) to the 
1 6 . 8 -km2 ( 6 . 5-mi 2 ) Wachu s e t t  Re servo i r  near Worches ter , Ma s sachus e t t s  ( ER ,  
Vol s .  2 and 3 ) .  

The qua l i ty of  surface wat e r  can vary c on s i derab l y  in respon s e  t o  such 
fac t or s  as s t reamf l ow ,  t i me of  year , cl imat e ,  type s of  ma terial  i n  the s t ream 
channe l ,  groundwater i nf l ow ,  and l and- and wa ter-management prac t i c e s . In 
genera l ,  per iods  of l ow s t reamflow are characteri zed by poorer wa ter qua l i t y 
than o c curs dur i ng per iods  of  high f l ow . Al s o , influent groundwater provi d i ng 
ba s e f l ow adds t o  the s o l ut i on l oad ing of the s t ream . 

Mo s t  of  the surface wat e r s  within  the Connec t i cu t , Merr imack , Na shua , 
Blacks t one , and Charles  R i ver ba s in s  cros sed by the propo sed route are 
des ignated a s  C l a s s  B, whi ch i s  the second highe s t  qua l i ty of  wa ter , and are 
used for rec reat i onal ac t i vi t i e s , f i sh habi t a t , protec t i on and propaga t i on of 
o ther aqua t i c  l i fe and wi l d l i f e , and as a wat er s uppl y fo l l owi ng adequate 
t reatment .  Excep t i on s  i nc l ude several s t reams , lake s , pond s , and re s ervo i r s  
and the i r  t r i bu t a r i e s  that are d e s i gnated a s  Cla s s  A and are u s ed a s  publ i c  
water suppl i e s . The se are Cro s s  Brook a t  i t s  two t r i butar i e s  1 n  the 
Bl ackwater R i ver ba s i n , three t r i butaries  of  Kimba l l  Pond , a sma l l  unnamed 
pond in the Black Creek water shed , and ten s t reams wi thin the water shed of  
Walker Pond , curren t l y  u s ed a s  t he publ i c  wat e r  supply by the t own of  Bo s c awen 
and the c i ty of Concord , New Hamp s hire . 

The Cla s s  A surface wa ters  cros sed by the proposed t ransmi s s ion l i ne in 
Ma s sachu s e t t s  inc l ude the Wachu s e t t  Re s ervo i r  and 1 4  o ther res ervo i r s  and 
pond s and the i r  t r i butar i e s  in the Na shua R i ver bas i n ,  s everal s t reams u s ed 
for publ i c  wa ter suppl i e s  i n  the Blackstone R i ver ba s in , and the headwa t e r s  of  
the Cha rl e s  River . A reach of  about  14  km (9  mi ) of  the ma i n s t ream Bl acks t one 
River , f rom i t s  s ource to the out l e t  of  F i sherv i l l e  Pond , and l ower reaches of 
the Cha r l e s  R i ver are de s i gnated as C l a s s C--the t h i rd highe s t  qua l i ty of 
wat er , and are used for secondary-contact  recreat i on only ( ER ,  Vo l s .  2 and 3 ) .  

Several ma j o r  surface wat e r s  wi thin the coun t i e s  through whi ch the 
propo sed rout e woul d  pa s s  ( F i gure s 2 . 2  through 2 . 4 )  are u s ed for publ i c  wa ter 
suppl i e s . In New Hamp s h i re , t he s e  inc lude the Wi l d  Ammonoosuc R i ver ( s erving 
Wood sv i l l e  and Bath ) , Walker Pond ( s erving Bo s c awen and a port i on of  Concord ) ,  
Brad l ey Lake ( s erving Andover ) ,  Penacook Lake ( s ervi ng Concord and Bow) , and 
t he Go f f s t own Re s ervo i r  ( s erving Go f f s t own ) . In add i t i on , the Con t ooco ok and 
Souhegan r i ve r s  s erve a s  aux i l i ary publ i c  wa ter suppl i e s  for the c i t i e s  of 
Concord and Na shua , res pec t i ve l y .  In Mas sachu se t t s , the Wachuset t Re s ervo i r  



and the Char l e s  R i ver  s e rve 
We s t  Boyl s t on and M i l f o rd , 
s o urce o f  d r i nking wa t e r  
p .  8 8 ) .  

3 . 3 . 2  G roundwa t e r  
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a s  publ i c  d r i nk i ng wa t e r  s u p p l i e s  f o r  t h e  t own s o f  
r e s pec t i vel y .  
for  the Bos t on 

The Wachu s e t t  Re s e rvo i r  i s  a l s o  a 
me t ro po l i t an area ( ER ,  Vo l . 2--

Groundwa t e r  1n t he general pro j e c t  area ( F i gure s 2 . 2  through 2 . 4 )  1 s  
ava i l a b l e  pr imar i l y  f rom bed rock a q u i f e r s  and g l a c i a l -d r i f t  a q u i f e r s  o f  
Quat ernary age . G l a c i a l -d r i f t  aqu i f e r s  i n  t he area i nc l ude t i l l , s u r f i c i a l  
sand and gravel depos i t s ,  g l ac i a l  outwa sh depos i t s , and a l l uv i a l  depo s i t s . 
The a b i l i t y o f  t he s e  depo s i t s  t o  y i e l d  wa t e r  depends on the permeab i l i t y ,  
t h i c kne s s , and e x t e n t  o f  the depo s i t  and the amount o f  wa t e r  s t o r ed i n  and 
recharged to  the a q u i f e r s . 

Wa t e r  f rom bed rock o f  i gneous  and metamo r ph i c  o r i g i n  1 s  genera l l y  ava i l 
a b l e  1 n  q uant i t y and q u a l i t y s u i t a b l e  for  s i ng l e - f ami l y  dome s t i c  s u p p l i e s . 
Wa t e r  i n  bed rock o c c u r s  i n  s e c ondary pore s pace s , s uch a s  j o i n t s and f rac
ture s , wh i ch are c ommo n l y  narrow and repre s en t  only a smal l percentage of 
t o t a l  a q u i fer  vo l ume . In t he s t udy a rea , nea r l y  a l l  we l l s  cons t ruc t ed i n  bed
rock i n t ercept  s ome wa t er -bea r i ng f ra c t ure s ; howeve r ,  bed rock we l l  y i e l d s  
range f rom a f rac t i on o f  a l i t e r  p e r  s e cond ( o r  a f r ac t i on o f  a ga l l on per 
m i nu t e ) in p l a c e s  whe re the f rac t u r e s  are  sma l l  and p o o r l y  i n t e rconnec ted , t o  
mo re than 6 . 3  L / s  ( l O O  ga l / m i n ) ,  whe re they a r e  nume rous  and we l l  i n t er
conne c t ed , as  in s ome f aul t zone s . 

S u f f i c i en t  amo un t s o f  wa t e r  t o  s u p p l y  s i ng l e- f am i l y  home s a re ava i l a b l e  
f rom t he bedrock a q u i f e r  nea r l y  everywhe re i n  t he M i d d l e  Connec t i c u t  R i ve r  and 
Merr ima c k  R i ver  ba s i n s . Unc on s o l i da t e d  a q u i f e r s  o f  sand or  s and and gravel 
that  are re l a t i ve l y  t h i n , narrow,  and commo n l y  capa b l e  o f  y i e l d i ng mo re t han 
1 2 . 6  L / s  ( 2 0 0  gal / m i n ) to prope r l y  l o c a t ed and con s t ru c t ed we l l s  are found i n  
ma j o r  s t ream val l e y s . A s i gn i f i c ant  amount o f  wa t e r  1 s  s t o red 1 n  t h i ck 
g l a c i a l  t i l l ,  but  i t  i s  t ra n sm i t ted  very s l owly t hrough the sma l l  i n t e r
granu l a r  s pa c e s  ( po re s ) o f  t he depo s i t s .  Ac c o rd i ng l y ,  t i l l  i s  a poor a q u i f e r  
and n o rma l l y  doe s n o t  y i e l d  enough wa t e r  for  mun i c i pa l , i nd u s t r i a l , or  
c omme r c i a l  need s ( Ga y  and Del aney 1 9 8 0 ; Co t t on 1 9 7 5 , l9 7 6a , l 9 7 6 b ,  1 9 7 7 ) . 

Gro undwa t e r  i n  the m i d d l e  Connec t i c u t  R i ver  and Merr i mack R i ve r  ba s i n s  
near t he pro j e c t  a rea 1 n  t he s t a t e  o f  New Hamp s h i re i s  genera l l y  o f  good 
chem i ca l  qual i t y .  Mo s t  of i t  i s  c l ear and c o l o r l e s s , con t a i n s  no s u s pended 
mat t e r  and prac t i c a l l y  no bac t e r i a ,  and i s  l o w  i n  d i s s o l ved - s o l i d s  c oncent ra
t i on . Al s o , i t  1 s  genera l l y  s o f t  ( 0 - 6 0  mg / L )  to mode ra t e l y  hard 
( 6 1 - 1 2 0  mg / L ) . I n  genera l , groundwa t e r  f rom be drock and g l a c i a l -d r i f t  
aqu i f e r s  i s  good t hroughout t he l ower Me r r i mack R i ve r  ba s i n near the s t udy 
area in t he s t a t e  of Ma s s achu s e t t s ,  wi t h  d i s s o l ved s o l i d s  l e s s  t han 300  mg / L ,  
and i s  s u i t a b l e  f o r  dome s t i c , mun i c i p a l , i rr i gat i o n , and l i ve s t ock s uppl i e s . 
Repo r t ed wat e r  q u a l i t y  o f  t he s e  a qu i f er s i s  a c a l c i um b i c a rbona t e  t ype ( Gay 
and De l aney 1 9 8 0 ) .  
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Water- supply s ourc e s  for mo s t  commun i t i e s  wi thin the pro j e c t  area c on s i s t  
o f  groundwater from private suppl i e r s  and on s i te wel l s ,  a l t hough l arger 
commun i t i e s  such as Conc ord , Manche s ter , and Na shua rely e i ther on surface
wa ter s ourc e s  or  a combinat i on o f  surface water and groundwater t o  meet  wat er
supply demands ( ER ,  Vol s . 2 and 3 ) .  

3 . 4  ECOLOGY 

The c oun t i e s  contain ing t he proposed rout e are within two ecological 
provinces  ( Ba i l ey 1 9 7 6 ;  Galvin 1 9 79 ) .  Mo s t  of  New Hamp s h i re and the we s t ern 
port ion o f  Ma s s achuset t s  are wi thin t he Northern Hardwo od-S pruc e Fore s t  
sec t i on of  the Laurent i an Mi xed Fore s t  province . The rema inder of  the area i s  
wi thin the Appalachian Oak Fore s t  s ec t i on o f  the Ea s t ern Dec i duous Fore s t  
province .  Much o f  the informat i on provi ded in  the fol l owing overvi ew of  the 
predomi nan t habi t a t s and bi ota occurring wi t hin t he area t raversed by the 
route i s  der i ved f rom Galvin ( 1 9 7 9 ) ,  U . S .  Department of  Energy ( 1 984 ) , t he ER 
( Vol s .  1 -3 ) ,  and re ferences  c i ted there in . 

3 . 4 . 1 Terre s t r i al Envi ronmen t  

3 . 4 . 1 . 1  Vege tat i on 

Fore s t  hab i tat  predomina t e s  in  the s tudy area ( con s i s t ing in  thi s case  of  
the count i e s  t hrough whi ch t he proposed pro j e c t  would be routed ) .  Fore s t  
c over s  about 8 2 %  o f  t he count i e s  i n  the New Hamp s h i re port i on o f  t he s tudy 
area ( E R ,  Vol . 3 )  and about 59% of t he coun t i e s  in the Mas sachu s et t s  port i on 
of  the s tudy area ( Peters  and Bowers  1 9 7 7 ) .  The s e  fore s t s  can be grouped i n t o  
eight  ma j o r  type s ( see Tab l e  A .  5 of  Append i x  A ) . The whi t e  and r e d  p ine 
fore s t  i s  the mo s t  common type in the New Hampshi re por t i on of t he s tudy 
area . Thi s type become s l e s s  preva l ent in the Mas sachu s e t t s  por t i on ,  where 
oak/ h i ckory fore s t  become s predominan t . Thi s change in fore s t  type occurs 
wi thin the area o f  change from the Nor t hern Hardwood-Spruce Fore s t  t o  the 
Appalachian Oak Forest  sec t i on ( see Galvin 1 9 7 9 ) .  

The s e c ond mo s t  common fore s t  type 1 n  the New Hamp s h i re s tudy area i s  t he 
map l e / beech/bi rch fore s t  type , whi c h  1 s  c ommonl y  known as  t he nor thern 
hardwood fore s t  ( King s l ey 1 9 7 6 ) .  The o ther ma j o r  fore s t  type s in 
Mas s achuse t t s  are the whi t e  and red p i ne fore s t  and t he e l m / a sh /mapl e  
fores t .  The l a t t er 1 s  t he mo s t  preva l en t  for e s t ed we t l and type i n  t he area 
( Ki ng s l ey 1 9 7 4 ) .  

A var i ety of  s pec i e s  make up the und er s t ory and s hrub l ayers i n  t he 
fore s t  t ype s , and many o f  t hem are c ommon al ong t he edge of  right s -of-way or 
become e s tabl i s hed w i t h i n  t hem. Such s pe c i e s  include huckl eberry , bl ueberry , 
arrow-wood , f l owe r i ng dogwo od , ras pberry , and many o thers ( Jorgen s en 1 9 7 8 ) . 

O l d  f i e l d  and shrubl and al s o  o ccur throughout the s tudy area and 
exempl i fy the hab i t a t s  found w i t h i n  ma i n t a i ned r i gh t s -o f-way . The s e  hab i t a t s  
g o  through a suc c e s s ion from annual herbaceous plant s ( e . g . , crabgras s ,  
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ragweed ) ;  t o  perenn i al herbaceou s plant s ( e . g . , l i t t l e  blue s tem ,  goldenrod , 
milkweed ) ;  t o  sma l l  t ree and shrub s pec i e s  ( e . g . , grape , buckthorn , eas tern 
red ceda r )  ( Jorgen s en 1 9 7 8 ) .  

Compl e t e  l i s t s  of  the common f l o ra in  the s t udy area are g i ven 1n  the ER 
( Vo l . 2--Table I I I -8 ,  Vo l .  3--Tab l e  I I I-9 ) .  

3 . 4 . 1 . 2 Wi l d l i fe 

The wi l d l i fe c ommun i t i e s  1n  the s tudy-area coun t i e s  range from those 
charac t e r i s t i c  of  heav i l y  fore s ted areas t o  those charac ter i s t i c of  areas of  
urban encroachment .  A l arge number of  s pec i e s  are found in  the s t udy area , a s  
ind i ca t ed in  the E R  ( Vo l . 2--Tab l e  I I I-9 ,  Vol . 3--Table I I I - 1 0 ) .  In  the 
New Hamp shi re po rt ion there are 244 b i rd , 39  rept i l e and amph i b i an ,  and 
56  mammal s pec i e s ; in  Mas sachu s et t s  the number s  of  such s pec i e s  are 208 , 26 , 
and 49 , res pec t i ve l y .  Game s pec i e s  and furbearers in  the area i nc l ude wh i t e
tai l e d  deer , b l ack bear , c oyo t e , bobcat , c o t t ont a i l rabbi t ,  snowshoe hare , 
opo s s um ,  raccoon , red and gray fox , mu skrat , mink , s t r i ped s kunk , wea s e l , 
beaver ,  r i ve r  o t t e r , and other s ( Cardoza 1 9 7 9 ; ER , Vo l s . 1 -3 ) .  

The whi te-ta i l ed deer i s  the mo s t  i mportant game s pec i e s  in  the region 
( Godin  1 9 7 7 ;  Hal l s  1 9 80 ) .  Of prime i mportance to whi te-t a i l ed deer is the 
ava i l ab i l i ty of  overwintering habi tat , or  deeryard s ,  whi c h  provide a s ource o f  
forage and she l te r . There a r e  s i x  areas wi th the phys i c a l  charac t e r i s t i c s  o f  
dee ryar d s  in  the New Hampshire  por t i on of  the s t udy area . However , the s e  
area s apparent ly have n o t  been surveyed t o  c on f i rm u s e  b y  deer . 

Gamebirds  in  the area inc l ude wi l d  t u rkey , ruf fed grou s e ,  r i ng-necked 
phea s an t , northern bobwhi te , and more than 20 s p e c i e s  of  wa t e rfowl . Mo s t  
waterfowl are mi grant s o r  winter res iden t s ,  but the mal lard , wood duck , black 
duck , and Canada goo s e  ne s t  in  the area ( B l odget 1 9 8 3 ) .  Waterfowl number s  are 
not exten s i ve becau s e  the s tudy area i s  wi thin a l ow-migrat ory-popul at i on 
corri dor for gee s e  and ducks ( Bel l ro s e  1 9 76 ) .  

3 . 4 . 2  Aquat i c  Envi ronment 

About 300 surface wat e r s  wou l d  be c r o s sed by the propo s ed t ransmi s s i on 
l i ne ( Se c t i on 3 . 3 . 1 ) .  Of the s e ,  at  l ea s t  53 are known coldwat e r  or warmwat e r  
f i sher i e s  ( ER ,  Vo l .  2--Table I I I-33 , Vo l .  3--Table I I I-35 ) .  General l y ,  mo s t  
s t reams i n  New Hampshi re a re c on s i dered poten t i a l  t rout s t reams . However , 
warmer wat e r  t emperatures in  s ome s t reams make them un s u i table for year-round 
use by t rout . 

Both warmwa t e r  and col dwa t er f i sh c ommun 1 t 1 e s  occur in  the Mas sachus et t s  
port i on of the s t udy area . Ex i s t ing c o l dwat e r  f i sher i e s  are ma intained mo s t ly 
by annual s t o cking programs ( Mas sachus e t t s  D i vi s i on of  F i s h  and Wi l d l i fe 
1984 ) ,  but there are a few except ions . For exampl e ,  natural t rout s pawn i ng i s  
repo rted from Wachu s e t t  Reservo i r  ( Ha l l iwe l l  1 98 1 ) .  Pond s and l ake s i n  the 
s tudy area are c on s i de red warmwater f i sher i e s , except for s everal at  hi gher 
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elevat ions that are cold  enough t o  support t rout year-round . Newfound Lake , 
the large s t  l ake in the s t udy area , suppor t s  a two-s t ory f i shery t hat inc lud e s  
landl ocked salmon , l ake trout , whi tef i s h ,  smal lmouth bas s ,  p i ckere l , and 
yel l ow perch ( ER ,  Vol . 3 ) .  Two t r i butar i e s  of the lake ( Cockermouth and 
Fowl er River s ) support s pawn1 ng run s of l andlocked salmon ( U . S .  Fi s h  and 
Wi ldl i fe Serv i c e  1 982 ) .  Good t o  excel l ent  trout s t reams have the general 
hab i tat  character i s t i c s  l i s t ed 1 n  Tabl e  A . 6  of  Appendix A, as  we l l  as 
temperatures adequate to meet  the requi rement s  for t rout survival and 
reproduc t i on ( Tabl e  A . 7 ) .  

The princ i pal warmwater game f i sh i n  the s t ud y area i nc lud e  cha i n  
pi ckerel , whi t e  perch , var i ous  sun f i sh , largemouth and smal lmouth ba s s ,  black 
crappi e ,  and yel l ow perch .  Eas tern brook t rout , rai nbow t rout , and brown 
t rout are the princ i pal c o l dwat e r  game f i s h .  A number of other game f orage 
and rough f i s h s pe c i e s  o ccur in the pond s , lake s , and s t reams t hroughout the 
s tudy area ( ER ,  Vol . 2--Tabl e  I I I -9 ,  Vo l .  3--Tabl e  I I I - 1 0 ) .  

Trout are s t ocked i n  s ome o f  the s t reams that wou ld be cros sed by the 
propo sed t ran smi s s i on l i ne ( ER ,  Vo l .  2--Tabl e  I I I -3 3 , Vol . 3--Tab l e  I I I - 3 5 ) .  
Stocking i s  done t o  suppl ement nat ural reproduc t i on or  t o  provi de a seasonal 
coldwater f i shery in s t reams where natural reproduc t i on does not o ccur . 
General l y ,  heavy t rout f i shi ng pre s sure neces s i tates  cons tant re s t ocki ng ( Eddy 
and Underhi l l  1 9 74 ) . 

Several of  t he river s 1 n  t he s tudy area are , or  s oon w i l l  be , managed t o  
a l l ow ree s t abl i shment of  anadromous s pec i e s , name l y  the At lant i c  sa lmon , 
Ameri can shad , blueback herr i ng , and al ewi fe . A f i s hway ha s been con s t ructed 
at Lowe l l  Dam and should be operat i onal i n  1 986 . Thi s wi l l  a l l ow the l a t ter 
three s pec i e s  t o  a s cend t o  the port i o n  o f  the Merr imack Ri ver t hat  i s  i n  the 
s tudy area ( ER ,  Vo l . 2 ) .  A number of  r i vers i n  both the Merrimack and 
Conne c t i cut River ba s i n s  are targe t ed for At lant i c  sa lmon and Ameri can shad 
ree stabl i s hment programs ( ER ,  Vo l .  3--pp . 94-95 ) .  

Det a i led charac teri zat i ons  o f  t he ben thi c macro i nver t ebrates  o f  the 
wa terbod i e s  i n  the s tudy area are no t ava i labl e .  S i nce mo s t  o f  the wa ter
bod i e s  are C l a s s  A or  B waters  ( ER ,  Vol s .  2 and 3 ) ,  it i s  l ikel y that they 
ma intain  produc t i ve ben t h i c  commun i t i e s  c ompo sed of a d i ver s e  a s s embl age o f  
invertebra te spec i e s  i nd i cat i ve o f  good t o  pri s t i ne wat er-qua l i ty 
c ond i t ions . The few C l a s s  C wa ters  t o  be cros sed by the pro po sed t ransmi s s i on 
l ine are probably dominated by i nver tebrate spec i e s  t o l erant of  organ i c  
enri chmen t or  o t her degraded wat er-qua l i ty c ondi t i on s . 

3 . 4 . 3  We t l and s 

We t l and s are s y s t ems  where the water table i s  usual l y  at or  near the 
surface or where land i s  covered by sha l l ow wat er at  l ea s t  peri od i ca l l y  
( Coward in e t  al . 1 9 7 9 ) .  Wet l and s that would be c ro s sed by the propo sed l i ne 
are princ i pa l l y  mar shes ( vegetat ion domina t ed by gra s s e s , reed s , rushe s , 
sedge s , and o ther nonwoody plant s )  or  swamps ( vegetat ion dominated by bu she s  
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and trees ) .  Other wet l and types pre s ent  include bog s , prai r i e s , and pond s . 
The transmi s s i o n  l i ne corridor would cro s s  98  wet l ands i n  New Hampshire and 
1 1 9  we t land areas 1n Ma s s achus e t t s . Det a i l ed informa t i on on the wet l ands i s  
g i ven in Appen d i x  B .  

3 . 4 . 4  Threat ened and Endangered Spec i e s  

The Endangered Spec i e s  Ac t o f  1 9 7 3  require s a de termi nat i on o f  t he 
pre s ence of  endangered and threatened s pe c i e s  and /or the i r  c r i t i cal hab i tat s 
within the v i c i n i t y  of  a propo sed federal ac t i on .  The DOE Staff  ha s c on s u l t ed 
wi th , and received informat i on from , the U . S .  F i sh and Wi ldl i fe Serv i c e  and 
the New Hampshire F i s h  and Game Departmen t c oncerning federa l l y  and /or s t ate 
l i s ted spec 1 e s  ( see l e t ters  i n  Append i x  E from G . E .  Becket t ,  Supervi s o r , 
New Engl and Area , Ecol og i cal Servi ce s ,  U . S .  F i s h  and Wi l dl i fe Serv i c e , 
February 1 3 , 1 9 8 6 ; and f rom H . P .  Nevers , Federal Aid  and Endangered Spec i e s  
Coord i nator , New Hamp shire  F i s h  and Game Departmen t ,  February 1 4 , 1 9 8 6 ) .  
S imi lar corres pondence wa s i mp l emented by t he App l i can t wi th the Ma s sachus e t t s  
Nat ural Heri tage Program relat i ve t o  s ta t e- l i s ted spec i e s . A copy of  the 
corres pondence from the s e  agenc i e s  i s  inc l uded in Appendix  E .  The fo l l owing 
sect i on s  con t a i n  informa t ion on the endange red , threat ened , and rare s pe c i e s  
tha t may occur wi thin the area . Thi s informat ion i s  ba sed upon the above 
ment i oned c on s u l t a t ions and per t i nent reference l i t era ture . 

3 . 4 . 4 . 1  Vegetat i on 

No federa l l y  l i s t ed endangered or  t hrea tened plan t  spec i e s  occur within  
the  coun t i e s  that  wou l d  be t raversed by  the propo s ed t ransmi s s i on l i ne 
( Becke t t  1 9 8 6 ) .  

New Hamp s h i re ha s not  deve l oped an o f f i c i a l  s t ate l i s t  o f  endangered and 
threat ened plant s ,  but t he New Hamp s h i re Nat ural Heri tage Program , through the 
New Hamp s h i re Natural Her i t age I nventory , ha s deve l oped a l i s t  of  rare plant  
s pe c i e s  ( New Hamp s h i re Office of  State Planning 1 9 84 ) .  Wi thin 0 . 4  km 
( 0 . 2 5 mi ) on e i t her s i de o f  the New Hamp sh i re port ion of  the propo s ed tran s 
mi s s ion l ine , 1 1  s pec i e s  o f  rare p l ant s have been reported ( Brackley and 
Hentcy 1 9 8 5 ) .  

For t y- s even plant  s pec i e s  l i s t ed by the s tate of  Ma s sachu s e t t s  a s  rare 
and dec l i n i ng o ccur w i t h i n  the Ma s s achus e t t s  por t i on o f  the s tudy area ( ER ,  
Vol . 2--Tab l e  I I I - 1 0 ) . On l y  one of  thes e ,  t he c l i mb i ng fern , i s  l i ke l y  t o  be 
present near the propo s e d  t ransmi s s i on l i ne . However , a f i e l d  s urvey by the 
Mas sachuset t s  Nat ural Her i t age Program ha s de termined that the c l imb ing fern 
doe s no t o cc ur i n  the r i ght-of-way ( ER ,  Vol . 2 ) .  The rare p l an t s  and t he i r  
hab i tat s are l i s t ed i n  Tabl e  A . 8  of  Appendix  A .  

3 . 4 . 4 . 2  F i sh and Wi l d l i fe 

A number of  f edera l l y  l i s t ed and s t ate-l i s ted threat ened and endangered 
animal s pec i e s  may occur as t ran s i ent  individual s wi t h i n  the count i e s  
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con t a i n i n g  t he propo s ed route  ( B ecke t t  1 9 8 6 ) .  The s pec i e s , t he i r  s t a t u s , and 
t he i r  general hab i ta t s  are l i s t ed 1n Tab l e  A . 9  of Appen d i x  A. I n  
Ma s s achu s e t t s , none o f  t he s pec 1 e s  l i s t ed a s  endangered o r  t hr e a t ened 1 s  
con s i d e red by t he Ma s s achu s e t t s  Natural  Her i t age Program t o  be near t he 
propo s ed t ransmi s s i on r o u t e  i n  t ha t  s t a t e  ( ER ,  Vo l .  2 ) .  The Ma s s achus et t s  
Natural  Her i t age Program a l s o  ha s a c a t egory l i s t i ng s pec i e s  c o n s i de red t o  be 
"of s p e c i a l  concern . "  The Program has d e t e rm i ned t ha t  o f  t he 3 0  s pec i e s  
l i s t ed  i n  t h i s c a t egory , o n l y  t he s o u t hern bog l emm i ng i s  l i ke l y  t o  b e  pre s e n t  
near  t he propo s ed t ra n s m i s s i on l i ne .  I t  ha s b e e n  r e c o rded f rom a we t l and i n  
Dun s t ab l e . I t s  hab i t a t  i nc lud e s  we t s edge me adows , s phagnum bo g s , a n d  ( l e s s  
c ommon l y )  orchards and open gra s s l and s ( ER ,  Vol . 2 ) . 

O f  t he 1 9  s pec i e s  l i s t ed by t he s t a t e  o f  New Hamp s h i re a s  t hr e a t ened o r  
endangered , 1 1  ( a l l  b i rd s ) have been o b s e r ved i n  t he s t udy a rea . The s e  a r e  
t he ba l d  eag l e , peregr i n e  f a l c o n , Cooper ' s  hawk , o s prey , red- s ho u l dered  hawk , 
no r t hern har r i e r ,  common l o on , u p l and sand p i per , whi p-poor-wi l l ,  purp l e  
mar t i n ,  and e a s t e rn b l ueb i rd .  N o  ac t i ve n e s t s  o f  t h e  f i r s t  four  s p e c i e s  are 
known t o  occur in t he s t udy area , but some i n d i v i dua l s  of t he o t he r  s even 
s pe c i e s  may ne s t  in or near some of t he c o un t i e s  t h a t  wou l d  be t ra ve r s ed by 
t he propo s ed l i ne ( ER ,  Vo l .  3 ) .  

3 . 5  SOCI OECONOM I C S  

3 . 5 . 1  I n s t i t u t i on a l  S e t t i ng 

Lo c a l  gove rnme n t a l  un i t s  i n  b o t h  New Hamp s h i re and Ma s s a c hu s e t t s  con s i s t  
o f  c o un t i e s t ha t  are f ur ther s ubd i v i ded i n t o  t o wn s  ( wh i ch are s omewha t 
eq u i va l e n t  t o  town s h i p s  1 n  s ome par t s  o f  t he coun t ry ) .  Each organ i zed t own 
t rave r s ed by or a d j a c e n t  to t he propo s e d  r i gh t - o f -way ( t o t a l  o f  2 7  i n  
New Hamp s h i re  and 1 7  1 n  Ma s s achuse t t s ) 1 s  admi n i s t ra t e d  by a t own 
mee t i ng / board o f  s e l e c tmen type o f  gove rnme n t . The chi e f  s o u r c e  o f  l o c a l  
revenue i s  p r o p e r t y  t ax e s  ( paya b l e  d i rec t l y  t o  c i t i e s  and t own s ) ,  f o l l owed by 
revenue- s ha r i ng ( p r i ma r i l y  f rom the s t a t e ) ( B ureau o f  the Cen s u s  1 9 8 3 ) .  

3 . 5 . 2  Popu l a t i on 

The popu l a t i o n  d e n s i t y exhi b i t s  marked var i a t i on a l ong t he proposed  
c o r r i dor , rang i ng f rom low-den s i t y  rural t o  mod e r a t e- d en s i t y urban  ( s e e  
Tab l e  A . l O  o f  Appen d i x  A ) . The l owe s t  popu l a t i o n  den s i t i e s  o c c u r  i n  Gra f t on 
Coun t y ,  New Hampsh i re , whe r e  s everal  t own s ( Lyman , Ben t on , and G r o t on ) con t a i n  
f ewer t han 4 per s on s /k.m2 ( 1 0 /mi 2 ) .  ( Mo s t  t own s i n  t h e  coun t y  have t o t a l  
popu l a t i o n s  o f  l e s s t han 1 , 0 0 0  per s o n s . )  The l arge s t  popu l a t i on concen
t ra t i on s  are in t he town s  of Shrews bury and M i l f ord , Ma s s a c hu s e t t s ,  whe r e  the 
popu l a t i on den s i t y exc e e d s  385 pe r s on s / k.m2 ( l , O O O /mi 2 ) ,  and i n  Con c o rd C i t y  
and a d j acent  t own s i n  New Hamp s h i re . 

Growth t rend s f o r  New Ham p s h i re  re f l e c t  s i gn i f i can t a c c e l e ra t i on dur i n g  
the 1 9 7 0 - 1 9 80 decade , e s pec i a l l y i n  rur a l  area s . By  con t ra s t ,  growth ra t e s  
f o r  t h e  s ame per i o d  we re muc h  l e s s  i n  Ma s s achu s e t t s , wi t h  s ome t own s even 
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report i ng mode s t  de c l i ne s . Moderate growth i s  pro j e cted  f o r  t h e  per i od 1 98 0 -
1 9 9 0  in  a rea s in bo th Ma s s achus e t t s and New Hamp s h i r e  t rave r s ed by or  a d j a c ent 
to  the propo s ed t ran smi s s i on l i ne rout e . Pa s t  t rend s and pro j ec t i on s  are 
pre s en t ed in Tab l e  A . l O . 

3 . 5 . 3  Empl oyment and Ec onomi c s  

The 1 9 8 2  l abor force i n  c ount i e s  t rave r s ed b y  the propo s e d  right-of-way 
t o t a l ed 3 4 3 , 24 7  f o r  New Hamp s h i re and 1 , 4 0 2 , 5 6 7  for Ma s s achus e t t s . Unempl oy
ment ra t e s  for t hat year ranged betwe en 6 %  and 7 % , except f o r  Worc e s t e r  
County , whe re i t  reached 9 . 4% ; b y  1 9 8 4 , unempl oyment had fa l l en to  l e s s  than 
5 . 0% ( Bureau of t he Cen s u s  19 8 3 ; ER , Vol . 2-- p . 1 2 7 , Vol . 3--p . 1 1 4 ) .  

The primary ca tegor i e s  o f  emp l o yment i n  the area are manufac t ur i ng and 
prof e s s i onal and r e l a t ed s erv1 c e s . The s e  two c a t ego r i e s  res pec t i ve l y  a c c o unt 
for an average of 2 7 . 2% and 2 3 . 4% of emp l oyment i n  the area , by count y .  The 
other ma j or c a t egor i e s  inc l ude who l e s a l e  and ret a i l  t rade ( 1 8 . 9% )  and 
government ( 1 5 . 9% )  ( Bureau o f  t he Cen s u s  1 9 8 3 ) .  Manufac t ur i ng j ob s  are 
chi e f l y  1n machinery ,  e l ec t r i ca l  produc t s ,  me ta l s ,  and l umber and wood 
produc t s  ( Bureau of the Cen s u s  1 9 8 5a , 1 9 8 5 b ) .  Tour i sm 1 s  an impo r t ant 
ind u s t ry 1n s everal of the c oun t i e s , e s pec i a l l y  Graf t on . 

Med i an f ami l y  inc ome wa s $ 1 9 , 8 3 7  f o r  the f our New Hamp s h i re c ount i e s  and 
$ 2 3 , 3 2 2  for the three Ma s s achu s et t s  c oun t i e s  in  1 9 7 9 . I nc ome i s  l owe s t  in t he 
rura l area s ; 1 n  s ever a l  Gra f t on County t own s i t  f a l l s  be l ow $ 1 4 , 0 0 0  
( New Hamp s h i re O f f i c e  o f  S t a t e  P l ann ing 1 9 8 3 b ;  Bureau o f  t h e  Cen s u s  1 9 8 3 ) .  

3 . 5 . 4 Hou s i ng 

I n  1 9 80 , t here were 2 4 9 , 2 0 5  hou s ing un i t s  i n  t he New Hamp s h i r e  c ount i e s  
t rave r s ed by the propo s ed route and 9 4 5 , 6 28 i n  the Ma s s achus e t t s  c ount i e s . 
The f o rmer repre s e n t s  a s i gn i f i cant increa s e  over 1 9 7 0 , rang i ng be tween 3 5 . 5 % 
and 4 3 . 3% by count y ,  wh i l e  mod e s t  i n c rea s e s  ( 14 . 4% t o  1 7 . 5 % )  o c curred i n  the 
Ma s s achu s e t t s  c ount i e s . Vacancy ra t e s  for rental un i t s  in  1 9 8 0  va r i ed between 
4 . 5 % and 6 . 1 % i n  New Hamp s h i r e , except for Gra f t on ,  w i t h  1 1 . 1 % .  More moderate  
ra t e s  ( 2 . 8% t o  4 . 8 % )  were  reported for Ma s s achu s e t t s  ( Bureau o f  t he Cen s u s  
1 9 7 2 a , 1 9 7 2 b , 1 9 8 2 a , 1 9 8 2 b ) .  

I n  1 9 8 2 - 1 9 8 3  there were 288  t emporary l od g i ng e s t a b l i s hmen t s  ( ch i e f l y  
hot e l s and mo t e l s )  in  t he New Hamp s h i re c ount i e s  a l ong the r o u t e  and 2 0 3  i n  
t he Ma s s achu s e t t s  c ount i e s . F i gure s 
i s  s t rong , e s p ec i a l l y  1 n  Gra f t on 
( Bureau o f  t he Cen s u s  1 98 5 a ,  1 9 8 5 b ) .  

3 . 5 . 5  Transport a t i on 

are highe s t  i n  area s whe re t o ur i s t  demand 
and Roc ki ngham c ount i e s , New Hamp s h i re 

The t ran s po r t a t i on network i n  the propo s ed pro j ec t  area 1 s  d e s c r i bed in  
Sect i on 3 . 2 . 9 . 1 .  The mo s t  heav i l y  t rave l ed roadway s  1 n  t he New Hamp s h i re 
por t i on o f  t he propo s ed route are 1n  t he more urban sout hern r e g i on s , 
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t rave r s ed by two i n t er s t a t e  r o u t e s  ( I -89 NW-S E  and I -9 3  N-S ) .  Average annual 
da i l y  t ra f f i c  ( AADT ) vo l ume s for the s e  road s range a s  h i gh as 1 6 , 0 0 0  and 
3 0 , 0 0 0 , r e s pe c t i vel y ,  for Concord . O t her h i gh-vol ume roads  ( mo r e  than 
1 0 , 00 0  AADT for s ome area s )  in the s outhern town s  i n c l ude U . S .  3 ( N-S ) and 3 9 3  
( E-W ) and S R s  1 0 1  ( NE-SW ) , l O lA ( NW-SE ) ,  1 0 2  ( NE-SW ) , 1 1 1  ( E-W ) ,  1 1 4 ( N- S E ) ,  
and 1 1 4A ( NW-SE ) .  No r t h  o f  Concord , t ra f f i c  vo l ume s de c l i ne subs tan t i a l l y ,  
general l y  fal l i ng b e l ow 3 , 5 0 0  AADT . The mo s t  heav i l y  u s ed road s ( o ver 
2 , 00 0  AADT in s ome area s ) i n c l ude U . S .  302 ( N- SW ) and SRs  3A ( N-S ) , 10 ( N-S ) ,  
1 1  ( E-W ) , and 2 5  ( N-SE ) ( New Hamp s h i re Depa r t me n t  o f  Pub l i c  Works and H i ghways 
1 9 84 ; ER , Vo l . 3--pp . 1 4 5 - 1 4 6 , Tab l e  I I I - 2 0 ) .  

Tra f f i c  f l ows are  h i gh i n  the Mas sachu s e t t s  count i e s , a l though vo l ume 
d a t a  are  n o t  ava i l a bl e .  The area i s  trave r s ed by four i n t e r s t a t e  h i ghways : 
I -90 ( E-W ) ,  I - 1 9 0  ( N-S ) ,  I -2 9 0  ( E-W ) , and I -4 9 5  ( N-S ) .  Ot he r ma j or roads 
i nc l ude U . S .  3 ( N-SE ) and 2 0  ( E-W ) and SRs  2 ( E-W ) , 9 ( E-W ) , 12  ( N - S ) ,  1 1 7 
( E-W ) , 1 1 9  ( NE-SW ) , and 1 4 0  ( NE-SW ) ( Ma s sachu s e t t s  Depa r t me n t  o f  Publ i c  Works 
1 98 2 - 1 9 8 4 ; ER , Vo l . 2--pp . 1 4 8 - 1 4 9 , Ta b l e  I I I - 2 1 ) .  

3 . 5 . 6 Publ i c  Concerns  

Al t hough f ew publ i c  concerns  r e l a t i ve t o  t he propo sed pro j e c t  were  vo i c ed 
at the DOE s c o p i ng mee t i n g s  he l d  in Concord and Bo s t on on June 4-5 , 1 9 8 5  
( U . S .  Depar tme n t  o f  Energy 1 9 8 5 ) ,  concerns  were expre s s ed a t  a hear i ng he l d  i n  
G r o t on , Mas s achu s e t t s , o n  February 5 ,  1 9 8 5  ( c onduc t ed j o i n t l y  by the 
Ma s s achus e t t s  Depar tment o f  Pub l i c  Ut i l i t i e s , the Ma s s achus e t t s  Energy 
Fac i l i t i e s  S i t i ng Counc i l , and t h e  Ma s sachus e t t s  Env i ronmen t a l  Po l i cy  Ac t Un i t  
o f  the Execut i ve Of f i ce o f  Env i ronmen t a l  A f f a i r s ) ,  and t n  wr i t t en 
corr e s pondence t o  DOE . The pr imary i s sue ra i s ed wa s po t en t i a l  adve r s e  hea l t h 
e f fe c t s  ( bo t h  t o  huma n s  and l i ve s t o c k ) ; l e s s  common l y  expre s s ed concerns  
i n c l uded v i s ual  i mpac t s ,  po t e n t i a l  i n c rea s e s  i n  underground p i pe l i ne 
corro s i on ,  need f o r  power , prope r t y  va l ue e f f e c t s ,  no i s e ,  and i mpa c t s  t o  
wi l d l i fe .  

3 . 6 VISUAL RESOURCE S  

3 . 6 . 1  V i s ua l  R e s o u r c e s  S t udy Area and Land s c a pe C l a s s i f i ca t i on s  

A 3 . 2 -km ( 2-mi ) c o r r i do r  c en t ered o n  t he propo s ed t ra n s m i s s i o n  l i ne route 
i n i t i a l l y  was s e l ec t ed f o r  eva l ua t i on o f  v i s ua l  r e s o ur ce s . Th i s  s e l ec t i on wa s 
ba s ed o n  t he a s s umpt i o n  that  c on s t ruc t i o n  o f  t he propo sed t ra n s m i s s i on l i ne 
wi t h i n  a n  e s ta b l i s hed r i ght -o f-way o c c u p i e d  by one o r  mo re e x i s t i n g  t ran s m i s 
s i on l in e s  wou l d  n o t  s i gn i f i cant l y  degrade v i ewsheds f rom t h e  boundary o f  the 
s tudy area corr i do r . Howeve r , dur i n g  f i e l d  s urvey s , bo undar i e s  o f  the s t udy 
corr i do r  were expanded to encompa s s  v i ewsheds f rom par t i cu l a r l y  s en s i t i ve 
area s . I n  o t her i n s t an c e s ,  t he boundar i e s  o f  t he s t udy corr i do r  we re narrowed 
i n  a c c o rd w i t h  l an d s c a p e  feature s that  wo uld pre c l ude o b s erva t i on of t he 
propo s ed t ransmi s s i o n  l i n e . 



3-23  

The Appl i c ant  has  i den t i f i ed l and s c apes  of  the s t udy area  1 n  t e rms o f  
three c l a s s e s  o f  v i s ual  qual i t y--D i s t i nc t i ve ,  No tewo r thy , and Common . 
D i s t i n c t i ve l an d s c a p e s  are  area s o f  h i gh v i s ua l  q ua l i t y ,  whe r e a s  the v i s ua l  
q ua l i t y  o f  No tewo r t hy l an d s c a p e s  i s  l e s s ,  b u t  never t he l e s s impo r t an t . 
Land s c apes  charac t e r i zed by t yp i ca l l y  i n c on s p i cuous  f e a t ure s are  c a t e g o r i zed 
as Common l an d s c a pe s . The c l a s s i f i c a t i on o f  a g i ven l and s c a pe i s  ba s e d  on 
four l an d s cape e l ement s ,  1 . e . , l and f o rm ,  wat er , vege t a t i on ,  and cul t ural  or 
man-made mod i f i c a t i o n s . The l and s c ape q ua l i t y  ma t r i x  1 s  p r e s e n t e d  1 n  
Tab l e  A . l l  o f  Ap pend i x  A .  

3 . 6 . 2  Route Lan d s c ape De s c r i pt i o n s  1 n  New Hamps h i r e  

V i s t a s  a l ong the propo s ed t ransmi s s i o n  l i ne route i n  New Hamp s h i r e  are 
predominan t l y  D i s t i n c t i ve and No t ewo r t hy l an d s c a p e  t ypes  ( s e e  Tab l e  A . l l ) , 
pa r t i c u l a r l y  1 n  nor thern por t i o n s  of  the s t udy area . The f o l l ow i ng 
des c r i p t i o n s  of  l a nd s c a p e s  a l ong t he propo s e d  New Hamp s h i r e  route  are adapted  
f rom the ER ( Vo l . 8--Se c . I I I . B . 2 )  and  corre s pond w i t h  s egme n t s o f  t he route  
i den t i f i ed by the Appl i c an t --Monroe t o  Rumney ( Segme n t  A ) , Rumney t o  Go f f s t own 
( S egment B ) , and Go f f s t own t o  t he New Hamp s h i re / Ma s s achu s e t t s  s t a t e  l i ne 
( Segme n t  C ) .  Town s  i n  wh i ch the s e gmen t s  beg i n  or  t e rmi nate  a re s hown i n  
F i gures  2 . 2  and 2 . 3 .  De t a i l ed ma p s  d e l inea t i n g  the New Hamp s h i re s t udy area 
e s t abl i s hed by the Ap pl i c an t  are  pre s ented  i n  the ER  ( Vo l . 8--F i gures  I I I -2 . 1  
t hrough I I I -2 . 8 ) . 

Segme n t  A :  From t he n o r t hern t e rminus  o f  t he propo s ed l i ne 1 n  the t own 
o f  Monroe , t h i s s egmen t  e x t end s s outh for  about 6 0  km ( 3 7  m i ) t o  the t own o f  
Rumney . The t e r r a i n  1 s t y p i c a l  for  t he Whi t e  Moun t a i n  S e c t  i o n  o f  t h e  New 
Engl and provi nc e ,  1 . e . , r o l l i n g  h i l l s  and s eve ral  l ow mo un t a i n  rang e s  w i t h  
peak e l eva t i on s  rang 1 ng up t o  9 1 5  m ( 3 , 0 0 0  f t ) .  Some o f  t he h i gher peaks 
i nc l ude Je f f e r s , Hog s b ack , Suga r l o a f , and B l ack moun t a i n s  1 n  the t own of 
Ben t o n . Rock o u t c r o p s  s uch a s  Pond Ledge and Owl s Head are promi nent 
l and scape fea t ur e s  i n  the t own s o f  Haverh i l l  and Ben t on , r e s pe c t i ve l y .  The 
Conne c t i c u t  R i ver Va l l ey i s  the dominant l andform of the we s t e rn po r t i on o f  
the s t udy a r e a  1n  t h e  t own s o f  Monroe a n d  Ba t h . Vege t a t i on 1 s  t y p i c a l l y  
No r t hern Hardwood-Spruce For e s t , w i t h  s t an d s  o f  s p ruce and f i r  b e i ng 
part i c u l a r l y  ex t en s i ve i n  n o r t hern po r t i o n s  o f  the s e gmen t .  However , 
i n t e r s per s i on s  o f  c o n i f e r o u s  and dec i duous f o re s t  s t an d s  over l arge a r e a s  
create  p a t t e r n s  o f  c o l o r  that  are  par t i c u l a r l y  a t t rac t i ve dur i ng the f a l l . 
Wat e r  e l emen t s  i n c l ude s ca t tered  l ake s and pond s , the r e l a t ive l y  l a rge Moore 
Re s ervo i r , and ra p i d- f l ow i n g  drai nage s s uch as the Ammonoo s uc and W i l d  
Ammonoo s uc r 1 ve r s . As i d e  f rom the Connec t i c u t  R i ve r  Val l ey ,  cul t u ral  
deve l o pme n t s are  charac t e r i zed by s c a t t ered farms t eads  and rural  re s i denc e s  
w i t h  sma l l c ommun i t i e s  and h i ghways l o c a t ed a l ong va l l ey f l o o r s . I n  
comb i na t i o n , na t ur a l  a n d  c u l t ural  f e a t ur e s  c ompr i s e a h i gh propo r t i on o f  
D i s t i nc t i ve and No t ewo r t hy l an d s c a p e s  i n  th i s  s egmen t . 

Segme n t  B :  From t he t own o f  Rumney , t h i s s egment e x t end s s o u t h  abo u t  
93 km ( 5 8 mi ) t o  t he t o wn o f  G o f f s t own . The s e gment i s  t r an s i t o r y  i n  t ha t  
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t o pograph i c  re l i e f  t end s t o  d e c r e a s e  a n d  c u l t ural  deve l o pment  tend s t o  
i n c rea s e  i n  a s ou t her l y  d i rect i on . I n  genera l , t he t e r r a i n  cons i s t s  o f  
s ca t t e red h i l l s  and remnant mo un t a i n s , b u t  h i l l s  a n d  moun t a i n s  are  mo re c ommon 
to  the n o r t h ,  whi l e  t o pograph i c  re l i e f  i s  l e s s  pronounced in the sou thern par t 
o f  t he s e gmen t . The vege t a t i on i s  genera l l y  s i mi l ar t o  that  o f  Segme n t  A ,  
exc e p t  t ha t  t he prom i nence o f  red and wh i t e  p i ne i n c r e a s e s  wh i l e s p ruce and 
f i r  are l e s s  i mpo r t ant  componen t s  of f o re s t  s t and s . Wa t e r  e l emen t s  of t h i s 
s egment i nc l ude t he re l a t i ve l y  l arge Newfound Lake ; numerous  s ca t t e red sma l l  
l ake s and pond s ; and the  Me r r i ma c k ,  Con t oocoo k ,  and Pi s c a t a q uog r i ve r s . South 
o f  the t own of  B o s cawen , the n a t ural  l and s cape ha s been f ragme n t e d  by 
agr i c u l t ural  and re s i dent i al l and u s e . Other cu l t ural change s rema i n  
rea s o na b l y  c ompa t i b l e  w i t h  s ur round i ng natural  l a nd s c a pe s , but mod i f i c a t i on s  
range f rom re s i dent i a l  areas  a l ong e s t abl i s hed road s t o  sma l l - and med i um
s i zed comme r c i a l  area s , to t he Concord me t ro po l i t an area . Compared wi t h  
Segme n t  A ,  D i s t i n c t ive a n d  No t ewo r t hy l and s c a p e s  are l e s s  prom i nent i n  t h i s 
s egme n t  o f  t he s t ud y  area . 

S e gment C :  Th i s  l an d s cape s egment extends  s o u t h  f rom t he t own o f  
G o f f s t own about 4 0  km ( 2 5  mi ) t o  t he New Hamp s h i re s t a t e  l i ne and i s  t yp i ca l  
o f  t he New Engl and S ea board Lowl and s e c t i on .  Topographi c re l i e f  genera l l y  
ranges  f rom 7 5  t o  1 5 0  m ( 2 50  t o  5 0 0  f t ) .  Occa s i on a l  monadnocks such a s  North 
and Sou t h  moun t a i n s  are  t he only  prom i nent f e a ture s o f  t h i s l an d s c a pe 
s egmen t . The dominant whi t e and red p i ne f o r e s t  t ype f r e quen t l y  o c c u r s  
bordering  ag r i cu l t ural  areas  i n  re l a t i ve l y  f l a t  t e r ra i n . Re cent  deve l o pment 
ac t i v i t y  ha s oc curred , t ra n s f ormi ng s ome rural  a re a s  i n t o  r e s i dent i a l  and 
commerc i a l  cen t e r s  and d rama t i ca l l y  mod i f y i ng t he a s s o c i a t ed l a n d s c a pe . 
Compared w i t h  Segme n t s A and B ,  l ake s and pond s are  l e s s  c ommon i n  Segme n t  C 
and are  t yp i ca l l y  surrounded by modera t e  deve l opme n t . The propo s e d  
t ransmi s s i on l i ne wou l d  i n t e r s e c t  a n d  genera l l y  para l l e l  the Me r r i ma c k  R i ve r  
throughou t  t h i s  l an d s cape s egme n t . The r i ve r  c o r r i dor  ha s been deve l oped i n t o  
a ma j o r  t ra n s p o r t a t i on a n d  commerc i a l  cent e r  t ha t  t e n d s  t o  dom i n a t e  t he v i sual  
chara c t e r  of  t he r i ver val l e y .  I n  summar y ,  t h i s  l and s cape s egme n t  i n c l ud e s  
more e l eme n t s o f  Common l an d s cape t han o t he r  s egme n t s o f  t he New Hamp s h i re 
s tudy area . 

3 . 6 . 3  Rou t e  Land s cape De s c r ipt i on s  1 n  Ma s s a chu se t t s  

The f o l l ow i ng de s c r i p t i on s  o f  l a nd s cape s w i t h i n  the Ma s s achu s e t t s  s t udy 
area are  ada p t e d  f rom the ER ( Vo l . 7 --Sec . 3 ) .  The de s c r i p t i on s  c o r r e s pond 
w i t h  t he f r amework of l and s cape c l a s s e s  d i s c u s s ed i n  Se c t i on 3 . 6 . 1  and are i n  
accord w i t h  s egme n t s o f  t he pro p o s e d  rou t e  i de n t i f i ed b y  t he Ap p l i can t , i . e . , 
New Hamp s h i r e / Ma s sachus e t t s  s t a t e  l i ne t o  Aye r  ( Segme n t  A ) , Aye r t o  Mi l l bury 
( Se gmen t  B ) ,  and M i l l bu r y  to We s t  Me dway ( Segme n t  C ) . Town s  in wh i ch s egme n t s 
beg i n  o r  t e rm i n a t e  are  s hown 1 n  F i gure s 2 . 3 and 2 . 4 .  De t a i l ed map s  
d e l i n ea t i n g  t he Ma s s a chu s e t t s  s t ud y  area and f o rma l l y  d e s i gn a t ed l an d s cape 
uni t s  are  p r e s e n t e d  in  t he ER ( Vo l . 7 - - F i gure I I I ) .  Al l D i s t i nc t i ve and 
Notewo r t hy l a n d s c a p e s  in  Ma s s achu s e t t s  are  reco rded 1 n  t he Ma s sachu s e t t s  
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Land s cape I nvent ory , each i dent i f i ed by name , c ode de s i gnat ion , and l ocat ion 
( ER ,  Vo l .  7--p . 5 5 ) .  

Segment A .  The propo sed rout e t rave r s e s  Common l and s cape throughout the 
ent i r e  l ength o f  thi s s egment . The l andform i s  predominan t ly gently r o l l ing 
terra i n ,  only occa s i onal l y  interrupted by l ow h i l l s . The Merr i mack R i ver i s  a 
maj o r  drai nageway that inter s ec t s t he s tudy area , but shore l ine deve l o pment 
s igni f i cant l y  det rac t s  from t he vi sua l qua l i t y  of t he r i ver land s c ape . Vege
tat i on pat t erns are domi nated by Appal achi an Oak Fore s t  typ i c a l  of g l ac i at e d  
area s , c on s i s t i ng primari l y  o f  t he elm/a sh/mapl e and oak /hi ckory fore s t  type s 
( s ee Append i x  A ) . The vegetat i on pat terns domina t ed by fore s t  are int errupted 
by ac t i ve and abandoned farms and devel oped l and . Much o f  t he man-made 
mod i f i c a t i on s  of l and s capes i nc l ude ma j o r  highways  and i ndus t r i a l  and 
res i dent i a l  area s . However , the l andscapes in Segment A are pr imar i l y  rural 
in charac t e r , the except i on s  being the con s i derabl e devel opment be tween U . S .  3 
and t he Merrimack R iver and i n  t he v i c i n i t y  o f  the Sandy Pond sub s t at ion . 

W i t h i n  Segment A ,  the Lower Nashua Val l ey Di s t inct i ve Land s c ape 
Uni t  ( C l ) * encroaches i n t o  t he out er boundary of the s tudy area and ext ends 
c l o s e  to and para l l e l s  the propo sed route for a shor t d i s tance in the t own of 
Gro t on . The high v i s ua l  qua l i ty o f  thi s l and s cape un i t  i s  a t t r i but able t o  
p i c ture s que orchards and farms , wooded d ruml ins , and open h i gh ground t hat 
affords v i s t a s  o f  the Wachu s e t t  Mountains  t o  the we s t  and monadnock moun t a i n  
reg i on o f  New Hamp shi re t o  t h e  northwe s t . 

Segment B .  Di s t i n c t i ve and Not eworthy l and s c apes are t r aver s ed by , or 
are adj acent t o ,  the propo sed t ransmi s s i on l i ne route at  four l ocat i on s  wi t hin 
Segment B ( s ee be l ow ) . Othe rwi s e ,  t he propo s ed route t r aver s e s  Common 
l and s c ape s for vi rtua l l y  t he ent i re l ength of the s egment , and l andform and 
vege t a t i on e l emen t s  of Segment B t end to be s imi l ar to tho s e  of Segment A .  
However ,  vege t at i on pat terns t end t o  b e  more fragmented i n  Segment B ,  
primar i ly due t o  a general l y  greater den s i ty o f  res iden t i a l  areas , 
indus t r i a l / c ommerc i al c ompl exe s ,  and o ther man-made mod i f icat i on s . I ncrea s ed 
devel o pment i s  part i cularly notable in  t owns in  t he Worces t er area . The 
propo s ed rout e inter s ec t s t he Na s hua R i ve r , but proximi ty of t he B o s t on and 
Ma ine Ra i l road , Fort  Deven s , and a mining area det ract f rom the vi sual qual i t y  
o f  t he r iver l and s cape . Other water el emen t s  inc l ude t h e  Nor t h  Nas hua R i ver 
and numerous l ake s and pond s , many o f  whi c h  are vi rtua l l y  surrounded by 
re s i dent i al devel o pment . 

The f our areas o f  Di s t inct i ve and Not ewor thy l and s cape s i n  Segment B are 
the S t e r l ing Land s cape Un i t  ( C6 ) ,  t he Upper Na s hua Val l ey-Shrewsbury R idge 
Land s c ape Un i t  ( C2 ) ,  the Na s hua Val l ey No t ewor thy Land s cape Un i t  ( C l ) ,  and the 
Lunenburg No t ewor thy Land s cape Uni t  ( C 5 ) .  The Sterl i ng un i t ,  l ocated in  the 

*Th i s and sub s equent "un i t "  des igna t i ons i nd i ca t e  D i s t i nc t i ve and No tewo r thy 
l ands cape s i dent i f i ed i n  t he Ma s s achu s et t s  Land s cape I nventory ( ER Vol . 7 -
P •  5 5 ) .  
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t own of Sterl i ng , is t raversed by t he proposed rou t e  for a short d i s t ance , and 
genera l l y  para l l e l s t he route for about 3 . 2  km ( 2  mi ) .  Thi s un i t  i n c l ud e s  
both Di s t inct ive and Not eworthy land scape s ;  t he moderate t o  h i g h  vi sual 
qua l i ty o f  t he un i t  derives from ext en s i ve app l e  orchards and open highland s 
that afford v i ews o f  d i s t ant land scape s . The propo sed route a l s o  i n t e r s ec t s  
two narrow segmen t s  o f  the Upper Na s hua Val l ey-Shrewsbury Ri dge un i t  i n  t he 
t own o f  We s t  Boyl s t on . The un i t  inc l ud e s  both D i s t inct i ve and Not eworthy 
land scape s , prima r i l y  c on s i s t ing o f  t he Wachu s e t t  Re servo i r  and i t s  immed i a t e  
shorel ines . The re s ervo i r  i s  a ma j o r  scenic  a t t rac t i on .  The Nashua Va l l ey 
Noteworthy un i t  abut s the proposed route i n  t he t own o f  Ayer , and t he 
Lunenburg Not eworthy un i t  i s  adj acent t o  t he propo sed route i n  t he t own o f  
Shi rley . 

Segment C .  Land s cape features t raversed by t he propo s ed route v i r t ua l l y  
throughout the l ength o f  thi s segment are charac t e r i s t i c  o f  Common land scape s , 
e . g . , gen t l y  ro l l i ng t o pography and t ypi cal regenera t ing Appalachian Oak 
fore s t  i n t er s per sed wi th pond s , s t reams , and wet l and s ;  as wel l  as con s i derable 
c l eared and deve l oped land . An exc ept i on i s  where the proposed rout e 
intersec t s  a 460-m ( 1 , 5 0 0-ft ) segment o f  a southern exten s i on o f  the Gra f t on 
Di s t inct i ve /Noteworthy Land s cape Un i t  ( C3 )  1 n  the t own of Graf t on .  Thi s 
land scape un i t  widens t o  t he north o f  the route intersect ion and genera l l y  
para l l e l s  the propo sed route f o r  about 4 km ( 2 . 5  mi ) .  Princ i pal feat ure s 
.cont r i but i ng t o  t he c omparat ively high vi sual qual i t y  i nc l ud e  p i c t ure sque 
dairy farms and apple orchard s ,  as we l l  as d i s persed hi ghl and area s . 

Converter Terminal S i t e .  Wi thin ro l l i ng t opography , t he genera l area o f  
the propo sed converter t ermi nal s i t e i s  charac t er i zed b y  Common l an d s cape 
domi nated by man-made mod i f i cat i on s . The s i t e i s  w i t h i n  a t r i angl e  f ormed by 
two hi ghway rou t e s  and a branch o f  the B o s t on and Maine rai lway sys tem ,  al l 
wi thin  about 5 20 m ( 1 ,  7 0 0  f t )  from s i t e boundar i e s  at  c l o s e s t  d i s tance ( ER ,  
Vol . 1--Fi gure IV-6 ) .  E l e c t r i c  t ransmi s s i on fac i l i t i e s  adjacent t o  t he s i t e 
inc l ude an ex i s t i ng substat ion , a t ransmi s s i on l i ne extending into  t he area 
from the nor t h , and an eas t-we s t  t ransmi s s i on corridor immed i at e l y  s outh o f  
the s i t e that i s  oc cup i ed by three t ransmi s s i o n  l ine s . Add i t i ona l l y ,  an 
i ndu s t r i a l  complex i s  adjacent to and south of the s i t e ,  and a grave l min i ng 
area paral l e l s the ea s t ern boundary o f  the s i t e .  

3 . 7  CULTURAL RESOURCES 

3 . 7 . 1  I n t roduc t i on 

Cul tural res ourc e s  primar i l y  i nc lude archeo l o g i c a l  s i t e s  ( bo t h  prehi s 
t or i c  and hi s t ori c )  and hi s t o r i c  s t ruc ture s , whi ch are protec ted b y  or qual i fy 
f or pro t ec t i on under t he Nat i onal H i s toric  Pre serva t i on Ac t and o ther federal 
and s t a t e  laws . Pur suant to t he s e  l aws , the Appl i cant conduc t ed an i nven t ory 
and eva l ua t i on ( i n consul tat i on with  the New Hamp shire and Ma s sachu s et t s  State 
H i s t oric  Pre s erva t ion Of f i cers [ SHPO s ] )  o f  s i t e s  that  coul d be affec t ed by the 
pro po sed a c t ion ( ER ,  Vo l .  2--p . 1 5 2- 1 5 5 ; ER , Vol . 3--p . 1 5 3 - 1 5 7 ;  Qui nn 1 9 8 5 ; 
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Talmage 1 9 8 5 ; New Engl and Power 1 986a , 1 9 8 6b ) . Inven t ory procedure s and s t udy 
area boundaries  are d e s c r i bed for each s i te  cat egory bel ow .  There are no 
Nat i ve Ame ri can re l ig i ou s  s i t e s  ( protec t ed by the Amer i can I n d i an Re l i g ious  
Freedom Ac t )  or  paleon t o l og i cal s i t es  that woul d  be  affec ted by  t he pro j ec t . 

3 . 7 . 2  Regi onal Prehi s t ory and Hi s tory 

New Engl and preh i s tory beg i n s  with Pal eo-Ind i an s e t t l emen t , fo l l ow i ng 
ret reat o f  the Wi s con s i n  i c e  sheet after 1 2 , 00 0  yea r s  before pre sent ( B . P . ) .  
Subs equen t prehi s t ory i s  d i vided into Archa i c  ( prec erami c )  and Woodl and 
( cerami c )  pha s e s . Reg i onal preh i s t o r i c  overviews are pre s en t ed by Gr i f f i n  
( 1 9 64 ) , Wi l l ey ( 1 966 ) ,  Newman and Salwen ( 19 7 7 ) ,  and o ther s .  Both 
New Hampshire ( P i l l sbury 1 9 2 7 - 1 9 2 8 ; Squ i re s  1 9 5 6 )  and Ma s s achu s e t t s  ( Hart 
1 9 2 7 - 1 930 ; Brown 1 9 7 8 ) a l s o  po s s e s s  a long and r i ch h i s t o r i c a l  record , extend
i ng back to the 1 7 th cent ury A . D .  

3 . 7 . 3  Archeolog i ca l Si t e s  

Arche o l og i ca l  s i t e s  include sur face and subsurface rema 1 n s  from preh i s
t o r i c  and h i s t or i c  per i od s . A l i t eratur e / f i l e  invent ory of  prev i ou s l y  
recorded s i t e s  ( i ncluding the Na t i onal Regi s t er of  H i s to r i c  P l ac e s  and the 
appropriate  s t a t e  reg i s t er s ) indi cated that the New Hamp shire t own s t rave r s ed 
by the propo s ed r i ght-o f-way con t a i n  1 4  archeo l og i c a l  s i t e s , and that 4 
archeo logi cal s i t e s  l i e  par t i a l l y  on or adj acent t o  the Ma s sachu s et t s  s e gmen t  
( ER ,  Vol . 2--pp . 1 5 2 - 1 5 5 ; ER , Vo l .  3--pp . 1 5 3 - 1 5 6 ) .  

The Appl i cant a l s o  undertook a f i e l d  s urvey for prev i o u s l y  unrecorded 
arche o l og i cal s i t e s  i n  area s that would be a f fected by the propo sed pro j ec t . 
The s urvey s t rat egy wa s deve l oped i n  con s u l t a t i on with  the appropr i a t e  S t a t e  
H i s t o r i c  Preservat i on Of f i ce ( s ee l e t t e r s  i n  Appendix  E f rom J . F .  Qu i nn , 
Deputy New Hamp shi re S t a t e  H i s to r i c  Preservat ion Of f i cer , Oc t ober 3 0 , 19 8 5 ; 
and f rom V . A .  Talmage , Ma s sachu s et t s  S t a t e  H i s t o r i c  Preserva t i on Of f i cer , 
Sept ember 9 ,  1 9 8 5 ) .  Survey me thod s included a 1 00 %  pede s t r i an surface 
reconnai s s ance of  the r i ght-of-way and propo sed conver t e r  t erminal s i t e s , and 
subsurface t e s t i ng of  area s on the r i ght-of-way where propo sed s t ruc t ure 
loca t i on s  c o i n c i d e  wi th h i gh s i t e pot en t i a l  ( O f f i ce of  Publ i c  Archaeol ogy 
198 5 ; New England Power Co . 1 9 8 6a ) . 

The s i t e s  d i s covered in the cour s e  o f  t he survey bring the t o t a l  t o  
46 archeo l og i ca l  s i t e s  ( 14 prehi s to r i c  and 3 2  h i s t or i c )  located o n  or a d j acent 
t o  the r i ght-o f-way ( New Engl and Power Co . 1 9 8 6 c ) .  Ninet een s i t e s  occur in 
New Hamp s hi re ,  and 2 7  s i t e s  are located i n  Ma s sachu s e t t s .  El even s i t e s  have 
been determined to be inel i g i bl e  for the Na t i onal Regi s t er of H i s t or i c  Places  
( New Engl and Power Co . 1 9 8 6 c , pp . 2-3 ) .  The rema i n ing 35 s i te s  have not been 
evaluated for Na t i onal  Reg i s t er e l ig i b i l i ty ,  but wi l l  be protected from 
adver se effec t s  by a s e r i e s  of  m1 t 1 gat i ve mea sur e s  and therefore do not 
requ i r e  t e s t ing ( s ee Sec t i on 4 . 1 . 10 ) . 
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3 . 7 . 4 H i s t o r i cal Stru c t ures 

Al though preh i s t o r i c  s i t e s  may contain  s t ructures and h i s t or i c  s i t e s  may 
lack them , hi s t or i c  s t ructure s may be cons idered separa t e l y  becau s e  t he 
me thods employed for i nventory and impact as ses sment d i f f er f rom t h o s e  appl i ed 
t o  o ther cul tural resourc e s . An i n i t ial l i t erature / f i l e search by t he Appl i
cant produced a total o f  5 6  hi s tor ical s t ruc tures or  h i s t o r i c  d i s t r i c t s  
containing s t ruc t ures l i s t ed o n  the Nat i onal Regi s t er or  t he s t a t e  reg i s t ers  
in town s  t raversed by t he propo sed rout e .  The s t ructure s inc l ude hou s e s ,  
covered bridge s , churche s , s chool s ,  and others ( ER ,  Vo l . 2--pp . 1 5 3- 1 5 4 ,  
Tab l e  I I I -24 ; ER , Vo l .  3--pp . 1 5 5- 1 5 6 , Tabl e I I I -24 ) . 

The App l i c an t  a l s o  conduc t ed a more inten s i ve pro j e c t - s pec i f i c  survey 
dur i ng Augu s t-November 1 9 8 5  and Apr i l  1 9 8 6 . The survey des ign ( approved , w i t h  
mod i f i c at ion , b y  the appropr iate  SHPOs ) en t a i l ed iden t i f i cat ion and evalua t i on 
o f  a l l  h i s t o r i c  s t ructure s l ocated within one-quar ter m i l e  o f  t he propo sed 
r i ght-of-way ,  and a l s o  t ho s e  out s ide t he one-quarter mi l e  boundary but 1n 
proximi t y  to it  ( O f f i c e o f  Pub l i c  Archaeo l ogy 1 98 5--p . 9- 1 2 ;  New Engl and Power 
1 9 86a--pp . 1 0- 1 1 ) .  

A t o t a l  o f  7 6 6  indi vi dual prope r t i e s  and 30 d i s t r i c t s  were i nvent or i ed 
wi thin  the s t udy area ( 3 0 1  proper t i e s  and 13 d i s t r i c t s  in New Hamp shi re and 
465 propert i e s  and 1 7  d i s tr i c t s  i n  Ma s s achuset t s ) .  I n  New Hamp s h i re , 
1 1 4 proper t i e s  and a l l  1 3  d i s t r i c t s  were determined t o  be e l i g i b l e  for t he 
Nat i onal Reg i s t er , whi l e  i n  Ma s s achu se t t s , 7 6  propert i e s  and 5 d i s t r i c t s  were 
det ermined el i g i b l e  ( New Eng land Power Co . 1 98 6 c ; Ta lmage , 1 9 8 6 ) .  
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4 .  ENVI RONMENTAL CONSEQUENCES 

4 . 1  CONSEQUENCES OF THE PROPOSED ACTION 

The propo sed ac t ion inc l udes numerous comm i t t ed mi t igat i ve mea sures that 
are i den t i f ied by category in Sec t i on 2 . 1 . 5 .  Each o f  t he fol low i ng 
d i s c u s s ions of envi ronmental consequence s  of the propo s ed a c t ion as sume s the 
adop t i on and e f f e c t i ve implemen t a t ion of a l l  l i s t ed mi t iga t i ve mea sure s . 
Bec ause o f  the s e  mi t igat i ve mea sures and the fac t  that a l mo s t  a l l  o f  the 
propo sed t ransmi s s i on l i ne woul d  be c on s t ru c t ed wi thin e s t a b l i s hed r ight s-of
way and adj acent to exi s t i ng t ransmi s s i on l ines , mo s t  of t he increment a l  
envi ronmental  impac t s  a s s o c i a t ed w i t h  the propo sed ac t i on wou l d  resul t from 
sho r t - t erm c on s t ru c t i on a c t ivi t i e s  t ha t  would be t ran s i tory in nature . 

4 . 1 . 1  Ai r Qual i ty 

The grea t e s t  pro j e c t-rel a t ed impa c t  t o  a 1 r  qua l i ty wou l d  be from fug i t i ve 
dus t generated during c l ea r i ng and con s t ru c t i o n  ac t iv i t i es . Al t hough l o c a l l y  
heavy a t  t ime s , t h e  dus t  general ly woul d  no t b e  bothers ome a t  d i s t ances  o f  
more than 3 0 0  m ( 1 , 0 00 f t ) from t h e  c l ear i ng and con s t ru c t ion a c t i vi t i e s . A t  
t h i s  d i s t anc e , t h e  concen t ra t i on of du s t  wou l d  have dec rea sed t o  l e s s  than 
one- t enth of the i n i t i a l  concen t rat ion ( Su l l i van and Woodcock 1 9 8 2 ) .  Dur i n� 
con s t ruct ion o f  t he l i ne , con t r a c t o r s  woul d  be requi red t o  provide dus t 
con t ro l  mea sures t o  avo i d  undue impac t .  Wa ter ing has been shown to  b e  an 
e f f e c t ive and inexpen s i ve method to reduce dus t .  For exampl e ,  one s t udy i nd i 
c a t ed tha t  dus t r e l e a s e s  were l owered b y  as  much a s  9 5 %  from a haul road i f  
the road wa s wat ered twi c e  an hour ( Maxwe l l  e t  al . 1 9 8 2 ) .  Under norma l cond i
t i on s  o f  wat ering , the ma j o r  impac t shou l d  not extend more than 100  m ( 3 00 f t ) 
from the du s t  source . 

Ai r-qua l i ty impac t s  f rom gaseous po l l ut an t s  f rom d i e s e l  exhaus t s , i . e . , 
sul fur d i oxide and n i t rogen ox i des , wou l d  be minor and t ran s i t ory becau s e  of 
t he mob i l e  nature o f  the source s .  Because of t hi s ,  the emi s s ion o f  the s e  
ga s e s  would 
dard s . The 
eng i ne s  i s  
s t andards . 

no t c au s e  or  c on t r i bu t e  t o  any v i o l a t i on s  o f  a i r-qua l i ty s tan
amount of carbon monox i de and hydroc arbons released from d i e s e l  
a l s o  sma l l  and would no t cause any v i o l a t ion o f  a i r-qual i t y  

Ord i na r i l y ,  o z one i s  a s econdary pol l u t an t  formed by t he int erac t i on o f  
hydroc arbons , o x i d e s  o f  n i t rogen , and ul t ravi o l e t  rad i a t ion wi t h i n  s unl ight . 
I n  the case  of hi gh-vo l t age t ransmi s s ion l ines , however , oz one i s  d i rec t l y  
produced by the c ondu c t o r  corona o f  the t ransmi s s i on l i ne s . Under wor s t -ca se 
cond i t i ons , ozone l evel s o f  about 20 �g/m3 ( 1 0 ppb ) above background have been 
mea s ured under l i nes opera t ing at ±400 to ± 5 0 0  kV DC ( Droppo 1 9 7 9 ; Krupa and 
Pra t t  1 9 8 2 ) .  A number of f i eld  exper imen t s  have shown t ha t  ground-l evel o zone 
concentra t i ons  r e s ul t ing from transmi s s i on l i ne c orona are u s ua l l y  i nd i s t in
gui shable from background concent ra t ions ( Sebo e t  a l . 1 9 7 6 ; Roach e t  a l . 
1 9 7 8 ) .  John son and Zaf fane l l a  ( 1 98 2 )  mea s ured no  detectable  ozone l eve l s  
above background benea th a l ine opera t ing under cond i t ions s im i l ar t o  tho s e  
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propo sed for the DC i n t erc onne c t i on .  Comber et al . ( 1 9 8 2 b )  e s t imat ed than an 
operat i ng 1 0 5 0-kV AC l i ne may i nc rease ozone by 5 ppb above background . The 
one-hour EPA s t andard for ozone i s  1 2 0  llg/m3 ( 6 0  ppb ) .  Min imum leve l s  of  
tox i c i t y are reported t o  be  about 2 0 0  ll g /m3 ( 1 0 0  ppb ) . Based on these 
s t ud i e s , i t  is  apparen t that opera t i on of  the propo sed t ransmi s s ion sys tem 
would not re s u l t  i n  the produc t i on of  ozone at tox i c  l evel s .  

I n  s ummary , local  amb ient a 1 r  qual i t y woul d  be only s l i ght l y  and 
tempora r i l y  impacted by fug i t i ve dust  emi s s ions i f  mi t i ga t i ve measure s are 
empl oyed dur i ng c o n s t ruc t i on . Re lease of ga s eous po l l utant s would not resul t  
i n  s i gn i f i cant impa c t s o n  l ocal a i r  qual i t y .  

4 . 1 . 2  Land Feat ure s and Use 

4 . 1 . 2 . 1  Geo l ogy 

Con s t ruc t i on , operat i on ,  and ma intenance of  the propo sed t ransmi s s ion 
fac i l i t y  wou l d  have only minor or neg l i g i bl e  impa c t s  on geo l o g i c  cond i t i on s . 
Terra i n  changes a s s oc i a ted wi th the c o n s t ruct ion of  the proposed t ransmi s s ion 
l i nes would be con f i ned to local lands cape al terat i o n s  caused by con s t ruc t i on
vehi c l e  t raf f i c  and l eve l i ng or grad i ng for t ran smi s s i on l i ne s t ruc ture s i t e s  
and acce s s  road s . Changes i n  l andform would a l s o  o c cur at  t h e  propo sed 1 2-ha 
( 30-acre ) converter termi nal s i t e ,  where cut and f i l l  would be used in s i t e  
preparat ion prior  t o  c on s t ruc t i on of  terminal fac i l i t i e s . 

Plac emen t of  t ransmi s s i on s t ruc tures on s l o pi ng areas coul d produce 
l ocal i zed s l ope fai lures and result i ng land s l ides . The s e  area s are c o n f i ned 
to s t ream cros s i ng s , s t eeper s l opes , and d i s se c t ed upl and s of  ma j o r  r i ver 
va l l eys . Exampl e s  of  such areas i n c l ude some banks o f  the Ammonoo suc R i ver 
near Bath , the Fowler Ri ver near Al exandri a ,  and the Merrimack River near 
Merrimack , a l l  in New Hamps h i re , and the Wachuset t Re s ervo i r  in the t own o f  
We s t  Boyl s ton , Ma s s achu s e t t s . 

A s e i smi c r i s k  map i nd i ca t e s  that the s t udy area i s  i n  a reg ion expe c t ed 
t o  sus t a i n  mi nor earthquake damage ( Corps o f  Eng i neers 1 9 83 ) .  The 
t ransmi s s i on fac i l i t i e s , inc lud i ng s t ruc ture foo t i ng s  and subs tat i on s , shoul d 
be des i gned wi th a safety factor t o  acc ount for earthquake l oad i ngs . Se i sm i c  
a c t i vi ty o f  l ow or med i um i n t en s i t y  would have l i t t le o r  no e f f e c t  on  the 
t ransm i s s i on l i ne sys t em .  Al t hough the h i s t o r i c a l  record i nd i cates minor 
s e i s m i c  a c t 1 v 1 t y  i n  the general pro j e c t  area , thi s does not preclude the 
o ccurrence of  a ma j or eart hquake ( in t en s i ty o f  7 or higher , Ri chter s c al e ) , 
whi ch would l i kel y cau s e  s evere s t ruc tural damage t o  the fac i l i t i e s . 

Con s t ruc t i on o f  s t ructure foundat ions , acce s s  road s , and subs tat ions  
would re sul t i n  the con sumpt i ve u s e  of  sand and grave l re s ources . The se 
res ourc e s  might  have t o  be imported f rom out s i de the r i ght-o f-way , s i nce 
surface ma terial s i n  the r i ght-o f-way cons i s t  pr ima r i l y  o f  c l ay- r i ch t i l l . 
However , sand and gravel r e s ource s  are of  local  importance only and suppl i e s  
would not b e  undul y s t ra ined b y  c on s t ruc t i on need s . 
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Pro j e c t - related 
important farml and s 
( Publ i c  Law 9 7 -98 , 
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impac t s  on s o i l  
a s  i dent i f ied 1 n  

December 2 2 , 1 98 1 ) .  

resources i n c l ude con s i dera t i on of  
t he Farml and Protec t i on Po l i cy Ac t 

The 298 km [ 1 8 5  mi ] o f  propo sed 
t ransmi s s i on l i ne routes  in Ma s s achuset t s  and New Hampshire woul d  t raver se a 
c umul a t i ve t o t a l  o f  3 5  km ( 2 2 mi ) of prime and o t her farml and of  s t at ewide 
impo r t ance ( Se c t i on 3 . 2 . 2 ) .  At an average s t ruc t ure s pa c i ng o f  183 m 
( 600 f t ) ,  s pann i ng the 3 5  km ( 2 2 mi ) of prime and o t her impor t ant farml and 
woul d  requi re about 1 9 3  s t ruc t ure s . Based on publ i shed data ( Sc o t t  1 9 8 1 ) ,  t he 
c a l c ul ated t o t al c umul at i ve area o f  i mpor t ant  farmland that wou l d  be d i s t urbed 
or inac c e s s i b l e  to operators  of  farm impl emen t s  around 1 9 3  H-f rame s t ruc tures 
woul d  range from 1 . 6 ha ( 3 . 9  acre s )  t o  3 . 2  ha ( 7 . 7  acres ) .  The affec t ed area 
i s  s omewhat overe s t ima t ed s i nce s ome impor t an t  farml ands would be spanned and 
s ome s i ngle-pole s t ruc ture s woul d  be used in t ransmi s s i on l i ne c on s t ruc t i on . 
Some add i t i onal i mportant farml ands would be d i s rupted t o  fac i l i ta t e  pro j e c t  
acc e s s , but f o r  the mo s t  par t , ex i s t i ng acce s s  w i t h i n  t he e s tabl i s hed 
t ran s mi s s i on l i ne corri dors would be adequa t e  for pro j e c t  deve l o pment . 
Because of t he l imi ted area i nvol ved , pro j ec t -rel a t ed impa c t s  on pr i me and 
o the r i mpor t an t  farml and s would be of  minor consequenc e .  

The maj o r  impact on s o i l s  would occur during the con s t ruc t ion pe r i od . 
Vege t a t ion c l ea r i ng and c on s t ru c t ion a c t ivi t i e s  would increase t he po ten t i a l  
for s o i l  ero s i on .  Much o f  thi s ero s i on would oc cur i n  area s wi t h  a s t eep 
s l ope and / o r  h i ghly erod i b l e  s o i l . The grades of  many of t he s l opes a l ong t he 
propo sed route equal or exceed 1 5 % .  Soi l s  i n  area s wi t h  s t eeper s l ope s have 
more po tent i al for s o i l  ero s i on .  I f  acc e s s roads are not pro perly l oc ated , 
graded , and ma i n t a i ned , c oncent rated runoff could o c c ur , resul t i ng in gul l ey 
ero s 1 on .  

S i t e  preparat i on for the propo sed c onverter terminal c on s t ruc t i on s i t e 
woul d crea t e  one o f  the more s i gn i f i c ant  s ources  of  accelerated ero s i on .  The 
grea t e s t  ero s 1 on potent i al woul d  exi s t  during and fol l owing vege t a t i on 
c l earing , a s  we l l  a s  during i n i t i a l  pha s e s  of  l evel ing the 9-ha ( 2 3-acre ) 
c onver t e r  terminal s i t e .  Leve l ing of  t he s i t e would i nvol ve cut -and-f i l l  
procedure s whereby earth mat er i a l s would be borrowed from the southwe s tern 
corner of t he s i t e t o  rai s e  the surface e l eva t i on of o ther por t ions of  the 
s i te .  Ero s i on from the s t eeper s l opes ( 1 2 . 5% )  woul d  d i mi n i s h  i n  accord wi th 
progre s s  of s i t e l evel ing operat i on s . Dur i ng s i t e grad ing , t emporary drai nage 
d i tches , s e d i men t a t i on ba s in s , hay bal e s , and p l a s t i c  s i l ta t i on fenc ing would 
be  used t o  prevent runoff  from a t t a 1n 1ng suff i c i ent  vel oc i ty t o  transport  
l arge vo l ume s of  s e d i ment o f f  t he s i t e  ( ER ,  Vol . 1-- p .  70 ) .  

Upon comp l e t i on o f  l eve l i ng opera t i on s , the ent ire converter terminal 
s i te woul d  be graded to a 2% s l ope . Permanent drainage d i t che s and culvert s 
wou l d  be i n s t a l l ed t o  preven t runo ff from f l owing on t o  the s i t e ( ER ,  Vo l .  1-
P •  7 0 ) .  Al s o , mea s ures would be impl emented to en s ure t hat  s e d i ment i n  runoff 
f rom the s i t e woul d  be depo s i t ed before the runof f  reache s nearby surface 
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wa ter s .  Af t e r  f i nal grad i ng , the ent i re converter s i te would be surfaced wi th 
7 . 6 em ( 3  i n )  of crushed roc k ,  t hereby further reduc i ng ero s ion potent ial . 

Exi s t i ng s o i l s  woul d  be d i s rupted and /or d i s pla ced dur i ng the leve l i ng o f  
the 1 2 -ha ( 3 0-acre ) conver t e r  t e rmi nal s i t e , grad ing and exc avat i o n s  at 
s t ruct ure con s t ruc t ion s i t e s , and cons t ruc t ion of acce s s  road s . However , the 
cumulat ive area o f  affec t ed s o i l s  woul d  be re lat i vely l imi t ed s i nce much o f  
the requi red acce s s  ha s been previous l y  deve l o ped during con s t ruc t i o n  o f  
exi s t i ng t ransmi s s ion l i ne s wi thin the common r i ght-o f-way . Furthermo re , 
excava t i ons  for  s t ructure foundat ions would ent a i l  minimal sac r i f i c e  o f  s o i l  
resourc e s , par t i cularly i n  upland areas . For examp l e , the cumulat ive area for  
H-frame s t ruc ture founda t i ons  would genera l l y be  l e s s  than 0 . 0 2 ha ( 0 . 04 acre ) 
per 1 . 6  km ( 1  mi ) .  

For the mo s t  par t , excavated s po i l  mat e r i a l s  a t  the converter t erminal 
and ac c e s s  road con s t ruc t i on s i t e s  woul d  be u s ed for f i l l . Any exce s s  
excavated spo i l  ma terial  that woul d  be un sui tabl e a s  t o p s o i l dre s s i ng wou l d  be 
removed from the converter te rminal s i te ( ER ,  Vo l . 1--p . 7 3 ) . At t ransmi s s i on 
l i ne s t ructure con s t ruc t i on s i t e s , the exce s s  excava ted s po i l  would be s pread 
over areas ad j acen t  to the s t ructures . Di s t r i but i on of the s po i l  mat e r i a l s  
would be s uch as  t o  preven t inte rference w i t h  e s tabl i shed drai nage pa t t ern s 
( ER ,  Vol . 3--p . 4 7 ) .  

4 . 1 . 2 . 3  Land-Use Impac t s  

Agr icul t ural Re s ources 

Ba s ed on analys i s  o f  aer ial  phot ographs , the cent erl ines o f  the propo sed 
t ransmi s s i on l i n e s  are e s t imated t o  t rave r s e  t rac t s  o f  agr i cul t ural land s for 
a cumul at ive d i s t ance of 1 3 . 5  km ( 8 . 4 mi ) i n  New Hamp s h i re ( ER ,  Vol . 3-
P •  200 ) and 1 1 . 7  km ( 7 . 3  mi ) in Ma s s achu s e t t s  ( ER ,  Vol . 3-- p .  1 8 8 ) ,  a c omb i ned 
d i s t ance o f  2 5 . 2  km ( 1 5 .  7 mi ) .  G i ven an average s pac ing int erva l o f  1 8 3  m 
( 600 f t ) be t ween s t ruc t ure s ,  s pann i ng th i s  comb i ned d i s t ance woul d  en t a i l  
cons truc t ion o f  about 1 3 8  s t ructure s . Ca l cul at i on s  ba sed o n  pub l i shed data 
( Sc o t t  1 98 1 )  i nd i cate that the t o tal cumul a t i ve area around 138 two-po l e  
( H-f rame ) s t ruc tures  that would b e  i nac c e s s i b l e  t o  opera t o r s  of f arm mach i nery 
range s from 1 . 1  ha ( 2 . 8  acres ) t o  2 . 2  ha ( 5 . 5  acres ) .  The i nacce s s i b l e  area 
wou l d  be even l e s s  s i nce s i ng l e-po l e  s t ruc tures woul d  be u s ed a l ong s ome 
segment s of the propo s ed l i ne .  Fur thermore , s ome t rac t s  of agr i cul t ural l and 
woul d  be s panned , and u s e  of pa s tureland s woul d  be e s s en t i a l l y  unaf fec t ed by 
s t ruc tures . Thu s , the actua l  area wi thd rawn from agr i c u l t ural produc t i on 
would be o f  minor cons equence . Prime and un i que farml and acreage affec t ed by 
the propo s ed ac t i on is d i s cus sed i n  Sec t i on 4 . 1 . 2 . 2 .  

The proposed pro j e c t  a l s o  would ent a i l  s ome sho r t - t erm impac t s  on 
agr i c u l t ural res ource areas . For exampl e ,  s ome ag r i cul t ural l and could be 
t emporari ly unava i labl e  for u s e  during local c on s t ruc t i on .  Con s t r uc t i on 
ac t i v i t i e s  could be s cheduled t o  minimize  damage t o  annual crops dur i ng the 
growing s eason ; however , perenn ial  crops such as  orchard s and nur s e ry t rees 
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woul d  be subj e c t  to  damag e regard l e s s  of t he s ea s o n  of c on s t ruc t i on .  So i l s  
a l ong t empo rary acce s s  rou t e s  and a t  con s t ruc t i on s i t e s  would b e  sub j e c t  to  
varyi ng deg rees  o f  c ompa c t i on ,  depend i ng on s o i l  proper t i e s  and compac t i o n  
l o ad ing ; t hereby caus i ng c o r r e s pond i ng reduc t i ons  i n  c rop y i e l d s  f o r  s everal 
sub s e quent yea r s  ( A s p l undh Envi ronmental Serv i c e s  1 9 8 1 ) .  Re s t ora t i on of 
produc t iv i t y  woul d de pend on t i l l age prac t i c e s  and na tural f a c t o r s  such as  
freeze-thaw c yc l e s  and s o i l  fauna ac t iv i t y .  None of t he s e  i mpac t s  a re 
regarded a s  s i gn i f i cant . 

Fo re s t  Re sourc e s  

Pro j e c t - r e l a t ed i mpac t s  o n  f o r e s t  r e s ources  wou l d  be  r e l a t i ve l y  m i no r  
s i nc e v i r t ua l l y  a l l  o f  t h e  propo s ed t ransmi s s i on l in e s  wou l d  be l o c a ted w i t h i n  
e s t a b l i shed c o r r i do r s  i n  whi c h  mo s t  of the vege t a t i on i s  cont ro l l e d  at he i gh t s  
compa t i b l e  w i th operat i on o f  one o r  mo re ex i s t ing t ransmi s s i on l i nes . An 
exce p t i on to  t h i s i s  a 1 . 3-krn ( 0 . 8-mi ) r i ght-of-way that woul d  ext end f r om t he 
Come rford conve r t e r  term i na l  to an e s t ab l i s hed transmi s s i on corr i dor  i n  t he 
town o f  Monro e , New Hamp s h i re . Thi s  c or r i do r  wou l d  be  c l eared t o  a w i d t h  o f  
6 1  m ( 20 0  f t ) .  The o n l y  other fore s t  remova l requi red i n  New Hamp s h i r e  wou l d  
enta i l  c l ear i ng a 23-m ( 7 5 -f t )  be l t  wi t h i n  an e s t ab l i s hed 1 3 . 7 -krn ( 8 . 5 -mi ) 
transmi s s i on corr i dor  f r om Sandy Pond j unc t i on to  t he s ta t e  l i ne .  From the 
New Hamp s h i re-Ma s sachu s e t t s  boundary to t he prop o s e d  c onve r t e r  t erminal  
imme d i a t e  t o  the Sandy Pond s ub s t a t i on ,  c l eared p o r t i on s  o f  t he e s t ab l i s hed 
transmi s s i on cor r i dor  wou l d  be  wi dened by 23 m ( 7 5 f t ) f o r  13 krn ( 8 . 1  m i ) and 
by 1 8 m ( 6 0 f t ) for 6 . 6  krn ( 4 . 1 m i ) .  C l eared po r t i on s  of t he e s t a b l i s hed 
58-krn ( 3 6-mi ) t ran smi s s i on corr i dor  be tween t he Sandy Pond and M i l l bury 
sub s t at i on s  wou l d  be  w i d ened a t  s evera l l oc a t i on s . However , a l l  such 
c l ea r ings  wi t h i n  t hi s  c o r r i do r  would be of l im i ted ext ent and i nvo l ve a t o t a l  
o f  6 ha ( 1 5 a c re s )  o f  f o r e s t  veget at i on ( ER ,  Vo l . 2 --Ta b l e  I I I - 3 2 ) .  

The mo s t  e x t en s i ve r i ght-of-way c l ear i ng wo uld occur wi t h i n  t he 
e s t ab l i s hed 25 . 9-krn ( 1 6 . 1-mi ) t ransm i s s i on corr i do r  be tween the M i l l bury and 
We s t  Medway s ub s ta t i on s . C l eared po r t i on s  o f  t he r i ght-o f-way wou l d  be 
increa s ed by wi dths  rangi ng f rom 24 m ( 8 0 f t ) to  30 m ( 1 0 0  f t ) .  As i de f r om 
r i ght-o f -way c l ear i ng ,  a 1 5 -ha ( 3 6-ac re ) t rac t wou l d  be  c l eared to  accommoda t e  
con s t ruc t i on o f  t he proposed  c onve r t e r  t erminal  and two a l t e rna t ing current 
conne c t o r  l ine s in Ma s s achus e t t s .  

I n  s ummary , t he p r o p o s e d  pro j ec t  wou l d  r e s u l t 1 n  wi thd rawa l o f  about 
146 ha ( 3 6 1  a c r e s ) from t he f o r e s t  r e s ource ba s e . For per s pec t i ve ,  about 6 0 %  
o f  the  l and a r e a  i n  Ma s s a c hu s et t s  and 8 6 %  o f  t he l and a r e a  i n  New Hamp s h i r e  i s  
fore s ted ( Ki ng s l e y  1 9 7 6 ) .  Add i t i ona l l y ,  t he a f orement i oned 1 4 7  ha ( 3 6 4  a c re s )  
w i t hdrawn from t he fore s t  r e s ource b a s e  repre s en t s l e s s  than 0 . 0 6 %  o f  t he 
f or e s t  l and s i n  Ma s s achu s e t t s  and New Hamp sh i re towns trave r sed by t he 
propo s ed transmi s s i on l i ne s  ( ER ,  Vo l .  2 ,  Tabl e  I I I - 1 9 ; Vo l . 3 ,  Tab l e  I I I - 1 8 ) .  
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Mining Re s ource s 

Mining ac t i v i t i e s  represent a very m1nor land u s e  in t he vi c i n i t y  o f  t he 
propo sed pro j e c t  fac i l i t i e s . For example , t he propo sed t ransmi s s i on l i ne s 
woul d  t raver se sand and gravel ext rac t i on s i t e s  for  a t o t al cumulat i ve d i s
tance o f  2 .  4 km ( 1 .  5 mi ) .  M i n i ng ac t i v i t i e s  are not encouraged i n  the 
e s tabl i shed t ransmi s s i on corridor wi thin whi c h  t he propo sed l i nes would be 
con s t ruc t ed ( ER ,  Vol . 2-- p .  1 6 8 ) ;  howeve r ,  where fea s i b l e , excavat i on s  t ha t  
would ne i t he r  i n t erfere w i t h  l ocat i on s  o f  s t ructures n o r  j eopard i ze the 
s t ructural and opera t i onal integ r i t y  of t he propo sed l i nes would be 
permi t t ed .  

Rec rea t i onal Re s ources and Nat ural Areas 

The propo s ed l i ne would be developed wi t hi n  an e s tab l i shed t ransmi s s i on 
corridor , thus a l l  o r  port ions o f  rec rea t i onal resources and natural a rea s 
wi thin  t he corridor a l ready are t raver sed by one o r  more exi s t i ng t ransmi s s i on 
l i ne s . User s o f  such recrea t i onal resources a re expo sed to views of t he l ines 
and expe r i ence impac t s  o f  a vi sual nature . The adverse vi sual e f f ec t s  related 
to  ex i s t i ng l i nes would be i nc remental l y  i nc reased by deve l o pment o f  t he 
pro posed l i ne ( s ee Sec t i on 4 . 1 . 6 ) .  

Pro j e c t -re l a t ed con s t ruc t i on would not encroach on any ma j o r  and 
inten s i ve l y  deve l oped recrea t i onal areas , but some sma l l  port i on s  wi t h i n  t he 
e s t abl i shed t ransmi s s i on corridor have been deve l oped for  recrea t i onal use . 
For example , a segment of the corri dor i n  t he t own o f  Bed ford , New Hamp shi re , 
i s  part o f  a g o l f  cour s e , and a boat launch fac i l i t y  and swimm i ng beach are 
w i t h i n  t he c o r r i do r  i n  t he towns of Shrew s bury-Graf ton , Mas sachu set t s  ( ER ,  
Vol . 2--Table I I I -40 ) .  O t her priva t e  deve l o pment s  have enc roached on t he edge 
of t he t ransmi s s i on c o r r i do r  at several locat i on s ; t he s e  development s i n c l ude 
swimm i ng pool s and pl ayground fac i 1 i t i e s . U s e r s  of developed recrea t i onal 
fac i l i t i e s  w i t h i n  the c o r r i dor could be t emporari l y  inconven i enced by pro j e c t  
con s t ruct i on ,  b u t  t he on l y  long-term impact would b e  vi sual i n  na ture . U s e r s  
o f  por t ions o f  t he Upt on S t a t e  Fore s t  and Wachu s e t t  Re s e rvo i r  s i t e s  would a l s o  
b e  expo sed t o  views o f  t he propo sed l i ne . 

The propo sed route i n t e r s ec t s  e i ght r i ver s egmen t s  i n  New Hampshi re ( s ee 
Sec t i on 3 . 2 . 6 )  and four r i ver segment s  i n  Ma s sachu s e t t s  t ha t  are i dent i f i ed as 
o f f i c i al or poten t i a l  rec rea t i onal resources by var i ous agenc i e s  o r  
o rgan i za t i on s . P r o j ec t con s t ruc t i on l i ke l y  woul d  n o t  int erfere wi t h  r i ver 
recreat i on , but r i ver t ravelers  wo ul d be expo s ed to  v i ews o f  the propo s ed l i ne 
as  we l l  as one or more adjacent exi s t ing l i nes at s everal l ocat i ons . E l even 
scen i c  hi ghways , s 1 x  b i ke rout e s , and the Appalachian Trai 1 i n t e r s e c t  the 
propo sed l i ne ( s ee Sec t i on 3 . 2 . 6 ) .  Projec t-related con s t ruc t i on could 

-tempora r i l y  i n t erfere wi th u s e  o f  t he s e  recrea t i onal rout e s , but t he onl y 
long-term e f fe c t  would be vi sual 1 n  nat ure . 

I n  general , t he l evel o f  po t ent i a l l y  adve r s e  impac t s  on rec reat i onal 
resourc es  due to the propo sed pro j e c t  is r e l a t ive l y  low , s i nce the l ong- t e rm 



adverse effec t s  on recreat i onal 
incremen t a l  vi sual impac t s ;  i . e . , 
t ransmi ss1on l i ne would exacerba t e  
wi thin t h e  transmi s s i on corridor . 
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res ource s  would e s sent i a l l y  be l imi t ed t o  
the vi sual intrus ivene s s  o f  t he propo s ed 

t he vi sual i ntrus ivene s s  of  exi s t i ng l i nes 

Re s i dent i a l , Commer c i a l , and I ndu s t r i a l  Areas 

Wi t h  except i on of  a 1 . 3-km ( 0 . 8-mi ) segment located on exi s t i ng ut i l i ty 
property , the propo s ed t ransmi s s i on l ine would be deve loped wi thin e s t abl i s hed 
t ransmi s s i on l ine corrido r s  tha t  have exi s t ed for 15 or more yea r s  ( ER ,  
Vol . 2--p . 194 , Vol . 3--p . 2 06 ) .  I n  s ome t own s , the t ransmi s s ion corridors  
are incorporated 1 n  t own zoning d i s t r i c t  map s  and l and-us e  plan s . No 
re s i den t i a l  home s or bus i ne s s  e s tabl i shment s occur i n  the t ransmi s s ion 
corr i dor ; however , the corri dor is  encroached on a t  several l oc a t ions . Two 
hard-topped parking l o t s  a s s oc i a t ed with  an i ndus t r i a l  park ext end i n t o  the 
corridor in the t own of Bed ford , New Hampshire ( ER ,  Vol . 3-- p .  208 ) ,  and a 
t ruck-t rai l er s torage fac i l i ty occup i e s  part of  the corridor i n  the t own of  
Shrews bury , Mas sachu s e t t s  ( ER ,  Vol . 2--Table I I I - 3 5 ) .  The se f ac i l i t i e s  could 
be a l t ered dur ihg proj e c t -re l ated con s t ruc t i on . Urban re s i dent i a l  are a s  would 
be c ro s sed by the propo sed t ransmi s s i on l i n e s  for a cumulat i ve d i s t ance of  
about 1 . 9 km ( 1 . 2 mi ) wi thin n i ne t owns i n  Ma s sachu s et t s  ( ER ,  Vol . 2-
Table I I I - 3 5 ) .  The s e  and o t her res iden t i al area s , as wel l  as c ommerc i a l  and 
i ndu s t r i a l  deve l o pment s  adj acent to the t ransmi s s i on corri dor , would be 
subj ec t to i nc rea s ed l evel s of  no i s e  and du s t  duri ng con s t ruc t i on of  the 
propo s ed pro j ec t . 

Con s t ruc t i on impa c t s  rela ted t o  deve l o pment of  the propo sed c onverter 
t ermi na l  i n  Ma s s achu s e t t s  would prima r i l y  a f fe c t  s c a t t ered re s i dent i a l  un i t s  
a l ong road s surrounding the converter t ermi nal s i t e .  The propo s ed route 
t raver s e s  the Fort Deven s M i l i t ary Re servat i on for about 2 , 1 6 0  m ( 7 , 1 0 0  f t ) 

, and s ome adj acent res i dent i a l  un i t s  could be affec t ed by con s t ruc t i on " 
a c t i vi t i e s . However , s i nc e  the proposed l i ne would be devel oped w i t h i n  an 
e s t abl i s hed t ransmi s s i on corridor , the overa l l  effec t s  on re s i dent i a l , com
merc i a l , and i ndus t r i al developmen t  would not l i ke l y  reach unac ceptable 
l evel s .  

Tran s por t a t i on Fac i l i t i e s 

Deve l opment of  the proposed pro j e c t  would i nvo lve c ro s s ing about 2 1 0 
maj o r  hi ghways and l oc a l  road s . Some l oc a l  damage t o  roadbeds could o c cur due 
to movemen t  of heavy veh i c l e s  and t ran sport equ i pment . Dur i ng l i ne- s t r i ng i ng 
operat i on s , temporary overhead guard s t ruc tures woul d  be erec ted a t  i n t er
sec t i ons  of t he propo s ed l i ne and tran s portat i on rout e s . Mo t o r i s t s  woul d  be 
subj e c t ed to temporary increased leve l s  of no i s e  and fug i t i ve du s t  a t  
con s t ruc t i on s i t e s  ad j a c ent  t o  the propo sed l ine ,  and con s t ruc t i on-re l ated 
veh i c l e s  could cause short-t erm i n terference wi t h  local  t ra f f i c  pat terns on 
rou t e s  adj acent t o  c on s t ruc t i on s i t es . However , cons t ruc t i on would be 
s cheduled so as to d i s perse a c t i vi t i e s a l ong t he ent i re propo s ed route , thus 
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avo i d ing concen t ra t ions of cons t ruc t ion a c t i v i t i e s  ( ER ,  Vol . 2--p . 1 9 7 ) .  
Impac t s  on r a i l road fac i l i t i es  woul d  l i ke l y  be minimal . The Appl i c an t  wou ld 
be comm i t t ed t o  coord inate propo sed cons t ruct ion a c t i v i t i e s  with appropr i a t e  
rai l road o f f i c i a l s t o  m i n i m i z e  inter ference with s chedu l ed ra i lway tra f f i c  
( ER ,  Vol . 2-- p .  2 0 1 , Vol . 3--p . 2 1 4 ) . 

Conduc t o r  c l earanc e s  over highways and rai lways wou l d  comply wi t h  the 
c urrent Na t i onal E l ec t r i c a l  Safety Code . The Federal Avi a t ion Admi n i s t ra t ion 
( FAA ) wou ld be no t i f i ed o f  the prox imi t y  of the propo sed l i ne t o  the Dean 
Memorial  and Newfound Val l ey a i rpor t s  in New Hampshi r e , and t he Moore Army 
A i r f i e l d  and Shi r l ey Ai rpo r t  in Ma s s achu s e t t s . Any i s sues whe reby deve l o pment 
of t he propo sed l i ne would i n t erfere w i t h  aeronaut ical  fac i l i t i e s  or  navigab l e  
a 1 r  s pace would b e  r e s o l ved t hough coord i na t i on wi t h  appropr i a t e  
author i t i es . 

Transmi s s ion Fac i l i t i e s  

The propo sed t ransmi s s i on l ine wou ld intersect  a t o t a l  o f  3 3  o t her 
e l e c t r i c a l  t ransmi s s i on l i nes ( ER ,  Vol . 2--p . 2 0 3 , Vol . 3--p . 2 1 4 ) . The 
Appl i can t  wi l l  coordinate wi t h  affected u t i l i t i es  dur i ng t he des i gn and 
con s t ruc t i on of fac i l i t i es , and the u s e  of t emporary guard s t ruc tures dur i ng 
c on s t ruc t i on would avo i d  or  m1n1m1ze adverse effec t s  a s s o c i a t ed wi th 
t ransmi s s ion l i ne inter s e c t i ons  ( ER ,  Vo l . 2--p . 2 0 3 ) .  

P i pe l ines 
Sec t i on 3 . 2 . 9 . 2 )  

intersec t ing 
have been 

the e s tabl i shed t ransmi s s i on 
grounded t o  control elec t r i c a l  

c o r r i dor 
effec t s  

( s ee 
from 

ex i s t ing AC t ransmi s s i on l i nes , t hereby preven t i ng exce s s i ve corro s ion o f  t he 
p i pe l i ne s . The pr inc i pal causes  o f  corro s i on on p i pel ines  are natural and 
s t ray earth current s .  Under norma l cond i t i on s , AC and DC t r ansmi s s ion l i nes 
c reate negl i g i b l e  curren t s  in t he earth and are not potent i al s ources  of 
p i pe l ine corro s 1 on .  I n  general , p i pel ines  are coa t ed and connec ted to 
rec t i f i e r s  for ca t hod i c  pro t ec t i on t o  prevent corro s ion . The p r imary 
poten t i a l  prox i mi t y  e f f e c t  of a t ran smi s s i on l i ne on an i n t e r s e c t ing p i pel i ne 
i s  that o c ca s i onal high current surge s from l ight n i ng s t r iking a t ransmi s s ion 
l i ne could go t o  g round in prox i m i t y  t o  a p i pel ine and damage t he rec t i f i e r s  
( ER ,  Supp lemen t , Sept . 29 , 1 9 8 6 ) . Thi s e f f e c t  i s  prevented b y  a phys ical  
separat i on be tween grounded par t s  o f  the t ransmi s s i on l ine and t he p i pe l i ne . 

The Appl i cant propo s e s  t o  mee t  al l code requi remen t s  f o r  s e para t i on 
between grounded part s o f  t he propo sed t ransmi s s ion l i nes and p i pe l i ne s , and 
would c omp l y  w i t h  a l l  t ransmi s s i on l ine proximi ty requi remen t s  of i n t e r s e c t i ng 
p i pel ine opera t o r s  ( ER ,  Suppl emen t , Sept . 29 , 1 9 8 6 ) .  Thu s , p i pe l ines ad j acent 
to o r  i n t e r s ec t i ng t he proposed route woul d  not be af f ec t ed by opera t ion o f  
t he propo sed t ransmi s s i on l i ne sys tem.  

As o r i g inal l y  d e s i gned ( ER ,  Vo l .  8 ) , t he Pha se I g round e l e c t rode would 
have been expanded t o  accommodate Pha s e  II DC opera t ion . The propo s ed 
expan s i on wa s an i s sue o f  c oncern , par t i cular  t o  several p i pe l i ne compan i e s . 
The i r  concerns rel ated t o  the po t en t ial  for  p i pel ines  ( and o t her l inear 
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underground s t eel s t ru c t ure s ) t o  be damaged f rom elec t rolyt i c  corro s i on or  
s t ru c t ure c oa t i ng d i s bond i ng caused by ground current s from norma l sys tem 
imbal ance or monopo l a r  operat ion . El ectro l yt i c  corro s i on occur s i n  area s were 
DC curren t s  d i s charge f rom the pi pel ine . S t ruc t ure coat ing d i s bond i ng can 
occur i n  area s where current ent ers  a p i pel i ne . Damage can r e s ul t even dur i ng 
short periods  of  sys t em imba l ance . E laborate mi t igat ive mea sures would have 
been requi red to prevent damage f rom the propo s ed expanded ground e l e c t rode . 
Such mea sures woul d  have i n c l uded a sys t em of  rec t i f i e r s  and ca thod i c  
pro t ec t i on t o  ensure compl i ance w i t h  Federal P i pe l i ne Safety Regul a t i on s  
4 9  CFR Par t 1 9 1 - 1 9 2 , a s  wel l  a s  4 9  CFR Part 1 9 5  for ha zardous l iq u i d  
p i pe l i nes . As the sys t em wa s orig i na l l y  propo s ed with  an ex panded ground 
e l e c t rode , the var i ab l e  nature of ground curren t s  from ( 1 )  no rmal two-wire 
current i mba l ance f l owing through the ground , ( 2 )  two-w i re ope r a t ion a t  half 
capac i t y with  ne t ground return , and ( 3 )  one-w i re opera t ion a t  ha l f  capac i ty 
with  ful l  current f low through the . ground i n  e i ther d i rec t i on woul d  make 
mi t i gat i ve mea sures for pro t e c t ion from a ground elect rode both d i ff i c ul t and 
expen s i ve . To el iminate conc ern s relat i ve to p i pe l i ne prot ec t i on ,  the 
Appl i cant now propo s e s  to u s e  an aboveground ded i c a t ed me t al l i c ret urn 
conduc t o r  tha t  woul d  carry a l l  current i mba l ances  or  return current ( ER ,  
Suppl emen t , Sept . 29 , 1 9 86 ) .  Thi s would e l imina t e  any po t en t i a l l y  damag i ng 
d i s cha rges of  l arge e l ec t r i c  curren t s into  the ground . 

Commun i c a t ion Fac i l i t i e s  

Pro j ec t -rel a t ed impac t s  o n  ex i s t i ng c ommun i c a t i on s y s t ems woul d  l i kel y  be 
minima l . Commun i ca t i on s  for the propo sed pro j e c t  i nvo l ve an exi s t i ng shared 
mi crowave sy s t em .  I nternal equi pmen t a t  ex i s t i ng s t a t i on s  wou l d  be mod i f i ed ,  
but no add i t ional acc e s s  rou t e s  or  s t at i on s i t e s woul d  be requ i red ( ER ,  
Vol . 1 --p . 6 8 ) .  

Other Land-U se I mpac t s  

Developmen t  o f  the propo s ed pro j ec t  woul d  enta i l  es tabl i shing 2 5  t o  3 5  
con s t ru c t ion l aydown and s tag i ng areas a t  i n t erva l s  al ong the propo s ed rou t e  
( ER ,  Suppl emen t , Re s ponse  No . 7 ,  Sept ember 2 7 , 1 9 8 5 ) .  An area of  about 0 . 5  t o  
1 . 0 h a  ( 1  t o  2 acres ) woul d  be requi red f o r  each l aydown and s t ag i ng s i t e .  
Add i t i ona l l y ,  n o  more than 1 1  l arger con s t ruc t i on l aydown and s t ag i ng s i t e s  
wou l d  be requi red ( Re i l l y  1 9 86 ) .  The se larger s i t e s  wou l d  range i n  s i ze from 
2 to 5 ha ( 5  to 12 acre s ) and woul d  genera l ly be more removed f rom the r i ght
of-way than the s ma l l er s i t e s . Because the exa c t  number and l o c a t i on of  the s e  
s i t e s  have n o t  y e t  been det ermined , spec i f i c  pot en t i a l  l and-u s e  impa c t s  can 
not be eva l ua t ed . Howeve r ,  fol l ow i ng con s t ruc t i on of  the propo s ed pro j ec t , 
the l aydown and s ta g i ng areas wou l d  be rec la imed and r e s t ored t o  cond i t ions 
s imi lar t o  tho s e  exi s t i ng prior  t o  con s t ruc t i o n .  Thus , mean i ngful effec t s  on 
long-t erm l and-us e  pat t erns would be unl i ke l y .  
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4 . 1 . 3  Hydrol ogy, Wa ter Qual i ty ,  and Water Use 

4 . 1 . 3 . 1  Surface Wa ter 

Con s t ruc t i on and operat ion of the propo sed pro j e c t  woul d  r e s u l t  i n  s ome 
adve r s e  i mpac t s  on surface-water  condi t i ons . The ma j o r i t y  of the s e  i mpac t s  
woul d  be sho r t - t erm and l i m i t ed t o  the period o f  con s t ruc t i on . Of grea t e s t 
concern are impa c t s  i nvo lving ero s i on o f  d i s t urbed con s t ruc t ion area s , wi th 
sub sequen t increases  i n  t urbi d i t y and sedimentat i on o f  r i ver s ,  c reeks , and 
we t l and s in the area . Remo va l o f  t rees , bru s h ,  and ground cover dur i ng con
s t ruc t i on wou l d  expo se so i l s  to increased ero s i on ,  part i cularly a l ong shore
l ines and backshore area s , and movement o f  con s t ruc t i on vehi c l e s  and equi pment 
mi ght accelerate  the t ran s port of d i s t urbed so i l s  t o  nearby wa t erway s .  The 
magn i tude o f  poten t i a l  ero s i on impa c t  would depend on the s t eepne s s  o f  the 
s l ope , t iming o f  cons t ruc t ion , and amoun t of ground cover removed ( Sec
t i on 4 . 1 . 2 . 2 ) .  At s t ream and r i ve r  c ro s s ings , cons t ruc t i on veh i c l e s  and 
equi pment could con t r i bute to s i l ta t i on by d i s turbing s t ream banks and c reek 
bot toms . S i l t a t i on increa s e s  wa ter t urb i d i t y  and decrea s e s  d i s s o l ved oxygen 
con t en t . The u s e  of ero s i on control mea sures de s c r i bed 1 n  Sec t i on 2 . 1 . 5 . 3  
woul d  m i n i mi z e  any po t ent i a l  ero s i on i mpac t s  and the po t en t i a l of 
contami na t i on o f  surface wat er bod i e s . 

Wa ter qua l i t y could be degraded by relea s e  o f  o i l s , grea s e s , fue l s , and 
herbi c i de s ; i mproper management of wa s t e s  dur i ng opera t i o n  and ma i n t enance of 
con s t ruc t i on equi pmen t ; s pi l l ing of o i l  from s ub s ta t i on s ; and r e l e a s e  o f  
dome s t i c  wa s t e s  genera ted by con s t ruc t i on wo rker s .  Such con tami na t i on could 
cau s e  a shor t - t erm , but po t en t i a l l y  severe , reduc t i on 1n wa t er qual i t y .  
Dur i ng per i o d s  o f  high runo f f , i mpac t s  t o  surface-wa ter qual i t y could be 
t emporar i l y  severe in af fec ted area s . However , such i mpac t s  wou l d  be 
minimized by the propo s ed m i t igat i ve mea sures ( Sec t i on 2 . 1 . 5 . 3 ) .  

Surface runo f f  al ong the t ransmi s s i on l ine r i ght-o f-way would be 
increa s ed because o f  remova l o f  vege t a t i on and ground cover . Thi s could 
resul t in  reduced evapo t ran s p i ra t i on and intercep t i on , a s  we l l  a s  decreased 
permeab i l i ty o f  the �round surface . However , the a rea wi thin the r i ght-of-way 
( about 1 5  km2 [ 6  mi ] ) wou l d  be sma l l  rel at i ve to the t o t a l  area of the 
a f fec ted wa t e r s hed s . There fore , the effec t s  of surface runo f f  f rom the r i ght
of-way wou l d  prima r i l y  be ref l ec t ed by i n c reased fl ows i n  the sma l l e r  l ocal 
drai nageways . Ma j o r  drai nage pa t t erns and s t reamflow reg i me s  i n  the p r i nc i pal 
drainageways  wou l d  be es sent i a l l y  unaffec t ed , except for a t r i bu t a ry o f  
Roa r i ng Brook 1 n  the town o f  Monroe , New Hampshi re , tha t  woul d  l i kely be 
d i verted a sho r t  d i s tance in  order to  con s t ruc t a t ransmi s s i on l i ne ang l e  
s t ruc t ure ( Wa l ke r  1 986 ) .  I n  add i t i on ,  t emporary d i ver s i ons  o f  wa ter might 
occur al ong ac c e s s  road s and around con s t ru c t i on s i t es . Local  s urface 
d ra i nage s might  be t emporar i l y or  permanen t l y  a l t ered by acce s s  roads and 
cons t ruc t i on ac t i vi t i es . Mo s t  of the s e  i mpac t s  wou l d  be sho r t -term,  but even 
permanent al tera t i o n s  shoul d cause on ly mi nor local  i mpac t s .  
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Cul ver t s  wo uld general l y  be u s ed t o  cro s s  epheme ral s t reams f l owing dur
l ng con s t ruc t ion ; however , ford i ng of some s t reams and pa s s age of con s t ruc t i on 
vehi c l e s  and equipment acro s s  sma l l  wet l ands woul d  l i kel y  be requi red . The 
placement o f  culvert s acro s s  s t reams , the fording o f  s t reams , and the 
con s t ruc t i on conducted a l ong s i de the s t ream could re s u l t  i n  damage t o  or  
col l apse o f  l ocal i zed por t i on s  o f  s t reambanks . Mi t igat ive mea sures woul d  be 
t aken to minimi ze the s e  po t en t ial  impac t s .  Mo s t  culve r t s  i n s t a l l ed dur i ng 
pro j e c t  con s t ruc t i on woul d  be l e f t  i n  place t o  fac i l i t a t e  ac ce s s  for  
t ransmi s s ion l ine and r i ght-o f-way ma i ntenance (Wa l ker 1 9 8 6 ) .  

4 . 1 . 3 . 2  Groundwa ter 

Con s t ruc t i on ac t i vi t i e s  a s s o c i a t e d  wi th the propo sed pro j e c t  could resul t 
1 n  s ome adverse impac t s  on groundwat er cond i t i on s  i n  the s t udy area . Area s of 
grea t e s t concern are whe re shal l ow glac i a l -dr i f t  aqu i f ers oc cur and whe re 
perched wa ter t ables  exi s t . In some places , c l ay-r i ch t i l l  separat e s  t he 
g l a c i al-dr i f t  aqu i fer and a perched groundwater table  from deeper aqu i fer s . 
Excava t ion for s t ruc ture founda t i ons might  pene t ra t e  the imperv i ou s  cl ay-r i ch 
l ayer and prov i de a channe l for connec t i on wi th the under lying aquife r s . Thi s 
could cause perched wat er t o  dra i n  i n t o  l ower aqu i fe r s  or  deeper gl ac i a l  dr i f t  
aqu i fer s . Pene t ra t ion o f  impervious l ayer s might  increase recharge o f  
aqu i fer s bur ied under c l ayey l ayer s that curren t l y  l im i t  recharge . Hydraul i c  
int erconne c t ion between aqu i fe r s  could a l s o re sul t 1n con t amina t ion o f  
glac i a l -dr i f t  a n d  deeper aqu i fe r s  wi th pol l u tant s cont a i ned i n  the perched 
wat e r . Care l e s s  and exces s i ve app l i cat ion of herbi c i des  dur i ng r ight-of-way 
ma i n t enance could resul t in t he per col a t ion of herb ic i d e s  t o  shal l ow g l ac i a l 
dr i f t  aquifer s ,  pot en t i a l l y  contamina t i ng water pumped from t h i s aqui fer . 
Al though the po t en t ial for s uch impac t s  ex i s t s ,  the extent and magn i t ude would 
be m1nor i f  s t a t e  and c ompany gu i del ines regarding herb i c ide u s e  around 
sen s i t i ve area s ( s uch as we l l s )  are fol l owed ( s ee Tabl e B . l ) .  

Compa c t ion o f  s o i l s  and subs equen t d i srupt ion o f  shal low groundwa t er f l ow 
pat t erns mi ght occur on ac c e s s  road s and around s t ruc t ure s i t e s  dur i ng c on
s t ruc t i on .  Groundwa t er f l ow pa t t erns a l s o  would be d i srupted in area s whe re 
dewa t e r i ng wa s required dur i ng c on s t ruc t i on due to a h i gh groundwa ter t abl e .  

4 . 1 . 4 Ecol ogy 

Impac t s  t o  b i o t a  from con s t ruc t i on and opera t ion of Pha se I I  fac i l i t i es  
wi t h i n  New Hamp sh i r e  and Ma s sachu s e t t s  wou l d  be s im i l a r  t o  tho se d i scus s ed for 
Pha se I ( U . S .  Depar tment o f  Energy 1 9 84 ) ; however , the overa l l  extent o f  
impac t s  woul d  b e  l e s s  because Pha s e  I I  woul d  b e  con s t ruc ted l arge l y  wi t h i n  
es tabl i shed r i ght s-of-way . Therefore , much o f  the fol l owing d i s cus s i on on 
ecol ogical  impac t s  i s  ba sed on ana lyses  from Pha se I ( and repo rted her e i n  
whe re appl i c abl e ) ,  ac compan i ed b y  s i t e- s pec i f i c i nforma t i on conta ined i n  t he 
Appl i cant ' s  ER . Where appropr i a t e , addi t i ona l and /or more upda t ed inf orma t ion 
ha s been added to more thoroughl y addre s s  po t en t ial  impac t s .  The po t en t ial  
impac t s  t o  b i o t a , i n  par t i cu l ar migratory b i rd s , a s  a resul t of hydroel e c t r i c  
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development in Quebec , Canada , a s soc iated w i th Pha s e  II contract sales are 
summa r i z ed in Sect ion 4 . 1 . 4 . 5  and d i scus sed in full i n  Append i x  C .  

4 . 1 . 4 . 1  Ter re s t r i a l  

Vege t a t i on 

Vege tat ion woul d  be a f fec t ed by c l earing a l ong selected areas o f  the 
pro po sed r i ght -o f-way and a t  the s i t e o f  the propo sed conve r t e r  t e rmina l . 
Clear ing woul d  include ( 1 )  cut t i ng and d i s po s a l  o f  t rees and ( 2 )  grubbing and 
d i sposal  of s t ump s ( ER ,  Vo l . 1 ) .  The l a t t e r  woul d  be appl icable prima r i l y  for 
the converter s i t e and for areas i n  the r i ght-o f-way where acc e s s  roads and 
t ransmi s s i on l ine s t ruc t ures woul d  be located . E f fec t s  on vege tat i on f rom 
c l ea r ing operat i ons wou l d  be s im i l a r  to tho se t yp i c a l  of logg i ng opera t i ons 
( U . S .  Department o f  Energy 1 9 84 ) .  

R i ght-of-way c l ea r ing would ent a i l  cut t i ng o f  l a rge ma t u re t rees and 
remova l of po t en t i al l y  t a l l -growing t ree s . Damage to shrub and herbaceous 
spec i e s  wo uld be mi nimi zed to  the extent po s s i bl e .  Vegetat i on beneath the 
t ransmi s s i on l i ne conduc t o r s  wou l d  be l im i t ed to  low-growing shrubs and 
herbaceous spec i e s , as wel l  a s  t ree spec i e s  of low-he i ght po tent ial . Removal 
or  s e l ec t i ve t r imming of s ome danger t rees out s ide the r i ght-of-way would a l s o  
be requi red . The amount o f  c l ea r ing that would be requi red i s  d i scus s ed i n  
Sec t i on 4 . 1 .  2 .  3 .  Al t ogethe r ,  about 1 3 5  ha ( 3 30  acres ) o f  r i ght-of-way woul d  

, b e  c l ea red . Thi s area would cons i s t  o f  the general fore s t  t ypes shown 1 n  
Tabl e 4 . 1 .  Rel a t i ve t o  t o t a l  f o re s t  resources in the s t udy area , t h i s  l o s s  o f  
fore s t ed area would be negl i g i bl e .  

Du s t  generat ed by con s t ruc t i on t ra f f i c  and equi pmen t opera t ion could be 
depo s i t ed on ad j acent vege t a t ion , a f fec t ing pho t o s ynthe s i s  and p l an t  growth , 

Tab l e  4 . 1 .  Fore s t  Types and Areas to  Be 
Cl eared for the Propo sed Ri ght-o f-Way 

F o re s t  Type 

Hardwood 

Hardwood / s o f twood 

Sof twood /ha rdwood 

Softwood 

P l anta t i on s 

Compo s i t i on 

� 80% hardwood s pec i e s  

5 1 % t o  80% hardwood spec i e s 

5 1 % to  8 0 %  s o f t wood spec i e s  

� 8 0 %  s o f t wood s pec i e s  

As s o r t ed plan t ed s pec i e s  

a 1 hec t a re ( ha )  = 2 . 4 7  ac re s . 

Area C l eared 
( ha ) a 

54 . 5  

38 . 3  

2 5 . 7  

1 3  

3 . 9  

Source : ER , Vol . 2--Tabl e I I I -32 , Vol . 3--Tab l e  I I I -34 . 
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a s  we l l  a s  making the vegetat ion l e s s pal a t ab l e  t o  l i ve s t ock and w i l d l i f e  
( Dvorak 1 9 7 7 ) .  Howeve r ,  the relat ively minor amount o f  ant i c i pa t ed 
d i s t urbance , accompani ed by mi t igat ive mea sures t o  c ont rol dus t , would render 
s uch impac t s  negl i g i bl e .  

Fol l owing ini t i al c l earing , and subj e c t  t o  eas ement  agreemen t s ,  
vegetat i on in  the r i ght -o f-way would be cont ro l l ed by a c ombina t i on o f  
mechan i c a l  a n d  chemi cal  method s . Onl y  herb i c i d e s  and app l i c at ion me thod s 
approved by the U . S .  Envi ronment a l  Prot ec t i on Agency and approved f o r  r i ght
o f-way u s e  by s t a t e  pes t i c i de board s would be u s ed . Herb i c i d e s  wou l d  be 
s e l ec t ively appl i ed at  the base or  s t ump ( 2 , 4-D , P i c l oram , Tr i c l opyr , or  
equ i va l en t ) or  on the fol i age ( previ ous l y  men t i oned herb i c i d e s  p l u s  Fo s amine , 
G l ypho sa t e , o r  equival ent ) o f  unde s i rab l e  s pec i e s . The ma intenance program i s  
de s i gned t o  s uppre s s  t ree growth whi l e  enc ourag ing the growth of shrub s ,  
gra s s e s , fern s , and o ther mature plant s that do not exceed s a f e  he i ght s ( ER ,  
Vo l s .  2 and 3 ) .  

Veget a t i on t rea tment would invo lve s e l e c t i ve t reatment o f  s tump sprou t s  
dur ing the dormant s e a s on a f t er the f i r s t  growi ng sea s on fol l owing c l ea r i ng . 
Two yea r s  l a t er there would be a sec ond s e l ec t i ve app l i cat i on ,  and subs equent 
t reatmen t s  would oc cur over a three- to f i ve-year cyc l e  ( ER ,  Vol s .  2 and 3 ) .  
Thi s  would ma intain  c l ea red areas in  a vegeta t i ve c ommun i t y  domi nated by 
shrub s , l ow-g rowing t ree s , and herbaceous p l an t s  s im i l ar to tho se occur r i ng on 
exi s t ing por t i on s  of t he r i ght-of-way . General ly , hardwood spec i es would be 
more l ikel y  to r e i nvade c l eared area s than would con i ferous spec i e s . Thi s i s  
becau s e  s ome hardwood s have s tump sprout s o r  root sucker s ,  hardwoods gener a l l y  
a r e  f a s t e r  growing , and con i fers  compete poorly i n  den se s tand s o f  bracken 
fern and bl ueberry that o f t en invade a f t e r  c l ear ing ( Galvin 1 9 7 9 ;  Leak et al . 
1 9 69 ) .  Shrub s pe c i e s  occurring in  fore s ted areas norma l ly form a s i gn i f i cant 
c omponen t  of new r i ght s -o f-way , as do herbaceou s s pec i e s  typ i cal of both 
fores ted and open area s ( Ho l ewinski 1 9 8 1 ) .  

Although opera t i on o f  the propo s ed t ransmi s s i on l ine would produce 
e l e c t r i c  f i e l d s  and generate a i r  ions , ozone , and ox i d e s  o f  n i t rogen , recent 
s tud i e s  i nd i c a t e  t hat  such phenomena wou l d  have no s i gni f i c an t  e f f e c t  on 
r i ght-of-way vegetat i on t ha t  i s  properly cont rol l ed ( Gr i f f i th 1 9 7 7 ;  Mi nne s o t a  
Env i ronment a l  Qual i ty Board 1 982 ; Banks et  a l . 1 98 2 a ; Droppo 1 9 8 1 ; Krupa and 
Pra t t  1 9 8 2 ) .  McKee et a l . ( 1 9 7 8 )  obs erved leaf  t i p damage , wi t h  t i s sue i n j ury 
and death in  t he t ermi nal par t s  and higher part s o f  the p l ant s ,  at  e l ec t r i c  
f i eld  s t rengths o f  20  t o  S O  kV /m.  However ,  thi s a f f ec t ed l e s s  than 1 %  o f  the 
p l ant t i s sue . No ef fec t s  were obs erved a t  f i e l d  s t rengths  below 2 0  kV / m .  
Max i mum f i el d  s t rengths expec t ed for  the propo sed D C  l ine woul d  b e  in  t he 2 0  
t o  30  kV /m r ange and for  the propo sed AC l i ne would be l e s s  t han 7 kV / m .  
Max imum val ue s  would occur l e s s  t han 5%  o f  t he t i me ( s ee Sec t ion 4 . 1 . 8 ) . Endo 
et a l . 09 7 9 )  found no effec t s  from high vo l tage d i re c t  current on growth , 
y i el d ,  o r  chem i c al compo s i t i on o f  whea t  a f t er expo sure t o  7 0  kV / m .  Enhanced 
p l ant growth rate ha s been o b s erved by Krueger et al . ( 1 9 6 3 ) and Wacht e r  and 
Wi dmer ( 1 9 7 6 ) f rom expo sure to po s i t ive and nega t i ve a i r  i on s . McKee e t  a l . 
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( 1 9 7 8 ) empha s i zed that plant damage due to  normal t i s sue drying t yp i c a l l y  
exceed s that i nduced f rom even h i gh- i n t en s i t y elec t r i c  f i e ld s . 

I n  conc l u s i on ,  operat ion o f  t he propo s ed t ransmi s s ion l i nes would not be 
l i ke l y  to  cau s e  appre c i able adverse impac t s  to vegetat ive resources o ther t han 
tho s e  sub j e c t  to per i od i c  r i ght-of-way ma intenance . 

Wi ldl i f e  

Impac t s  t o  wi ldl i fe that could resul t from con s t ruc t i on o f  the p ropo sed 
Pha se I I  sys tem inc lude ( 1 )  l o s s  and a l tera t i on o f  hab i t a t  wi t h  sub sequent 
l o s s  or  al t e ra t i on o f  carrying capac 1 t 1 e s  for wi ldl i fe populat i on s  and 
( 2 )  d i s t urbance o f  wi ldl i fe by no i s e  and human ac t i v i t y .  Hab i t a t  l o s s  i s  a 
ma j o r  cause o f  w i l d l i fe popul a t i on dec l i ne s ( Forsythe and Gard 1 9 8 0 ; 
Fred r i ckson 1 98 0 ) . Some wi ldl i fe a s s o c i at ed wi th the fore s t ed area s t o  be 
c l eared would be a ffected by the p ro j ec t , but the habi tat s that woul d  be 
affec t ed are not c r i t i ca l  or  highly unique for any wi l d l i fe s pec i e s  in the 
a rea ( U . S .  De partmen t o f  Energy 1 9 7 8 ) .  S i nce t he fore s t ed area s t o  be c l eared 
repre sent a very sma l l  frac t i on of tho se t ypes o f  areas occur r i ng in the 
coun t i e s  to  be t raver sed by the propo sed l i ne ,  c ont i nued surv i va l  of l oc a l  
wi l d l i fe popula t i on s would not b e  threatened . 

I t  i s  unl i ke l y  that con s t ruc t i on a c t 1 v 1 t 1 e s  would resul t i n  any 
s i gn i f i cant impact to l ocal wi l d l i f e  s pec i e s . Con s t ruc t ion a c t ivi ty would 
l ike l y  d i s turb wi l d l i f e  for  only a brief period ( days ) i n  any g i ven a rea 
( except perha ps  a t  the propo s ed c onverter t ermi na l , whi c h  wou l d  be con s t ruc t ed 
over a per i o d  o f  three year s  [ ER ,  Vol . 1 ] ) .  Af fected wi ldl i fe should return 
to normal behavior  pat t erns upon c e s s a t ion o f  c on s t ruc t i on ac t i vi t i e s . Th i s  
i s  e s pec i a l l y  a ppl i cabl e  t o  wi l d l i f e  curren t l y  ut i l i z i ng the shrub/gra s s l and 
and we t l and hab i t a t s on the exi s t ing r i ght s-of-way . 

Rel at ively mo b i l e  s pe c i e s  that i nhab i t  o r  ut i l i ze areas t o  be af fec ted by 
c on s t ruc t i on would be d i s pl aced t o  ad j acent areas , where they may f i nd 
sui table  habi t a t . However , thi s would depend on the ex i s t ing carrying 
capa c i t y  o f  the adj acent area s . Th i s  could sub j e c t  d i s placed s pec i e s  t o  
grea t e r  compe t i t i on f o r  hab i t a t  o r  food r e s ource s . I f  a g i ven s pe c i e s  i s  a t  
i t s  carrying capac i t y ,  then the t o t a l  number o f  i nd i v i dua l s would l ikely be 
reduced ( Dvo rak et al . 1 9 7 8 ) .  Becau s e  the fore s t  hab i t a t  to  be l o s t  i s  onl y a 
sma l l  percent age of tha t  occurring i n  the s t udy a rea , i t  i s  ant i c i pa t ed that 
t he una f fec t ed fore s t  areas could suppor t  d i s pl aced ind ividual s .  Sma l l er or 
l e s s  mob i l e  s pec i e s  mi ght be de s t royed by con s t ruc t i on a c t i vi t i e s . 

Wi ld l i fe i n  adj acent areas ( bo t h  fore s t ed and exi s t ing r i ght s -o f-wa y )  may 
a l so be d i s pl aced or d i s turbed dur ing c on s t ruc t i on by the level of human 
a c t i vi ty and no i s e  at the c on s t ruc t i on s i t e s  ( ER ,  Vo l .  1 ) .  Th i s  would apply 
to  an i ma l s  wi thin aud i t o ry or  vi sual range o f  con s t ruc t i on a c t i vi t i e s . Heavy 
machinery ( the an t i c i pa t ed s ource o f  mo s t  no i s e )  produc e s  j u s t under 9 0  d B  a t  
1 6  m ( 5 2 ft ) ,  wi t h  no i se i n t en s i t y  decrea s ing a t  t he rate o f  6 d B  p e r  doubl i ng 
o f  d i s t ance ( U . S .  Env i ronmen tal  Protec t i on Agency 1 9 7 4 ) .  Value s between 5 0  
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and 9 0  dB can caus e  annoyance ( Cheremi s i noff and Cheremi s inoff 1 9 7 7 ) .  Thu s , 
i n  theory , anima l s wi thin  2 , 0 00 m ( 6 , S OO  f t ) of con s t ruc t i on migh t  be somewhat 
d i s t urbed by no � s e  from heavy machinery . In a c t ua l i t y ,  trees and o ther 
barr i e r s  ( e . g . , h i l l s )  woul d  cause a l o s s  of energy in sound wave s , so  t he 
effec t ive range of annoyance would be reduc ed . The consequen c e s  of no i s e ( or 
v i s ua l ) d i s t r ac t i on s  t o  an imal s are not we l l  document ed ,  so  i t  i s  d i f f i cul t t o  
pred i c t  how much impac t t h e s e  sourc e s  woul d  ac t ua l l y  have o n  t h e  l ocal f auna 
( Soho l t  and Bynoe 1 9 8 2 ) ,  but it i s  expe c t ed to be sma l l .  Neverthe l e s s ,  i f  
reproduc t ive hab i t a t  � s  t emporar i l y  abandoned , a l oca l i zed i mpac t t o  t he 
fol l owing season ' s  wi l d l i fe popul a t i on s  might result  ( U . S .  Department of 
Energy 1 9 7 8 ) .  

Cl earing wou l d  re s u l t  i n  t he l o s s  of only a sma l l  frac t i on of t he fore s t  
hab i ta t  i n  t he s t udy area ( Se c t ion 4 . 1 . 2 . 3 ) .  However , the types o f  hab i t a t  
l o s t  ver s u s  t he t ypes o f  hab i t a t  created are import an t  con s i dera t ions  when 
a s s e s s i ng the overal l  impact  of c l earing operat ions . Al so , regard l e s s  of the 
hab i t a t  t ype c l eared , some adverse i mpac t s  may occur t o  wi l d l i fe popu l a t i on s  
unt i l  vege t a t i on i s  re s t ored ( U . S .  Depar tment o f  Energy 1 9 7 8 ) .  I n  par t i cu l ar , 
concern wou l d  ex i s t  over poten t i al impac t s  t o  m i grat ory b i r d s  ( a s  we l l  a s  
the i r  ne s t s  and egg s ) tha t wou l d  be vul nerab l e  t o  c l ea r i ng opera t i ons . 
Protec t i on of t he s e  s pec i e s  from impac t s  a s soci ated w i t h  r i ght-of-way c l ea r i ng 
may be requi re d  under the M igratory B i rd Treat y  Ac t ,  a s  amended , 1 6  USC 7 0 3-
7 1 1  ( S O  CFR 1 0 . 1 3 ) .  M i t i ga t i ve mea s ure s t o  en sure compl i ance wi t h  t he 
Migratory B i rd Treat y  Ac t are sugge s t ed i n  Sec t i on 4 . 1 . 1 0 . 4 .  

A number of i nve s t i ga t o r s  have examined the impac t of c l ear i ng and r i ght 
of-way management on w i l dl i fe ( e . g . , Arner 1 9 7 7 ;  Asplundh Envi ronmental 
Serv i c e s  1 9 7 7 ; Carve l l  and John s t on 1 9 7 8 ; Galvin and Cup i t  1 9 7 9 ) .  Genera l l y ,  
r i ght-o f-way mai n t enance resul t s  i n  t he pre s ence o f  wi l d l i f e  s pec i e s  that 
prefer open hab i t a t  w i t h  few large t rees . The s e  s pe c i e s  are often t ho s e  
charac t er i s t i c of early s t ages of p l an t  communi ty succe s s i on ,  s u c h  a s  are 
found in abandoned f arm f i e l d s  or in area s of po s t f i re regenera t i on .  More 
than SO spec i e s  of wi l dl i fe in t he region frequen t l y  i nhab i t  ear l y  succes
s i onal s t ages of vege t a t i on ( U . S .  Department of Energy 1 9 7 8 ) .  Ma i n t enance of 
a cl earcut s t r i p  i n  an area of ext en s i ve fore s t  o f fers a more d i ver s e  hab i t a t  
than pure fore s t  s tand s and s upport s a great er d i ver s i ty of wi l dl i fe ( Mayer 
1 9 7 6 ; John s on et al . 1 9 7 9 ; Ge i bert 1 9 8 0 ; Cavanaugh et a l . 1 9 7 6 ; Krood sma 
1982 ) .  Thu s , the crea t i on of fore s t  edge should enhance hab i t a t  for s pec i e s  
typ i ca l  of open o r  edge area s , but i t  woul d  be somewhat detr imen t a l  t o  spec i e s  
t ha t  are more res t r i c t ed t o  fore s t  hab i t a t . Thi s wou l d  re s u l t  e i ther through 
compe t i t i ve i nt erac t i on s  wi t h  edge-inhabi t ing spec i e s  or t hrough hab i t at 
reduc t i on .  However , the proposed t ransmi s s i on l i nes woul d  be located wi thin  
ex i s t ing t ran smi s s i on corr i dor s .  Thu s , t he crea t i on of fore s t ed edge wou l d  
not a f f e c t  w i l d l i fe t o  t he ext en t  t h a t  i t  woul d  i f  a new corr idor wa s 
con s t ruc t ed t hrough fore s t ed hab i t a t . 

Fol l owing a l l  c l ea r i ng ( s e l e c t i ve and non s e l ec t i ve ) , t he corr i dor would 
be ma i n t a ined primari l y  by s e l e c t ive appl i c a t i on of herb i c i de s . It  has  been 
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shown that wi l d l i f e  u s e  o f  r ight s-of-way and herb i c ide u s e  are compa t i b le 
( Carve l l  and Johns t on 1 9 7 8 ; Asplundh Env i ronmental Serv i c e s  1 9 7 7 ) .  The 
avai lable data i nd i ca t e  that proper u s e  of herb ic ides  1n right-of -way 
management does  not po se  a t ox i c o l og i cal threat t o  wi ldl i fe individua l s  or  
popul at i ons . The pl anned u s e  o f  herb ic i des  al ong the propo s ed rout e  would be 
s imi lar to that in the ex i s t ing right s-of-way and should not threa ten 
wi ldl i f e . The Appl ican t i s  commi t ted t o  apply herb ic ides  in  accordanc e wi th 
Ma s sachus e t t s  and New Hamp shire regulat ions . 

Al though the primary impac t s  t o  wi ldl i fe would re sul t f rom al tera t i on o f  
hab i t a t  in  t he r i ght-of-way , there are pot en t i a l  impac t s  from the pre s ence o f  
the l i ne--col l i s i on s  o f  b i rd s  wi t h  s truc tures or conduct ors and e l ec t rocu t i on 
o f  b i rd s . Rapt o r s  and wat erbirds are part i cularly sens i t ive t o  such probl ems 
( S talma s t er and Newman 1 9 7 8 ; Swen s en 1 9 7 9 ; Erwin 1 9 8 0 ; L i ddl e and Scorg i e  
1980 ; Burger 1 98 1 ) .  

There are documented s tud i e s  o f  b i rd morta l i ty from c ol l i s i on wi th 
c onduc t or s  or  s t ructures ( Avery et  al . 1 9 7 8 ; U . S .  F i sh and Wi ldl i f e  Serv i c e  
1 9 78 ) ,  but the propo s ed t ransmi s s i on l i ne would n o t  b e  tal l enough t o  po s e  a 
serious threat t o  birds  in  migratory f l i ght . In  general , mi gratory f l ight 
occurs at al t i tude s 1n  exce s s  o f  1 0 0  m ( 300  ft ) above the ground surface 
( U . S .  Fi sh and Wi ldl i fe Service 1 9 7 8 ; Lincoln 1 9 7 9 ) .  However , wa terf owl 
land ing or taking f l ight could s t r ike c omponent s o f  a l i ne pa s s ing over or 
immed iately  adjacent t o  an open body of water . Spec i e s  such a s  s t arl i ng s , 
red-winged blackbi rds , and shorebi rd s that f l y  fa s t  at l ow al t i tudes and in  
t i ght f l ocks a l s o  are vulnerabl e t o  c ol l i s i ons ( Meyer and Lee 1 98 1 ) .  S i nce 
mo s t  s t ructures for the 45 0-kV DC l ine would be on l y  4 . 6  to 9 . 1  m ( 1 5 t o  
30  f t ) above ex i s t ing 230- and 345-kV AC l i ne s t ructure s , the inc remental 
r i sks of co l l i s i on would be min imal . 

There i s  general agreement in mo s t  publ i shed s tud i e s  t hat  b i rd l o s s e s  t o  
overhead w i r e s  a r e  n o t  b i o l og i c a l l y  s i gn i f icant ( Beaul aur i e r  et  al . 1 9 8 4 ; 
Meyer and Lee 1 98 1 ;  St out and Cornwe l l  1 9 7 6 ) .  Neverthel e s s , s ome concern for 
co l l i s i on po t ent ial may be warranted . For t ransmi s s i on l i ne corridors  
carrying more t han one power l ine , t he wi res can be a maj or ob s tacl e .  Thi s i s  
e s pec i a l l y  t rue for pan i c- s t ri cken f l ocks o f  b i rd s  or for b i rd s  f l y ing in 
inc l ement weat her ( Jaro s l ow 1 9 7 9 ) .  The mo s t  l e t hal of four s tudy areas 
analyzed by Andersen-Har i l d  and Bl och ( 1 9 7 3 ) wa s one c onta ining 12 wires at 
e i ght d i f ferent l eve l s .  An average of nine dead b i rd s  per day per 10 km 
( 6 . 2  mi ) o f  power l ine wa s rec orded . Several corr i d or s ec t ions  in 
Ma s sachus e t t s  would contain more than 20 wires po s i t i oned at a minimum of f i ve 
d i f ferent l evel s ( �  1 2  m [ 40 f t ] he i ght d i f feren t i a l  f rom l owe s t  t o  hi ghe s t  
wire ) ( ER ,  Vo l . 2--F igures I I -6 t hrough I I - 1 5 ) .  

Elect rocut ion can oc cur when an an imal make s contact wi th two energ i zed 
conduc t o r s  or  w i t h  one energ i zed c onduc t or and a shield  wire or  grounded part 
of the support s t ruc ture . H i s t o r i c a l l y ,  thi s ha s been a probl em on l y  with  
large rap t o r s  ( such a s  eag l e s ) .  Minimum c l earanc e s  between c onduc t o r s  on t he 
propo sed l i ne ( > 3 m  [ 1 0 f t ] )  would ens ure that such a pos s i b i l i t y does  not 



4- 1 7  

ex i s t . Spark d i s charges t o  wi l d l i fe o r  l i ve s tock under the l i ne are a l so 
unl i kely because max tmum vo l t age bui ldup ( 0 . 8  kV ) 1 n  a we l l - i n s ul a t ed 
ind i v i dual beneath the l i ne i s  not expected to be suff i c ient for such 
occurrence s  ( John s on 1 9 8 2 a ) .  Spark d i s charges occur at  l eve l s  of  about 5 t o  
7 kV ( s ee Sec t i on 4 . 1 . 8 . 2 ) .  

Other impac t s  to w i l d l i f e  s t emming from transmi s s ion l i ne opera t i on 
( e . g . , a i r  ions , magne t i c , and e l e c t r i c  f i e l d  effec t s )  woul d  be s im i l ar t o  
effec t s  o n  human hea l th an� safety a s  d i s cu s s ed i n  Sec t ion 4 . 1 . 8 .  

4 . 1 . 4 .  2 Aqua t i c  

Con s t ruct ion ac t t vt t t e s  ( e s pec i a l l y  con s t ruc t ion of  ac ce s s  road s ) 
invo l ving s t ream cro s s ings would be the princ i pa l  s ourc e s  of  po ten t i a l  i mpac t s  
to aquat i c  b i o t a . The po t ent i a l  impa c t s  woul d  i nc l ude ( 1 )  changes i n  wa ter 
temperatures resul t i ng from removal of  r i parian vegetat i on ,  ( 2 )  habi t a t  
de s t ruc t i on or mod i f i c a t i on resul t ing from i n s t ream con s t ruc t i on act i vi t i e s , 
and ( 3 )  down s t ream i ncrea s e s  in turb i d i ty and sedimen tat ion resul t i ng from 
ero s i on and s t ream sed iment d i s p l acement at  t he cons truc t i on s i t e .  The s e  
impac t s  can b e  expec ted , in vary i ng degree s ,  f o r  eve ry s t ream cro s s t ng 
a f fec ted by c on s t ruc t i on of  an ac c e s s road or  some near- s t ream vege t a t i on 
c l ear i ng .  The severi ty of  impa c t  result i ng from such con s t ruc t i on wou l d  
depend upon several fac t or s , s u c h  a s  ( 1 )  s ea s on o f  con s t ruc t ion , ( 2 )  s t ream 
s i ze , ( 3 )  corridor width t o  be c l eared , ( 4 )  con s t ruc t ion procedure s ,  and 
( 5 )  exi s t ing hab i t a t  qua l i t y ( Dehoney and Man c i n i  1 9 8 2 ) .  General l y ,  t he 
sma l ler s t reams wou l d  have t he grea t e s t  po t ent i al t o  be impac ted becau s e  t hey 
have l e s s  abi l i ty t o  a s s imi l a t e  ( d i l ute ) i n t roduced s o l i d s  and are more 
affec t ed by removal of  r i par i an vege t a t i o n .  Ephemeral s tream channel s a l s o  
may be d i s t urbed , e s pec i a l l y  i n  l at e  s ummer , when they are not ea s i l y  detec t ed 
( I rl and 1 9 8 5 ) .  Overa l l ,  ponds and l ake s ( in c l ud ing res ervo i r s ) s hould not be 
d i rec t l y  impacted becaus e  a l l  a t t empt s  would be made t o  route l i n e s  t o  avo i d  
such aqua t i c  sys t ems or  t o  span t hem . Curren t l y , only Whi t t i er Pond i n  
Hopki nton and an unnamed pond of  a t r i but ary of  Mu s qua s h  Brook i n  Hud son may 
have s t ru c t ures or foundat i on pad s pl aced at the edge or , po s s i b l y ,  ext end i ng 
into them . 

St ream t emperature a l terat ion i s  reported t o  be one o f  t he mo s t  
s i gni f i cant impac t s  resul t i ng from c l ea r i ng of  r i pa r i an vegetat i on ( He r r i ng t on 
and He i s l er 1 9 7 3 ) .  For t he propo sed pro j ec t , however ,  only a s hort  l i near 
d i s t ance wou l d  be c l eared for the propo sed l i ne and /or ac c e s s road a t  any 
s t ream cro s s ing , and it i s  doubtful  t hat  s i gn i f i cant thermal i ncrea s e s  woul d  
occur . I n  add i t i o n , resu l t s  of  s everal s tu d i e s  i nd i ca t e  t ha t  low-growi ng 
vege t a t i on can effect ively shade sma l l er s t reams ( Brown 1 9 7 9 ; Fred r i cksen 
1 9 7 1 - 1 9 7 2 ) .  Ca se  hi s t o r i e s  of  r ight s-of-way in New York have shown that 
impac t s  on s t ream t emperat ure s were negl i g i b l e  ( Ho l ewinski 198 1 ) .  

Di s t urbance of i n s t ream habi t a t  c an have an imme d i a t e  and l o c a l i zed 
impa c t  on aquat i c  b i o t a , but t urb i d i ty , and e s pec i a l ly sed imentat i on , can 
re sul t in greater and more widespread b i o l og i c a l  impac t s .  Because o f  the i r  
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re l a t i ve immo b i l i ty ,  e g g s  and l a rvae o f  f i s h and ma c ro i nver t e b ra t e s  wo u l d  b e  
mo s t  adve r s e l y  a f fe c t ed by i n c rea s e s  i n  s i l ta t i o n  a n d  t urb i d i t y .  Adul t f i s h 
wo u l d  l i ke l y  vacate the a rea and avo i d  many o f  the ac t i v i t i e s  a s s o c i a t e d  w i t h  
s t ream c ro s s i ng con s t ruc t i o n ;  howeve r , i n s t ream con s t ruc t i on a c t i v i t i e s  c o u l d  
i n t e r f ere w i th s pawn i ng m i g ra t i o n s  ( Dehoney and Manc i n i  1 9 8 2 ; Bu s d o s h  1 9 8 2 ) ,  
and i nc r e a s e d  s i l t a t i o n  c o u l d  d i s rupt f i s h reproduc t i o n  by cove r i ng po t en t i a l  
s pawn i ng ground s ( Karr and Sch l o s s e r  1 9 7 8 ) . The l o ca t i o n s  whe re a c c e s s  road 
s t ream c r o s s i ng s  woul d mo s t  probab l y  be requi red ( e . g . , s t reams l e s s  t han 3 m  
[ 1 0 f t ] w i de ) , coupled  w i t h  the phys i ca l  charact er i s t i c s  o f t e n  cho s e n  f o r  the 
c ro s s i ng a r e a s  ( e . g . , grave l l y  r i f f l e s ) ,  e s sent i a l l y  c o i n c i de w i th  the hab i t a t  
u s ed by t h e  s a l mon i d s  f o r  s pawn i ng .  She l ton and Po l l oc k  ( 1 9 6 6 ) f o und t h a t  
when o n l y  1 5 % t o  30%  o f  grave l  i n t e r s t i c e s  were f i l l ed w i t h  s ed iment s ,  8 5 %  
mo r t a l i t y  o f  sa lmon egg s occurred . There are 1 1 2  s t reams l e s s  than 3 m 
( 1 0 f t )  w i d e  a l ong the pro p o s ed route  ( ER ,  Vo l s .  7 and 8 ) .  S i nce  much o f  the 
propo s e d  route c o i n c i d e s  wi t h  e x i s t ing r i ght s-o f-wa y , a c ce s s  used f o r  
cons t ruc t i on o r  ma i n tenance o f  t he ex i s t i ng l i nes  m a y  a l s o be u s e d  f o r  t he 
propo s e d  l i ne s .  Howeve r , i t  can be a s s umed that new acce s s  roads  wi l l  be  
req u i red a c ro s s  s ome s t reams and that s ome e x i s t i ng acce s s  wi l l  requ i re 
upgra d i ng . I n  such s i t ua t i o n s , s t reams c o u l d  be s u b j e c t ed t o  t he a bove
men t i oned i mpac t s . 

Af t e r  con s t ruc t i o n  o f  the l i ne , f i sh could  be impa c t e d  a s  a re s u l t  o f  
impro pe r d e s i gn charac t e r i s t i c s , such a s  i mprope r l y  de s i gned c u l ve r t s . 
I n s t a l l a t i on o f  i mprope r c u l ver t s  and u s e  o f  un s u i t a b l e  ( un s t ab l e ) f i l l  
ma t e r i a l  coul d l ead t o  c ompl e t e  wa s hout o f  a s t ream-c ro s s i ng embankme n t . Thi s 
r e s u l t s  i n  t he mo s t  s eve re i n c i denc e s  o f  ero s i on s t emming from h i ghway 
deve l o pment and i s  re s pon s i b l e  f o r  t he grea t e s t  percen t age of f i s h pa s s age 
probl em s  ( D ryden and S t e i n  1 9 7 5 ) .  I mpro pe r l y  s i zed  c u l ver t s  can e l i m i n a t e  
f i s h s p e c i e s  f rom a s t ream through b l o ckage o f  m i gr a t i on ,  par t i c u l a r l y  
up s t ream s pawn i ng run s , and s pawn i ng down s t ream o f  t he b l ockage may b e  
hampe red by overc rowd i ng-- f o r c i ng f i s h t o  s pawn i n  mar g i n a l  area s , avo i d  the 
s y s t em ,  or  not s pawn a t  a l l  ( Dryden and S t e i n  1 9 7 5 ) .  Add i t i on a l l y ,  imprope r l y  
s t ab i l i zed banks and imprope r l y  s i z ed  culver t s  may c a u s e  l ong- t e rm e ro s i on .  

Dur i ng o pera t i o n  o f  the t ra n s m i s s i on l i ne , a q ua t i c  s y s t em s  may be 
i mpac t e d  f rom ma i n t enance a c t i v i t i e s , pr i ma r i l y  vege t a t i on c o n t ro l . Howe ver , 
requ i red vege t a t i on c o n t r o l  near s t ream c r o s s i ng s  s ho u l d  be i n f requent and o f  
a much l owe r degree o f  ac t i vi t y  t han woul d occur dur i ng con s t ruc t i on .  For 
examp l e , i n s t ream d i s t ur banc e s  wo u l d  not be requ i red and o n l y  s e l e c t ed t ree s 
m i ght have t o  be removed o r  t r i mmed . Vege t a t i ve cont rol  near s t reams m i ght  
t empo rar i l y  i nc r ea s e  s t reambank ero s i on due t o  t he ac t i v i t y  o f  men and 
mach i nery . I mpac t s  wo u l d  be s im i l a r  to t ho s e  d i s c u s s e d  for con s t r uc t i on .  The 
a c c i de n t a l  r e l e a s e  of t ox i can t s  ( e . g . , ga s o l i n e , l ubr i c an t s , and herb i c i de s ) 
cou l d  c a u s e  the mo s t  i mpac t s  dur i n g  o pe ra t i on .  

F i s he r i e s  can be i mpac t ed by human ac t iv i t y ( e . g . , o f f- road veh i c l e s ) 
that h i nder s revege t a t i o n  and thus  pro l ongs  e ro s i on and re l a t ed pert urba t i on s 
t o  s t reams ( Ga l v i n  1 9 7 9 ) .  Howeve r , s uc h  poten t i a l  i mpac t s  are n o t  expe c t ed t o  
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1ncre a s e  a s  a r e s u l t o f  the prop o s e d  pro j e c t  because  pub l i c  ac c e s s  v1a  a c c e s s  
road s o r  the transmi s s i on l i ne r i ght s -of -way i s  a l ready we l l  e s t ab l i shed . 

A s  ment i oned , the s ma l l e r  s t reams woul d  have t he great e s t  p o t en t i a l  t o  be 
impac t e d . The ma j o r i t y  o f  t he s e  s t reams are p o t ent i a l  c o l dwat er  t rout  s t reams 
( Se c t i on 3 . 4 . 2 ) . Howeve r ,  o n l y  about e i ght  s t reams l e s s  than 3 m ( 1 0 f t )  wide 
have been documen t e d  a s  cont a i n i ng spawn ing t rout popul at ions  ( ER ,  Vo l .  7-
Tab l e  I I I -3 ,  Vo l . 8 --Ta b l e  I I I - 3 ) .  Approx ima t e l y  2 5  o t her s ma l l  s t reams are 
documen t ed t o  con t a i n  t rout , but t hey are mo s t ly s t o c ked . Even s ome of t he 
s t reams wi t h  s pawn ing t rout  are s u p p l emen t ed by s t ocki ng . On l y  i n  a very f ew 
i n s t an c e s  could  s pawn ing popu l a t i on s  be a f f e c t ed , and impac t s  wo u l d  be o f f s e t  
b y  s u b s e quen t s t o cking . Add i t i ona l l y ,  d i s r upt i on o f  ac t i v i t i e s  s uch a s  
mi gr a t i on wo u l d  onl y  be t emporary becau s e  s t ream d i s t ur ban c e s  woul d  n o t  be 
expe c t ed to l a s t more t han a f ew days , whe r e a s  f i s h mi gra t i on o c c u r s  over a 
per i o d  o f  days t o  weeks ( Ge en e t  a l . 1 9 6 6 ) .  

The l i ke l i hood o f  l ong- t e rm impac t s  t o  aqua t i c  ec o s ys t ems f r om the 
p ropo s e d  t ransmi s s i on l i ne f ac i l i t i e s  wou l d  be sma l l . Al t hough i mpac t s  
r e s u l t i ng f rom con s t ruc t i o n  ( e . g . , ero s i on and subs equent 1 n c r ea s e s  1 n  
t ur b i d i t y  and s ed i men t at i on )  may oc cur , they woul d  b e  l o ca l i zed , s ho r t - t erm , 
and rever s i b l e .  S t ream recovery ( re t urn t o  near t he o r i g i n a l  b i o l og i ca l  and 
phys i c a l  cond i t i o n s  t ha t  e x i s t e d  pr i o r  to con s t ruc t i on ) i s  o f t en e s t ima t e d  t o  
o c cur wi t h i n  a year and a s  r ap i d l y  a s  s i x  weeks ( Oehoney and Manc i n i  1 9 8 2 ) .  
The po t ent i a l  f o r  s i gn i f i c ant adve r s e  impac t s  woul d  be m i n imi zed i f  the 
mi t i ga t i ve mea s u r e s  commi t t ed to  by t he App l i cant are prope r l y  impl emen t e d .  

4 . 1 . 4 . 3  Wet l and s 

As s e s s ment o f  I mpa c t s  

I n  r e s ponse  t o  Execu t i ve Orde r s  1 1 9 8 8  ( Pro t ec t i on o f  F l oodp l a i n s ) and 
1 1 9 9 0  ( Pr o t ec t i on of Wet l an d s ) ,  DOE Ru l e s  and Regu l a t i o n s  ( 1 0 CFR 1 0 2 2 ) 
r e q u i r e  t ha t  a f l ood p l a i n / we t l and a s s e s s ment be prepared wh i ch :  d e s c r i be s  the 
pro j ec t , d i s cus s e s  the e f fe c t s  of  the pro j e c t  on f loodp l a i n s  and wet l and s , and 
i den t i f i e s  a l t erna t i ve s  inc l ud ing mi t i ga t ing mea s ur e s . Thi s a s s e s s ment 1 s  
provi ded i n  Append i x  B ,  and the r e s u l t s  are s umma r i z ed here . 

Al t hough c on s t ruc t i on ac t i vi t i e s  wou l d  avo i d  we t l and a r e a s  whe r e  
po s s i b l e ,  a l l such areas  c annot be avo i ded . There f o r e , s ome adve r s e  impac t s ,  
p r i ma r i l y  t empo rary , woul d  o ccur dur ing con s t ruc t ion , s t r i ng i ng operat i on s , 
and f o l l owing c on s t ruc t i on .  The s e  i mpac t s , d i s cu s s ed 1 n  mo re d e t a i l  1n  
Append i x  B ,  woul d  be minor and l arge l y  rever s i b l e .  Long- t e rm imp a c t s  t o  a 
m i n i mum amoun t o f  wet l and s woul d  o c cur f rom s t r uc t ure p l a c ement and ac c e s s  
road s . Thi s ha s been cons erva t i ve l y  e s t i ma t ed t o  preempt a max i mum o f  7 . 7  ha 
( 1 9 a c re s ) out of 2 1 4 . 9  ha ( 5 3 1  a c re s ) of wet l and hab i t a t  wi t h i n  t he Pha s e  I I  
r i gh t s -o f-way ( ER ,  Vo l s .  7 and 8 ) .  The minor amount o f  f loodp l a i n  hab i t a t  t o  
b e  a f f e c t ed by s t ruc t ur e  p l ac ement and ac c e s s  roads  wou l d  have a m i n ima l  
amount o f  i mpa c t  to  t e r re s t r i a l  b i o t a , s imi l a r  t o  t ha t  previou s l y  d i s cu s s ed 
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S t a t ement o f  F i nd i n g s  
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eva lua t i on 1 s  ba s ed upon mi t i ga t i ve mea s ure s 
and comm i t ted  to  by the Appl i c ant t o  m i n i m i z e  

( s ee Sec t i o n s  2 . 1 . 5 ,  4 . 1 . 1 0 . 4 ,  and Append i x  B ) . 

DOE f i nd s t ha t  no  prac t i c able  a l terna t i ve t o  l o ca t i ng a por t i on o f  t h i s  
propo s e d  a c t i on i n  f l oodp l a i n s  and we t l and s i s  ava i l a b l e , con s i s t ent  w i t h  the 
pol i c y  s e t  f o r t h i n  E . O .  1 1 9 88 . The componen t s  o f  t h i s  f l ood p l a i n s t a t ement 
of  f i nd i n g s  are con t a i ned in Append i x  B ,  and the a c t i on con forms to appl i c a b l e  
s t a t e  o r  l oc a l  f l ood p l a i n  p r o t e c t ion  s t anda rd s . 

4 . 1 . 4 . 4  Th reat ened and Endangered Spec i e s  

Se c t i on 3 . 4 . 4  i den t i f i e s consul t a t i ve and coord i na t i ve e f f o r t s c a r r i ed 
out by DO E and the r e s u l t s  o f  the s e  e f f o r t s .  

Vege t a t i on 

There are no p l a n t  s pec i e s  on 
endangered pl ant s that  are l i ke l y  t o  
l i ne c o r r i dor  ( s ee Se c t i on 3 . 4 . 4 . 1 ) .  

the federal  l i s t  of  threa tened and 
o c c u r  a l ong the propo s ed t ra n s m i s s i on 

P l an t s  con s i d e red rare t o  the s t ud y  area 
have been f ound i n  t he v i c i n i t y o f  t he propo s e d  rou te . However , t he s e  s pe c i e s  
e i ther o c c u r  i n  ha b i t a t s  that wou l d  be general l y  avo i ded b y  c on s t ru c t i on 
( e . g . ,  we t l and s ) o r  have been d e t e rmi ned n o t  t o  o c c u r  on the propo s ed r i gh t 
o f -wa y .  

F i s h and W i ld l i f e 

A number o f  s t a t e  and fede ra l l y  l i s t ed threat ened and endangered s p e c i e s  
o f  f i s h and wi l d l i fe coul d b e  a f f e c t e d by t he t ransmi s s i on l i ne ( s ee Ta b l e  A . 9  
i n  Append i x  A ) . The ma j o r  poten t i a l  f o r  impa c t  i s  a s s o c i a t ed wi th  c l e a r i ng 
o f  f o re s t  hab i t a t  f o r  the r i gh t - o f -way and , for  b i rd s , the po t en t i a l  o f  
c o l l i s i o n s  wi t h  t h e  s t ruc t ure s . Al l o f  t h e  s pec i e s  l i s t ed i n  Ta b l e  A . 9  are 
wide  rang i ng ,  wi t h  popul a t i o n s  extend ing t hroughout a t  l e a s t  New Engl and , 
a l be i t  s pa r s e l y .  The re f ore , l o s s  o f  a m i n o r  f rac t i on o f  ava i l a b l e  hab i t a t  1 s  
un l i ke l y  t o  re s u l t i n  a reduc t i on i n  numbers  o f  t he s e pro t e c t ed s p ec i e s ; 1 n  
s ome i n s t an c e s ,  more pre fe rred ha b i t a t  wo uld  b e  e s t abl i s hed . Al s o , a s  
d i s c u s s ed f o r  b i rd s  i n  general ( Sec t i on 4 . 1 . 4 . 1 ) ,  t he po t en t i a l  f o r  i mpact  
r e l a t ed to  w i re s t r i ke s  is  negl i g i b l e . 

4 . 1 . 4 . 5  E n v i ronme n t a l  I mpac t s  f rom Hydroelec t r i c  Gene ra t i on i n  Canada 

Impa c t s  t o  m i g r a t o r y  b i rd s  and o t h e r  wi l d l i f e i n  Canada a t t r i buted t o  
hydroe l e c t r i c  deve l o pment there a r e  beyond the s c ope and re q u i remen t s  o f  t he 
E I S .  Neve r t he l e s s , s e veral comme n t e r s  on t he d ra f t  E I S  expre s s ed c oncern that 
the propo s e d  ac t i on mi ght have s i gn i f i cant  adve r s e  envi ronmen t a l  e f f e c t s  
out s i de the Un i t ed S t a t e s , part i c u l a r l y  i n  the Jame s Bay reg i on o f  Quebec , 
Canada . The re f o re , t he appl i c a n t  and Hydo-Que bec ( a  pro v i n c i a l  age n c y )  
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j o i n t l y  s ubm i t t ed a suppl ement  t o  the ER d e s c r i b i ng the Canad i a n 
1 n  que s t i on and addre s s i ng the h i s t o r i c a l  and propo s ed 
hyd ro e l e c t r i c  deve l o pmen t wi t h i n  the La Gr ande R i v i e re s y s t em on 
par t i c u l a r l y  in r e l a t i o n  t o  mi gratory b i rd s  ( ER ,  Suppl eme nt , Jan . 
Tha t documen t i s  i n c l uded i n  t h i s E I S  a s  Append i x  C .  

envi ronme n t  
ef f e c t s  of  

Jame s Bay , 
1 5 , 1 9 8 7 ) .  

The DOE ha s ob t a i ned c o p i e s  of t he pe r t i nent s c i en t i f i c  l i t e r a t u r e  upon 
wh i c h t he i n f o rma t i o n  and conc l u s i o n s  in Append i x  C a re based . The DOE ha s 
i nde penden t l y  a s s e s s ed t he i n f o rma t i on c o n t a ined i n  t ho s e  documen t s ,  and 
concur s w i t h  t he conc l u s i o n s  p re s e n t ed in Append i x  C .  Br i e f l y  s t a t ed ,  t h e s e  
conc l u s i on s  are a s  f o l l ows : ( 1 )  n o  no t i c ea b l e  e f f e c t s  on t he u s e  of  t he 
r e s ervo i r s  by m i g r a t o r y  b i rd s  are expec t ed ( s ee p .  C-8 ) ,  ( 2 )  changes 1 n  r 1 ver  
f l ow a s soc i a t ed wi t h  Pha s e  I I  contract  s a l e s  wou l d  be  negl i g i b l e  ( s ee p p . C-30  
through C-34 ) ,  ( 3 )  no c hange s i n  phy s i c a l  or  b i o l og i c a l  pa rame t e r s  i n  Jame s 
Bay r e l a t ed t o  Pha s e  I I  c o n t r a c t  s a l e s  wou l d  be  expe c t ed ( s ee pp . C-38  t hrough 
C-50 ) ,  ( 4 )  hydroe l e c t r i c  deve l o pment t o  d a t e  in t he Jame s Bay reg i on ha s not 
had any s i gn i f i c ant  e f f e c t on mi gra t o ry b i rd popu l a t i on s , and ( 5 )  no 
s i g n i f i c an t  adve r s e  e f f e c t s  on m i gratory  b i rd popu l a t i o n s  in t he Jame s Bay 
reg 1 on re l a t ed to Pha s e  I I  c ont ::- a c t  s a l e s  are expe c t ed ( s ee pp . C-49 and 
C-50 ) .  

I n  t he rema i nder o f  t hi s  s ec t i on , t he app l i c a b i l i t y o f  the N a t i on a l  
Envi ronmen t a l  Po l i c y  Ac t of  1 9 6 9  ( NEPA ) , 4 2  U . S . C .  4 3 2 1 e t  � · t o  t he 
envi ronmen t  out s i de t he Un i t ed S t a t e s  i s  d i s cu s sed , and t he r a t i on a l e  for  
d e t e rmi n i ng t ha t , i n  t h i s c a s e , NEPA doe s n o t  requ i re an ana l y s i s  of  t he Jame s 
Bay reg i on i s  p r e s en t e d . As n o t e d  e a r l i er ,  NEPA re q u i r e s  t h a t  f ederal  
agenc i e s  g i ve approp r i a t e  we i ght  t o  f a c t o r s  a f f e c t i ng t he human env i ronment  i n  
t he i r  de c i s i on-ma k i ng proc e s s . I n  t h i s c onne c t i on ,  f ederal  agenc i e s  a r e  
req u i red t o  p r e p a r e  s t a t emen t s  on propo s a l s f o r  ma j o r f edera l a c t i on s  
s i gn i f i c a n t l y  a f f e c t i ng the qual i t y o f  t he human env i r onment . 

Exec u t i ve Order 1 2 1 1 4 ,  ent i t l ed Envi ronmen t a l  E f f ec t s  Abroad o f  Ma j o r 
Fede r a l  Ac t i on s ,  was  i s s ued on J u l y  4 ,  1 9 7 9  ( 44 Fed . Reg . 1 9 5 7 ) .  Thi s 
Exec u t i ve Order repre s ent s t he exc l u s i ve and comp l e t e  det ermi na t i o n  by t he 
Ex e c u t i ve Branch on the procedural  and o t he r  a c t i o n s  t o  be t aken by f ederal  
agenc i e s  t o  fur ther t he pur p o s e s  of  NEPA w i t h  respect  t o  the envi ronment  
o u t s i de  t he Un i t ed  S t a t e s , i t s  t e r r i t or i e s  and p o s s e s s i on s . The ma j or federal  
ac t i on s  i n c l uded under  t h i s Exec ut i ve Order a r e  as  f o l l ows : 

1 .  Tho s e  a c t i on s  s i gn i f i c ant l y  a f f ec t i ng t he env i ronmen t  o f  t he g l obal  
c ommons  ou t s i de t he j ur i s d i c t i on o f  any na t i on . 

2 .  Tho s e  a c t i on s  s i gn i f i c an t l y a f f e c t i ng t he envi ronme n t  o f  a fore i gn 
na t i on n o t  par t i c i pa t i ng wi t h  t he Un i t ed S t a t e s  and n o t  o t herwi s e  
i n vo l ved i n  t he a c t i on .  

3 .  Tho s e  a c t i on s  s i gni f i c ant l y  a f f ec t i ng t he env i ronment o f  a f o re i gn 
n a t i on wh i c h prov i d e  t o  t ha t  na t i on s p e c i f i ed produc t s  or  phys i c a l  
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pro j e c t s  wh i c h  wou l d  b e  proh i b i ted or  s t r i c t l y  regul ated 1 n  the 
Un i t ed S t a t e s . 

4 .  Tho s e  a c t i o n s  s i gni f i c an t l y  a f f e c t i ng natural  o r  e c o l og i ca l  
res our c e s  o f  g l o bal impo r t an c e  des i gna t ed for  pro t e c t i on under the 
Exe cut i ve Orde r by the Pre s i dent . For r e s our c e s  pro t e c t ed by 
i n t e rna t i onal ag reeme n t  b i nd i ng on the Un i t ed S t a t e s , t he Secre t a ry 
of S t a t e  may de s i gnate  s uch r e s ources  f o r  pro t e c t i on under thi s 
Exe cut i ve Order . 

The Execut i ve Ord er a l s o  d e s i gna t e s  a s e r 1 e s  o f  s pec i f i c exce pt i o n s  t o  
i t s  prov1 s 1 ons , inc l ud i ng a c t i o n s  n o t  having a s i gn i f i c ant e f fe c t  o n  t he 
envi ronme n t  out s i de the Un i t ed S t a t e s  a s  determi ned by t he federal  agen c y .  

I n  mak i ng i t s  d e t e rm i na t i o n  whe ther a n  a c t i o n  wi l l  have a s i gni f i c ant 
e f f e c t  on the envi ronme n t  out s i de  the Un i t ed S t a t e s , t he Depa r tmen t  of Ene rgy 
may ado pt a l l  or part of e x i s t i ng envi ronmen t a l  anal y s e s , i n c l ud i ng t ho s e  
prepared by fore ign coun t r i e s  or  i n t e rna t i onal organ i z a t i on s , when i t  be l i eve s 
that  t he s e  ana l ys e s  are adequate i n  s c ope and c on t e n t  t o  make a d e t ermi nat i o n . 

I n  the pre s e n t  ca s e , t he ma j o r  f ede ral a c t i o n  i s  t o  grant a Pre s i de n t i a l  
Permi t f o r  t he c on s t ru c t i o n  and o pe ra t i o n  o f  a n  e l e c t r i c  t ra n smi s s i o n  l i ne 
that  wi l l  c r o s s the i n t e rna t i onal borders of the Un i t ed S t a t e s . The appl i cant  
for  the Pre s i den t i a l  Permi t propo s e s  t o  con s t ruct and opera t e  t ran smi s s i on 
l i ne s and re l a t ed f ac i l i t i e s  who l l y  w i t h i n  the Un i t ed S t a t e s . The s e  
ac t i v i t i e s  d o  n o t  fa l l  unde r t he j ur i s d i c t i on o f  Execu t i ve Ord e r  1 2 1 1 4  becau s e  
none o f  t he four s pe c i f i ed a c t i v i t i e s  s t a t ed above 1 s  the sub j e c t  o f  t he 
propo s e d  a c t i on :  

1 .  The prop o s ed a c t i o n  doe s n o t  have a s i gn i f i c ant adve r s e  e f f e c t  on 
the g l obal  c ommo n s  out s i de  the j u r i s d i c t i o n  of an y n a t i o n . Thu s  the 
Execu t i ve Order doe s not app l y .  

2 .  The expo r t  o f  e l e c t r i c  power 
r e a s on the appl i cant  need s 
Thus , Canada i s  i nvol ved 1 n  
Order d o e s  n o t  appl y .  

t o  the Un i t ed S t a t e s  f rom Canada i s  the 
t o  con s t ruc t t he pro po s ed f ac i l i t i e s . 
t he proposed a c t i o n , and the Execu t i ve 

3 ,  The pro posed a c t  i on does  n o t  i n vo l ve the export t o  Canada o f  any 

4 .  

produc t or  phys i ca l  p r o j e c t .  Thu s , t he Exec u t i ve Ord e r  doe s n o t  
appl y .  

Ne i ther the Pre s i dent nor t he S e c re t ary 
of t he re l evant  natural o r  e c o l o g i c a l  
pro t e c t i o n  unde r t h e  Exec u t i ve Orde r . 
d o e s  n o t  app l y .  

o f  S t a t e  ha s d e s i gna t ed any 
re s ou r c e s  to be subj e c t  t o  

Thu s , t h e  Execu t i ve Order 
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Al t hough , i n  t h i s i n s t anc e , DOE ha s det ermi ned that  NEPA doe s n o t  req u 1 re 
an anal y s i s  o f  the envi ronmen t a l  e f f ec t s  out s i de  t he Un i t ed S t a t e s , i t  
neve r t he l e s s  a s s e s s e d  the i n f o rma t i on presented 1 n  Append i x  C .  DOE has  
d e t e rmi ned that  the i n f o rma t i on s ubmi t t ed wa s adequa t e  in  s c ope and c o n t e n t  
f o r  DOE t o  a s s e s s  a n y  i n c reme n t a l  e f fe c t s  t h e  propo s e d  a c t i on m i ght have on 
the Jame s Bay reg i o n . Ba s e d  on th i s  i n forma t i on and o t her refe rence s ,  DOE 
conc l uded t ha t  the propo s ed a c t i on wou l d  n o t  r e s u l t i n  any s i gn i f i cant  
i ncrement a l  adve r s e  envi ronmen t a l  i mpac t s  i n  the Jame s Bay reg i o n . The r e f o r e , 
even i f  t he Execut i ve Order wa s app l i cabl e t o  t he propo s e d  ac t i on , the ac t i on 
neve r the l e s s  woul d be exempt und e r  the t e rms o f  the Execut i ve Orde r . Thi s 
envi ronmen t a l  ana l y s i s ,  t ogether w i t h  a d i s c u s s i on o f  the on-go 1 ng and 
exten s i ve envi ronme n t a l  mon i t o r i ng programs and regu l a t ory procedure s 
a p p l i c a b l e  t o  t he Jame s Bay reg i on that are  adm i n i s t e red by t he Government o f  
Canada , i s  pre s en t e d  o n  page s C- 1 2  through C-2 7 o f  Append � x  C .  

4 . 1 . 5  Soc i o e c onomi c s  

The con s t ruc t i o n  pha s e  o f  the propo s ed pro j e c t  wou l d  have m 1 nor  s h o r t 
t e rm i mpac t s  on t he l o c a l  ec onomy , hou s i ng ,  a n d  t ra n s p o r t a t i on .  The pro j e c t  
wou l d  c r e a t e  l oc a l  s ho r t - t e rm emp l oyme n t  oppo r t un i t i e s , bu t wou l d  n o t  have 
s i gn i f i cant  i mpa c t  on the unemp l oyment rate . Con s t ruc t i on a c t i v i t i e s  wou l d  
o c c u r  dur i ng 1 9 8 7 - 1 9 9 0  and wo u l d  re s u l t 1 n  a peak work f o r c e  o f  about 
550 peo p l e . The App l i cant  e s t i ma t e s  t ha t  3 0 %  to 40% of t he wo rk force wou l d  
b e  h i red l oca l l y  ( ER ,  Vo l . 2-- p .  1 9 3 , Vo l . 3--p . 2 0 5 ) .  M i n o r  s ho r t - t erm 
bene f i t s  t o  t he l oc a l  ec onomy wou l d  r e s u l t f rom pro j e c t  ex pend i t ure s on 
e q u i pmen t , s e rvi c e s ,  and payro l l s . 

The i n f l ux o f  c on s t ruc t i on worke r s  woul d i nc rea s e  s hor t - t e rm demand f o r  
t empo rary l odg i ng ;  howeve r ,  s i nc e  t he wo rk force  wou l d  be d i s t r i buted i n  sma l l  
un i t s  ( 2  t o  2 0  pe r s on s ) a l ong t he propo s ed route ( ER ,  Vo l .  2--pp . 1 9 2 - 1 9 3 ,  
Vo l .  3 --p . 2 04 ) ,  hou s i ng s ho r t a g e s  wou l d  be unl i ke l y .  Re s i den t i a l  prope r t y  
va l u e s  wou l d  proba b l y  n o t  b e  a f fec t e d , g i ven t he e s t ab l i s hed p r e s ence o f  
mu l t i p l e  t ransmi s s i on l i n e s  o n  t he r i ght-of-way . A l t hough samp l e  s i z e wa s 
s ma l l ,  Lamp rey ( 1 9 8 6 ) found no s i gn i f i cant  d i f ference  i n  t he va l ue s  o f  
a d j a c e n t  propert i e s  be fore  and a f t e r  t he add i t i on o f  a t ransmi s s i on l i ne t o  an 
ex i s t i ng r i gh t - o f -way . 

Movement o f  heavy e q u i pment and t rucks  on a c c e s s  roads  dur i ng 
con s t ruc t i on a c t i vi t i e s  c o u l d  adver s e l y  a f f e c t  l oc a l  t r a f f i c  f l ow s  and 
i n c r e a s e  l oc a l  l eve l s  o f  no i s e and o f  fug i t i ve dus t . Th i s  mi ght be mi t i ga b l e  
t o  s ome e x t e n t  through j ud i c i ou s  c ho i c e o f  rou t e s  and pr i or no t i f i ca t i on ( ER ,  
Vo l . 2--p . 1 9 3 , V o l . 3--p . 2 0 5 ) .  
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4 . 1 . 6  Vi s ua l  Resources  

4 . 1 . 6 . 1  V i s ua l  I mpac t s  Ana l y s i s  C r i t e r i a  

The me t ho d s  for  e s t abl i s h i ng t he s t udy area and eva l ua t i ng t he v i s ua l  
q ua l i t y o f  t he ex i s t i ng envi ronme n t  i n  t erms o f  l and s c a pe t ypes a re d i s c u s sed 
1 n  Sec t i on 3 . 6 .  The f o l l ow i ng me t hodo l ogy 1s  o r i en t ed t owa rd a s s e s s 1ng 
po t en t i a l  v i sual  i mpac t s  r e l a t e d t o  t he propo s ed pro j e c t . 

The DOE S t a f f  ha s revi ewed the Ap pl i c ant ' s  me t hodo l o gy for  eva l ua t i ng 
v i s u a l  impac t s  a s soc i a t e d wi t h  t he propo s ed pro j ec t ,  as  pre s e n t ed i n  t he ER 
( Vo l . 7 --Sec . I I I . C . 2 . c ,  p .  1 04 ; Vo l .  8--Sec . I I I . C . 2 . c ,  p .  1 0 8 ) . In v i ew of 
t he comprehe n s i ve n a t ure of t he me t hod o l ogy and t he genera l l y  l ow l e ve l o f  
pro j e c t - re l a t ed impac t s  a n t i c i pa t e d , a de t a i l e d de s c r i p t i o n  o f  me t hod o l ogy 1 s  
n o t  p r e s e n t e d here . However , s ome d i s c u s s i on o f  t e rmi n o l ogy and an a l y t i c a l  
proc edures  i s  n e c e s sary f o r  comprehen s i on of  pro j e c t - re l a t e d i mpac t s  addre s s ed 
1n  Sec t i on 4 . 1 . 6 . 2 .  

I n i t i a l  anal yt i c a l  p r oc edure s i nc l uded e s t ab l i s h i ng van t age po i n t s  wi t h i n  
pro j e c t  s t udy a re a s  f rom wh i c h  the propo s e d  t ra n s m i s s i o n  fa c i l i t i e s  c o u l d  be 
o b s erved . Va n t age po i n t s we re i den t i f i ed f rom a va i l a b l e  data s ou rc e s  and 
gene ral  f i e l d  s ur ve y s  and we re rec orded as " I nven t o r i ed As s e s sme n t  Po i n t s "  
( IAPs ) .  Each I AP wa s i n ve s t i ga t ed t hrough f i e l d  reconna 1 s sance  and ma p 
ana l y s i s .  I n  i n s tanc e s  whe re the pro j e c t - re l a t e d v i sual  i mpac t s  c o u l d  be 
ranked as no or  m i n i ma l  i mpac t ,  t he appro p r i a t e  r..mk i ng wa s reco rded and no 
further  ana l y s e s  we re unde r t a ken . I n  t he even t t ha t  t he v i sua l i mpac t at a 
g i ve n  IAP exc eeded t he m i n i ma l  l e ve l , the I AP wa s de s i gna t ed a s  a "Vi sua l 
As s e s sme n t  Po i n t "  ( VAP ) and t he i mpac t s  we re f u r ther eva l ua t e d  by four t ype s 
o f  a n a l y s e s  ( ER ,  Vo l . 7--p . 1 0 5 ) .  Re s u l t s  o f  eva l ua t i o n s  for  a g i ven VAP we re 
a s s i gned one of f i ve rel a t i ve rat i ng s  to re f l e c t  the deg ree of i mpa c t -- i . e . ,  
l ow ,  l ow-modera t e , mode r a t e , modera t e- h i gh , or  h i gh . The s e  ranki n g s , a s  we l l  
a s  t he n o  o r  m i n i ma l  i mpa c t  ra n k i n g s  for  I APs , a re used i n  t he f o l l ow i ng 
de s c r i pt i on s  o f  p r o j e c t - re l a ted vi s u a l  i mpac t s . 

4 . 1 . 6 . 2  Vi s ua l  I mpac t s  o f  C o r r i dor Segmen t s  and B u i l d i n g S i t e s  
Wi t h i n  Pr o j e c t  S t udy Are a s  

The fo l l ow i ng d i s c u s s i on s  o f  pr o j e c t - re l a t e d vi sual  i mpac t s  c o r r e s pond 
wi th  the s equence of s egmen t s  wi t h i n  pro j e c t  s t udy areas  e s t a b l i s hed 1 n  
Se c t i on s  3 . 6 . 2  and 3 . 6 . 3 .  I n  a l l  c a s e s , con s t ruc t i on ac t i v i t i e s  and equ i pme n t  
r e l a t e d  t o  t he proposed  pr o j e c t  wo u l d  r e s u l t 1 n  s hor t - t erm adve r s e  v i s u a l  
i mpac t s . 

New Hamp s h i r e  

Segment A-- I APs e s t a bl i s hed wi t h i n  t h i s 60-km ( 3 7 -mi ) 
i nc l uded 1 0 2  s i t e s , o f  wh i c h  2 4  were i d en t i f i e d  a s  VAP s . 

l a n d s c a pe s e gme n t  
The h i g he s t  ra t i ng 

of i mpac t a s s i g ned wa s mo derate  for each of e i ght VAP s . G i ven t he de ve l o pme n t  
p l a n s  f o r  the propo s ed l i n e , t he overa l l v i s ua l  i mpac t f o r  t h i s s e gme n t  wo u l d  
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be r a t e d  a s  l ow .  The l ow rat ing wo u l d  l a rge l y  be d u e  t o  t he den s e l y  fore s t ed , 
hi l l y t o  l ow moun t a i no u s  t e r r a i n  t ha t  wou l d  s c reen and obs truc t v i ews o f  t he 
propo sed l i ne , a s  we l l  a s  l i mi t v i ewing d i s t an c e s . Fur t hermo r e , t h i s s egme n t  
o f  the s t udy area i s  p r i ma r i l y  rural  i n  cha rac t e r wi t h  l i m i t ed a re a s  o f  urban 
and commer c i a l  deve l o pme n t ; thus , the number of v i ewe r s  wo u l d be compara t i ve l y  
l ow .  The propo sed l i ne wo u l d  para l l e l  two ex i s t i ng t ransmi s s i o n l i ne s f o r  a l l  
but a bo u t  1 . 3  krn ( 0 . 8  mi ) .  The v i sual  e f f ec t s  r e l a t ed t o  t he propo s e d  l i ne 
wou l d  be i n c remen t a l  to t ho s e  of the two ex i s t i n g  l i nes  f o r  v i r t ua l l y  t he 
ent i re l ength of the segmen t .  

Segment B--Ana l y s i s  o f  t h i s 93-krn ( 5 8-mi ) s e gme n t  of t he s t udy area 
re s u l t ed i n  t he eva lua t i o n  o f  158 I AP s , o f  wh i ch 2 1  we re i d en t i f i ed as  VAP s 
( ER ,  V o l . 8--p . 1 3 2 ) .  The h i ghe s t  l eve l of a s s i gned v i s ua l  i mpac t wa s r a t e d  
a t  modera t e -h i gh impac t ,  invo l v i ng f o u r  VAPs ; t he a s soc i a t ed i mp a c t  a reas  
i n c l ude h i ghway and b i ke rou t e  c r o s s 1 n g s  ( U . S .  2 0 2 , SRs 9 / 1 0 3  and 1 1 ) , 
Whi t t i er and P i l l bury pond s , and t he v i l l age of  G r o t on , i n c l ud i ng an a d j a c en t  
road ( ER ,  Vol . 8--Tab l e  I I I - 1 0 ) .  The ove ra l l  impa c t  l evel  f o r  t h i s s egment 
wa s rated a s  l ow-modera t e  v i s u a l  impa c t . A s s e s smen t s i t e s  1n  t he no r t hern 
por t i o n  o f  t h i s s egme n t  t end t o  corre s pond wi t h  n a t u r a l  l an d s c apes , 
recre a t i on a l  a rea s , and road c r o s s 1 n g s . To t he s o u t h ,  a s s e s sment po i n t s t end 
to corre s pond wi t h  r e s i d e n t i a l  areas  and thus wou l d  i n vo l ve a g r e a t e r  number 
o f  v i ewe r s .  The propo s ed l i ne wo uld  para l l e l  t wo e x i s t ing l i n e s ; thu s , t he 
v i s u a l  e f f ec t s  re l a ted t o  t he propo s e d  l i ne wou l d  be i ncrement a l  t o  t ho s e  of 
t he e x i s t i ng l i n e s  throughout t h i s  s egment o f  the s t udy area . 

S egmen t  C--A t o t a l  o f  1 5 1  I AP s  we re e s t ab l i shed w i t h i n  t h i s 4 2 - krn  ( 2 6-mi ) 
l an d s cape s e gmen t , of wh i ch 2 6  were i d en t i f i ed a s  VAP s . The h i ghe s t  pro j e c t 
r e l a t e d  l eve l o f  v i s u a l  e f f e c t s  i s  ra t ed a t  modera t e-h i gh impa c t , and i n vo l v e s  
f o u r  VAP s . The a s s o c i a t ed i mpa c t  a r e a s  i n c l ude t he Kennedy H i l l  f a rm , S R  1 14 
( pa ra l l e l ed and c ro s s ed ) ,  t he Terre l l  H i l l  and Back R i ver  Road c ro s s i n g s , and  
a r e a s  a d j a c e n t  to  t he Back R i ve r  Road . Thi s lands cape s egme n t  recen t l y  ha s 
undergone e x t en s i ve re s i den t i a l  and commerc i a l  devel opmen t . Subd i v i s i on and 
roa d s i de res i dences  con s t i t u t e d  6 8  o f  t he e s t a b l i s hed I APs . In v i ew o f  the 
v i s u a l  e f f ec t s  re l a ted t o  ex i s ·. i ng t ransmi s s i o n  l i n e s  paral l e l ing the propo sed 
rout e ,  t he · s c a t t e red d i s t r i bu t i on of  l arge r e s iden t i a l  and comme r c i a l  
s t ru c t u re s , t h e  f ragme n t e d  pa t t erns  o f  veg e t a t i on , and t he l ow l and s cape 
q u a l i t y  o f  t h i s segmen t , the i n c reme n t a l  i ncrea s e  i n  v i sual  i mpa c t  re l a t ed t o  
deve l o pmen t  o f  t h e  propo s e d  l i ne wou l d  genera l l y be of m i nor  c o n s equence . 

Ma s s a c hus e t t s  

S egmen t  A--W i t h i n  t h i s 1 9 . 6 -krn ( 1 2 . 2-mi ) s egme n t  o f  the Ma s s a c hu s e t t s  
s t ud y  area , a t o t a l  o f  4 2  I AP s  we re e s t ab l i s hed , o f  wh i c h  o n l y  s even we re 
l a t e r  d e s i g na t e d  as VAPs . G i ven t he deve l o pment o f  the propo s ed l i ne , t he 
ove ra l l  a s s e s sme n t  for  t he s egmen t  i s  a l ow-modera t e  v i sual  i mp a c t  rat i n g  ( ER ,  
Vo l .  7 - - p . 1 2 1 ) .  The h i ghe s t  i mpa c t  ra t i ng a s s i gned wa s mode ra t e- h i gh f o r  t he 
S t a t e  Ro u t e  ( SR )  1 1 9 / 2 2 5  c ro s s i ng of the propo s e d  route . Two mode r a t e  r a t i ng s  
were a s s i gned , a l so i n vo l v i ng h i ghway c ro s s i ng s  ( U . S .  3 a n d  SR  40 ) .  W i d e n i n g  
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the c l eared port i on of t he ex i s t ing right-of-way wi thin thi s s e gmen t and 
development of t he proposed t ransmi s s ion l i ne woul d  inc remen t a l l y  inc rea s e  t he 
vi sua l  impac t s  a s soci a t ed wi t h  t he ex i s t ing t ransmi s s i on l i ne pre s en t l y  
oc cupying the right-of-way . Howeve r ,  t he vegeta t i on and ro l l ing t o  h i l l y  
te rra in would t end to  l imi t viewing d i s t anc e s  and o t herwi s e  obs t ru c t  views o f  
t he two l i nes . 

Segment B--As s e s sment of thi s 58-km ( 36-mi ) segment en t a i led e s tabl i s hi ng 
144 lAPs , o f  wh i ch 40 were i den t i f i ed a s  VAP s . The overa l l  a s s e s smen t o f  t he 
segment wa s ra t ed as  low-modera t e  vi sual impac t ( ER ,  Vo l . 7--p . 1 2 2 ) .  The 
proposed route would para l l e l  exi s t ing t ran smi s s ion l i nes for a l l  but 0 . 8 km 
( 0 . 5  mi ) near t he M i l l bury No . 3 sub s tat i on . Thus , compa t i b i l i t y ra t i ngs for 
t he propo s ed l i ne would t end t o  be moderat e  or modera t e-h i gh ; the s e  rankings 
are equi val ent to rel a t i ve l y  low vi sual impac t s .  Mo s t  vi sual impact a rea s in 
thi s s egment are re lated t o  re s i dent ial  developmen t s  and highway cro s s ings . 
About 6% o f  a s s e s sment po i n t s  i n  the segment i nvol ve rat ings o f  modera t e-high 
vi sual impac t s ; the impa c t  a reas include the Wachu s e t t  Re s ervo i r , a Nat i onal 
H i s t o r i c  Monumen t ,  t hree res ident i a l -commerc i a l  area s , and f our h i ghway 
cro s s ings . 

Segmen t C--A t o t a l  of 7 3  lAPs were e s tabl i shed a l ong thi s 2 6 -km ( 1 6-mi ) 
s egmen t , o f  wh i ch 1 7  were iden t i f i ed a s  VAP s . On l y  two o f  t he s e  VAPs rated 
modera t e-h i gh impac t l evel s ,  i . e . , the Janock and Carp Road subd i v i s i on and 
t he SR 85 cro s s i ng . F i ve modera't e impac t rat i ng s  we re a s s i gned , var i o u s l y  
i nvolving l o c a l  s t ree t s  and /or s ta t e  a n d  federa l hi ghways . Vege t a t i on 
c l earing would crea t e  great er po t en t i al for viewing the r i ght-o f -way i n  t h i s  
segmen t , but t he propo sed l i ne would para l l e l  exi s t ing t ran smi s s i on l i nes 
t hroughout the s egmen t . Thus , t he resul t i ng impa c t  would be inc remen t a l . The 
overal l  a s s e s smen t for thi s s egment i s  rated a l ow-modera t e  vi sua l impa c t  ( ER ,  
Vol .  7--p . 1 24 ) . 

Converter Terminal S i t e--S i t e  c l earing and deve l o pmen t o f  t he proposed 
t erminal fac i l i t i es  would d ra s t i cal l y  a l t er t he character o f  t he s i t e .  
However , the pro po s ed t erminal s i te i s  bounded by wooded ro l l i ng t o pogra phy on 
t he northea s t , north , and mo s t  of t he we s t  s i de of t he s i te .  The s i t e i s  
otherwi s e  surrounded by grave l p i t s , an i ndus t r i a l  s i t e ,  t he Bo s t on and Ma ine 
f re i ght l i ne and yard ing area , and t ransmi s s i on fac i l i t i e s  and r i ght s -o f -way . 
Thus , t he deve l opmen t o f  t he propo sed t erminal wou ld be o f  minor consequence 
wi t h  re spect to v i s ua l  res ources . 

Con s t ruc t i on Laydown and S t ag i ng Areas 

An e s t ima ted 2 5  to 35 sma l l  area s o f  0 . 4  t o  0 . 8 ha ( 1  to 2 a c re s ) eac h ,  
a s  wel l  as  1 1  larger areas o f  2 t o  5 h a  ( 5 t o  1 2  acres ) eac h ,  would be 
deve l oped a t  various int erva l s  a l ong t he propo s ed t ransmi s s i on l i ne s egment s 
t o  s erve a s  con s t ruc t i on l ayd own and s taging a reas ( ER ,  Suppl emen t , Re s ponse  
No . 9 ,  Sep t . 29 , 1985 ) .  Deve l o pmen t  o f  t he s e  a rea s and t he re l a t ed 
con s t ruc t ion a c t i vi t y  would degrade t he qua l i t y o f  l o c a l  land s c ape s . S i nce 
l oc at i on s  o f  s t ag i ng area s are not norma l ly i dent i f i ed pr1or t o  i n i t ial  
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con s t ruc t ion , the re l a t ed v i sual impac t s  are curren t l y  unknown . However , 
fol l owing pro j ec t  c on s t ruc t i on ,  the s taging areas would be recla imed and 
re s t ored to cond i t i on s  s imi l ar to tho se exi s t ing p r i or t o  c on s truc t i on ( ER ,  
Suppl ement , Re s pon s e  No . 7 ,  Sept . 2 7 ,  1 985 ) ;  t hu s , no s ign i f i cant l ong- term 
v i s ual i mpact s  wou l d  be expe c t ed . 

I n  s ummary , the overal l  v i s ual impac t s  for both the New Hamp sh i re and 
Ma s s achu s e t t s  port ions of  the propo sed tran smi s s i on l in e s  are ranked as l ow
moderate ( ER ,  Vol . 7--p . 1 2 5 , Vol . 8--p . 1 3 5 ) .  

4 . 1 . 7  Cul tural Re s ources 

The propo sed act i on wou l d  have no adverse e f fec t s  on s ign i f i cant 
archeo logical  s i t e s  or hi s t o r i c  s t ruc ture s ( i . e . , those det ermined to be 
el i g i b l e  for the Nat i onal Reg i s ter of H i s t o r i c  Place s )  ( Adamovich 1 986 ; 
Talmage 1 986 ) .  However , the propo sed act i on could have adve r s e  effec t s  on 
35 archeological  s i te s  loca t ed on or adj acent to the r i ght-of-way t hat have 
not been evaluated for Nat i onal Reg i s t er e l i g i b i l i t y ;  the s e  impac t s  wou l d  be 
avo i ded by impl ementa t i on of  the pro t ec t i ve m 1 t 1gat i ve mea s ur e s  out l ined 1n 
Appen d i x  E 1n t he December 1 2 , 1 986 , l e t ter from Brad l ey H .  Spooner t o  
Val erie  A .  Talmage . 

4 . 1 . 8  Hea l t h  and Safety 

Hea l t h  and safety i s sues  related t o  the operat ion and ma i n t enance of  the 
t ransmi s s i on l in e s  would center around poten t ial  effec t s  from e l e c t r i c  and 
magnet i c  f i e l d s , a i r  i on s , i nduced current and / or  s park d i s charges , aud i b l e  
no i s e ,  ozone produc t ion , and u s e  o f  herb i c ide s . Poten t ial e f f e c t  o n  card i ac 
pacemaker s  i s  a l s o  an i s sue of  concern . Both DC and AC t ran smi s s i on l i n e s  
woul d  be con s t ructed i n  c on j unc t i on with the propo s ed pro j ec t .  Becau s e  of 
d i f ferences  in t he e l e c t r i c a l  character i s t i c s  of  the two sys t ems , po t ent ial  
heal t h  and s afety 1 s sues  for AC and DC l ines are d i s cus s ed s epara t e l y .  
Add i t i onal l y ,  s ince mo s t  of  t he propo sed D C  l ine would b e  routed w i t h i n  
ex i s t i ng AC corr i dor s ,  a d i s cu s s ion of  po t ent ial  c omb ined effec t s  of  AC and D C  
operat ion i s  al s o  inc l uded . Unl e s s  noted or o therw i s e  obvi ous , s t at�d val ue s  
inc l ude cont r i but i ons  from exi s t ing t ransmi s s ion l ines . 

4 . 1 . 8 . 1  DC Effec t s  

I nforma t i on presented i n  the Pha s e  I E I S  ( U . S .  Department o f  Energy 1 9 8 4 ) 
s upport s the c onc l u s ion that operat ion of t he DC l ine would genera l l y  have 
negl i g i b l e  effec t s  on heal t h  and safety . Informat ion publ i s hed s in c e  that 
t ime does  not a l t e r  the conc l u s ions reached i n  that document . Much o f  t h i s  
newer informat ion i s  summari zed 1 n  t he ER , Vo l .  S a  ( New Engl and Hydro
Transmi s s ion Corp . and New Engl and Hydro-Tran s mi s s i on E l e c t r i c  Co . [ NEHTC and 
NEHTEC ] 1 9 8 S a ) .  A pert i nent s ummary of t he p o t ent ial  adverse e f f ec t s  of DC 
t ransmi s s ion l ines i s  presented in t he fol l owing s ub s e c t ions . 
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E l e c t r i c  and Magne t i c  Envi ronment 

The elec t r i c  f i el d  a s s o c i ated wi th a h i gh-vol tage DC t ransmi s s i on l i ne i s  
produc ed by the elec t r i c  charges  on the s epara te po s i t i ve and negat i ve 
conduc t o r s  ( l i ne s )  and by the space charge genera t ed by corona ( Bracken 1 9 7 9a ,  
1 9 79 b ;  John s on and Zaf fane l l a  1982 ) .  Charge s on the t ran smi s s i on l i ne produce 
a s t a t i c  e l ec t r i c  f i eld ; the f i eld produced by the space charge i s  h i ghly 
var i ab l e . The inten s i t y  o f  the electric  f i e l d--measured in  vol t s  (V)  or  
ki l ovo l t s  (kV )  per un i t  d i s tance-- i s  grea t e s t  at  the conduc t o r  surfac e s  and 
dec rea s e s  rap i d l y  as one move s away from the c onductor , vert i c a l l y  or  
hor i zont a l l y .  In t he absence o f  corona , the elec t r i c  f i eld  i s  compo s ed on l y  
o f  the s t a t i c  e l ec t r i c  f i e l d ; whereas dur i ng inten s e  corona , t h e  s p a c e  c harge 
can be severa l t ime s tha t  o f  the s t a t i c  f i eld  ( ER ,  Vo l .  Sa ) .  

Corona ( the par t i a l  breakdown o f  a i r  into  charged part i c l e s ) beg i n s  t o  
occur when t h e  s urface vo l tage grad ient on the c onduc t o r s  exceed s the 
thre sho l d  or onset  va lue o f  the surrounding a i r .  When the e l ec t r i c  f i e l d  
intens i t y  a t  the HVDC c onduc tor surface exc eed s approxima t e l y  2 S O O  kV /m ( on a 
smooth and c l ean conduc t or ) , corona can re sul t .  I f  the conduc t o r  ha s wa ter 
drop let s on i t , corona can be produced with  surface vo l t age grad i ent s as  low 
a s  700  t o  1000 kV/ m .  Transmi s s i on l ine s are des igned t o  control leve l s  o f  
corona a c t ivi t y ,  b u t  the o n s e t  o f  corona i s  infl uenc ed b y  numerous fac t or s , 
including atmo s phe r i c  e l ement s ,  des i gn parameters o f  the l ine , and c ond i t i on 
o f  the conduc t o r s . Bec ause f i el d  inten s i ty a t  the conduc t o r  surface i s  
dependent upon the smoothne s s  o f  the surface , corona t end s t o  be increa sed by 
n i cks , s c ratche s , and adher ing dust  part i c l e s , insec t s ,  i c e , s now , or  wa t er 
droplet s .  Corona l evel s for DC s y s t ems are highe s t  when surface 
i rregu l ar i t i e s  occur on the conduc t o r  (which may occur during foul wea ther ) ,  
a l t hough certain effec t s  o f  corona are probably highe s t  1 n  f a i r  wea t her 
( aud i b l e  noi s e  and rad i o / te l evi s i on interferenc e )  ( ER ,  Vol . S a ) . When corona 
occur s , ion pa i r s  are genera ted in the a i r  near the conduc t o r s , wi th a net 
movement of l i ke charges  away f rom each l ine . At d i s tanc e s  away f rom the 
conduc t o r s  the s pace charge t end s to be carr i ed on aero s o l s rather than sma l l  
i on s . Thi s occurs because the sma l l - ion den s i ty decrea s e s  from d i f fu s i on ,  
recombina t i on ,  movement t o  earth ,  and a t t achment t o  aero so l s .  Be cause o f  
the i r  charge , i on s  and aero s o l s move under the inf l uence o f  a n  e l e c t r i c  f i e l d , 
a s  wel l a s  the i n f l uence o f  the wind ( ER ,  Vo l .  Sa ) .  

HVDC l i nes a l s o  c reate a s t a t i c  magne t i c  f i eld  and an AC magne t i c  
f i e l d . The s ta t i c  magnet i c  f i e l d  i s  produced by the current f l owing t hrough 
the conduc tors ; wherea s the AC magne t i c f i e l d  occurs  from AC c urrent vo l t age 
at  harmonic  frequenc i e s  of 60 Hz be ing int roduced on t o  the DC l ine by the 
convers i on proce s s  from AC t o  DC ( ER ,  Vo l .  S a ) .  At ground l evel under the 
pro po s ed l i ne , the s ta t i c  magne t i c  f i e l d  produced by the l i ne wou l d  be l e s s  
than the earth ' s  magnet i c  f i eld  and woul d  dec rea se w i t h  d i s tanc e from the l i ne 
( I l l . I n s t .  Technol . Re s .  I n s t .  1 9 7 6 ; H i l l  et a l . 1 9 7 7 ) .  The AC f i e l d  i s  s o  
sma l l  that  i t  c an b e  ignored ( Sheppard 1 9 7 9 ) .  
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Dur i ng c orona , photons  emanat i ng from the c onduc t or surface may s t r i ke 
neu t ra l  a toms i n  t he a i r .  The s e  energ i zed a toms may t hen l o s e  elec t ron s , 
whi c h  when acc e l erated i n  t he l oc a l  elec t r i c  f i e l d , may c o l l i de wi t h  neut ra l  
oxygen molecul e s , caus i ng d i s s oc i a t i on and rea s s o c i a t ion i n to o zone mol ecu l e s  
( H i l l  e t  a l . 1 9 7 7 ) .  

Aud ible no i se t s  created by t he breakdown of  a i r  mo l e c u l e s  dur i ng 
corona . I n  HVDC sys t ems , elect r i c  di scharge i s  greater from t he po s i t i ve 
e l ec t r i c  pol e  t han from t he nega t i ve pol e .  Hence , more aud i b l e  no i s e  t s  
genera t ed by t he po s i t i ve conduc t o r . The negat i ve condu c t o r  general l y  does  
n o t  produce aud i b l e  no i s e .  Dur i ng ra i n ,  the  large number of  raindrops on a 
conduc t or can produce c orona curren t s  l arge enough t o  change t he c orona mode 
i n t o  a nonaudible typ e .  Peak aud i b l e  no i s e  l eve l s  under HVDC s y s t ems , 
therefore , genera l l y  occur dur i ng fair  wea t her , snowfa l l ,  or early rainfa l l  
( H i l l  e t  a l . 1 9 7 7 ;  John s on and Za ffane l l a  1 9 8 2 ) .  

Poten t i a l  Hazard s from an Operat ing H i gh-Vo l t age Direct  
Current ( HVDC ) Tran smi s s i on Line 

There 1s  a s i zable l i t erature on t he hea l t h  and safety a spec t s  of  
operat i ng t ransmi s s i on l i ne s  ( Sheppard and E i senbud 1 9 7 7 ; Phi l l i p s  et  a l . 
1 9 7 9 ; Lee e t  a l . 19 82 ; Al ger s and Henni ch s  1 9 8 3 ; Car s t en sen and Gr i f f i n  1 9 8 3 ; 
Hauf 1982 ; Sheppard 1 9 8 3 a , 198 3 b ;  Charry 1 984 ; Re i l l y  1984 ; Ameri can I n s t i t u t e  
of  B i o l og i ca l  S c i ences 1 9 8 5 ) .  However , mo s t  s t ud i e s  deal wi t h  AC s y s t ems . 
The s e  s tudies  have i nd i ca t ed that b i ol og i c a l  s y s t ems can be a f f ec t ed by 
expo s ure t o  e l e c t r i c  and magnet i c f i el d s  and t o  a i r  i on s , provided that 
i nt en s i t i e s  and durat i on o f  expo s ure are of  s uf f i c ient magn i t ude . However , a 
l evel of  expo s ure a t  whi ch hazardous e f fec t s  might occur ha s n o t  been 
demon s t rated . Add i t i onal l y ,  the ava i lable dat a  have not demo n s t ra t ed d o s e
re s ponse or a t ime-cour s e  rel a t i onshi p s . The maximum e l ec t r i c  and magne t i c  
f i e l d  s t rengths o f  HVDC s y s t ems are not o f  s uf f i c ient magn i t ude t o  e l i c i t  
harmful , pathol ogi cal effec t s ,  a l t hough nonpatho l og i ca l  e f f ec t s  may be 
e l i c i t ed ( U . S .  Department of  Energy 1 9 84 ) .  Maximum i nt en s i t i e s  of  t he 
elec t r i c  f i e l d s  a s s o c i a ted wi t h  the HVDC envi ronment are reached i nfrequen t l y  
( only during periods  of  max imum c orona a c t i v i t y )  and dec l i ne rap i d l y  wi t h  
d i s t ance from t he e l e c t r i cal conduc t o r s . Moreover , human and l i ve s t ock u s e  o f  
t he r i ght-of-way i s  u s ua l ly peri od i c  and o f  s hort dura t i on ( minutes  t o  
hours ) .  Cons equen t l y ,  expo s ure t o  max imum f i eld  i ntens i t i e s  i s  expe c t ed t o  be 
i nfrequen t . The f o l l owing d i s cu s s e s  i n  more d e t a i l  the hea l t h  and s afety 
c oncerns relevant to  the proposed Pha s e  II  DC t ransmi s s ion l i n e .  

Prox imi t y  Effect s .  Coupl i ng of  an e l ec t r i c  f i e l d  w i t h  an organ i sm 
creat e s  the po t en t i a l  for shock hazard ( Banks e t  al . 1 9 8 2 b ;  Sheppard 1 9 8 3 a , 
1 9 8 3b ; U . S .  Department of  Energy 1 9 84 ) . E l e c t r i c  s hock re s u l t s  from t he 
pas s age of e l e c t r i c  current t hrough the body between two po i n t s of  unequal 
vol t age . Shocks may resul t from a s t eady- s ta t e  f l ow of current or a 
t ran s ient , s park d i s charge ( e . g . , a carpet s hock of s t a t i c  e l e c t r i c i t y ) . 
Under an operat i ng t ransmi s s i on l i ne such s park d i s charges mi ght occur i f  a 
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grounded human or anima l  contacted a l arge , s ta t i onary met a l  o b j e c t  that i s  
wel l  insulated from ground ( e . g . , a vehi c l e  or wat e r i ng t rough ) . H i l l  et  al . 
( 19 7 7 ) mea sured s teady- s tate current s of up to 1 7 5  �A from 6 1  m ( 2 00 f t ) o f  
fence (wi th highly insulated wooden po s t s )  para l l e l ing a n  operat i ng ±60 0-kV DC 
tran smi s s i on l i ne . Thi s  c ompares wi th general l y acc epted l eve l s  of 1 5 , 000-
20 , 000 �A a s  provi ding a marg in o f  safety for opera t i ng e l e c t r i cal  fences  
(Da l z i e l  and Burch 1 94 1 ;  Minne s o t a  Envi ronmental Qual i t y Board 1 98 2 ; Sheppard 
1 98 3a ) .  At any rate , ut i l i t i e s  me tal l i ca l l y  ground fences w i t h i n  r i ght s -of
way a s  a s t andard prac t i ce .  On an operat ing te s t  l i ne s im i l ar in s t ru c t ure 
and operat ion to  the DC por t i on o f  the proposed interc onnec t i on ,  John son and 
Za ffane l l a ( 1 982 ) e s t i ma t ed the highe s t  current c o l l ec t ed on a s chool bus t o  
b e  about 4 0  �A . Thi s  i s  we l l  be l ow t he general thre sho l d  of percep t i on f o r  DC 
current of 600 �A ( Bartho l d  et al . 1 9 7 2 ) and be l ow the Nat i onal E l e c t r i c  
Safety Code l im i t  o f  5 , 00 0  � A  e s t abl i shed for c ontac t current s due to  e l e c t r i c  
f i e l d s  o n  the l arge s t  ant i c i pated t ruck , vehi c l e , or equ i pment under a 
t ran smi s s i on l i ne . 

Te s t s  beneath operat i ng HVDC t ransmi s s i on l ines  have s hown that carpe t 
l ike s park d i s charge s can occur f o r  per s on s  ac cumulat ing about 1 0  kV o f  
po t en t i al ( Sheppard 1983a ) .  The e s t i mated max imum ( o cc urr ing l e s s  t han 5 %  o f  
the t ime ) accumul a ted po ten t i a l  i s  2 0  kV , based o n  an inve s t i ga t ion us ing a 
t e s t  l i ne with  de s i gn and operat ing character i s t i c s  very s imi lar t o  t he 
propo sed l ine ( Johnson and Zaffane l l a  1982 ) .  The s e  vol t age l evel s would be 
l ike ly only for we l l - in sulated ind i v i dual s  near the po int  o f  max i mum conduc t or 
s ag dur ing summer fa i r  weather . Shocks a s s o c i ated with  vo l t ages o f  thi s 
magn i tude are c on s i dered annoying but not harmful ( Sheppard 1 9 8 3a ) .  John s on 
and Zaf fane l l a  ( 1982 ) reported t ha t  occa s i onal s hocks oc curred whi l e  per sons 
were a c t i ve beneath a ±45 0-kV DC l ine s imi l ar t o  t ha t  propo sed by t he 
Appl i cant . 

Under wors t-case c ond i t i on s  for DC sys tems , s park-d i s charge s hocks mi ght 
be at leve l s  con s i dered annoying or objec t i onabl e .  I t  i s  ant i c i pated t ha t  
such cond i t i on s  would b e  rare and t ha t  mo s t  s park-d i s charge s hocks would o c cur 
a t  or be l ow minima l l y  perce i vable leve l s . Even though annoying s park
d i s charge shocks might o c cur occa s i onal l y ,  they would not l i ke ly resul t in  
pathologi cal respon se s . The s park-d i s charge shocks would be no wor s e  than 
commonly experienced carpet shocks ( - 5 mJ ) .  The pred i c ted l e ve l s  are we l l  
be l ow ( safety fac t or o f  2000 ) leve l s  a s soc iated with  a 10-J hazardous s hock 
( Sheppard 1 98 3a ) .  

Fue l i gn i t i on can occur when obj e c t s  d i f fer ing in  po t ent i a l  by about 5 to  
7 kV c ome i n  cont act  ( H i l l  et  al . 1 9 7 7 ) .  For a DC t e s t  l i ne s imi lar in  na ture 
to the propo sed DC 1 ine , e s t i mated wors t-case vo l tage induced on a l a rge 
s chool bus was 0 . 0 7 kV , dur ing dry snowfal l ( John son and Z a f fanel la 1 9 8 2 ) .  
Leve l s  o f  about 0 . 7  kV might be expected for wor s t -case  summer f a i r  wea ther 
c ond i t i on s , but are s t i l l  7 to 10 t ime s be l ow the vo l tage thre s ho l d  for fuel 
i gn i t i on ( ER ,  Suppl ement , Sept . 29 , 1 9 8 6 ) .  Aga in , t he s e  vo l tage l eve l s  were 
l i kely l e s s  than 5% of the t ime ,  in summer f a i r  wea the r cond i t i on s , near the 



4-3 1 

point of maxi mum conduc tor s ag ,  and i f  the veh i c l e  wa s wel l  i n sulat ed f rom 
ground . However , i t  woul d  be prudent to ensure that l arge veh i c l e s  no t be 
refueled beneath operat i ng l ines unl e s s  the veh i c l e s  are we l l  grounded . 

E l e c t r i c  F i e l d  Effect s .  E l ec t r i c  f i e l d s  o f  the magni t ude that occur i n  
HVDC t ransmi s s ion-l ine envi ronmen t s  have been a l l eged t o  cau s e  a var i e t y  o f  
phy s i ologi cal and behavioral effec t s  in  humans and o t her anima l s .  There have 
been s everal revi ews of t he l i terature on the b i ol ogi cal e f fec t s  of e l e c t r i c  
f i e lds , inc luding Banks et  a l . ( 1 982a ) ,  Sheppard ( 1 9 8 3a ) , DOW As soc i a t e s  
( 1 980 ) ,  and M i nne sota Environmental Qua l i t y  Board ( 1 9 8 2 ) .  F indings of s tud i e s  
in  thi s area have been d i ver s e , rang ing from no evi dence of effec t s  t o  t he 
a t t r i but ion o f  many effec t s  due t o  expo sure t o  e l ec t r i c  f i el d s . Becau s e  o f  
the d i ver s i t y  of f ind i ng s  and exper imental de s i gn s , a s  wel l  a s  pauc i t y  o f  
reproduc i b l e  resul t s , i t  i s  d i f f i cul t to  provide def i n i t i ve pred i c t i on s  o f  
effect s of t ransmi s s i on l ine e l ec t r i c  f i e ld s . 

John son and Zaffane l l a  ( 19 8 2 ) mea sured t he e l ec t r i c  f i e l d  under a 
"Pro j e c t  UHV" t e s t  l ine , whi ch i s  s imi lar i n  des i gn and opera t i on t o  t he 
proposed DC l ine . Thei r  resul t s  ind i cated t hat  maximum e l e c t r i c  f i e l d  
inten s i t i e s  i n  exces s o f  ± 3 0  kV/m could be exp ec t ed at mid-span ground l evel 
dur ing s ome weat her cond i t ions ( Table 4 . 2 ) .  However , these max i ma oc cur 
infrequen t l y  ( l e s s  t han S%  of the meas uremen t s ) ,  w i t h  f i e l d  i n t en s i ty 
decl ining rap i d l y  a s  one move s from the cent erl i ne of t he s y s t em and a s  one 
move s away from t he po int  of maximum conduc tor sag . 

For t he propo sed Pha s e  I I  DC l ine , t he med ian e l e c t r i c  f i el d  s t reng th at  
ground l evel dur i ng fair  weather under t he po s i t ive conductor  i s  cal cula t ed to  
be i n  the range of 8 to  1 7  kV /m , with cal cul a t ed fair  wea t her extreme s o f  
-20 kV/m under t he negat i ve conductor and 24  kV/m under t he po s i t ive 
conduc t or . Dur i ng foul weather , the med i an e l ec t r i c  f i e l d  s t rengths at  each 
conduc tor would range from 9 t o  2 6  kV /m, with a max imum around 3 0  kV / m .  
Maximum foul weat her e l ec t r i c  f i e l d  s t rengths at  t he r i ght-of-way edge are 
calculated t o  be 9 and -9 kV/ m ,  wi th med i an inten s i t y  cal culated at  7 . 6  and 
-7 . 6  kV/m ( ER ,  Suppl emen t , Sept . 29 , 198 6 ) .  Med i an e lectr i c  f i e l d  i n t en s i ty 
at  t he r i ght-of-way edge dur i ng fa i r  weather may be a s  l ow a s  ±1  kV /m ( ER ,  
Vol . S a ) .  The eart h ' s  natural average fair  weather e l e c t r i c  f i el d  �t rengt h  i s  
about 0 . 1  t o  l . S kV/m , wi t h  an inten s i ty a s  high a s  l S  kV /m dur ing 
thunder s t orms ( Chalmers  1 9 6 7 ) .  

E l ec t r i c  f i el d s  wi t hin the r i ght-of-way for the propo sed DC transmi s s i on 
l i ne would have inten s i t i e s  w i t h i n  the range o f  t ho s e  reported t o  e l i c i t  
phy s i o logical  respon ses  i n  experiment a l  animal s .  E f fec t s  o f  expo sure t o  f i e l d  
intens i t i e s  below 6 0  kV/m have been sub t l e--e . g . , improved performance i n  rat s 
( Mayya s i  and Terry 1 9 6 9 ) ,  increased bra in wave ac t iv i t y  i n  ane s t he t i zed rat s 
( Lo t t  and McCain 1 9 7 3 ) ,  improved performance o f  human sub j e c t s  in  f ine mo t o r  
ski l l s  ( Carson 1 9 6 7 ) ,  and a l t ered body serotonin l evel s  in  m i c e  ( Mo se and 
F i scher 1 9 7 0 ; Mo s e  et  al . 1 9 7 1 ;  F i s her 1 9 7 3 ) .  F i s cher 0 9 7 3 ) obs erved a S O% 
i ncrea s e  in  s pontaneou s ac t 1 v1 ty o f  mice expo s ed t o  po s i t ive and negat i ve 
e l ec t r i c  f i el d s  o f  24  kV/m for 10 days , wi t h  an accompanying i ncrease i n  food 



Tabl e 4 . 2 .  E l ec t r i c  F i e l d s  (kV/m) Under the Pro ject  UHV 
Tes t  Line Opera t i ng a t  ±450 kV DCa 

Negat ive Side Po s i t i ve S ide 

-so me -2 5 me 
Wor s t  

Pos i t iond 
Wor s t  

Po s i t i ond +2 5 me +5 0 me 

Weat he r  Nb 5 0% 9 5% 5 0% 9 5 %  5 0% 9 5 %  5 0 %  9 5 %  5 0% 9 5 %  5 0% 

Fa i r  ( winter ) 14 , 0 73 -2 -5 -5 -8 - 1 2  - 1 5  + 8  +1 1 +3 +6 

Fa i r  ( summer ) 1 6  ' 1 00 -1 -3 -8 - 1 2  - 1 7  -26 + 1 9  +2 9 +4 +8 

Snow 9 , 0 0 3  -3 -7 -5 - 12 - 1 2  - 2 3  + 1 0  +1 7 +4 + 10 

Fog 4 1 1  -1 -2 -4 -8 - 1 3  - 2 6  + 1 2  +24 +6 + 1 1  

Fros t 1 , 5 90 -5 - 1 0  -8 - 1 5  - 1 3  -23 + 1 2  +2 0 +6 + 1 3  

Free z i ng ra1n 1 , 1 2 9  -5 -8 - 12 - 1 6  - 2 7  -32  +2 3 +2 9 + 1 0  + 1 7  

Ra in 1 , 5 8 1  - 1  -4 - 1 1  - 1 5  -30 -34 +2 9 +32  + 14 +6 

a E l ec t r i c  f i e l d s  were mon i t ored c on t i nuou s l y ;  mea sured under po int  of  m i n imum c ondu c t or 
he ight o f  1 1  m ( 3 7  f t ) ;  5 0 % = med i an val ue and 9 5 %  = absolute va lue be low wh i c h  9 5 %  of 
the me as urement s occurred . 

b Number o f  record s per weather cond i t io n .  

+ 1  

+2 

+2 

+3 

+5 

+2 

+2 

c The s e  po s i t i on s  repr e s ent d i s tance s from c enterl ine be tween po s i t i ve and negat ive 
conduc tors ; di s t ance s approx ima t e  the d i s t ance to edge of r i ght-of-way above Sandy Pond 
( 5 0  m )  and bel ow Sandy Pond ( 2 5  m)  f rom cent er l i ne .  

d H i ghe s t  ab s o lute val ue s  were obtained at a bout -6 and +9 m f rom cent er l i ne dur ing wi nter 
months and about - 9  and +12 m in l at er mon th s .  

Source : Based on curve s pre sented i n  John son and Za ffanel la ( 1 982 ) .  

9 5 %  

+4 

+5 

+5 

+5 

+6 

+7 

+7 

.p.. I 
w 
N 



4-33 

c on s umpt i on ( 10 % )  and water con s umpt i on ( 1 3% ) .  
of  14%  wa s noted from an 8-day exposure . From 
and negat ive elec t r i c  f i el d s  of 5 kV/ m ,  F i s cher 

An oxygen c on s umpt i on tncrease 
a 1 5 -day exposure to po s i t ive 
( 19 7 3 ) found a 1 0 0 0 %  tnc rea s e  

i n  s p l een pl aque produc t i on ,  a 1 7% i ncrea s e  i n  s p l een we i ght , a 5 8% i ncrea s e  
in s p l een cel l coun t , and a 2 64% tncrease i n  hemagglut i nat i on .  The s e  
res ponses  have been e l i c i t ed i n  l aborat ory s i tuat i on s  i nvo lving cont i nuous o r  
repeated exp o sure t o  c on s tant l evel s of e l e c t r i c  f ie l d  i n t en s i ty over per i od s  
of  days t o  months . However , there i s  no evidence that the s e  l eve l s  are 
harmful ; al s o ,  such e l evated e l e c t r i c  f i e l d s  would not exi s t  near the l ine for 
ext ended per i od s  of  t ime ( e . g . , more than 10  days ) .  

Several i nve s t igat i on s  have s hown l i t t l e  or no s i gn i f i cant effec t s  f rom 
elec t r i c  f i el d s  at l evel s that would be expec t ed from operat i on of the 
propo s ed DC l ine . B i ogen i c  amines  i n  rat brains  expo sed t o  po s i t i ve and 
negat i ve e l e c t r i c  f i e l d s  of 3 kV /m for 2 ,  1 8 , and 66 hours d i d  not  exhi b i t  
al t ered neurotransmi s s i on ( Bai ley and Charry 1 9 84 ) . N o  effec t s  o n  the course 
of  r e s p i ratory d i sea s e  i n  rat s were obs erved from an 1 1-day expo sure to 
po s i t i ve and negat i ve e l ec t r i c  f i el d  s t rengths  rang i ng from 0 . 1  t o  6 kV /m 
( Krueger et  al . 1 9 7 4 ) .  Fam ( 1 98 1 )  obs erved no effect  on number , surv i val , or 
we i ght  of  mice progeny of  paren t s  expo sed t o  340 kV /m for 9 0  days . The 
exposed mice a l s o  s howed no d i ff erence i n  body we i ght ( femal e s ) or growth 
rate . No h i s tologic  effec t s  to any organ s were noted . There we re s ome mi xed 
effec t s  between mal e s  and fema l e s  for blo od c oun t s  and chemi s t ry,  but o b s erved 
var i at i on s  were smal l .  Under no cond i t i on s  would s t at i c  f i e l d s  reported as 
affec t i ng bl ood pre s s ure and heart rat e s  ( 60 kV /m)  by Krivova et  al . ( 1 9 7 3 )  
o ccur . Subt l e  behav i oral and phys i o l og i cal effec t s  would b e  t ran s ient and 
d i f f i cu l t  to perceive . 

I t  i s  not  expected t hat human s or l i ve s t ock would be c on t i nuou s l y expo s ed 
t o  e l ec t r i c  f i e l d s  from t he proposed DC l ine during normal c i rcums tanc e s . 
E l e c t r i c  f i e l d  inten s i t i e s  under the operat i ng DC l i ne wou l d  vary wi t h  t i me 
and wi t h  d i s tance from t he centerl i ne ( Table 4 . 2 ) .  H i ghe s t  expo s ure l evel s 
wou l d  be re s t r i c t ed t o  an area i n  the prox imi ty of  e i ther e l ec t r i c  c onduc tor 
near t he po i n t  of  max i mum c onduc t or sag . Al l e l e c t r i c  f i e l d s  wou l d  be at or  
near amb ient l evel s at  a d i s tance l e s s  t han 150  m ( 5 00 ft ) from t he 
cen t erl i ne .  Al s o ,  i t  does  not appear l i kel y  t hat  per s on s or l i ve s t ock wou l d  
rema i n  c on t i nuously i n  t h e  areas of  h i ghe s t  expo s ure f o r  even a number of  
hour s . Thu s , b i o l ogi cal re s ponses  that  could potent ial l y  be  i nduced woul d  not  
pre sent a hea l t h  hazard . 

I n  conc l u s i on ,  al t hough b i o l ogi cal effec t s  have been reported for 
e l e c t r i c  
improbabl e  

f i e l d  inten s i t i e s  a s s oc iated wi t h  power t ransmi s s i on ,  i t  t s  
t hat the f i e l d s  a s s o c i a t ed wi t h  the propo sed DC sys t ems wou l d  

compromi se  t he heal th and wel fare o f  the l o cal populat i on or  farm l i ve s t o c k .  

Magnet i c  F i e l d s . The magnet i c  f i e l d  a t  ground level due only t o  t he 
propo sed DC l i ne i s  cal culated t o  be 0 . 34 gau s s  ( G ) ,  decreas i ng t o  0 . 0 5 9  G at 
t he edge o f  the r i ght-of-way ( ER ,  Vol . 5 Suppl ement ) .  Magne t i c  f i e l d  
i n t en s i t i e s  drop rap i d l y  wi t h  d i s tance from t he center l i ne and from t he po i n t  
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of max 1 mum sag ( Le e  et  al . 1 9 8 2 ) .  The s e  va l u e s  a re l e s s  t han t he earth ' s  
magne t i c  f i e l d  o f  0 . 6  G .  In genera l , the l i t e ra t ure i nd i cat e s  that the s t a t i c  
magne t i c f i el d s  a s s oc i a t ed w i t h  operat i n g  t ransm i s s i on l i n e s  do  not po s e  a 
ha zard to  human hea l th and wel fare ( Bracken 1 9 7 9 a ,  1 9 7 9 b ; M i nne s o t a  
Envi ronmental Qua l i t y Board 1 98 2 ;  Sheppard 1 9 8 3a ) .  Harmful e f fec t s  have not 
been documen t ed i n  l abora t o ry s t ud i e s  at f i e l d  s t reng ths  o f  1 , 0 00 G ( Tenforde 
1 9 8 1 ) or  i n  s t ud i e s  o f  people occupat i onal l y  expo s ed to  magnet i c  f i e l d s  ( Ma r s h  
et  a l . 1 9 8 2 ) .  

There 1 s  al s o  an expre s s ed hea l t h concern related  t o  the b i o l o g i c a l  
s i gn i f i cance o f  A C  harmo n i c  magne t i c  f i e l d s  that wou l d  b e  d e r i ved from 
current s that the DC magne t i c  f i e l d  wo u l d  induc e wi t h i n  an organ i sm .  Max i mum 
e s t ima t e s  of t he magn i t ude of th i s  w i t h i n  the r i ght-of-way a re 0 . 34 mG f or t he 
s egment be tween Monroe and Hud son and 0 . 2 7  mG for the s egment be twe en Hud s on 
and the s t a t e  l i ne .  At t he edge o f  the r i ght-o f-wa y ,  t he max i mum value s wou l d  
range f rom 0 . 0 0 4 1  mG a t  t he ea s t ern edge o f  t h e  Londonderry t o  Hud s on s egment , 
0 . 040  mG at t he e a s t ern edge o f  t he Hud s on to  the s t a t e  1 i n e  s egment , and 
0 . 0 2 1  mG for t he rema i nder of the DC l i ne . Rea l i s t i c  va l u e s  w i t h i n  t he r i ght
o f -way are 0 . 20 mG from Monroe t hrough Hud s on ,  0 . 1 6 mG from Hud son t o  the 
s t a t e  l i ne , 0 . 00 2 5  mG on the ea s t ern edge o f  t he Londonderry t o  Hud s on 
s egment , 0 . 0 24 mG on t he e a s t ern edge o f  the Hud son to  s t a t e  l i ne s e gmen t , and 
0 . 0 1 2  mG a l ong the edge for t he rema inder of t he DC l i ne r i ght-o f-way . The s e  
val ue s can b e  c ompared t o  average AC harmon i c  magnet i c  f i e l d  background l eve l s  
1 n  re s i denc e s  that range f rom 0 . 7  t o  1 . 0  mG ( ER ,  Suppl ement , Sept . 2 9 , 
1 9 8 6 ) .  Werthe imer and Leeper ( 1 9 7 9 ; 1 9 8 2 ) report a 7-mG val u e  under 
d i s t r i but i on l i ne s near re s i denc e s . Magne t i c  f i e l d  s t rengt h  produced by a 
c o l or TV or  microwave oven a t  0 . 9  to  1 . 2 m ( 3  t o  4 f t ) i s  S O  mG , wh i l e  f o r  a 
copy machine t he f i e l d  i s  1 8 0 0  mG ( ER ,  Sup p l ement , Sept . 2 9 ,  1 9 8 6 ) .  

The body c urrent l eve l s  induced by harmon i c  AC magne t i c  f i e l d s  wou l d  be  
s i gn i f i can t l y  l e s s than l eve l s  nec e s sary t o  i n f l uence t i s s u e s  or  organ s . 
Depend ing upon t he organ , t he l eve l s  requi red are on the ord e r  o f  1 . 0 mA/ m2 

( Tenforde 1 98 6 ) .  Thi s can be c ompared t o  expec ted peaks w i t h i n  the r i ght-of
way of  0 . 00043 mA!m2 , 0 . 0 0005  mA/m2 a t  the  edge  o f  the r i ght - o f -way ,  
0 . 0045 mA/m2 i n  Werthe imer and Leeper ' s  ( 1 9 7 9 , 1 9 8 2 ) s t ud i e s , 0 . 0 3 2  mA/ m2 f rom 
a c o l or TV or  m i c rowave oven , and 1 . 1 5 mA/ m2 f rom a c opy mac h i n e  ( ER ,  
Suppl ement , Sept . 2 9 , 1 9 8 6 ) .  

A magnet i c  f i e l d  wou l d  a l s o  re s u l t  f rom t he opera t i on o f  t he d ed i ca t ed 
me t a l l i c  ret urn conduc t o r . H owever , becau s e  o f  the phys i ca l  l oc a t i on o f  the 
ret urn c onduc tor in  re l a t i on t o  e i ther pol e ,  the net magnet i c  f i e l d  genera t e d  
dur i ng cont i ngency c ond i t i on s  i s  expec ted t o  be  l e s s  t han the magne t i c  f i e l d  
generated dur i ng norma l o perat i on .  Thu s , t h e  d ed i c a t ed me t a l l i c  ret urn 
c ondu c t o r  shou l d  not po s e  publ i c  hea l th or s a f e t y  probl ems . 

A i r  I on s . No e s tabl i s hed expos ure l im i t s  ex i s t f o r  a i r  i on s ; there f o r e , 
a s s e s sment o f  t he impac t s  f rom t he propo s ed t ran s m i s s i on l ine mus t  rel y on t he 
l arge body o f  l i terature addre s s i ng the b i o l og i ca l  e f f e c t s  o f  a i r  i on s  ( S u l man 
1 9 8 0 ; Sheppard 1 9 8 3 a ; Charry 1 984 ) .  I t  ha s been sugge s t ed t ha t  a i r  i o n s  are  
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b i o l o g i c a l l y  act ive because  o f  t he i r  charge and chem i c a l  f o rm .  The  mo s t  
wide l y  a c knowledged mechan i sm for b i o l og i c a l  e f f ec t s  f rom a i r  i on s  ha s been 
t ermed t he " s erotonin hypothe s i s " . Serotonin i s  a neural t ransmi t t e r  that i s  
i mpor tant i n  s l eep regu l a t i on , va socons t r i c t i on , and s mo o t h  mu s c l e  
s t imu l a t ion . I t  i s  hypo t he s i z ed t ha t  a i r  ions  a l ter  s e ro t o n i n  l eve l s  1 n  
expo s e d  organi sms , produc i ng abnormal e f fec t s  ( Krueger 1 9 7 2 ) .  

Maximum ion 
a t  gr ound l evel 
wea t her and l e s s  

den s i t i e s  for b o t h  p o l a r i t i e s  under t he propo s ed DC l i ne and 
are expe c t ed to  be  l e s s  t han 2 x 1 0 5 i on s / cm3 dur ing f o u l  
t han 1 x 10 5 i on s / cm3 dur i ng fa ir  wea t her . Under cond i t i on s  

o f  l ow c orona , c l e ar conduc tors , and f a i r  wea t her , i o n  l eve l s wi l l  be  on t he 
order o f  2 x 1 03 i on s / cm3 ( ER ,  Vo l .  Sa ) .  Thi s  approache s amb i ent  l evel s ,  
whi ch are  i n  t he range of s everal  hundred to  s evera l t hous and i on s / cm3 • I on 
dens i t i e s  for t he Pro j ec t  UHV t e s t  l ine , whi ch operat e s  under cond i t i o n s  
s imi l a r  t o  t he propo sed D C  l ine , are g i ven i n  Tab l e  4 . 3 .  The val u e s  are  qu i t e  
s imi l a r  t o  t ho s e  c a l cu l a t e d  for t he propo s e d  l i ne . The c a l cu l a t e d  med i an i on 
den s i ty a t  t he edge o f  t he pro po s ed DC r i ght-of-way 1 s  l e s s  t han 3 x 

1 03 i o n s / cm3 under a l l  wea ther cond i t i on s  ( ER ,  Vol . S a ) . Max imum i on den s i t y 
for r a i n  cond i t i on s  on the Monroe cro s s - s e c t ion i n  New Hamp s h i re ( where t he DC 

Tab l e  4 . 3 .  Ion Den s i t i e s  Near the Pro j e c t  
UHV Te s t  L ine Opera t ing Under Condi t i on s  

and Parame t e r s  the S ame a s  f o r  t he 
Pro po s ed Tran smi s s i on L i ne 

Weather 
Cond i t i on s  Negat i ve I o n s  Po s i t ive 

F a i r  ( wi nt er ) 3 3 

F a i r  ( s ummer ) 140  140  

Snow 1 0  20  

Wet  snow 40 5 0  

Fog 20  5 0  

Fro s t  3 0  20 

Freez ing rain 1 5 0  1 5 0  

Ra i n  140  2 2 0  

I o n s  

a Med i an va l ue c a l c u l a t ed from e l e c t r i c  f i e l d  a n d  i o n  
current mea surement s a t  point  o f  h i ghe s t  d en s i t y 
during opera t i on a t  ±450  kV and a minimum c onduc t o r  
he ight o f  1 1  m ( 3 7  f t ) .  Val u e s  are  a t  ground l ev e l  
a n d  under r e s pe c t i ve conduc t or s . 

Sourc e :  John s o n  and Z a f fane l l a  ( 1 9 8 2 ) . 
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l i ne near t he Come r ford Pha s e  I conve r t er t e rm i na l  1s  t o t a l l y  on u t i l i t y 
prope r t y )  wo u l d  be 1 . 7  x 1 04 i o n s /cm3 • I n  mo re t yp i c a l  c ro s s - s ec t i ona l 
port i on s  of  the l i ne , t he max i mum va l ue a t  the edge o f  the r i gh t -o f -way wo u l d  
b e  1 . 2 3  x 1 04 i on s / cm3 ( ER ,  Supplement , Sept . 2 9 , 1 9 86 ) .  

Human s  and o t her anima l s  expo s ed t o  1 03 to  1 0 6 i on s / c m3 have expe r i enced 
i nc re a s ed and improved mo t o r  a c t  1 v1 ty ,  improved e s c a p e  beha v i o r , i mproved 
l earn i ng ,  dec rea s ed reac t i on t ime s , and al t e red mood s ( Sheppard 1 9 8 3 a ; Cha r r y  
1 9 84 ) .  S i m i l a r  i on concen t ra t i on s  have l ed t o  a l t e red s e r o t o n i n  l eve l s  1 n  
s e l e c ted o r g a n s  a n d  f l u i d s  o f  humans a n d  o t her an i ma l s .  Subt l e  re s p i r a t o r y  
and c i rc u l a t o ry e f fec t s  i n  l a bora t o ry an i ma l s and huma n s  have been a t t r i bu t e d  
t o  exposure t o  i on concen t ra t i on s  between 1 0 3 and 1 0 9 i o n s / cm3 • An i ma l s  
chal l enged wi t h  m i c roo rgan i sms have expe r i enced both i n c re a s ed and dec rea s ed 
death  r a t e s  under add i t i onal exposure t o  a i r  i on s  ( Krueger e t  al . 1 9 7 0 , 1 9 7 2 , 
1 9 7 4 ) .  Burn v i c t ims , wea ther- s en s i t i ve persons , and a s thma t i c s  have 
repo r t e d l y  bene f i t ed from expo sure to a i r  i o n s  ( DOW A s s o c i a t e s  1 9 8 0 ; Sulman 
1 9 8 0 ; Cha rry and Hawk i n s hi re 1 9 8 1 ; She ppard 1 9 8 3a ) .  Add i t i o n a l  f i nd i n g s  on 
b i omed i ca l  re s pon s e s  o f  man and a n i ma l s  to a i r  ions a re g i ven i n  Ta b l e  4 . 4 .  
I n  mo s t  i n s t an c e s , i o n s  have n o t  been o b s e rved t o  prod u c e  any i nf l uenc e s  on 
r e s p i r a t o ry a c t i v i t y ,  heart ra t e ,  ment a l  s t a t e , per f o rman c e , s ym p t oma t o l ogy 
( e . g . , headache s , s ore throa t s ) ,  pu l s e r a t e , bl ood pre s s ure , o r  s k i n  
r e s i s tance . On l y  rare l y  have e f fec t s  been repo r t ed , and t hen general l y wi t h  
m i xed e f fec t s . E f fe c t s ,  when reported , are  sma l l  i n  magn i t ud e  and w i t h i n  
l imi t s  o f  no rma l va r i a b i l i t y .  

Max i mum i on c oncentra t i on s  be l ow t he New Eng l and DC i n t er c onnec t i on wou l d  
fa l l  wi t h i n  the the l ower range o f  va l ue s  a s s o c i a ted wi t h  s ub t l e  e f fec t s  upon 
b i o l o g i c a l  s y s t ems ( c ompa re Ta b l e s  4 . 3  and 4 . 4 ) . The s e  e f fec t s  wou l d  be 
d i f f i c u l t  to  perc e i ve out s i de t he labora t o r y  s e t t i ng b e c a u s e  they are  wi t h i n  
t he range o f  n orma l phys i o l og i c a l  and p s ycho l og i c a l  re s pon s e s  t o  env i ronmen t a l  
va r i a t i on .  Furthermore , t h e  p e r i o d s  o f  h i ghe s t  i on c onc e n t ra t i o n s  wou l d  b e  
t ra n s i e n t  a n d  h i ghe s t  1 on c on c en t rat i on s  wo uld  o n l y  o c c ur 1 n  l o ca l i zed 
area s . Fo r examp l e , max i mum i on concen t ra t i on s  wo u l d  o c c u r  dur i ng such 
pe r i od s  as  i n t en s e  ra i n  s t o rms o r  per i od s  of  h i gh dust  l e ve l s  ( i . e . , when 
fore i gn o b j e c t s  wou l d  be adher i ng to the c onduc t o r s ) .  Furthermore , h i ghe s t  
ground- l eve l i on concen t ra t i o n s  wou l d  o c cu r  unde r  the po i n t  o f  max i mum 
condu c t o r  sag , and f a c t o r s  such a s  chang e s  i n  w i nd d i re c t i on can c hange i on 
concen t ra t i on s  a t  any po i n t  s i g n i f i cant l y  w i t h i n  a per i od o f  s e conds  ( ER ,  
Vol . S a ) .  Under wo r s t-e a s e  expo sure s c enar i o s , i nd i vi dua l s  c o u l d  expe r i ence 
sma l l  t ran s i en t  a l t e ra t i on s  o f  phys i o l og i c al  and behav i o ral  parame t er s . The s e  
e f f ec t s  wou l d  no t represent  a hea l th ha zard and wou l d  d i s a p pe a r  wi t h  the 
c e s s a t i on of  exposure , l ea v i ng no re s i dual e f f ec t s . A i r  ions  wou l d  be 
s uf f i c i en t l y  d i s p e r s ed that exposure out s i de t he r i gh t -o f -wa y wou l d  re s u l t  i n  
e f fe c t s o f  even l ower magn i tude , i f  a t  a l l .  Due t o  t he c omb i na t i on o f  t h e  
sma l l  a r e a  o f  max i mum i on concen t ra t i on s ; natural  movemen t s  o f  wi l d l i fe ,  
l i ve s t o c k , and human s ;  and var i a t i o n s  i n  a i r  i on concen t ra t i o n s  a t  any p o i n t  
caused by weat h e r  i n f l uenc e s  ( e . g . , wind ) ;  i t  wou ld  b e  e x t reme l y  c o i n c i de n t a l  
f o r  an imal s ( i n c l ud i ng human s )  t o  be expo s ed t o  max i mum i on c o n c en t ra t i o n s  f o r  



Ai r I o n  Do se 

±9 . 0  x 1 0 3 /cm3 f o r  
1 day 

±2 . 0  to +3 . 0  x 1 04 /cm3 

f o r  1 .  5 h 

-2 . 7  x 1 03 / cm3 f o r  4 t o  
2 we ek s , 8 h / day 

- 1 . 5  x l 04 /cm3 f or 
45 m i n  

- 1 . 9  x 1 05 / cm3 f o r  3 h 

±8 . 0  x 1 03 / cm3 f or 5 h 
± 1 . 0  x 1 0 5 / cm3 f o r  2 h 

±2 . 0  X 1 04 / c m3 f o r  
25 m i n  

±5 . 0  X 1 05 / c m3 f o r  
3 mi n 

±8 . 0  X 1 04 /cm3 f o r  
f o r  3 we eks 

Tabl e 4 . 4 .  B i omed i c a l  Res po n s e s  to Ai r I o n s  

Sub j e c t  

Human s 

Human s 

Human s 

Human s 

Human s 

Human s 
Human s 

Human s 

Rat s 

Rat s 

Re s po n s e  

No e f f e c t  on me nt a l  per f o rman ce o r  
phy s i ol og i c a l  r e s po n s e  

D e c re a s ed s oc i a bi l i t y ,  i n c r e a sed 
t en s i on ,  i n c r ea sed fa t i gue , n o  
c hange i n  anx i e t y  a nd aggre s s i o n  

Perce i ved i nc re a s e  i n  envi ronme n t a l  
c omfo r t , reduced he adache s ,  r educ ed 
n au s e a  and di z z i n e s s by s ome wo rker s 

No e f f e c t s on E EG a l pha o r  reac t i on 
t ime 

Change in hea r t , r e c t a l  t empe rature , 
perce i ved e xe r t i o n ,  s y s t o l i c  bl ood 
p re s s ur e ;  no change in skin t empera
t ur e ,  s we a t  r a t e ,  m i nut e vent i l at i o n ,  
d i a s t ol i c b l o od p re s s ure 

No ef f e c t  on mood 
No e f f e c t  on t e n s i o n-anx i e t y ,  
depre s s i on-de j e c t i o n , anger-ho s t i l i t y ,  
f a t i g ue- i ne r t i a , conf u s i on-bewi ld erment 

S l i ght  dec l in e  in  r ea c t i o n  t i me and 
f l i cker-f us i o n ; s l i ght i n c r ea s e  i n  
f inge r- t a pp i n g  

I nc re a s ed hea r t  r at e ;  no e f f e c t  on 
r e s p i ra t i on 

I nc re a s ed neurophys i o l o g i ca l  arou s a l  
i n  EEG , s l i gh t l y  l owe red CNS a r ou s a l  
( +  i o n s  onl y ) , s i gn i f i c an t decrea s e  
i n  b r a i n  ( - i on ) ;  dec re a s ed E EG s l ow 
wave ac t i vi ty  w i t h  s l i ght i nc re a s e  i n  
amp l i tude ( +  i on s ) o r  s l i gh t  d e c r e a s e  
i n  ampl i t ude ( - i on s )  

Sour ce 

A l b re ch t s en e t  al . ( 1 9 7 8 )  

Cha rry and Hawk i n sh i r e  ( 1 98 1 )  

Hawki n s  ( 1 9 8 l ) a 

H edge and E l e f t he raki s ( 1 98 2 )  

l obar e t  al . ( 1 98 2 ) b 

McGurk ( 1 9 5 9 )  
S i ge l  ( 1 9 7 9 ) 

S l o t e  ( 1 9 6 1 ) 

Bachman e t  a l . ( 1 96 5 )  

Lambe r t  e t  al . ( 1 98 l ) c 

O l i ve re a u  e t  al . ( 1 98 1 )  

-10-1 
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-...J 



Ai r I o n  Do se 

5 . 0  x 1 0 5 / cm3 for 66 h 

±3 . 0  x 1 04 /cm3 for 
15 min 

- 1 . 0  x 1 04 /cm3 for 
2 months , 6 h/ day 

- 1 . 5  x 1 04 /cm3 for 3 
t o  24 days 

±3 . 0  to 4 . 0  x 1 0 5 / cm3 

for 30  days 

± 1 . 0  to 2 . 0  x 1 05 / cm3 

for 6 to 1 0  days 

±5 . 0  x 1 03 /cm3 for 1 4  
t o  1 5  days 

±2 . 0  x 1 04 /cm3 for 1 4  
t o  1 6  days 

±5 . 0  x 1 05 /cm3 for 1 4  
to 1 6  days 

Subject  

Rat s 

Human s 

Human s 

Rat s  

M i c e  

M i c e  

M i c e  

M i c e  

M i c e  

Tab l e  4 . 4 .  Con t i nued 

Res ponse  

No  e f fect  on s pontaneou s mot o r  ac t i vi t y  

S l i ght  increa se i n  lung funct i o n ;  n o  
h i s tami ne t hresho l d  

N o  effec t s o n  bl ood pre s sure , res p i ra
t ion , gluco se , bl ood cell c ount , 
urina ry s er o t on i n , a 5 0% reduc t ion in 
blood s erot on in 

2 7% reduc t i on in ul cera t i on 

2 5% i ncrea s e  in morta l i ty o f  animal s 
w i t h  re sp i rat ory di sea s e  

5 %  to 2 3% i nc reas e in morta l i ty o f  
anima l s  w i t h  re sp irat ory d i sea s e  

26% i nc reas e in mor ta l i ty rat e of  
anima l s  w i t h  re sp i rat ory d i sea s e  

No change i n  mort al i t y  ra te o f  an imal s 
w i t h  re sp i rat ory d i sea s e  

2 3% l ower i nc i dence i n  mortal i t y  of  
animal s w i th re sp irat ory d i sease 

Source 

Bai l ey and Charry ( 1 984 ) 

O s t erba l l e  et a l . ( 1 9 7 9 ) 

Sulman et a l .  ( 1 9 78 ) d 

Del eanu et  al . ( 1 96 5 ) 

Krueger and Lev ine ( 1 96 7 )  

Krueger e t  al . ( 1 97 0 )  

Krueger and Reed ( 1 97 2 )  

Krueger and Reed ( 1 97 2 )  

Krueger and Reed ( 1 9 7 2 )  

a Greater impa c t s re su l t ed f rom change s i n  t emperature and relat ive humi d i t y  a l one . 
b Grea ter change s have been observed f rom ordi nary exerc i s e  and from p s ycho l og ical var iabl es . 
c Change s observed are w i t h i n  l i mi t s o f  no rmal phy s i ol og i c al var iabi l i ty .  
d Sero tonin reduct ion i s  w i t h i n  no rmal phys i o l og i cal l imi t s  and comparab le t o  ordi nary changes  i nduc ed 

by d i e t i ng .  

.p. 
I 

w 
(X) 
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more than a very bri e f  period ( mi nutes to  hour s ) .  Add i t i onal l y ,  dur ing 
cond i t ions that can res u l t  in  highe s t  i on concentrat i ons  ( e . g . , s t orms ) ,  mo s t  
anima l s  woul d  avo i d  open areas such a s  under t ransmi s s ion l i nes . 

Overa l l , t e s t  resul t s  on i on effe c t s  ind i ca t e  that ( 1 )  t here 1 s  no do s e
re s ponse relat i onship between i on concent rat ion and e l ec t r i c  f i e l d  and 
magn i t ude of r e s ponse , ( 2 )  there i s  no t ime-cour se relat i onshi p be tween l ength 
of expo sure and degree o f  response , and ( 3 )  none o f  the res pons e s  due t o  ion 
expo sure exceed range s that are ob served t o  be typ i cal or normal of b i o l og i ca l  
var i abi l i ty .  Thu s , i t  c a n  b e  concl uded that l ong-term expo s ures t o  a i r  i ons  
have not produced any apparent b i o logi cal l y  harmfu l  or adverse hea l th 
effec t s . 

Expo sure to Aud ibl e No i se and Ozone . Recommended s t andard s  for no i se 
proposed  by the U . S .  Env i ronmental Prot ec t i on Agency ( 1 9 7 4 )  are 45  d B ( A )  
( Leq ( 24 )  o r  Ldn ) a s  a n  i ndoor l eve l below whi c h  t here i s  n o  reason t o  bel i eve 
that  publ i c  wel fare wi l l  be j eopard i zed , and 55 dB ( A )  ( Le q ( 24 ) or Ldn ) as the 
corre spond ing outdoor l eve l , each i dent i f ied to provide a marg i n  of safet y . *  
Max i mum pre d i c ted no i s e  l eve l s  under the DC l ine are 4 6  dB ( A )  under the 
pos 1 t 1 ve conduc t o r  and 42 d B ( A )  at the edge o f  the r i ght-of-way ( ER ,  
Suppl ement , Sept . 29 , 1 9 8 6 ) .  Johnson and Zaf fane l l a  ( 1 982 ) mea sured no i se 
l eve l s  under the Project  UHV t e s t  l ine rang i ng up to  3 3  d B ( A )  ( be l ow whi c h  9 5 %  
of t he measured values occurre d ) . No i s e l eve l s  wou l d  fal l o f f  rap i d l y  a s  
d i s tance from the l ines increased ; no i se i n t ens i t y  decrea s e s  at  t he rat e  o f  
6 dB  p e r  doub l ing of d i s tance ( U . S .  Envi ronmental Pro t ec t i on Agency 1 9 7 4 ) . 

The re are insuff i c i ent data to  quant i tat ively rel ate aud i bl e  no i se 
emi s s i ons  to  impac t s  t o  w i l d l i fe .  Deer and e l k  have been obs erved u s i ng 
transmi s s i on l i ne r ight s-of-way d e s p i t e  the pre s ence of aud i b l e  no i se ( Lee and 
Gri f f i th 1 9 7 8 ) . W i l d l i fe use of t ransmi s s i on l i ne r i gh t s -of-way under a 
var i ety of weather cond i t i ons  imp l i e s  that aud i b l e  no i s e ha s a neg l i g i b l e  
impac t upon wi l d l i fe ac t iv i t i e s . The l ow l evel of aud i b l e  no 1 s e that wou l d  be 
emi t t ed by the propo sed t ransmi s s i on l i ne i s  unl i kel y  t o  deter wi l d l i fe f rom 
u s i ng habi t at in  the v i c i n i t y  of the ri ght -of-way . 

Exper iment s  with an imal s and human s i nd i ca t e  a range of effec t s  f rom 
o zone exposure at 1 0 0  to 1 0 0 0  ppb . Effec t s  i nc l ude a l t ered pulmonary func
t ion , pa in upon breathing , morphologi cal change s in pulmonary t i s sue , b i o
chemi cal change s ,  al terat i ons  of genet i c  material , and i ncreas ed s u s c ep t i 
b i l i t y t o  bac terial  infec t i ons ( U . S .  Envi ronment a l  Pro t ec t i o n  Agency 1 9 7 8 ; 
Nat i onal Res earch Counc i l  1 9 7 7 ) .  The Pro j e c t  UHV t e s t  l i ne generated no o zone 

*A = A-we i ght ing = we ight ing of the ent i re audi o-frequency s pe c t rum of aud i b l e  
no i s e by a s ingle number expre s s i ng a n  overal l s ound-energy l evel ; Le = 
equ i va l en t  sound l evel = mathemat i c al l y  t ime-averaged l evel of a f l uc�uat ing 
noi s e ; L = equ i valent day-n i ght sound l evel = var i a t ion of L that a l l ows 
for pena��z ing no i s e i n t ru s i on s  at n i ght when peo ple are mo re ��n s i t i ve t o  
no i s e .  
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tha t could be mea s ured above background ( John s on 1 982a , 1982b ) . Measuremen t s  
i n  l abora t o r i e s  and near t ransmi s s ion l ines have al s o  shown the level o f  
ox i dant s produced by DC l ines t o  be near the de tect ion l imi t s  ( Droppo 1 9 8 1 ; 
Krupa et  al . 1 9 80 ) .  Leve l s  o f  ozone produced are l e s s  than a few part s per 
b i l l i on ,  wh i l e  amb i ent  l eve l s  are 1n the range o f  10 t o  1 0 0  ppb 
( U . S .  Department of Heal th , Educa t i on and We l fare 1 9 7 0 ; U . S .  Env i ronmental 
Protec t i on Agency 19 7 3 ; Coffey and S t a s i uk 1 9 7 5 ) .  The Na t i onal Primary 
Ambient Air Qual i t y  Standards for photochemical oxidant s are 1 2 0  ppb ( maximum 
1-hour concent rat ion , not to be exceeded on more than 1 day per yea r )  
( U . S .  Env i ronmental Protec t i on Agency 1 9 7 9 ) .  Oz one produ c t i on genera l l y  
occurs dur i ng f oul weather , whi c h  c o i nc i d e s  with  the t ime s o f  l owe red back
ground l eve l s  o f  ozone ( ER ,  Vol . Sa ) .  Theref ore , no adverse hea l t h  e f f ec t s  
are expected from ozone produced by the proposed transmi s s ion l i ne . 

Card i ac Pacemakers . DC e l e c t r i c  f i e l d s  are not expet:: ted t o  i n t er fere 
wi th the fun c t ioning of card i ac pacemakers worn by i nd i v i dua l s  i n  the r i gh t 
of-way . The se f i e l d s  would be 1 0 0  t ime s l ower than nece s s ary t o  cau s e  
rever s i on t o  asynchronous operat i ng mode ( Fraz i er 1980 ) .  

Overall  conc l u s ions regard i ng the pot ent ial  hea l t h  effe c t s  o f  DC 
t ran smi s s i on l i ne operat i on s  can be inferred from epi demi o l o g i c a l  s tud i e s  
conduc ted i n  as soc iat i on with  operat ing DC l i nes . Nol f i  and Haupt ( 1 982 ) and 
Haupt and Nol fi ( 1 9 84 ) reported that the prevalence of symptoms and o ther 
hea l t h  i n d i c e s  were not s y s t emat i c a l l y  d i f ferent between people that l i ve near 
or  far from the Pac i f i c  I ntert i e .  Whi l e  they coul d  not conc l ude that t here 
are no power l i ne hea l t h  e ffect s ;  they could conclude that any hea l th e f fec t s  
were not mean i ngful . Mar t i n  e t  al . ( 1 983 ) i nve s t i ga t ed M i nne s ot a  Da i ry Herd 
Improvement As soc i a t ion records t o  det ermine potent ial  e f f ec t s  f rom t he DC 
transmi s s i on l ine i n  Minne s ot a .  Compar i s on o f  herds located varying d i s tances 
f rom the l i ne revea l ed that t here were no s t at i s t i c a l l y  s i gn i f i c ant  changes in 
dairy herd performance parameters  as s o c i at ed wi th the l i ne : no s i gn i f i c ant 
as s o c i a t ion wa s f ound between 3 0 5 -day lactat i on mi lk produc t i on and d i s tance 
from the l i ne ,  1 2-month rol l i ng herd mi lk produc t i on increa s ed at  a l l  
d i s tanc e s  from 1 9 7 5  t o  1 9 82 , herd s i ze i nc reased moderately from 1 9 7 5  t o  1982  
at  al l d i s tanc e s , qual i ty and e f f i c i ency mea sures showed no d i f ferenc e s , and 
rate of cul l ing for reproduc t i ve prob l ems a�d abort i on i n c i dence were were no t 
rel ated t o  d i s tanc e . I n  a separat e  ana l ys i s  o f  hea l th and safety i s sues  
re lated t o  DC t ransmi s s i on l i nes , no impac t s  were ant i c i pa t ed f rom the 
proposed Mead-Phoen i x  ± 5 0 0  kV DC l ine , whi c h ,  l ike the Pha s e  I I  s y s tem,  wou ld 
a l s o  be rou t ed al ong AC r i ght s-o f-way ( U . S .  Department o f  Energy 1 9 8 6 ) .  

4 . 1 . 8 . 2  AC E f fec t s  

Poten t i al hea l t h  and safety effec t s  o f  AC l ines were no t addre s sed i n  t he 
Pha s e  I E I S  ( U . S .  Department o f  Energy 1 9 84 ) because no AC l i nes were t o  be 
const ruc t ed in conjunc t i on wi t h  t hat pro j ec t . A modera t e  amount of re search 
ha s been conduc t ed on AC e f f ec t s ,  and the re sul t s  are summari zed in the ER , 
Vol . Sb ( New Engl and Hydro-Transmi s s i on Corp . and New Engl and Hydro-
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Transmi s s i on E l e c t r i c  Co . [ NEHTC and NEHTEC 1985 b ] ) .  The informa t ion i n  t hat  
document suppor t s  the c onc lus ion , and DOE Staff concur s , that  no heal t h  and 
safety concerns woul d resul t from operat ion of a 345 -kV AC l ine . A per t i nent 
summary of  the effec t s  of  AC operat i on 1 s  pre s ented in  t he fol l owing 
subs e c t i on s . 

E l ec t r i c  and Magnet i c  Env i ronment 

Opera t i ng ,  h i gh-vo l t age , a l terna t i ng-current ( HVAC ) l i ne s produce 
elect r i c  and magne t i c  f i e l d s  and corona ( Lee et  al . 1 9 8 2 ) .  Corona from such 
l ine s does not produce l ong-l i ved a i r  i on s . There is l i t t l e  movement o f  the 
i on s  away from the conductor s ince they are a l t erna t e l y  repe l l ed from and 
at trac t ed to the conduc tor as t he vo l tage on t he conduc tor a l t erna t e s  
polar i t y .  Secondary effec t s  o f  AC corona include produc t i on o f  aud i b l e  no i s e ,  
ozone , and ni trogen oxides  ( Comber e t  al . 1982a , 1 98 2b ) .  For a g i ven 
transmi s s i on l ine conf i gurat i on ,  e l ec t r i c  f i e l d  s t rength depends on l i ne 
vo l t age , and magnet i c  f i e l d  s t rength depends  on l i ne current . Both vary w i t h  
d i s t ance from the conduc t o r s . 

Poten t ial  Hazards from an Opera t i ng H igh-Vol t age Al t erna t ing 
Current ( HVAC ) Tran smi s s i on Line 

As previously  men t i oned , mo s t  s tud i e s  on t he heal th and s a f e t y  a s pec t s  of  
opera t i ng transmi s s ion l i ne s have dea l t  wi th AC s y s t ems ( or a s pec t s  a s s o c i a ted 
wi th them ) . B i o l og i c a l  sys tems have been found to be af fec ted when f i e l d  
inten s i t i e s  and durat i on of  expo sure are of  suf f i c i ent magni tude . However , a s  
wi th HVDC sys tems , t he maximum e l ec t r i c  and magne t i c  f i e l d  s t rengths 
as soc i a t ed wi th HVAC s y s t ems are not of  suff i c i ent  magni tude t o  el i c i t  
harmful , pa t hol ogical  effec t s , a l t hough nonpa tho l o g i c a l  effec t s  may oc cur . 
Maximum inten s i t i e s  of  the f i e l d s  a s soc i a t ed wi th t he HVAC envi ronment oc cur 
inf requen t l y  over the cour s e  of  a year and dec l ine rap i d l y  wi t h  d i s tance f rom 
the e l e c t r i c a l  conduc t o r s . Add i t i ona l l y ,  expos ure to max imum f i eld  i n t en s i 
t i e s  i s  expe c t ed t o  b e  in frequen t due t o  per i o d i c  and general l y  s hort  dur a t i on 
use of  r ight s-of-way by humans  and l i ve s tock . The fol l ow i ng d i s c u s s i on 
det a i l s  the hea l t h  and s a fety concerns rel evant to t he propo sed Pha s e  I I  AC 
transmi s s i on l ines . 

Proximi ty Effec t s .  Ri sks of  patho l og i c a l  s hocks under the propo s ed 
345 -kV AC l i ne woul d be ext remely low.  Maximum tran s i en t  and s t eady-s t a t e  
curren t s  woul d  b e  expe c t ed to b e  about hal f t ho s e  shown in Tab l e  4 . 5  f o r  
opera t i ng 7 6 5-kV AC l i ne s a s suming s im i l a r  l i ne con f i gurat i on s . N o  d i re c t  
phys i o l og i c a l  hazards have been a s s oc i a t ed wi th such shocks ( Keesey and 
Le t c her 1 9 7 0 ) ,  and t here have been no documented c a s e s  of human injur i e s  due 
to e l e c t r i c  charges or induced curren t s  from 345-kV AC l ine s in the Un i ted 
States  ( ER ,  Vol . 5 b ) . 

Elec t r i c  F i e l d  Effec t s . I n  New England , typ i c a l  maximum e l ec t r i c  f i eld  
s t rengths at  ground l evel under 345-kV AC t ransmi s s i on l ines are 7 kV / m .  For 
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Table 4 . 5 .  Shock Curren t s  f rom 7 6 5 -kV AC Transmi s s i on 
Lines and Current s  Affec t i ng Humans a 

Type o f  
Current 

S t eady- s t a t e  
( curren t ) 

Tran s i ent  
( energy released ) 

Shock Rec eived by 
Contac t wi th a Veh i c l e  

Theore t ical : 0 . 1 - 7 . 5  mAb 

Probabl e :  0 . 003-0 . 1 2 rnA 

Highe s t  Mea sured Va l ue : 
3 . 5 -4 rnA 

Theore t ical : 0 . 02-65 mJb 

Probabl e :  0 . 00 3 - 1  mJ 

a Max i mum e l e c t r i c  f i e l d s  o f  9 kV/ m .  

Sho ck Effec t s  

Perceived : 
Star t l i ng :  

> 0 . 5-2 rnA 
> 1 rnA 

Obj ec t i onabl e :  >2  rnA 
Rel ea s e  Curren t s c 

>5  rnA s u s pe c t e d  for 
sma l l  ch i l d 

< 1 0 . 5  rnA for average 
adu l t  f ema l e  

> 1 6  rnA for average 
adu l t  ma l e  

Perc e i ved : >0 . 1  mJ 
Annoying : >0 . 5- 1 . 5  mJ 
Pa i n ful t o  
l ethal : 2 50 -2 5 , 0 0 0  mJ 

b Calculated for wor s t-case  cond i t ions  i n  max i mum e l e c t r i c  f i el d .  Wor s t 
c a s e  cond i t i on s  are : vehi c l e  completely i n sulated from ground ; human 
compl e t el y grounded and having negl i g i bl e  re s i s t ance to e l ec t r i c  current . 

c Current above whi ch c on t ac t cannot be vo lun t ar i l y  broken . 

Source :  Sco t t -Wa l t on et  al . ( 1 9 7 9 ) .  

the proposed 345-kV AC l i ne s , t he max i mum e l e c t r i c  f i e l d  s t rength a t  ground 
l evel i s  cal cul a t ed to be 6 . 6 kV/ m  in the r i ght-of-way and 1 . 8  kV/m at the 
edge o f  the r i ght-of-way ( ER ,  Vol . 5 b ) . E l ec t r i c  f i e l d s  of the s e  i n t en s i t i e s  
are at  l eve l s  for whi ch b i o l og i cal respon s e s  have been repor t ed or  i n f erred 
( Mi chae l s on 1 98 1 ; Sheppard 1 9 8 3 b ;  U . S .  Department of Energy 1 98 3 ) .  As wi t h  
the D C  s y s t em ,  e l ec t r i c  f i e l d  intens i t i e s  would vary wi t h  po s i t i on , a n d  the 
max i mum ground l evel i n t en s i t i e s  woul d be encount ered only i n  a sma l l  port i on 
o f  the r ight-of-way ( l e s s  t han 5 % ) . Recent rev i ew of the l arge body o f  
1 i terature o n  expo sure t o  AC f i el d s  ha s revealed n o  evidence o f  harmful 
ef fec t s  from i n t ermi t t ent expo sure to f i e l d  i n t en s 1 t 1 e s  below 1 0  kV/m 
( M i chae l s on 1 98 1 ; Sheppard 1 9 8 3 b ; U . S .  Department o f  Energy 1 98 3 ) .  

F i el d  and l aborat ory s tud i e s  have genera l l y  shown mi n i mal or  no impac t s  
from power-frequency e l e c t r i c  f i e l d  s t rengths  o f  3 0  kV/m o r  l e s s .  Expo sure t o  
a n  AC e l e c t r i c  f i e l d  s t rength up t o  2 0  kV/m d i d  n o t  cau s e  s t re s s  or a f f e c t  
hea l t h  ( Hauf 1 9 7 4 ; Rup i l i u s  1 9 76 ) .  N o  effec t s  o n  growt h or  reproduc t i on o f  
c at t l e , hors e s , sheep , a n d  swi ne pas tured under a 7 6 5-kV A C  t ransmi s s i on l i ne 
r i ght-of -way wi th an e l e c t r i c  f i e l d  s t reng t h  up to 12 kV/m we re o b s erved 
( Am s t u t z  and M i l ler 1 98 0 ) . S t ud i e s  on another 7 6 5 -kV AC l i ne showed no  e f f e c t  
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on cow mi l k  produc t i on (Wi l l i ams and Bei ler 1 9 7 9 ) .  No d i f ference s  1 n  
fert i l i t y  were noted between cat t l e  pas tured near a 400-kV AC l ine and t ho s e  
pa s tured i n  a c ontrol area ( Henn ichs 1 9 82 ) . Rogers et  al . ( 1 9 8 2 )  observed no 
rel uc tance by cat t l e  to graze under an 1 1 00-kV AC l ine , a l t hough they s pent 
l e s s t ime under t he l ine when it wa s energ i zed . Th i s  s ugge s t s  a behavi ora l 
effect from the 1 2-kV/m electric  f i eld  and / o r  from the aud i b l e  no i s e  rel at ed 
t o  corona ac t 1 v 1 t y .  Phi l l i ps et  al . ( 1 9 8 1 )  reported mixed resu l t s  re l a t ed t o  
inc i dence o f  mal formed o f f s pr i ng for swine expo sed t o  3 0  kV/m , but no  evidence 
of thi s for sma l l  l aboratory animal s .  Hackman and Grave s ( 1 98 1 )  conc l uded 
that an e l ec t r i c  f i e l d  s t rength o f  30  kV/m wa s not s t res s ful . Neuroendocr i ne 
l evel s ( rel ated t o  s t re s s ) i n  rat s  d i d  not s i gn i f i cant l y  change from expo sure 
t o  100 kV/m for a few hours t o  a few days ( Quinlen et  al . 1 9 8 5 ) .  Quan t i t at i ve 
tes t s  for s t re s s  were negat i ve for peopl e expo s ed t o  20 kV/m ( at S O  Hz ) for 
5 hours ( Hauf 1982 ; Amon 1 9 7 7 ) .  Beyer et  al . ( 1 9 7 9 )  found no  change 1 n  
cort i s o l  content o f  blood i n  humans expo sed t o  10 t o  20 kV/m f o r  1 . 5  hour s . 

Con t i nuous expo sure t o  the e l ec t r i c  f i e l d  i n  the propo sed r i ght-of-way 1 s  
unl i kely becau se i t  i s  improbable that humans or other an ima l s  woul d  rema i n  1 n  
the r i ght-o f-way for more than a few hours . Ou t s ide the r i ght-of-way , the AC 
e l e c t r i c  f i e l d  inten s i t i e s  would fal l bel ow 2 . 0  kV/m,  and fal l be l ow the 
earth ' s  nat ural average £ai r-weather e l e c t r i c  f i e l d ( l e s s  than 1 . 5  kV/ m )  
within  a short d i s tance from the r i ght-of-way . Sheppard ( 1 9 8 3 b )  ha s 
i den t i f ied 1 . 0  kV/m as  a rea s onab l e  c r i t e r i on level for prot e c t ion o f  publ i c  
heal th f o r  l ong-term expo s ure t o  AC f i e l d s . 

I n  conc l u s i on ,  a l t hough b i o logical e f fec t s  have been repo rted for l eve l s  
o f  e l ec t r i c  f i e l d  i n t en s i t i e s  as s oc i a t ed wi th AC t ransmi s s i on l in e s , i t  i s  
improbable that the f i e l d s  as s o c iated w i t h  the propo sed AC s y s t em woul d  
compromi s e  t h e  heal t h  and we l fare o f  t he l o c a l  popu l a t i on or l ive s t ock.  

Magne t i c  F i el d s . The proposed 345 -kV AC 1 ines wou l d  produce max i mum 
ground-l evel magne t i c  f i e l d s  of 0 . 2 8  G i n  the r i ght-o f-way and 0 . 0 8 5  G a t  the 
edge of the r i ght-of-way ( ER ,  Vol . S b ) .  The s e  va lues are l e s s  than the AC 
magnet i c  f i eld  of 1 t o  5 G produced near several home app l i anc e s  ( M i l l er 1 9 7 4 ; 
Gauger 1 9 8 5 ) .  There i s  no ba s i s  t o  conc l ude that a 60-Hz magne t i c  f i e l d  o f  
the magn i tude comparable t o  that o f  the propo sed 345 -kV AC t ransmi s s i on l in e s  
wou l d  cau s e  any biol ogical  effec t s  t o  man or  o ther anima l s . Laborat ory t e s t s  
present confl i c t i ng report s a t  magne t i c  f i e l d  s t rengths and frequen c i e s  1 0 0  
and 10  t ime s tho se of  the propo sed A C  t ransmi s s ion l i nes , re s pec t i ve l y . 
Epi demi o l o g i cal data on effect s o f  magne t i c  f i e l d s  on i ncreas ed r i s k s  of  
cancer are s o  weak that  epi demi o l ogy is  not a s uf f i c i en t  test  t o  detect  any 
effec t s .  S t ud i e s  of the hea l t h  of  e l e c t r i c  f i e l d  workers ( an emp l oyment 
sector that would be among tho s e  mo s t  expo sed to magne t i c  f i el d s ) have not 
i nd i cated any s ugge s t ions  of  increased cancer r i sks ( ER ,  Suppl emen t , Sept . 29 , 
1986 ) .  U . S .  and Sov i e t  research groups have rec ommended l eve l s  o f  200 t o  
3 0 0  G for occupa t i onal or  ext ended expo sure s and 20 , 000 G f o r  short ( s everal 
minute s ) expo s ure s ( Ll aurado et  al . 1 9 7 4 ) . I t  can be conc l uded that magn e t i c  
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f i e l d  effe c t s  a s s oc i a ted wi th the propo sed HVAC transmi s s i on l i ne s wi l l  be 
i nnocuous . 

Ai r I on s . Ai r i on dens i t i e s  are not of concern for AC tran smi s s i on 
l i nes . As the vo l t age on the c onductor a l t ernates  polar i ty ( at the rate of 
6 0  t i me s  per second ) ,  charged mo l ecul e s  are a l t ernately a t t racted and repul sed 
and thus rema i n  near the c onduc t o r s . 

Expo s ure to Aud i bl e  No i se and Ozone . Calculated max imum noi s e  leve l s  
under the operat ing 345-kV AC l i ne s would be about 6 0  d B { A )  in  heavy rain 
cond i t ions  ( ER ,  Vol . S b ) . General l y ,  the AC l ine s woul d  generate aud i b l e  
no i s e  dur ing rain or fog . Expec t ed no i s e  l evel s at t h e  edge of  t he r i ght-of
way would be � 45 d B  ( fa i r  weather ) ,  48  dB  ( when conduc t o r s  are wet from fog 
or  l i ght rain ) ,  and 5 6  dB  ( heavy rai n )  ( ER ,  Vol . S b ) . General l y ,  background 
l eve l s  of aud i b l e  noi s e  in rura l area s are about 35 to 45 d B ( A )  during fai r 
weather ( U . S .  Envi ronmental  Pro t ec t i on Agency 1 9 74 ) . Dur i ng heavy rai n ,  
background l eve l s  o f  aud i ble no i se would i ncrease 10  t o  1 5  dB ( A )  because of 
rain ( ER ,  Suppl ement , Sept . 29 , 1 9 86 ) .  Thus , aud i b l e  no i se would be expe c t ed 
t o  be a t  or s l i gh t l y  above normal background al ong the edge of  the r i ght-of
way during fair weather or l i gh t  rain or fog . The same conc l u s i on would ho ld 
for per i od s  of  heavy rain when background no i se l eve l s  woul d  be great er . 
Al s o ,  the pub l i c  typi cal l y  woul d  be indoors  during heavy rain . In  summary , 
t he d i s cernable no 1 s e  leve l s  would genera l l y  be bel ow tho s e  con s i dered 
annoyi ng becau s e  no i se l evel s fal l off rap i d l y  as  d i s tance from the l ine s 
1 ncrea s e s . No i s e  inten s i t y decrea s e s  at the rate of  6 dB  per doubl ing of 
d i s t ance ( U . S .  Env i ronment a l  Pro t e c t i on Agency 1 9 74 ) .  

The lack of  ant i c i pa t ed i mpac t s  due t o  ozone produc t i on related t o  the 
HVDC l i ne a l s o  appl i e s  to the propo s ed HVAC t ransmi s s i on l ines . 

Card iac Pacemaker s .  Operat i on of  the 345 -kV AC 1 ines could resul t in  
max i mum AC f i e l d s  in  t he range that  could i nduce revers i on t o  a s ynchrony . 
Mo s t  pacemaker manufac turers have succ e s s ful ly d e s i gned them t o  avo i d  
e l ec t romagnet i c  f i e l d  problem s  ( ER ,  Vol . S b ) , but s ome card i ac pacemake r s  can 
revert  i n  e l ec t r i c  f i e l d s  of  2 kV/m ( Mo s s  and Cars tensen 1 9 8 5 ; Butrous e t  al . 
1 9 8 3 ) .  Cond i t i on s  re sul t ing i n  prolonged rever s i on are ext reme l y  unl i kel y ,  
but the r i sks a s s oc i ated wi th intermi t tent rever s i on could cause faint ing 
( Mo s s  and Car s t ensen 1 9 8 5 ) .  Apparent l y  no acciden t s  have resul t ed from 
expo sure of a pacemaker pa t i ent to an AC t ran smi s s i on l i ne ( Sc o t t -Wal t on 
et al . 1 9 7 9 ; Lee et al . 1 9 8 2 ; Wor l d  Heal th Organ i zat i on 1 9 84 ) . Al though the 
comb i na t i on of  c i rcums tanc e s  t ha t  woul d l ead to an acc i dental event i s  
ext remel y rare ( ER ,  Vol . S b ) , i t  i s ,  nonethel e s s ,  probabl y unwi s e  for persons  
wi th s en s i t ive pacemaker s  t o  work for ext ended per i ods  i n  the r i ght-of-way of 
the AC l i ne s .  

4 . 1 . 8 . 3  Comb i ned Effec t s  of  DC and AC Tran smi s s i on Lines  

Mo s t  of  the propo s ed DC t ransmi s s i on l i ne woul d share a r i ght-of-way wi th 
a 1 1 5 - ,  2 3 0- , or 345 -kV AC l i ne . The previ ous l y  pre s en t ed i n format i on ha s 
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impl ied that  the proposed DC and AC l i nes woul d have negl i g i b l e  effec t s  on 
hea l t h  and safet y .  Neverthel e s s , s ome concern may s t i l l  exi s t  as to whether 
the combi ned effec t s  o f  DC and AC l in e s  operat i ng s i de by s i de would have 
effec t s  greater than expe c t ed from e i ther l ine a l one . However ,  informat i on 
summari zed bel ow s t rong l y  impl i e s  that c ombined operat ions  of  DC and AC l i nes 
would not have adver s e  hea l t h  and safety effect s .  

The highe s t  calculated aud i bl e  no i s e  l evel at  the edge o f  t he r i ght-of
way would be 55 dB ( A )  dur ing heavy rain . Thi s i s  only 1 d B ( A )  above the 
cal cul ated aud i b l e  no i s e l eve l for the corre s pond i ng r i ght-of-way wi t h  onl y  
t he exi s t i ng AC l ine . 

Shi e l d i ng o f  t he eart h ' s  magnet i c  f ie l d  (who s e  s t rength i s  almo s t  twi ce 
as  high as  that of  t he proposed DC l ine ' s  magnet i c  f i e l d )  is s e l dom done in 
experimental s t ud i e s . Thus , it i s  reas onab l e  to c onc l ude that s t ud i e s  on t he 
effec t s  o f  AC magnet i c  f i el d s--previ ous l y  concluded t o  have no heal t h  e f fec t s 
at l eve l s  expected from the propo sed 345-kV AC l i ne s--have i n  actual i t y  
a s s e s sed t he combi ned effec t s  of  an AC l i ne and t he earth ' s  f i e l d . Several 
recent  s t ud i e s  have i nd i cated that the magn i tude and o r i entat i on of a DC 
magnet i c  f i e l d  can affect  the respon s i vene s s  of i s ol a t ed t i s sue s or animal s to 
superimpo sed AC e l e c t r i c  and magne t i c  effec t s . B l ackman et  al . ( 1 98 5 a ,  1 98 5 b )  
obs erved t hat  certain c omb i nat ions  o f  DC magne t i c  f i el d s , i n  c on j unct i on wi th 
ELF e l ec t r i c  and magnet i c  f i e l d s , can enhance cal c i um e f f l ux wi thin certain 
ampl i t ude-frequency c ombinat ions : ( 1 )  0 . 38 G and 1 5 -Hz e l e c t r i c  f i e l d s  
enhanced cal c i um e f f l ux ,  ( 2 )  0 . 3 8 G and 30-Hz s howed no enhancement , 
( 3 )  0 . 1 9 G and 1 5 -Hz s howed no enhancemen t ,  ( 4 )  0 . 2 5 3  G and 3 0-Hz enhanced 
cal c ium efflux ,  and ( 5 )  0 . 7  G and 3 0-Hz enhanced cal c ium e f f l ux .  Expo sure t o  
1 . 0  t o  1 . 5 G ,  60-Hz magnet i c  f i e l d  i n  comb i nat i on with a net D C  magnet i c  f i e l d  
o f  0 . 2 7 G reduced pharmaco l og i cal ac t i v i t y  of  morphine o n  percep t i on o f  pa i n  
and s pontaneous locomo t or act i vi t y  i n  mi ce ( M i l l er et  al . 1 9 8 5 ) .  L i bo f f  e t  
al . ( 1 985 ) reported a 0 . 4-G , 60-Hz magne t i c  f i e l d  superimpo sed on a 0 . 26-G DC 
magnet i c  f i e l d  affec t e d  t i ming d i s c r iminat i on in rat s .  However t he s e  effec t s 
are revers i bl e ,  return i ng t o  normal fol l owing c e s s a t i on of  expo sure 
( equivalen t  t o  mov ing away from t he r i ght-o f-way ) .  Al s o  t here were no 
observed patho l og i cal effec t s .  Thus , the mean ingfuln e s s  of  t he s e  obs erva t i on s  
t o  human hea l t h  and s afety i s  que s t i onabl e .  Add i t i onal l y ,  under normal 
operat ing cond i t i on s  for the propo sed DC l i ne , t he resultant  s t a t i c  magne t i c  
f i e l d  ( earth ' s  plus  t hat o f  t he DC l i ne ) would be c l o s e  t o  o r  wi thin l i mi t s  o f  
local var i at ions o f  t he s t at i c  magne t i c  f i e l d  found natura l l y  a t  t he earth ' s  
surface . Thus , the c omb ined magnet i c  effec t s  of  AC and DC l i n e s  should have 
no hea l t h  e f fec t s  of concern . 

There i s  l i t t l e  movement of  s ma l l  a i r  i ons  away from an AC c onduc t or .  
Therefore , an AC l i ne wi l l  c ont r i bute l i t t l e  t o  t he a i r  ion c oncentrat i on at 
ground l evel . Thus , air ion effec t s  would be s i mi l ar ( negl i g i b l e )  t o  t hat 
prev i o u s l y  d i s cus sed for t he DC l i ne . Add i t i onal l y ,  ion concen t ra t i on s  at t he 
the edge of  t he r i ght-o f-way would be l e s s  on t he AC s i de ( o r  on e i ther s i de 
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where the DC l i ne i s  s i tuated between AC l i nes ) than at  the edge of the r i ght
of-way if only the DC l i ne would be pre s en t . 

There a re no data i nd i cat i ng , nor 1 s  there rea son t o  be l i eve , tha t  
c omb i ned e f fec t s  of  D C  and AC e l ec t r i c  f i e l d s  would affect  hea l t h  and 
safety . As s t a t ed in the ER ( Vol . 5 Suppl ement , Oc t .  30 , 1985 ) ,  a DC e l e c t r i c  
f i el d  i s  con s t an t  over t i me and d o e s  not  capac i t i ve l y  i nduce current s within  
objec t s , but ra ther caus e s  objec t s  t o  ac cumulate charge s at  the i r  surfac e s . 
Thi s should i n  effect shield  the object  f rom influenc e s  of  the externa l l y  
a ppl i ed D C  f i el d .  

On t he ba s i s  o f  t he informat i on above , c oupl ed wi th t he l ack o f  any 
obs erved e f fec t s from exi s t ing shared DC/AC r i gh t s-of-way , there i s  no rea s on 
t o  conc l ude that any adve r s e  heal th or  safety effec t s  would r e s u l t  f rom the 
s i t i ng of  the propo sed DC l i ne wi thin AC r ight s-of-wa y .  

4 . 1 . 8 . 4  Herb i c i de U s e  1n Right-of-Way Management 

The Pha se I E I S  ( U . S .  Department of Ene rgy 1 984 ) c onc l uded tha t herb ic ide 
u s e  would not  be a heal t h  or safety c oncern . Vegetat i on ma intenance prac t i c e s  
f o r  t he propo sed Pha se I I  pro j ec t  would b e  s im i l a r  t o  t h a t  of Pha se I ,  a s  wel l  
a s  o ther New Engl and E l ec t r i c  Sys tem ( NEES ) l ine s .  Therefore , n o  hea l t h  and 
safety e f fec t s f rom Pha s e  I I  ma intenance would be expected . A per t i nent 
summary of herb i c i de u s e  i s  presented in t he fo l l owing d i s cus s i on . 

Except for t he f i rs t  1 . 3 km ( 0 . 8  mi ) ,  mo s t  o f  the propo s ed t ransmi s s i on 
l i ne would be c on s t ruc ted 1n exi s t i ng r i ght-of-way that 1 s  curren t l y  
ma i n t a i ned b y  NEES . A 2 . 9-km ( 1 . 8-mi ) s egment be tween M i l l bury and We s t  
Medwa y ,  Ma s sachus e t t s ,  i s  ma inta i ned by B o s t on Ed i s on Company i n  a manner 
s im i l a r  to NEES . Current r i ght-of-way management prac t i c e s  wou l d  be 
ma i n t a i ned al ong t he se r i ght s-of-way ( ER ,  Vol s .  2 and 3 ) .  S e l e c t i ve 
a ppl i c a t i on s  o f  herb i c i d e s  would be used t o  retard t he deve l o pmen t o f  t al l 
growing vegetat i on t ha t  might comprom i s e  t he integr i ty and s a f e t y  o f  t h e  powe r 
t ransmi s s ion s y s tem.  The Appl i c ant  would only u s e  herb i c i de s  t ha t  are 
regi s t ered with the U . S .  Envi ronmenta l  Pro t e c t ion Agency and the s ta t e s  o f  New 
Hampshire and Ma s sachus et t s  and a pproved for u s e  in r i ght-of-way management . 
The herb i c i d e s  curren t l y  u s ed by NEES are l i s t ed i n  Tab l e  4 . 6 .  

Herb i c i d e s  would only be appl i ed by means o f  s e l e c t ive s pray appl i c a t ion 
by worke r s  us i ng hand-he l d  a ppl i c a t i on t ool s ;  t here would be no broad c a s t  
appl i ca t ion . Area s near publ i c  wat e r  suppl i e s , open wat e r s , s p r i ngs , we l l s ,  
home s , o r  road s i de s  would be managed by manual removal o f  unde s i rable 
vege t a t ion , use o f  certain  her b i c i d e s , or  u s e  o f  only spec i f i c  herb i c i de 
appl i c a t i on t echn i que s . Herb i c i de appl i c a t i on s  would f o l l o w  a pre s c r i bed 
schedule beg i nn ing with s e l e c t ive s praying o f  s t ump s  of  all hardwood s pec i e s  
dur i ng t h e  f i r s t  dormant s e a s on a f t e r  c l ea r i ng . Two yea r s  l at e r , a second 
s e l e c t i ve a ppl i c a t ion wou l d  occur , wi t h  subs equent appl i c a t ions  on a 3- t o  
5 -year cycl e .  



Table 4 . 6 .  Current Herb i c ide Usage by NEES Compani e s  

Average Appl i cat i on 
Rat e  ( ga l l on s  of  

Ac t i ve ac t i ve i ngred i en t  Type o f  
Herb i c ide Ingred i en t s  D i lut i on per acre of  ROW ) Appl i cat i ona 

Kren i t e Fosamine 1 . 5 gal herbi c ide 0 . 44 H i gh-volume fol iarb 

t o  9 8 . 5  gal wat e r  

Kren i t e  Fosamine 14-20 gal herb i c ide 0 . 30 Low-volume f o l i arc 

Garl on 3A Tr i c l opyr 1 gal herb i c ide 0 . 36 H igh-vol ume fol i ar 
t o  9 9  gal water 

Carl on 3A Tr i c l opyr 1 0  gal herb i c i d e  0 . 1 3 Low-volume fol iar 
t o  9 0  gal  water 

Carl on 3A Tr i c l opyr 5 0  gal herb i c i d e  <0 . 0 1  Cut s t ump 
to 5 0  gal wa ter +:-

Garl on 4 Tr i c l opyr 25 gal herb i c ide 0 . 0 3 Low-volume basal 
I 

+:-
-....1 

t o  7 5  gal l ight o i l  and cut s t ump 

Tordon 1 0 1  P i c l oram & 1 gal herb i c ide 0 . 4 1  H i gh-vol ume fol i ar 
2 , 4-D to 99 gal wa ter ( 0 . 08 P i cl oram 

and 0 . 3 3 2 , 4- D )  

Tordon 1 0 1  P i c l oram & 14  gal herb i c i de 0 . 1 5 Low-vol ume fol i ar 
2 , 4-D t o  86  gal water (0  . 0 3  P i c l oram 

0 . 1 2 2 , 4-d ) 

Tordon 1 0 1  & P i c l oram , 0 . 5  gal each 0 . 28 H i gh-volume fol i ar 
Carl on 3A 2 , 4-D & herb i c ide t o  ( 0 . 03 P i c l oram , 

Tri c l o pyr 9 9  gal wat e r  0 . 1 2 2 , 4-D and 
0 . 1 3 Tri c l opyr ) 

Tordon 1 0 1  & P i c l oram , 7 gal each herb i c ide 0 . 46 Low-volume fol i ar 
Garl on 3A 2 , 4-D & t o  8 6  gal wa ter (0  . 0 7  P i cl oram , 

Tri c l opyr 0 . 29 2 , 4-D and 
0 . 10 Tri c l opyr ) 



Herbi c i de 

Tordon RTU 

Roundup 

Roundup 

Ac t i ve 
I ngred i ent s 

P i c l oram & 
2 , 4-D 

G l ypho s a t e  

G l ypho s a t e  

Tabl e 4 . 6 .  Con t i nued 

Di l ut i on 

Und i l ut ed herb i c ide 

1 gal  herbi c i de 

7 gal herb i c ide 
to 9 3  gal wa ter 

Ave rage Appl i ca t i on 
Ra t e  ( ga l l on s  o f  
a c t ive ingred i ent  
per acre o f  ROW ) 

< 0 . 02 
( 0 .  0 1  P i c l oram 

and 0 . 0 1 2 , 4-D ) 

0 . 1 2 

0 . 1 2 

Type of 
Appl i c a t i ona 

Cut s t ump 

H i gh-vo l ume f o l iar  

Low-vo l ume f o l iar  

a Three a ppl i ca t i on met hod s are used . Fo l i ar t rea tmen t s  are appl i ed t o  the l eaves o f  t he t arget t ree 
s prout s or seed l i ng s . B a s a l  treatmen t s  are appl i ed to t he l ower 8 to 1 8  in of a t ree ' s  s t em .  Cut s t ump 
t reatment s are appl i ed t o  t he cut surface of a t ree ' s  s t ump . The s e  appl i c a t i on met hod s are a l l s e l e c t ive 
and are appl i ed only t o  target plant s .  They suppre s s  t ree growth wh i l e  encouraging the growth o f  shrubs , 
gra s s e s , fern s , and o ther l ow-growing pl ant s pec i e s . 

b H i gh-vol ume f o l iar  t reatment s ut i l i z e  a re l a t ive l y  l ow concen t ra t i on o f  herbi c i de mixed w i t h  wat er . They 
are a ppl i ed wi th hand-he l d  noz z l e s  a t t ached t o  hyd raul i c  s pray equipmen t .  Th i s  me thod i s  usua l l y  
performed i n  areas o f  re l a t i ve l y  high s t em dens i t y and area s where a c ce s s  i s  d i f f i cul t .  

c Low-vo l ume f o l iar  t reatmen t s  ut i l i ze a rel a t ive l y  hi gh concen t rat i on o f  herbi c i de mixed wi th wa ter . They 
a re appl i ed wi th powered backpa ck equi pment . Th i s  met hod i s  usua l l y  performed in areas of rel at ively l ow 
s t em dens i t y  and area s where ac c e s s i s  not  d i f f i cul t . 

Source : Suppl ement a l  re sponse from Vern R .  Wa l ker to  An thony Como ( DOE , ERA ) , 9 Oct ober 1 98 5 . 

.pI 
-P
CP 
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H e rb i c i d e s  can be tox i c  to  l i v i ng o rgan 1 sms and many are con s i dered 
s omewhat t ox i c  to  human s  ( Norr i s  1 98 1 ; Gang s tad 1 9 8 2 ; U . S .  Department of  
Energy 1 9 8 3 , 1 9 8 4 ) .  Human hea l t h  r i s k  f rom herb i c i de appl i ca t i o n  depends upon 
t he acute and chron i c  t ox i c i t y o f  the compound , dura t i o n  o f  expo s ure , pathway 
of expo s ure , and concen t ra t i on o f  t he compound to whi ch one i s  expo s ed . Ba s ed 
on wo r s t-ca s e  a s s e s sment , t he U . S .  Depar tment o f  Energy ( 1 9 8 3 )  ha s e s t i ma t ed 
the max i mum po s s i b l e  d o s e  t o  a 5 0-kg ( 1 1 0 - l b )  i nd i v i dua l expo s e d  to  2 , 4-D 
occupa t i o na l l y  or v i a  envi ronmental d i s p er s i on o f  t he herb i c i d e . Tab l e  4 .  7 
s umma r i z e s  t he r e s u l t s  o f  that a s s e s sment s c a l ed to  NEES ' s  current ap p l i ca t i o n  
r a t e  o f  a bout 2 . 2  kg / ha ( 2  l b / a c re ) .  E s t i ma t ed s a f e t y  marg i n s  f o r  u s e  o f  
2 , 4-D a s  propo s ed b y  t he App l i cant range f rom max i mum d o s e s  o f  1 0 0  to  
2 0 , 0 0 0  t i me s l e s s  t han the thre s ho l d  l eve l o f  2 0  mg / ( kg · day ) for  c hron i c  
e f f e c t s t o  t he reproduc t i ve s y s t em .  The o t he r herb i c i d e s  propo s ed f o r  u s e  by 
the App l i cant are genera l l y  l e s s  t o x i c  to  mamma l i an s y s t ems than 2 , 4-D 
( U . S .  Depar tment of Energy 1 9 8 3 , 1 9 8 4 ) .  

Herbi c i de u s e  ha s been f ound to  be env i ronment a l l y a c c e p t a b l e  a s  
prac t i c ed by t he Fore s t  S e r v i c e  i n  t he No r t hea s t . Th i s  program i nvolves  t he 
t reatment o f  1 8 , 2 0 0  ha ( 4 5 , 0 0 0  � c re s ) wi t h  a var i e t y  o f  her b i c i d e s , i nc l ud i ng 
2 , 4-D , P i c l or am ,  and Kren i t e  for road and t ra i l  management , r e : reat i onal 
deve l o pment ,  and o t her u s e s  ( Fo r e s t  S e rv i c e  1 9 7 8 ) .  Thi s  conc l u s i on wa s 
part i a l l y  ba s ed upon 2 5  year s  o f  herb i c i d e  u s e  by the Fore s t  S e rv i c e  w i t h  no 
known hea l t h  prob l ems 1n Fore s t  Servi c e  per s onne l ,  appl i c a t o r s ,  or  l o c a l  
r e s i dent s .  

Several al t erna t i ve s  t o  vege tat ive management u s i ng 
The s e  i n c l ude manua l , mechan i ca l , and b i o l og i c a l  
( U . S .  Depar tment o f  Energy 1 9 8 3 ) .  However , the mo s t  
a l t e rna t i ve s  a r e  manual o r  mechan i ca l  vege t a t i o n  cont rol . 

herb i c i d e s  e x i s t . 
control  me thods  

read i l y  a c c e p t a b l e  
The s e  me t ho d s  are  

muc h  more l a bor- i n t e n s i ve and expo s e  wo rke r s  to  i nc re a s e d  r i s k  o f  i n j ury f rom 
a c c i dent s i n  t o o l , e q u i pmen t , and brush hand l ing . In Oregon , the Bonnevi l l e  
Power Admi n i s t r a t i on h a s  r e c orded a 5-year average i n j ury r a t e  o f  5 i n j u r i e s  
p e r  2 0 0 , 0 0 0  per s on-hours  i n  brus h-cut t i ng a c t i v i t i e s  ( U . S .  Department o f  
Energy 1 9 8 3--p . 2 0 5 ) .  N o  c hemi c a l  tox 1 c 1 t y  i n j u r i e s  were repor ted among 
worker s  over t h i s s ame t i me pe r i od . Vege t a t i on management u s i ng her b i c i d e s  
s ubs t an t i a l l y  reduc e s  hea l t h  and s a f e t y  r i s k s  f o r  wo rke r s  wh i l e  s l i ght l y  
i n c r ea s i n g  t he r i s ks o f  t ox i c  e f f ec t s  to  t h e  publ i c ,  p r i nc i pa l l y  v i a  e ro s i on 
and s p i l l  event s .  

I n  conc l u s i on ,  the herb i c i d e s  propo s e d  f o r  u s e  i n  the r i ght s -o f -way have 
l ow degrees  of to x i c i t y  to  human s  and o ther an i ma l s ,  and t he i r  appl i ca t i o n  
accord i ng to  l abel  d i rec t i o n s  a n d  i n  conj unc t i o n  w i t h  appro p r i a t e  m i t i ga t i ve 
mea s ur e s  wou l d  e n s ure the i r  s a f e  u s e . E x t en s i ve expe r i ence w i t h  t o x i c  
herb i c i de s  h a s  s hown that the s e  p o t ent i a l l y  ha zardous mat e r i a l s can b e  u s ed 
s a f e l y  i f  appro p r i a t e  precaut i o n s  are  i mp l emen ted ( Barne s 1 9 7 5 ; Buf f i ngton 
1 9 74 ; Gang s t ad 1 9 8 2 ; U . S .  Department o f  Energy 1 9 8 3 ) .  



Tabl e 4 . 7 .  Max i mum Wor s t-Case Do s e s  [ mg / ( kg · day ) ]  and A s s oc iated Safety 
Fac tors for Potent i al Rou t e s  of Expos ure to 2 , 4-D Propo sed for Use 

I t em 

Max i mum 
dosea 

s�!� ��rb 

Hand l i ng 
Her b i c i de s  

Dur ing 
Appl i ca t i on 

0 . 05 0  

40 0 

by the App l i cant for R ight -o f-Way Management 

Dr inki ng 
2 L o f  

Wa ter from 
1 0-cm-deep 
St ream on 

R i ght-o f-Way 

0 . 09 0  

2 2 2  

Con sumi ng 
0 . 5  kg of 
F i s h from 
1 0- cm-deep 
S t ream on 

Ri ght- of-Way 

0 . 0 22 

9 09 

Consum ing 
0 . 5  kg of 
Me at from 

Deer Found on 
R i ght -o f-Way 

0 . 0 0 1 0  

2 0 , 00 0  

a Wor s t-c a se e s t imat e o f  max imum d o s e  t o  a 5 0-kg ( 1 1 0- l b ) per s on .  

Consuming 
0 . 5  kg o f  

Ber r i e s  
Col l e ct ed on 
R ight -o f-Way 

0 . 1 2 

16 7 

b Based on a t hresho ld l evel o f  chroni c  inge s t ion of 2 0  mg / ( kg · day ) of 2 , 4-D for i n i t i at ion 
of effec t s  t o  reproduc t i on .  

Source : Mod i f i ed from U . S .  De partment o f  Energy ( 1 983--Tabl e 7-12 ) .  

.p.. I 
l/1 
0 
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4 . 1 . 9  Rad i o  and Televi s i on I nt erference 

The t erm "rad io no i s e" i s  used �n reference to any unde s i rable 
d i s turbance of the rad i o  frequency spectrum ,  whi ch range s from 3 kHz to 
3 0 , 000 MHz . Opera t i onal h i gh-vol tage t ransmi s s ion fac i l i t i e s  cont r i bute t o  
rad i o  no i s e that can interfere wi th rad i o  and t e l evi s i on recep t i on ,  
part i cul arly the AM broadca s t  bands ( 5 3 5 - 1 6 0 5  kHz ) and the l ower tel evi s i on 
broadca s t  band s ( Channel s  2-6 at 54-88 MHz )  ( U . S .  Department of Energy 
1 9 84 ) .  The degraded recept i on i s  referred t o  as rad i o  interference ( RI ) or 
televi s i on int erference ( TVI ) .  The FM broadca s t  range from 88 MHz to 1 08 MHz 
i s  unaffected by pul sat i ve-type no i s e ( General E l e c t r i c  Company 1 982 ) .  

RI and TVI as soc i a ted with operat i onal t ran smi s s i on l ines resul t f rom 
corona d i s charge and gap s parking . The lat ter i s  genera l l y  caused by defec
t ive or loose f i t t ings and can be remed i ed by rout i ne ma intenance . Corona 
( the part i a l  breakdown of a i r  into charged part i c l e s ) begins t o  occur when the 
surface vo l t age grad i ent on the conductors exceeds the thresho l d  or on set  
value of the surround ing a i r . Tran smi s s i on l ines are de s i gned t o  control 
l evel s of corona ac t i v i t y ,  but the onset of corona is influenced by numerous 
factors , i nc l uding atmo s pher i c  e l ement s ,  des i gn parameters of the l ine , and 
cond i t i on of the conduc t o r s . Corona ac t i vity  i s  al so influenced by the kind 
of t ran smi s s i on s y s t em .  For example , corona ac t i v i ty a s s oc i at ed w i t h  AC 
sys tems i ncreases  dur i ng foul weather , reaching a max i mum dur i ng heavy ra i n .  
I n  contras t ,  corona l evel s for DC s y s t ems are h i ghe s t  when point s ourc e s  oc cur 
on the conductor ( wh i ch may occur during foul weather ) ,  a l t hough certain 
e f fec t s  ( aud i b l e  no i s e  and R I / TVI ) of co rona are probably h i ghe s t  i n  faL 
wea ther (ER,  Vo l . S a ) . 

Some evidence ind i cates  that DC RI i s  o f  a les ser nu� sance l eve l than AC 
RI ( Bonnev i l l e  Power Admin i s t ra t i on undat ed ) .  Sub j e c t ive evaluat ions by t e s t  
i nd i v i dual s have shown that the tol erance l evel f o r  D C  R I  corres ponds w i t h  a 
broadca s t  s i gnal-t o-no i s e rat i o  ( SNR ) o f  about 1 0  t o  1 .  In  t erms of 
equivalen t  dB l evel s ( above 1 �V/m,  here inafter impl i ed ) , the RI at the 
receiving ant enna mus t  be 20 dB be l ow the broadca s t  s ignal for acceptabl e  
recept i on .  Bracken ha s reported that a d i f feren t i a l  of 1 7  dB resul t s  � n  
ent i re l y  sat i s fac tory AM recept ion ( U . S .  Department of Energy 1 9 84 ) . However , 
the SNR for acceptab l e  recep t i on i nvolving AC t ran smi s s i on sys tems � s  
var i ou s l y  reported a s  1 5  t o  1 ,  rang ing up t o  2 5  t o  1 .  Accord i ngl y ,  t he AC 
l ine RI mus t  be 2 3 . 5  to 28 dB be l ow the broadca s t  s i gnal s t rength for 
sat i s fac t ory recep t i on ( Bonnevi l l e  Power Admi n i s t rat i on undated ) .  The 
Appl i cant proposes  that an SNR of about 20 dB for AC t ransmi s s i on l ines would 
re sul t i n  sat i s fac tory recep t i on qual i t y  ( ER ,  Vol . 5 --p . I I -2 0 ) ,  a s  oppo s ed t o  
the 2 3 . 5  t o  28 dB no ted above . 

The prec ed ing a t t r i butes  of RI and TVI a s soc iated with DC t ransmi s s i on 
s y s t ems were included a s  con s i dera t i ons in  evalua t i ng RI  and TVI related t o  
Pha s e  I deve l opment of the New Eng land/Hydro-Quebec ±450-kV D C  transmi s s i on 
l ine int erconnec t i on ( U . S .  Department of Energy 1984 ) .  Based on a relat ively 
cons erva t i ve pred i c t i on equa t i on ,  it  wa s e s t i mated that the fair weather RI  at 
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the edge of the ri ght-o f-way would be 4 1  dB . S i nce the d e s i gn parameters  of 
the current l y  propo sed Pha s e  II transmi s s i on fac i l i t i e s  are s i m i l ar t o  tho s e  
o f  the Pha s e  I development ( ER ,  Vo l . 4--p . 7 6 ) ,  i t  i s  a s sumed that the f a i r  
weather R I  a t  the edge o f  the r ight-o f-way for the propo s ed Pha s e  I I  D C  l i ne 
would l i kewi se  be about 4 1  dB . G i ven an SNR equi valent to 1 7  dB , recept i on at 
rec ei ver un i t s  located at the edge of the r i ght-of-way would be sat i s fact ory 
for a l l  broadca s t  s i gnal s exceeding 58 dB . Radi o  broadcast  s i gnal s for 
primary service areas typ i ca l ly exceed 70 dB ; thus , RI related to the propo s ed 
Pha s e  I I  DC l i ne would be un l i ke l y  to cau s e  compl aint s rel a t i ve t o  rad i o  
recep t i on .  Complain t s  o f  TVI woul d  a l s o  be unl i ke l y ,  a s  i nd i cated by 
eva l uat i on of potent ial  TVI related to the Pha s e  I DC l i ne ( U . S .  Departmen t of 
Energy 1 9 84 ) .  

The App l i cant has reported cal culated RI leve l s  at the edge of the r i ght
of-way for the propo sed AC t ran smi s s i on l i nes ( ER ,  Vol . 5--p . I I - 1 8 ) .  For a 
frequency of 1 MHz , the cal culated RI i s  68  dB or l e s s  dur ing heavy rai n ,  
60 dB or l e s s  dur ing wet conduc t or condi t i on s , and 43 dB or l e s s  during fa i r  
weather condi t i on s . However , RI level s decrea s e  rap i d l y  wi th increa s ing d i s
tance from the l i ne . At 30 m ( 1 00 ft ) from the edge o f  the r i ght-o f-way , the 
RI l eve l drops to 49 dB or l e s s  dur ing heavy rain , 40 dB or l e s s during wet 
conduc t or cond i t i on s , and 23 dB dur ing fair  weather cond i t i on s . Gi ven a SNR 
equivalent of 20 dB for s at i s factory rad i o  recept i on and a 70 dB rad i o  
broadca s t  s i gnal f o r  the primary serv i c e  area , AM rad i o  recept i on at the edge 
of the r i ght-o f-way of the propo sed AC l i ne s should be sat i s fac tory , except 
dur ing we t conduc tor or heavy rain cond i t ions ( ER ,  Vo l . 5--p . I I -20 ) .  At d i s
tances exceed i ng 3 0  m ( 1 00 f t ) from the edge s of the r i ght-o f-way , rad i o  
recept i on wi thin the primary service area should b e  sat i s fac t ory dur ing a l l  
weather cond i t i on s . The l evel o f  int erference a s so c i ated w i t h  commerc ial  
televi s i on frequenc i e s  is  con s i derably lowe r than that a s s o c i ated wi t h  the AM 
rad i o  broadca s t  band . Thu s , t he inc i dence of TVI should be of minor conse
quence . The phy s i cal pre sence of t ransmi s s i on fac i l i t i e s  may cau s e  s cat t er
ing , reflect ing , or rerad iat i on of primary t e l evi s i on broadca s t  s i gnal s ,  t hu s  
re sul t ing in  the phenomenon referred t o  a s  gho s t ing ( General E l e c t r i c  Company 
1 9 8 2 ) .  Gho s t ing can be a l l evi ated by mod i f icat i ons of an t enna s . 

The propo sed DC t ransmi s s i on l ine would be con s t ructed within a common 
r i ght-of-way in para l l e l  with  one or more exi s t ing AC t ransmi s s i on l i nes . 
Thu s , the poten t i a l  RI and TVI l eve l s  at the edge s of the common r ight-o f-way 
would be infl uenced by any "comb i ned effec t s "  re s u l t ing from concurrent 
operat ion of t he exi s t ing AC and the propo sed DC t ran smi s s i on l i ne s . The 
Appl i cant ha s cal culated RI l eve l s  for var ious segment s of t he transmi s s ion 
corridor ( ER ,  Vo l . 5 Suppl ement , Oc t .  30 , 1 9 8 5 ) .  The resul t s  ind i cate t hat 
operat ion of t he DC l i ne dur ing heavy rain cond i t ions would al ter RI leve l s  at 
edge s of the r i ght s-of-way , rang ing from s l i ght increa s e s  ( genera l l y  3 dB or 
l e s s )  to actual decrea s e s  in  RI l evel s in  some c a s e s . However , such changes  
are relat i vely minor , and the comb ined e f fec t s  of AC and DC l i ne opera t i on s  
would n o t  apprec iably a f f e c t  the potential  f o r  RI ad j acent to t h e  r ight-of
way .  Current evidence ind i ca t e s  that operat ion of t he DC l i ne wou l d  be 
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unl ikely to cau s e  TVI prob l ems beyond the edges o f  t he r i ght -of-way ( ER ,  
Vol . 5 Suppl ement , Oct . 30 , 1 985 ) .  

4 . 1 . 1 0 Recommended M i t i ga t i ve Mea sure s 

The Appl i cant ha s commi tted t o  a broad spectrum of mit i gat i ve mea sures 
that wo uld minimi ze adverse envi ronmental impac t s  resul t ing from t he 
con s t ruc t ion ,  operat i on , and ma intenance o f  the propo s ed pro j ec t . Tho se 
measure s are outl ined in  Sec t ion 2 . 1 . 5 .  L i s t ed bel ow are add i t i onal mea sures 
that  the DOE Staff recommend s be incorporated into t he Appl i cant ' s  m i t i gat i ve 
program for the propo s ed pro j ec t . 

4 . 1 . 1 0 . 1  Air Qua l i t y  

Add i t ional mea sure s that s hould be con s i dered to reduce exc e s s  fug i t i ve 
dus t  and aud i bl e  no i s e  include the fol l owing : 

• Cons truction and vehicular act i vi ti es should be curtailed on dr y ,  windy 

da ys in areas prone to exces s i ve dust generation ;  or as an al tern a t i ve,  

access roads in those si tuations should be wa tered, as necessar y ,  to 

minimi ze the generation of fugi ti ve dust (especial l y  in developed 

areas) . 

• Vehi cle speed should be control l ed on unpaved access roads . 

• Construction equipmen t should be properl y maintained and properl y 

operated . 

4 . 1 . 1 0 . 2  Land Feature s ,  Hydrol ogy , Wa ter Qual i t y ,  and Wa ter U s e  

Add i t i onal mi t i ga t i on mea sure s beyond tho s e  commi t t ed to b y  the Appl i cant 
t hat  woul d be warrant ed under certain cond i t ions include t he fol lowing : 

• Before the project is started, eros ion and sedimentation plans should be 

formulated for a l l  sens i t i ve areas tha t woul d be affected b y  project 

construction and/or operation act i vi t i es . Such areas wou l d  incl ude 

ero s i ve upl and soi l s  on steep slopes and areas in or near wetlands , 

streams , or other water bodies where water qual i t y  cons iderations would 

be part i c u l arl y important . Preparation of eros ion and sedimenta tion 

plans shoul d be coordinated wi th appropria te federal ,  state , and l ocal 

agencies to ensure i den tification of sens i t i ve areas and the adequacy of 

mi t i ga t i ve features of the proposed pl ans . 

• Constructi on veh i cles and equipment should not be opera ted when 

unfavorabl e weather and sens i ti ve s i te cond i tions cou l d  resul t in 

unacceptabl y exces s i ve wind or water eros ion . 
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• Whenever feasible,  topsoi l ma teri als shoul d be salvaged from construction 

s i tes, s tockp i l ed ,  and used for top dressing of disturbed s urfaces 

following completion of construction . 

• Refuel ing of construction veh i c l e s ,  s torage of construct i on ma ter i a l s ,  

di sposal o f  waste ma terial s ,  and an y other handl ing o f  potential l y  

contamina ting ma teri als sho u l d  be prohibi ted near surface wa ter bodi es . 

Fuel s ,  chemica l s ,  oil s ,  greases, sol i d  wastes , and other ma ter i a l s  needed 

at construct i on si tes should be stored and handled in a manner desi gned 

to preven t spi l l s . 

• Storage and maintenance yards should no t be loca ted near wa tercourses . 

• Temporar y  toi lets sho u l d  be self-contained, and land-stabi l i za t i on 

measures shoul d be provi ded where required to protect the qual i t y  of 

surface water and groundwa ter . 

4 . 1 . 1 0 . 3  Land Use 

• Forest vegetation o n  steep ravines should n o t  b e  cl eared if the hei gh t  of 

the spann ing conductors i s  s uffi cient to precl ude jeopardi zing the 

operat i onal integr i t y  of the proposed l ines . 

• As necessary ,  temporary fences, ga tes, cattle guards, etc . shou l d  be 

insta l l ed to control and minimi ze disturbance to l i vestock during project 

construction and opera tion . 

• To the extent prac t i cab l e ,  construction act i vi t i es shoul d be scheduled to 

minimi ze dama ge to standing crops and limit interference wi th a u thor i zed 

l and use opera tions . 

• Appropri a te fe deral ,  state,  and local agencies sho u l d  be consul ted as 

necessar y to refine construction procedures in accord wi th si te-specifi c 

condi tions to further ens ure that l and-use impacts rel a ted to the des i gn ,  

cons truction ,  and operation of the proposed transmi ssion faci l i t i es wo uld 

be minimi zed . 

• Provis ions for s creening the proposed transmi ssion faci l i ties shou l d  

i n cl ude consi derations for minimi z ing the l ength o f  the transmi ssion l ine 

segments vi sibl e from a gi ven vantage poin t . Thi s  cou l d  invol ve 

es tabl i shing plantations of low-growing trees a cross or wi thin the edge 

of the r i ght -of-wa y in stra tegi c areas . In some pl aces , feather cutting 

of exi s ting vegetation ( i . e . ,  onl y  tal l trees removed) wi thin the inner 

e dge of the ri gh t -of-wa y ma y be effecti ve .  
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4 . 1 . 1 0 . 4 Ecology 

Many of the commi t t ed and sugge s ted mi t i ga t i ve mea sures to m�nimi ze 
impact s to land , fores t ,  and hydrological  re source s wou l d  effec t i vely reduce 
potent ial impa c t s  to ecolog i cal re sources as we l l .  The fo l l owing mi t i ga t i ve 
mea sure s are de s i gned more s pec i f i c a l ly to protect f i sh ,  wi ldl i fe ,  and the i r  
hab i t a t s  and should b e  con s i dered for u s e  by the Appl i cant : 

• To ensure compl i ance wi th the Mi gratory Bird Trea t y  Act and to provi de 

addi tional pro tection for other bird species of concern ( e . g . , rap tors ) ,  

the fol l owing steps shoul d be taken : ( 1 }  obtain a l i s t  of mi gratory 

bi rds protected by the Act from the Department of the Interi or ; 

( 2 )  determine if protected mi gratory birds ( and rap tors) or their nests 

exi s t  in the areas to be cl eared for the ri ghts -of-way ( th i s  wo uld 

incl ude cons ultation wi th appropri ate state and l ocal offi ci als to 

i dentify any l ocations of mi gratory birds ) ; and ( 3) if protected birds 

( and raptors) or thei r nests or eggs are presen t ,  consul t wi th the 

Department of the Interior for appropriate precau t i ons to be taken . 

• No debris res ul ting from periodi c vegeta tion managemen t sho u l d  be placed 

wi thin the h i gh water mark of any water bod y . If tree tops and slash are 

not di sposed of wi thin 8 m (26 ft) of perenni al and intermi tten t  streams , 

the potential for format i on of debris dams wou l d  be reduced (L ynch et al . 

1 98 5 } . 

• Erosion gull i es and depressi ons found on the r i ghts -of-wa y that carry 

water from heavy rains shoul d be fil l ed wi th brush from cl earing 

operations ( Ul r i ch 1 9 76) . This would trap sediments and eventua l l y  

s tabi l i ze such areas . 

• Construction and clearing operations in s treams ( e . g . , for access roads) 

should be res tri cted during salmon i d  nes ting and spawn ing peri ods . [ For 

brook and brown trout (major game species of concern) this is during late 

summer to earl y fal l . Such res tri ctions could be l i fted if i t  can be 

s a t i sfactori l y  demonstrated tha t natural reproduction does not ' occur in 

the stream or that nes ting or spawning act i vi t i es do not occur wi thin the 

particular section of s tream to be crossed . ]  

• Pri or to the di sturbance of gravel stream bot toms ,  the potential of the 

area for use as a spawning s i te should be determined, and if presen t ,  be 

avoi ded wherever practi cabl e .  Local fi shery experts should be consul ted 

in thi s  matter . In thi s  manner, more sens i t i ve habi tats ma y be 

i dentifi ed and protected . 

• During the spring thaw peri od or during extended peri ods of unus ual l y  

heavy rainfal l ,  access roads should be closed to heavy construct ion 

veh i cles and equipmen t to minimi ze unaccep table environmen tal damage . 
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4 . 1 . 1 0 . 5  Soci oeconomi c s  and Cul t ural Re sources  

• The Appl i cant should select construction-phase access routes s o  as to 

minimi ze adverse impact to local traffic flows and other disturbances to 

commun i ties a l ong the ri ght-of-way . Communi ties should be gi ven prior 

notification of impending cons truct ion activi t ies on their port i on of the 

corridor . 

• The App l i cant should compl y wi th the cul tural resources mi t i ga t i ve 

measures tha t are outl ined in the December 1 2 ,  1 98 6 ,  letter from 

Bradl ey H .  Spooner to Val er i e  A .  Talmage (reproduced in Appendix E) . 

These measures should be undertaken both in Massachusetts and New 

Hampshire . 

4 . 1 . 1 0 . 6  Hea l t h  and Safety 

• During construction or maintenance , efforts shou l d  be made to i dent i fy 

structures along the ri ght-of-way tha t should be grounded or to notify 

owners i f  ungrounded structures are identifi e d .  If a resi dent seeks 

assi stance or gui dance concerning grounding, the App l i cant shou l d  have 

the structure or equipment grounded for the owner if the structure i s  

exi sting at the time the transmi ssion l ine i s  installed,  o r  provi de 

informa tion on grounding in the case of a new or proposed structure . The 

App l i can t should send, no la ter than mi d-1 9 8 9 ,  information on possible 

elec tromagnetic interference with cardiac pacemakers to practi cing 

ph ysicians in Massachusetts that are l i sted wi th the Massachusetts 

Medical Society as cardiologists or cardios urgeons . 

4 . 2  CONSEQUENCES OF ALTERNATIVES TO THE PROPOSED ACTION 

4 . 2 . 1  Al t ernat i ve De s i gn s  

4 . 2 . 1 . 1  Ai r Qual i ty 

No no t i ceab l e  d i f ferences 1n  a 1 r  qual i t y  wou l d  oc cur due t o  d i f f erences 
1n  s t ruc ture de s i gn ,  conductor s pacing , or other overhead de s i gn change s .  
Placement of the l ine underground wou l d  e l imina t e  potent i a l  a 1 r  qual i t y  
change s t hat cou l d  oc cur w i t h  overhead t ransmi s s i on l i ne operat i on ( e . g . , 
ozone increa s e s ) .  However ,  a i r-qua l i ty changes  related t o  overhead 
t ransmi s s i on l ine opera t i on were not det ermined to be s i gni f i cant ( Sec
t i on 4 . 1 . 1 ) .  More inten s i ve con s t ruc t i on act i vi t i e s  a s s oc i ated wi t h  t he 
i n s t a l l a t i on of an underground s y s t em could i nc rea se fug i t i ve dust  and eng ine 
emi s s i on s  over t hat expected for cons truc t i on of an overhead s y s t em .  
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4 . 2 . 1 . 2 Land Feature s and Use 

Geol ogy and Soi l s  

Alterna t i ve overhead l ine s wi th d i f ferent type s of s t ructure s , conductor 
s i ze s , and conf igurat i ons ( ER ,  Vol s .  2 and 4 ) , including the ±450-kV DC t ran s
mi s s ion l ine , the 345-kV AC l ine , and doubl e-ci rcui t 1 1 5-kV AC l i nes , would 
have s im i l a r  geo l o g i c  and soil  impac t s .  Poten t i a l  ero s 1 on due to s o i l  
d i s t urbance dur ing con s truct ion and ma i ntenance could ini t i ate geo l og i cal  
i n s t ab i l i ty ,  such a s  l ands l i de s , s l ump ing , and ma s s  wa s t ing near s l op ing 
area s , s uch a s  at  s t ream c ro s s ing s .  

The geo log i c  impac t s  of an underground t ransmi s s i on l ine woul d be greater 
than for a l t e rnat i ve overhead l i ne s  s i nce more exten s i ve terra in excava t i on ,  
grading , and rel a t ed cabl e-laying and backf i l l i ng act 1 v1 t 1 e s  would be 
requ i red . Trenching for the 29 8-km ( 1 85-mi ) underground l i ne woul d  requ i r e  
excavat i on of 0 . 7 8 to 1 . 1  x 1 06 m3 ( 1 . 0  to 1 . 4 x 1 06 yd3 ) of mat er i al , 
depend ing on whe ther i t  i s  a DC or AC fac i l i ty .  The amount of excavated 
ma ter i a l s would l i kely be substan t i a l l y  greater because of detour i ng to avo i d  
areas i l l - s u i ted f o r  t renching , such a s  we t l ands and exposed or shal l ow 
bedro c k .  The underground l ine a l terna t i ve wou ld a l s o  nece s s i ta t e  removal of 
unu sed excava ted mat e r i a l  from the s i te for d i s posal  and tran s port to the area 
of about 0 . 2  to 0 . 3  x 1 06 m3 ( 0 . 24 to 0 . 4 x 1 0 6 yd 3 ) of therma l s and for the 
trenche s . The l onger con s t ruct ion t i me for the underground l i ne woul d  
increa s e  the t ime excavated material  would b e  expo sed t o  the el ement s ,  and 
there fore would increa s e  the potent ial for ero s 1 on .  Contami na t i on of so i l s  
from o i l  s p i l l s  or l eaks could occur dur ing the opera t i onal o f  an underground 
l i ne . Mi t igat i ve mea sures d e s c r i bed in Sec t i on 2 . 1 . 5 coul d be taken to 
minimi ze poten t i a l  geolog i c  and s o i l  impac t s .  

Land U s e  

Land-use impact s a s s o c i ated wi th the a l t erna t i ve s t ructure d e s i gn s  would 
not mean i ngful l y  d i ffer from tho s e  d i s cus sed 1 n  Sec t i on 4 . 1 . 2 . 3 ,  whi ch 
includes  con s i derat i on s  of the propo s ed s teel l a t t i ce H-f rame s t ruc ture s . 
However , s t ruc ture de s i gn doe s  infl uence l and u s e , depend ing on the land u s e  
invo l ved . For exampl e ,  s t ruc ture de s i gn i s  a negl i g i b l e  con s i derat i on with 
res pec t t o  u s e  of pastureland , s i nce l i ve s t ock would graze area s adj acent to 
and wi thin the base of s t ructures . I n  the case of agri cul t ural c ropland s , 
however ,  the area wi thin the s t ructure ba s e , a s  we l l  a s  add i t i onal area around 
the ba s e , would be unava i l ab l e  for product i on due to the area requ i red for 
maneuver i ng farm machi nery . In general , c ropl and unava i l ab l e  for produc t i on 
around four-l egged s t ruc tures i s  two or more t ime s greater than that for the 
two-l egged H-f rame s t ructures ( Scott  1 9 8 1 ) .  The u s e  of s i ng l e-po l e  s t ructures 
woul d  ent a i l  even l e s s  l and area . I n  view of the l imi t ed cropl and al ong the 
propo s ed route and the fact tha t cropland woul d  be spanned wherever pract i c al 
( ER ,  Vol . 3--p . 204 ) , use of any of the al t ernat i ve s tructures would not 
meani ngful l y  a l t e r  pro j ect-related l and-us e impac t s . 
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The cons truct ion o f  e i ther of the a l t ernat i ve DC or AC underground 
t ransmi s s i on systems woul d  re s u l t  in exten s i ve l and-use confl i c t s . Excavat ion 
o f  trenche s for the underground s y s t ems would d i s rupt l and-use pat t erns al ong 
the en t i re l ength of the propo sed route . For exampl e ,  some agr i cu l t ural 
cropland and pa s ture wou l d  be d i s sec ted to the extent that the tract s would 
not be of feas i bl e  s 1 ze for agr i cu l t ural management . The excavat i on ,  
extens i ve earth movi ng operat i ons , trans port o f  mat erial s to cons truc t i on 
s i t es , and o f f s i t e  d i spo sal  of exce s s  excavated ma t e r i a l s  wou l d  cont r i bute to 
re l a t i ve l y  i ntense con s truc t i on ac t i vi t i e s . Thus , l evel s of fug i t i ve dust , 
con s truc t i on no i s e ,  and con s truc t i on traff i c  would impact re s i dent i a l , 
commer c i al , and indu s t r i a l  land u s e  to a greater ex t ent than wo uld be the case  
for cons truc t i on o f  an overhead transmi s s i on s y s t em . Interference w i th u s e  of 
local trans por t a t i on rou t e s  wou ld also be re lat i ve l y  severe . 

Fo l l owing cons truc t i on o f  ei ther the DC or AC underground transmi s s i on 
sys tem ,  rec l amat ion of d i s t urbed areas would tend to promo te res t orat i on of 
some precon s truct i on l and-u se pa t t ern s . However , some land-u se cons tra i n t s  
would preva i l  throughou t the operat i on of the underground s ys t em .  The 
r i ght-o f-way over l yi ng the bur i ed cables would be ma i nta ined free of trees and 
shrubs ( ER ,  Vo l .  4--p . 84 ) .  Furthermore , permanent roads woul d  be con s truc t ed 
to ac c e s s  fac i l i t i es  a l ong the ent i re l ength of the unde rground s y s t em ( ER , 
Vo l . 4--Sec . VI . B ) . 

4 . 2 . 1 . 3 Hydrology , Wat er Qua l i t y ,  and Water Use 

Sur face Wa ter 

All overhead l i ne des i gns con s i dered would have s i mi lar s urface-water 
impac t s  relat i ve to wa ter ero s i on ,  po t ent ial  reduc t i on i n  wa ter qual i t y ,  
a l t ered dra inage pat t e rn s , increased sur face runo f f , and damage t o  r 1  ver
banks . The adverse i mpac t s  a s soc i a ted w i th cons truc t i on o f  underground 
tran smi s s ion l i ne s would be greater than for any of the overhead transmi s s ion 
l i ne a l t erna t i ve s . Th i s  i s  becau se there would be mo re exten s i ve t errain 
excava t i on , grad i ng , and backf i l l i ng for trenches and a longer cons truc t i on 
t ime for underground transmi s s i on fac i l i t i es . In add i t i on , the underground 
cab l e  woul d  req u i re bo r i ng of s l eeve s at hi ghway and ra i l road cro s s i ng s , and 
r i ver cro s s i ng s  wou ld requ i re cut and f i l l , j e t t i ng , bo r i ng , or t unnel ing ( ER ,  
Vol . 4 ) . The s e  con s t ruc t i on act i v it i e s coul d cau s e  contami na t i on o f  s urface 
water , par t i cularly dur i ng per i od s  of h i gh surface runo f f .  Contamina t i on 
cou l d  a l s o  result  from o i l  l eaks or s p i l l s . Surface-water impac t s  could be 
min imized by the propo sed mi t i gat i ve mea s ures d i s cu s s ed i n  Sec t i on 2 . 1 . 5 . 3 .  

Groundwa ter 

Poten t i a l  adverse impac t s  on groundwater cond i t ions , i nc l uding a qui fer 
contaminat ion and d i srupt ion o f  sha l l ow groundwater f l ow pat terns , wo uld be 
s im i l a r  for a l l  overhead de s i gn opt ion s . The groundwater impact s of the 
underground transmi s s i on l i ne wou ld be greater in compar i s on w i t h  overhead 
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t ransmi s s i on l i nes s ince the underground l i ne wou l d  requi r e  more exten s i ve 
excava t i on .  Groundwater contaminat i on could occur a s  a re s u l t  o f  o i l  l eaks or 
s pi l l s  dur i ng operat ion and ma intenance of an underground l i ne . 

4 . 2 . 1 . 4 Ecol ogy 

The nature and extent of impa c t s  a s s o c i ated wi th any overhead des i gn 
al terna t i ves woul d  be s imi lar to tho s e  d i s cus sed for the propo sed des i gns 
( Sec t i on 4 . 1 . 4 ) . Overa l l , con s truct i on of an underground sys tem would have 
greater adver s e  impa c t s  to t erres t r i al b i ota . The r i ght-of-way i n i t i a l l y  
would have to b e  comp l etely c leared of vegetat i on , and a f t er pro j e c t  
comp l e t i on would have t o  be ma intained in  a gra s s y  cond i t i on .  Large and mo re 
mob i l e  wi l d l i fe would be a f fected s imi larly to wha t wa s d i s cus sed for an 
overhead sys t em .  However , sma l l er and l e s s  mob i l e  spec i e s  ( e . g . , sma l l  
mammal s ,  rept i l e s , and amph i b i an s ) would be de s t royed i n  grea t er numbers due 
to the exten s i ve amount of cl ear i ng , trenching , and con s truc t i on ac t i vi t i e s  
that wou l d  oc cur wi th i n s t a l l a t i on o f  an underground s y s t em . Conver s e l y , 
po t en t i al for b i rd s t r i ke s  a s s o c i at ed with overhead l i ne des i gns woul d  be 
e l imina t ed with an underground sys tem ( except in  l oca l i zed area s near 
t ran s i t i on faci l i t i e s , converter t erminal s i te s , and AC sub s t a t i ons ) .  
However ,  the impa c t  a s soc iated wi th the propo s ed de s i gn rel a t i ve to b i rd 
s t r i ke s  wa s concl uded t o  be negl i g i b l e  ( Se c t ion 4 . 1 . 4 . 1 ) .  

An underground sys tem would more adversely affect  aqua t i c  s y s t ems and 
wet l and s , e s pec i a l l y  when con s truc t i on coul d not be rerouted around s uch 
area s . Habi t a t  impa i rment wou ld occur ;i thin the immediate area of con s t ruc
t i on . Impact s a s soc i a t ed with inc reased s u s pended s o l i d s  and s ed imentat ion 
wou l d  occur i n  area s removed from the cons truc t i on s i t es  ( e . g . , down s t ream in  
the i n s tance of s t ream c ros s ing s ) .  Hydro l o g i c  impac t s  could also  re s u l t  from 
t renching act i vi t i e s  wi thin a we t l and . I nc rea sed po t en t i a l  for eros ion due to 
t renching act i vi t i e s  could al so  impact aqua t i c  s y s t ems and wet l and s l o cated 
adj acent to con s t ruc t i on area s . Wi th use of proper mi t i ga t i ve mea s ures  and 
con s t ruc t ion t echnique s , adverse  impac t s  to aqua t i c  and we t l and s y s t ems would 
ma inly be conf ined to the per i od of con s truc t i on plus the t i me needed for 
hab i t at recovery . Recovery ra t e s  are u s ual l y  l e s s than one year , - but in  some 
c a s e s  have been obs erved to requ i re up to f i ve years or more . Po t ent ial 
ma intenance-related impact s would also be greater for an underground sys t em ,  
s ince ret renchi ng would be requi red . 

Dur ing the l i fet ime of the pro j ec t , the area cover ing an underground l ine 
wou l d  have to be ma i ntained free of woody vegetat i on .  Thi s probably would not 
grea t l y  affect animal s pec i e s  w i th a wide range of hab i t a t  requ i remen t s  or 
wi de-ranging hab i t s , but would 1 imi t the d i ver s i t y of smal l er , l e s s  mobi l e  
spec i e s  tha t inhab i t  fores t ed edge o r  shrub habi t a t s  more commonly a s s oc i at ed 
w i th overhead t ransmi s s i on l i ne s y s t ems . There woul d  al so  be the potent ial  
for o i l  leaks or sp i l l s  that  cou l d  adversely i mpact habi tat s and a s s o c i a ted 
b i o t a . A large l eak in  a we t l and would be e s pec i a l l y  damag ing . 
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4 . 2 . 1 . 5 Soc i oeconom i c s  

Impa c t s  genera ted by a l t erna t i ve des igns would be the same a s  
pro j e c ted f o r  the propo s ed ac t i on , except i n  the case  of a bur i ed AC 
transmi s s i on l ine . Bur i a l  of the t ran smi s s ion l i ne would c reate 

tho s e  
or  DC 

both 
temporary and , to a l e s s er exten t , l ong-t erm di s rupt i on of traf f i c  f l ows 
inc rea sed noi s e  and fug i t i ve du s t  leve l s .  There could a l s o be s ome short
long-t erm l o s s  of agri cul tural produc t i on .  However , high con s t ruct i on 
mai ntenanc e c o s t s  mi ght ha ve po s i t i ve e f fec t s  on the l ocal ec onomy . 

4 . 2 . 1 . 6 Vi s ual  Re s ources  

and 
and 
and 

Two ex i s t ing t ransmi s s i on l i nes occur w i t h i n  the segment of the propo sed 
DC t ransmi s s i on l i ne rout e  for whi ch the u s e  o f  a l t ernat i ve s t ruc t ure des i gns  
have been con s idered ( Sect ion 2 . 2 . 3 . 4 ) . Among other fac tor s , compat i b i l i t y of 
l ine and form between features of the lands cape 1s  conduc i ve to vi sual 
harmony . Thus , t he s t ructure d e s i gn s  of the exi s t ing t ransmi s s i on l i nes 
wi thin the common corridor are rel evant t o  the de s i gn of the propo sed and 
a l t erna t i ve s t ructures for the DC t ransmi s s i on l i ne . The two exi s t ing 
t ransmi s s i on l i nes are supported by lat t i ce-type s t ructures . Among s t ruc t ure 
de s i gn s con s i dered , the propo sed s teel lat t i ce H-frame i s  more vi s ua l l y  
compat i bl e  wi th the s t ruc ture of the ex i s t ing t ransmi s s ion l ines and theref ore 
would be l ea s t  i n t ru s i ve i n  local lands cape s e t t ings . At the ot her ext reme , 
the s t eel l a t t i ce ,  wa i s t -type s t ruc tures would be mo s t  d i s rupt i ve wi th re s pe c t  
to land s cape qual i t y .  

Dur i ng the con s t ruc t ion per i od ,  a c t 1 v1 t 1 es  a s soc i a t ed e i t her wi th a DC or 
AC underground t ransmi s s i on s y s t em wou ld re s u l t  i n  a grea ter l evel of vi s ual  
impact s than for con s t ruc t i on of  an overhead transmi s s ion s ys t em . The vi sual  
impac t s  also  would probably be more endur ing , s i nce the con s t ruct i on pe r i od 
for the underground sys t em would l i ke l y  be more ext ended . Excavat ions a l ong 
the en t i re l eng th of the propo sed l i ne , exten s i ve earth-moving operat ions  at 
con s t ruc t i on s i t e s , and a high l evel of con s t ruct i on act i vi ty would severely 
degrade the qual i t y of a f fected l and s c ape s . Vi ews f rom re s iden t i al and 
commerc i a l  area s would be s t rong ly af fec t ed , and users  of rec rea t i onal s i t e s  
and rou t e s  adj acent t o  con s t ruc t i on s i t es  would b e  subject  t o  vi sual impac t s  
that would s t rong ly detract from recrea t i onal expe r i ence s .  

Fo l l owing rec lama t i on of d i s t urbed area s a s s oc i at ed wi th con s truc t i on of 
an underground s y s t e m ,  the v i s ual impa c t s  wou ld be relat i vely minor compared 
wi th tho s e  a s soc i ated w i t h  overhead t ransmi s s i on l ines . A princ i pal  source o f  
vi sual impact s a s soc iated wi th underground sys t ems derives from t he need t o  
ma i n t a i n  t h e  r i ght-of-way overlying t h e  buried cabl e s  free of t ree and shrub 
vegetat i on ( ER ,  Vol . 4--p . 9 1 ) .  Thu s , t he r i ght-o f-way would cau s e  d i s rupt i ve 
vi sual  con t ra s t , par t i cularly i n  fore s t ed land s cape s . 
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4 . 2 . 1 . 7  Cul t ural Resources 

Use of a l t ernat i ve s t ructure t ypes ( s ingle pole and wa i s t ed )  coul d have 
l ong-t erm vi s ual  impact s on some cul tural re source s i t e s  ( s pec i f i ca l l y ,  
hi s tori cal s i t e s ) inc remental l y  great er than tho s e  o f  the ex i s t i ng r i ght-of
way and t ransmi s s i on l ines ( Sect i on 4 . 2 . 1 . 6 ;  ER , Vol . 4--p . 7 7 ) .  Other 
al t erna t i ve de s i gn s  wou l d  have t he s ame effec t s  on cultural resource s  as t he 
proposed pro j ect , wi t h  t he except i on of t ransmi s s i on l ine bur i al , whi ch coul d 
cau s e  s i gn i f i cant impac t s  to archeological  s i t es  due t o  surface and subs urface 
di s t urbance during con s t ruc t i on and ma intenance ( ER ,  Vol . 4--p . 9 1 ) . 

4 . 2 . 1 . 8  Hea l t h  and Sa fety 

Heal th and safety effec t s  for overhead transmi s s i on sys t em a l t erna t i ve 
de s i gn s  woul d  be comparabl e t o  tho s e  de s c r i bed for the propo sed route ( Sec
t i on 4 . 1 . 8 ) . Po tent i al impac t s  a s s oc i ated wi t h  operat i on of overhead 
transmi s s ion l i nes ( e . g . , elec t r i c  f i e l d , a 1 r  i on s ) wou l d  be reduced or  
el iminated wi th an underground sys t em .  However ,  an increase in herb i c i de use  
coul d be expec t ed a s  a result  of more inten s i ve ma intenance requi remen t s  for 
an underground s y s t em .  Neverthe l e s s , when hand l ed and appl i ed properl y ,  
herb i c i des  can be u s ed safel y .  Con s t ruc t i on-related acc i dent s wou l d  be 
potent i al l y great er for an underground sys t em becau s e  of increased 
i n s t a l l a t ion a c t i vi t i e s . 

4 . 2 . 1 . 9  Rad i o  and Te l evi s i on Interf erence 

Gi ven t he prop o s ed des ign parameter s , s pac i ng , and heights of conductor 
bundl es , nei ther the propo sed nor al t ernat i ve s t ruc tures cou l d  apprec i ably 
i n f l uence rad i o  and t e l evi s i on inter ference . Thi s  i s  becaus e  i n terference 
phenomena e s s ent i a l ly derive from corona d i s charge s from surfaces of ac t i vated 
conduc t or s . Faul ty or d i rty i n s ul ators  and l o o s e  conduc tor f i t t ings may a l s o  
con t r i bute t o  rad i o  and televi s i on interf erence . Nei ther the a l t e rnat i ve DC 
nor AC underground sys t em would i n f l uence rad i o  or t e l evi s i on recept i on , s i nce 
there i s  e s sent i a l ly no e l e c t r i c a l  f i e l d  around cables  of an underground 
transmi s s i on s y s t em ( Bonnevi l l e  Power Admi n i s t rat ion 1982 ) .  

4 . 2 . 2  Al t ernat i ve Rou t e s  and Converter Terminal  S i t e s  

4 . 2 . 2 . 1  Ai r Qual i ty 

Expec ted a i r-qual i ty impac t s  al ong the Tewks bury , ea s t ern , or  we s tern 
al t e rnat i ve rou t e s  wou l d  be i dent i ca l  to t ho s e  expected for the proposed 
rout e . 
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4 . 2 . 2 . 2  Land Features and Use  

Geol ogy and So i l s  

The Tewksbury a l t erna t i ve DC t ransmi s s ion l i ne would t raverse about 
9 . 5  km ( 5 . 9  mi ) of po tent i a l l y  erod ible s o i l s  compared wi th about 8 . 7  km 
( 5 . 4 mi ) c ro s s ed by the propo sed DC t ransmi s s i on l ine . About 9 . 3  km ( 5 . 8  mi ) 
o f  s l opes greater than 20% would be c ro s s ed by e i ther route ( ER ,  Vol . 4 ) . No 
s i gn i f i cant d i f ference s  i n  po ten t i a l  geo l o g i c  and s o i l  impac t s  rel a t ed to 
deve l opment of the s e  two rout e s  wou l d  be expected . The eastern and we s t ern 
al ternat i ve DC t ransmi s s i on l ine s would traverse about 2 1 . 1  km ( 1 3 . 1  mi ) and 
2 2 . 2  km ( 1 3 . 8  mi ) of terrain wi th centerl ine s l ope s of 20% or mo re , r e s pec
t i vely ( ER ,  Vo l .  4 ) . I n  add i t i on , the ea s t ern and we s t ern a l t e rnat i ve l i nes 
would requi re more acces s road con s t ruc t i on and land c l ear ing wou l d  be more 
than e i ght t ime s greater than that requi red for the propo s ed DC l i ne s ( ER ,  
Vol . 4 ) . Thi s  would resul t i n  greater s o i l  ero s i on poten t i al al ong the 
ea s t ern and we s t ern al t ernat i ve rout e s  as  compared wi th that for the propo s ed 
DC transmi s s i on l i ne rou t e . 

Land Use 

Land-c l earing requi rement s  for the propo s ed DC transmi s s i on l i ne route 
wou l d  exc eed tho s e  for the a l ternat i ve DC Tewks bury route ( ER ,  Vo l .  4-
Tabl e IV-2 ) .  The d i f ferent i a l  of '  about 7 3  ha ( 1 8 0  acre s )  wou l d  e s s ent i al l y  
resul t from wi den i ng the c l eared por t i on of a n  es tabl i shed t ransmi s s i on l i ne 
corr i dor wi thin wh ich t he propo s ed DC l i ne would be cons t ruc t ed . The 
potent i a l  i mpac t s  on other l and-us e  categor i e s  would be re l a t ively s imi l a r  for 
t he propo s ed and a l t ernat i ve Tewk s bury rout e s . Thu s , the i mpac t s  on exi s t ing 
l and-u se pat t e rns  would not be a s i gni f icant i s sue i n  choos ing between t he two 
rout e s . 

Adop t i ng e i ther the eas tern or we s tern a l terna t i ve DC rout e s  wou l d  r e s ul t 
i n  rel a t ively s evere l and-use confl i c t s . Devel o pment o f  t he ea s tern 
a l t ernat i ve DC route wou l d  ent ai l acqui r i ng about 6 4 1  ha ( 1 , 5 8 5  acre s ) for 
r i ght-of-way ( ER ,  Vol . 4--Tabl e IV-4 ) . About 4 4 1  ha ( 1 , 0 9 0  acre s ) of 
add i t i onal r i ght-of-way would have t o  be acqui red for the we s t ern a l t e rnat i ve 
DC route ( ER ,  Vol . 4--Tab l e  I V-6 ) .  I n  e i t her case , local l and-u s e  pat t erns 
wou l d  be apprec i ab l y  d i s rupted . Land c l ea r i ng for each of the a l t e rnat i ve 
rout e s  woul d  exceed 688 ha ( 1 , 70 0  a c re s ) ,  areas over e i ght t ime s greater  t han 
for t he proposed DC rout e . The pr inc i pal l and-us e  i mpac t s  a s s o c i a t ed wi t h  t he 
two a l t ernat i ve DC rout e s  wou l d  result  from d i srup t i on o f  e s tabl i s hed 
re s i dent i a l  and commerc i a l  l and u s e . Devel o pment of the ea s t ern a l t ernat i ve 
route wou l d  en t a i l  re l ocat i on o f  4 0  to 6 0  re s i dent i a l  un i t s  and bu s i ne s s  
e s tabl i shment s .  An e s t ima t ed 3 5  home and bu s i ne s s  s i t e s  wou l d  be d i s pl aced 
from the r i ght-of-way for the we s t ern a l t e rnat i ve DC route ( ER ,  Vol . 4-
Tabl e IV-6 ) .  

The we t l and or  swamp fore s t  por t i on of t he 
converter t erminal s i t e  repre s en t s  pas s ive l and u s e . 

al terna t i ve Tewk s bury 
The rema inder of the 
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s i t e  i s  u s ed for t ransmi s s i on l ine ri ght s-of-way and re lated s ub s t at i on 
fac i l i t i e s  ( ER ,  Vol . 1 --Sec . V ) . Some o f  t he u t i l i ty fac i l i t i e s  wou l d  be 
rel ocated ; however , devel opment of t he a l t ernat i ve converter terminal would 
not i nvo l ve s i gn i f i c an t  i s sues  relat ive to  ac t i ve l and u s e . 

4 . 2 . 2 . 3  Hydrol ogy , Water Qua l i t y ,  and Water U s e  

Surface Water 

The proposed DC t ransmi s s i on l i ne would cro s s  209 s treams and r i ve r s  and 
12 l ake s and pond s , compared wi th 1 9 1  s t reams and r i vers and 10 l ake s and 
ponds for t he Tewks bury a l ternat i ve rout e ( ER ,  Vol . 4 ) . The two l i ne s wou l d  
have comparable poten t i al impac t s  t o  surface-wa ter res ources . There a r e  no 
surface-wa t er data avai l ab l e  for t he eas tern and we s t ern a l t erna t i ve rout e s ; 
however , based on the area s  to  be d i s t urbed ( Sec t i on 4 . 2 . 2 . 2 ) ,  the po t ent i a l l y  
adver s e  surface-wa ter i mp ac t s  for t he propo sed route would l i ke l y  b e  l e s s  
severe t han tho s e  for t he two a l t erna t ive rout e s . The types of s urface-wa t er 
impa c t s are d i s cu s sed i n  Sec t i on 4 . 1 . 3 . 1 .  

Groundwater 

Some adver s e  impac t s  on groundwater cond i t i on s , inc l ud i ng aqu i fer con
tami nat i on and d i srupt ion of shal l ow groundwater flow pat t ern s , wou l d  be 
s imi l ar for t he propo sed rout e and t he a l t erna t ive rout e s . Any d i f ferences  in  
impac t s  wou l d  l i kel y  be i n s i gn i f i cant between the propo sed and a l t erna t i ve 
rout e s . More det a i l ed d i s cu s s ions on groundwater impac t s  of t he propo sed 
rou t e  are g i ven i n  Sec t i on 4 . 1 . 3 . 2 .  

4 . 2 . 2 . 4  Eco l o gy 

Terre s t ri a l  

The nature o f  impa c t s to  vege t at i on and wi l d l i fe al ong t h e  a l t erna t ive 
rout e s  wou l d  be as de s cr i bed in Sec t i on 4 . 1 . 4 . 1 .  Selec t i on of t he Tewks bury 
a l t erna t i ve would nece s s i t ate c l ear ing of about 73 ha ( 1 80 acre s ) l e s s  fore s t  
t han wou l d  s e l e c t i on of the propo sed rout e ,  but woul d  requi re more relocat i on s  
of ex i s t i ng l ine s , whi c h  woul d  increa s e  con s t ru c t i on act i v i t i e s  and related 
d i s t urbance s . The ea s t ern and we s t ern a l t erna t ives wou l d  requ i r e  more 
clearing than the prop o s ed rout e :  6 9 3 . 3  ha ( 1 , 7 1 3  acre s ) and 7 1 6 . 3  ha 
( 1 ,  7 7 0  acres ) ,  re s pec t i ve l y  ( ER ,  Vol . 4 ) . Howeve r ,  t he s e  d i f ferences  are 
unl i ke l y  to s i gni f i cant l y  al ter impact s ,  becau s e  any rout ing a l terna t ive wou l d  
requ i re c learing of o n l y  a smal l percen t age of t he fore s t  re s ources i n  the 
s tudy area . The p o t ent i a l  impact s t o  t erre s t r i a l  fauna wou l d  be 
proport i onal l y  related to d i f feren c e s  in fore s t  area s c l eared among t he 
a l t ernat i ve rout e s , but the s i gn i f i c ance of t he impac t s  rel a t i ve to the s t udy 
area wou l d  be minimal . 
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Aquat i c  ( Includ ing Wet l and s )  

Envi ronmental consequence s  for aqua t i c  and we t l and biota al ong the al ter
nat i ve corridors would be of the same nat ure as d e s c r i bed f o r  the propo sed 
rou te ( Sec t i on 4 . 1 . 4 . 2  and Appendix B ) . Impac t s  to s t reams would be compar
abl e , as they would be s panned in almo s t  a l l  cas es . A grea ter expanse of 
we t lands would be c ro s s ed by the propo sed route ( 1 5 km [ 9 . 3  mi ] )  than by the 
east ern ( 1 0 . 3  km [ 6 . 4 mi ] )  or  we s t ern ( 6 . 1  km [ 3 . 8 mi ] )  a l t e rna t i ve s . 
Howeve r ,  re l oca t i on s  and improved acce s s  needs for the al ternat i ve rou t e s  
coul d a f f e c t  the s e  d i f ferenc es . Al s o ,  both the ea s t ern and we s t ern al terna
t i ves  have about twice the expan se of s l opes of over 20% than the proposed 
route ( ER ,  Vo l . 4 ) .  Thi s  could increa se the pot en t i a l  for eros i on-rel ated 
impac t s  t o  s t reams and we t l and s . 

The Tewks bury a l t erna t i ve would requi re c l earing of 4 . 8  ha ( 1 1 . 9 acres ) 
of we t l ands compared with 3 . 4 ha ( 8 . 3  acre s ) for the propo sed route , wi th an 
acc ompany ing we t l and di s p l acement of 1 7 . 3  acre-feet compared wi th 1 0 . 2  acre
feet and a f l oodplain di s p l acement of 2 0 . 2  acre-feet compared with 3 . 2  acre
feet . Th i s  would resul t pr imar i l y from the affected f l oodp l a i n  and we t l and 
area s occur r i ng at the al t ernate Tewksbury converter terminal s i t e  ( ER ,  
Vo l .  4 ) . 

Threatened and Endangered Spec i e s  

N o  p l ant t axa inc l uded or propos ed f o r  inclus i on in the federal l i s t ing 
of threa tened or endangered s pe c i e s  are known to  occur al ong the a l ternat ive 
rout e s  ( C row 1 9 82 ) .  As for the propo sed route , rare taxa of p l an t s  mi ght 
occur but wou ld be un l i ke l y  to be impac ted ( Sect i on 4 . 1 . 4 . 4 ) . I mpact s t o  
threatened or  endangered wi l d l i fe would b e  equal l y  unl ike l y .  

4 . 2 . 2 . 5  Soc i oec onomi c s  

Soc i oeconomic impac t s  o f  the Tewks bury al terna t i ve would b e  s imi l a r  t o  
tho s e  o f  the propo s ed 9roje c t . Development of e i ther the ea s t ern or  we s t ern 
al terna t i ve routes would resul t in compa rat i ve l y  severe impac t s  becau se of the 
acqu i s i t i on of new r i ght-of-way . The Appl icant e s t ima t e s  that the ea s t ern 
a l t ernat i ve would requi re an add i t i onal 6 4 1  ha ( 1 , 5 8 5  acres ) of ex panded 
r i ght-of-way , nece s s i ta t i ng re l ocat i on of 40 to 60 home s and bu s i ne s s e s . I t  
i s  a l s o  ant i c i pa t ed that acce s s  road cons t ruc t i on woul d  be more s u b s t a n t i a l  
f o r  thi s al ternat i ve rout e ,  thus  c reat ing a po ten t i a l  for increa s ed l eve l s  and 
di s rupt i on of traf f i c  f l ow , noi se , and fug i t ive dust  in local commun i t i e s  
al ong the r i ght-of-way ( ER ,  Vol . 4--p p .  60-62 ) .  

The we s t ern a l terna t i ve wou l d  requi re 441  ha ( 1 , 09 0  acres ) of expanded 
r i ght-of-way and reloca t i on of about 35 home s and bus ines s e s . As in the 
previous c a s e , hi gher acc e s s  road demand s would have po ten t i a l  di s t urbance 
effec t s  ( t ra f f i c  f l ow ,  no i s e ,  and dus t )  on adj acent commun i t i e s  ( ER ,  Vo l . 4-
PP • 6 9- 7 1 ) .  It i s  al s o  p o s s i ble that the s i gn i f icant v i s ua l  impac t s  pro j ec t ed 
for the northern s egment ( from the Comer ford converter termina l  and W i l der 
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sub s t at i on )  ( s ee Sec t i on 4 . 2 . 2 . 6 )  could have some impact on property va l ue s  
1n  the Connect i cut R i ver Val l ey ,  a l t hough the rel a t i on s h i p  between 
transmi s s i on l ine con s t ruc t i on and property values rema ins  prob l ema t i c  
( Kinnard and Stephens 1 9 6 5 ; Vredenburgh 1 9 74 ; U . S .  Department o f  Energy 1 9 8 3 ) .  

4 . 2 . 2 . 6  Vi sual Resources 

The northernmo s t  s egment s of the propo sed DC t ransmi s s i on l i ne and the 
a l t ernat i ve DC Tewksbury l i ne share a common rout ing for about 1 8 0  km 
( 1 1 2 mi ) ,  vi rt ual l y  the total  d i s t ance wi thin an es tabl i shed t ransmi s s ion l ine 
corridor . Thus , potent i a l  v i s ual  impa c t s  a s soci ated with these two l i ne 
segmen t s  would be s imi l ar .  The rema inders of the two rou t e s  t raverse 
re l a t i vely s im i l a r  terra in and lands cape s of rel a t i vely s imi lar qua l i t y .  
However , vi sual impa c t s  related t o  the propo s ed DC route would b e  l e s s  s evere 
than tho s e  of the Tewksbury DC rout e ,  prima r i l y  due to the fol l owing 
cond i t ions . To provide adequate right-of-way for the Tewks bury l i ne , exi s t ing 
transmi s s i on l i nes within a 7 . 2-km ( 4 . 5 -mi ) segment of an e s t abl i shed 
t ransmi s s i on corr i dor would be al t ered . An exi s t ing 1 1 5-kV AC l i ne wou l d  be 
relocated , and an ex i s t ing 230-kV AC l i ne and a pl anned 345-kV AC l i ne wou l d  
b e  mount ed o n  double-c i rc u i t  s t ruc tures . Fol lowing these mo d i f i ca t i on s , the 
para l l e l ing transmi s s i on l i ne s within the es tabl i s hed t ransmi s s ion corridor 
would invo lve support s t ructures of s ix d i f fer ing de s i gn s . Furthermore , the 
doub l e-c i rcuit st ruct ures would be about 1 1  m ( 3 5  ft ) tal l er than o ther 
s t ru c tures in the corridor ( ER ,  Vol . 4--Table IV-2 ) .  The d i f fe r i ng des i gn s  
and hei ght s of s t ruc ture s wou l d  b e  h i ghly intrus i ve in l ocal land s cape s and 
v i s i b l e  to numerous viewer s , i n c l ud i ng trave l er s  on U . S .  I-495 . 

The poten t i a l  for vi s ual  impa c t s  a s s o c i at ed with the eas tern and we s t ern 
a l t erna t i ve DC rou t e s  wou l d  s ub s t ant i a l ly exceed that for the propo sed DC 
route . The compara t i ve l y  exten s i ve forest  c l earing requi remen t s  for the two 
a l t ernat i ve rout e s  wou l d  be int rus i ve 1n nume rous  local land s c apes . 
Add i t i onal ly , the two a l terna t i ve DC rou t e s  t raverse  rel a t i vely numerous 
concent rations of res i dent i a l  and commerc i a l  development s .  Thus , t ransmi s s i on 
fac i l i t i e s  would be vi ewed by comparat ively l arge number s  of l ocal  res idents  
a s  we l l  a s  the t ravel i ng publ i c .  Leve l s  of v i s ual impact s would be 
part i cularly h i gh along the northern segment of the we s t ern a l t erna t i ve DC 
route that genera l l y  paral l e l s the Connec t i cut River Val l ey . 

Much of the a l t ernat ive Tewks bury converter terminal  s i te i s  now c l eared , 
and the immediate l and s cape views are domina t ed by tran smi s s i on and substat ion 
fac i l i t i e s . Thu s , development of the a l t e rnat i ve t erminal s i t e wou l d  not 
apprec iably degrade l ocal  land s capes . Vegetat i on surroun d i ng the s i t e  
prov ides  a relat i vely e f fect ive s c reen that  l imi t s  v i ewing d i s tance , and the 
converter terminal would not no rma l l y  be vi s i b l e  to the general publ i c .  

4 . 2 . 2 . 7  Cul tural Resources 

Adver s e  effec t s  to c u l t ural resource s i t e s  al ong the Tewks bury 
a l t erna t i ve route canno t be properly a s s e s sed without survey resul t s  from the 
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r i ght-of-way ( wh i ch inc l udes  a 23 . 5-km [ 14 . 6 -mi ] s egment o f  exi s t ing r i ght-of
way bo th in  New Hamp s h i r e  and Ma s s achu s e t t s  that  i s  not pa rt o f  the propo sed 
pro j e c t ) and converter t erminal  s i t e .  No s i t e s  are pre s en t l y  l i s ted on the 
Na t i onal Reg i s t er ; one archeo l og i c a l  s i t e i s  l ocated on the r i ght-o f-way ( ER ,  
Vol . 4--p . 5 1 ) .  I t  i s  unl i ke l y  that thi s a l t e rnat i ve route and sub s t a t i on 
s i t e would cau s e  s i gn i f i cant unmi t i gable impac t s  to archeo l o g i c a l  o r  h i s t o r i c  
s i t e s . 

The ea s tern and we s t ern al terna t i ve rou t e s  would requi re acqu 1 s 1 t 1 on o f  
s ub s t ant i a l  new r i ght-of-way area s ( 64 1  and 4 4 1  ha [ 1 , 5 8 5  and 1 , 09 0  acres ] ,  
respe c t ivel y )  that have not been s urveyed for cul tural resourc e s  ( O f f i c e  o f  
Publ i c  Archeol ogy , 1 9 8 5 --pp . 1 -2 ) .  Surveys wou l d  b e  nece s s ary in  order t o  
a s s e s s  impac t s  t o  s i gn i f i cant s i t e s  and det ermine appropriate  m1 t 1 ga t i ve 
mea s ures . Al though a h i gh potent i a l  for s i t e s  exi s t s  in the Connect i cu t  River 
Val l ey ,  a l ong the northern s egment o f  the we s t ern a l t erna t i ve ( Comer ford 
converter terminal to Wal po l e , New Hamp sh i re ) , mo s t  impac t s  could probab l y  be 
mi t igated by avo i dance , and , if nece s s ary , data rec overy . 

4 . 2 . 2 . 8  Hea l t h  and Safety 

Con s t ruc t i o n ,  operat i on , and ma intenanc e of any of the al terna t i ve rout e s  
wou l d  ent a i l r i sks t o  human heal t h  and safety s imi lar t o  tho se d i s c u s sed f o r  
the propo sed route ( Sec t i on 4 . 1 . 8 ) .  The poten t i a l  for impac t s  among 
al t ernat i ves wou l d  vary w i th d i s tance o f  l i ne , amount o f  s t ruc t ure relocat i o n s  
requ i red , whe ther an AC s ub s t a t i on would b e  requ i red , and other s uch 
con s i derat i ons . 

4 . 2 . 2 . 9  Rad i o  and Te l evi s i on Inter ference 

The po t en t i a l for the occurrence o f  rad i o  and televi s i on interference i s  
dependent on the prox imi ty o f  rec e i ver ant ennae t o  opera t i onal t ransmi s s i on 
l i ne s . The Tewks bury a l t ernat i ve DC route would c l o s e l y  paral l e l  re l a t i ve l y  
l imi t ed areas o f  res iden t i al and commerc i a l  development s .  Thu s , ins t ance s  o f  
comp l a i n t s  concern i ng rad i o  and t e l evi s i on interference ( i f  any ) wou l d  be 
rel a t i vely l o w .  Comp l a int s o f  interference wou l d  b e  more l i ke l y  wi th re s pec t 
t o  the ea s t ern and we s t ern al terna t i ve DC rout e s , s i nce the s e  routes would 
paral l e l  area s of sub s t ant i a l l y  greater res ident i a l  and commerc i a l  l and u s e . 
Operat i on o f  the Tewks bury a l t e rnat i ve converter terminal woul d  not 
apprec i ably i n f l uence recept i on qua l i ty o f  l ocal rece i ver uni t s  in  proximity 
t o  the  s i t e .  

4 . 3  ADVERSE EFFECTS THAT CANNOT BE AVOI DED I F  THE PROJECT I S  IMPLEMENTED 

4 . 3 . 1  A i r  Qual i ty 

No s e r 1 ou s  a i r-qua l i t y  impa c t s  are ant i c i pated i f  the pro j e c t  1 s  
impl emented . 
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4 . 3 . 2  Land Feature s , Hydrol ogy, Water Qual i ty ,  and Water Use 

Des p i t e the use o f  mi t i ga t i ve mea sures t o  control eros i on ,  s ome 
unavo idab l e  inc rea s e s  o f  s o i l  ero s i on and sedimenta t i on wi thin c reeks and 
r 1 vers  woul d  resul t from con s t ruct i on a c t 1 v 1 t 1 e s , part i cular l y  dur i ng the 
thunder s torm season . In  add i t i on , minor mod i f i ca t i on of natural topography , 
dra i nage pat tern s , and s l ope s would be unavo i dabl e .  Con s t ruc t i on ac t i v i t i e s  
would resul t in  t emporari l y  inc rea sed sus pended s o l i d s  and turb i d i t y 1 n  
surface water bod i e s  of the pro j ect  area . 

4 . 3 . 3  Land U s e  

Land u s e  wi thin t h e  de s i gnated t ransmi s s i on l i ne r i ght-of-way would be 
cont ro l l ed dur ing the l i fe t i me of the project and l i mi t ed to tho se prac t i c e s  
and a c t i v i t i e s  tha t  a r e  compat i b l e  wi th the opera t i on and ma intenance o f  the 
l i ne . 

Sma l l  areas around s t ruc tures  l ocated in  croplands woul d bec ome 
unava i l ab l e  for agr i cul tural us e .  The cumulat ive area affected would be of 
minor cons equence . 

About 1 3 5  ha ( 334 acre s ) of fore s t  would be converted to and ma i nta ined 
a s  s hrub and gra s s l and vegeta t i on for the durat i on of project operat i on .  The 
addi t i onal 1 2  ha ( 3 0  acre s ) of fore s t  c l eared for the converter t ermi nal s i t e 
would repre s ent a l ong-term commi tment of forest  resourc e s , pend ing eventual  
d i smant l ing o f  t erminal fac i l i t i e s  and rec l ama t i on of the s i t e .  

Minor depo s i t s  o f  s and and grave l  woul d  bec ome unava i l ab l e  i n  order to 
pre s erve the s t ruc tural and opera t i onal integr i t y  of the propo sed l i ne .  

Devel opment of the propo s ed t ransmi s s i on l i ne would not di s p l ace or  
prec lude u s e  of any deve l oped pub l i c  rec reat i onal s i t e s  o r  fac i l i t i e s ; 
however , rec reat i onal part 1 c 1 pant s  1n  the v i c in i t y of the l i ne could be 
expo s ed to v1ews of the t ransmi s s i on fac i l i t i e s  that would det ract f rom the 
qual i ty o f  the recrea t i onal exper i enc e .  

De s p i t e  pl anning effort s , pro j ect-related t ra f f i c  and con s t ruc t i on 
ac t i v i t i e s  would various l y  interfere wi th publ ic  u s e  of l ocal t ranspor tat i on 
rout e s  dur ing the con s t ruc t ion pha s e  of the proposed pro j ec t .  

Vi sual re s ources would be adversely af fec ted throughout the immed i ate 
pro j e c t  area , but some impa c t s  would be l i mi t ed t o  the cons truc t i on pha s e  of 
the pro j ec t . Virtua l l y  a l l  vi sual impact s related to the pre sence o f  the 
transmi s s i on fac i l i t i e s  would be i nc remental in nature . 

4 . 3 . 4 Ecol ogy 

About 146 ha ( 3 6 1  acre s ) of fore s t  hab i tat at the propo s ed converter 
s t a t i on and a l ong the propo sed route would be c l eared , but  it  is  not 
ant i c i pa t ed that thi s would re sul t in  s e r i ous  effec t s  upon l ocal  wi l d l i fe 
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popul a t i on s . 
wooded habi tat . 

I ndeed , s ome s pec i e s  would bene f i t  from the c l earing o f  the 

D i s turbance of aquat i c  and we t l and hab i t a t s  and the i r  as soc i a ted b i o t a  
would b e  a n  envi ronmental impact o f  the propo sed pro j ect  and would pr imar i l y  
occur dur i ng con s t ruc t i on act iv i t i e s . The envi ronmen tal  impa c t s  expected from 
construc t i on and o pera t i on o f  the transmi s s i on l i ne wou l d  con s i s t  primari l y  of 
trans i t o ry e f fec t s  on aqua t i c  b i o t a  due t o  con s t ruc t i on ,  provi ded that proper 
mi t i ga t i ve mea sure s are implement ed . Overa l l , a maximum o f  7 . 7  ha ( 1 9 acre s ) 
o f  we t l and hab i t at would be commi t ted for suppo rt foundat i on s  and acce s s  
roads . Impa c t s  t o  reg i onal hab i t a t s  and b i ota wou l d  be minor . 

4 . 3 . 5  So c i oeconom i c s  and Cul t ural Res ources 

No unavo idable adverse effec t s  to soc i oeconom i c s  and cul tural resourc es  
curren t l y  are i dent i f i ed . 

4 . 3 . 6  Hea l t h  and Safety 

A cons erva t i ve interpretat i o n  o f  the ava i lable  data leads t o  the 
conc lu s i on that electro s ta t i c  f i el d s  and a i r  i on concentra t i ons i n  the r i ght
of-way have the po t en t i a l  1n  very inf requent c i rcums tances  of i nduc ing 
i n s i gn i f i c ant and tran s ient phys i o l og i cal and p s ycho l o g i c a l  a l terat i ons 1n 
per sons frequent i ng thi s area . The phys i o logi cal and p s ycho l o g i cal pa rameters  
that  could be affected would return t o  norma l a f t er expo s ure ceased . The 
s l i ght a l t e ra t i ons have not been a s soc i a t ed wi th adver s e  hea l th 
cons equence s .  Per s on s  frequen t i ng areas out s i de the r i ght-o f-way wou l d  not be 
a f fec ted by the indi cated e l ec t r i c  phenomena . 

4 . 4  I RREVERS I BLE AND IRRETRI EVABLE COMMI TMENTS OF RE SOURCES 

4 . 4 . 1  Land Features 

Use o f  s and , gravel , fue l , o i l ,  wa ter , and o ther ma t e r i a l s dur i ng 
con s t ruc t i on ,  ma intenance , and opera t i on o f  the propo s ed t ransmi s s i on 
fac i l i t i e s wou l d  cons t i tute an i rrever s i b l e  and i rret r i evab l e  commi tment o f  
resourc e s . The s i t e s  occupi ed b y  t ransmi s s ion s t ructures , the converter 
t ermi na l , and o ther s t ruc tures commi t underlying re sourc e s , such a s  
agr i c u l t ural l y  produc t i ve s o i l ,  throughout the l i fe o f  the pro j ec t . 

4 . 4 . 2  E c o l ogy 

Al though wi l d l i fe hab i t a t  wou l d  be a l t ered f o r  the l i fet ime of the 
pro j ec t , cover s imi l ar to exi s t i ng hab i tat  could be rec overed after 
decommi s s i o n i ng . Recovery could oc cur by natural succ es s ion o r  by revegeta
t i on programs . Recovery of fore s t  habi tat  would t ake s everal decade s . 
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Aqua t i c  and wet l and hab i ta t  c omm i t men t s  woul d  be  re l at i v e l y  minor . I n  
mo s t  c a s e s , l o s t  or  mod i f i ed hab i tat  c o u l d  be returned to  o r i g i n a l  cond i t i on s  
a f t e r  dec ommi s s i on i ng . 

4 . 5  RELATI ONSHI P  B ETWEEN SHORT-TERM USES AND LONG-TERM PRODUCTIVITY 

Th i s  s ec t i on s ummari z e s  t he re l a t i onshi p betwe en the propo s e d  u s e  o f  the 
envi ronmen t impl i c i t  i n  the cons truc t i on and opera t i on of t he t ran smi s s i on 
l i ne interconnec t i on and i t s  r e l a t e d  fac i l i t i e s  and t he ac t i on s  that could  be 
taken t o  ma intain  and enhanc e  t he l ong-t erm produc t i v i t y  of t h i s s ame l and and 
i t s  r e s ource s .  

Operat i on o f  t he i n t erconnec t i on wou l d  r e s u l t p r i mar i ly in  supp l y i ng 
e l ec t r i ca l  power needed t o  me et  pro j ec t ed demand . The ava i l a b i l i ty  o f  t he 
add i t i onal e l e c t r i c i t y wou l d  have a bene f i c i a l  e f f e c t  on t he e c onomy and 
shou l d  enhance con t i nued growth and improvement 1n t he s e rv i c e  area . 

A t o tal  o f  about 145  ha ( 3 58 acre s ) wou l d  be  conver t ed f r om pre s ent  u s e s  
( mo s t ly fore s ted l and ) t o  pro j ec t -rel a t ed u s e s  such a s  wi dening o f  t he r i gh t s 
o f -way and con s t ruc t i on o f  t h e  c onverter terminal . O f  t h i s t o t al , l e s s  than 
20 ha ( 5 0 acre s ) wou l d  be permanen t l y  c onve r t e d  to pro j e c t -r e l a t ed u s e s  that 
wou l d  preclude other u s e s  such as farming or w i l d l i fe c over . 

4 . 6  CUMULATIVE I MPACTS 

Impl ementat i on of the propo s ed Pha s e  I I  of t he i n t erconn e c t ion wou l d  
re s ul t in  only very smal l inc remental  ( cumul a t ive ) i mpac t s  t o  t he NEPOOL 
s y s t em s i nce the new t ransmi s s i on fac i l i t i e s  wou l d  be c on s t ruc ted a l mo s t  
en t i re l y  on e x i s t i ng r i gh t s -of-way . S i nce  one o f  the purpo s e s  o f  t he 
i n t e r c onnec t i on i s  t o  d i s p l ace  o i l  and other f ue l s or  energy s ource s ,  t he 
propo s e d  pro j e c t  wou l d  a c t ua l l y  p o s t pone or  pre c l ude t he cons t ru c t ion o f  new 
f o s s  i 1 - fue l ed generat i ng f a c i  1 i t i e s  in  the reas ona b l y  fore s eeabl e  future in 
t he NE POOL s erv i ce area . O t her po s i t i ve inc remen t a l  i mp ac t s  i n c l ude fuel  c o s t  
saving s , the a b i  1 i t y  t o  ma i n t a i n  sys t emwide r e l i ab i l i t y ,  opportun i t i e s  f o r  
energy int erchange , and a n  increased abi l i t y t o  make eme rgency energy 
t ran s fe r s  to  e i t her t he Un i t ed S t a t e s  or  Canada for mu tual rel i a b i l i ty 
purpo s e s . The s e  e f fe c t s  are d i s c u s s ed 1 n  mo re de t a i l  in  S e c t i on 1 .  

S i nce  t he energy t o  be purcha s ed from Hydro-Quebec 1 s  surp l u s powe r , i t  
1 s  l i ke l y  that the inc remen t a l  e f fect  on t he Canad i an gene ra t i ng s y s t em o f  
prov i d ing t he energy wou l d  b e  very smal l .  Thi s  t o p i c  i s  d i s c u s s e d  i n  mo re 
de t a i l  in  Sect ion 4 . 1 . 4 . 5  and Append i x  C .  
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5 .  GLOSSARY 

ALTERNATI NG CURRENT ( AC )  - An e l ec t r i c  current t hat  rever s e s  i t s  d i rec t i on a t  
per i od i ca l l y  recurr ing i n t e rva l s .  

ANADROMOUS SPECI ES - Spe c i e s  o f  f i sh t hat  a s c end i n t o  r i vers  f rom the s ea t o  
s pawn . 

APPLI CANT - Vermont E l e c t r i c  Tran smi s s i on Company , whi ch 1 s  a p p l y i ng for  the 
amendment to Pre s i dent i a l  Permi t PP- 7 6 . 

AQUI FER - A wa t er-bear i ng s t ra t um o f  permeab l e  roc k ,  s and , or  grave l . 

CARRYING CAPAC I TY - The max i mum number o f  an i ma l s  that can be s upported by a 
g i ven area o f  habi tat . 

COGENERATI ON - Produc t i on o f  e l ec t r i c a l  ( or mechan i ca l ) energy and therma l 
energy f rom the s ame p r i mary energy s ource . 

COLDWATER FI SHER I E S  - F i s h  a s s emblage chara c t er i z ed by t rout , cha r ,  and / or  
wh i t e f i s h .  Wa t e r  t empe ratures mus t  be l ow enough t o  mee t  t he t herma l 
requi rement s f o r  s urvi va l  and s pawning for natura l popul at i on s  t o  be 
ma in ta ined . If t empera t ures  are t o o  h i gh ,  s e a s ona l o r  annua l non
s u s t a i n i ng c o l dwat er f i sher i e s  could  be ma inta ined t hrough s t ocking . 

CONVERTER TERMINAL - Fac i l i ty needed t o  c onvert DC p ower t o  AC power , and v i c e  
ver s a , s o  that t h e  propo s ed D C  l i ne c an b e  c onne c t ed t o  t h e  exi s t ing AC 
power s y s t e m .  

CUMULATIVE PRESENT WORTH The s um o f  a s e r i e s  o f  annua l expend i t ure s 
expre s s ed in  t erms o f  a g i ven year ' s  buyi ng power o f  money . 

CUMULATIVE PRES ENT WORTH OF REVENUE REQUI REMENTS - Cumu l a t i ve pre s ent wo rth o f  
t he s e r i e s  o f  annua l revenue requi remen t s  ( s ee de f i n i t i on b e l o w )  o f  a 
g i ven pro j ec t .  

d B  ( DECI BEL ) - Un i t  for expre s s i ng t he r e l a t i ve i n t en s i t y  o f  s ound s on a s c a l e  
f rom z ero for  the average l ea s t -percept i b l e  s ound t o  about 1 3 0 for the 
average p a i n  l evel . 

DECLINING SPE C I E S  - A s pe c i e s  who s e  popul a t i on s  are c urrent l y  underg o i ng a 
prol onged , nonc yc l i c  dec l ine i n  t he s ta t e  and , po s s i b l y , many other par t s  
o f  i t s  range , and i s  e i ther a p proaching rar i t y  o r  i s  a l ready very rare i n  
t he s t a t e .  Such s pec i e s  a r e  l i ke l y  t o  bec ome endang ered or  t hreat ened i n  
t h e  s t a t e  wi thin  t h e  n e a r  future . 
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DIRECT CURRENT ( DC )  - An e l e c t r i c a l  current f l owing i n  one d i rec t i on onl y and 
s ub s t an t i a l l y  cons tant in  value . 

ECOLOG I CAL PROVINCE - A broad vege tat i ve reg ion having a un i form regi onal 
c l ima t e  and t he s ame type or  types  o f  z onal s o i l s .  

ENDANGERED SPECI E S  - A s pec i e s  c l a s s i f i ed a s  b e i ng i n  imme d i a t e  danger o f  
ext i nc t i on throughout a l l  o r  mo s t  o f  i t s  range ( federa l l y l i s t ed ) ;  1 n  
danger o f  ext inc t i on i n  a s t a t e  a s  a reproduc i ng s p ec i e s ; rare o r  very 
l oc a l  t hroughout a l l  or  much of i t s  rang e , or  hav i ng a r e l a t i ve l y  
re s t r i c t ed geograph i c  range ( s tate-l i s t ed ) . 

FOS S I L  FUEL - Fue l sour c e s  u l t ima t e l y  derived f r om l i ving t h i ng s . 
f o s s i l  f ue l s  are c oa l , o i l ,  and natura l ga s .  

HARDWOODS - General t e rm f o r  dec i duou s t r e e s  ( ang i o s perms ) .  

Ma j or 

HEMAGGLUT INATION - Reac t i on i n  whi ch red b l ood c e l l s  s u s pended i n  a l i q u i d  
c o l l ec t  i n t o  c l umps  and whi c h  o c cu r s  e s pec i a l l y a s  a s e r o l o g i c  r e s po n s e  
t o  a s p ec i f i c  ant i bod y .  

HYDROCARBONS - Organ i c  c ompound s o f t en o c curring 1 n  p e t r o l eum , nat ural gas , 
and c oa l . 

HYDROELECTRIC - O f  or  r e l a t i ng t o  produc t i on o f  e l e c t r i c i ty by wa t er p ower . 

KI LOWATT-HOUR ( kWh ) - Un i t  o f  work or  energy equa l t o  that e xpended by one 
ki l owat t  ( 1 , 00 0  wa t t s ) 1 n  one hour . 

MEGAWATT ( MW )  - 1 , 000 , 00 0  wa t t s .  

PARTI CULATES - Part i c l e s  o f  ma t e r i a l  s u s pended i n  t he atmo s phere . 

PCBs  ( POLYCHLORI NATED B I PHENYLS ) - H ighly s ta b l e  organoc h l o r i n e  c ompound s used 
i n  numerous  d i ve r s e  produc t s  such as  l ub r i cant s ,  e l ec t r i c a l  equi pment , 
pa i n t s ,  and p l a s t i c i z er s . The s e  c ompound s rema i n  p er s i s tent 1 n  t he 
envi r onment , are b i oaccumu l a t e d , and can cau s e  d e t r iment a l  e f fec t s  a t  l ow 
c oncentra t i on s . 

PHOTOCHEMI CAL OXI DANTS Sec ondary gaseous  po l l utant s created 1 n  t he 
atmo s phere f r om c onver s i on s  and reac t i ons  o f  primary gaseous  p o l l utant s 
( such a s  s u l fur o x i d e s  and n i t rogen ox i d e s ) .  They i n c l ude o zone ( 0 3 ) and 
peroxya c e t yl n i t ra t e  ( PAN ) . 
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RARE SPEC I E S  - Popul a t ions  and / o r  i n d i v i dua l s of a s pec i e s  oc curring i n  very 
l ow numb e r s  rel a t i ve to other s im i l ar t axa in the s t ate , a l t hough c ommon 
or regu l a r l y  occurring t hroughout much of t he i r  range . The y may oc cur i n  
a r e s t r i c ted geograph i c  reg i on or occur s pa r s e l y  over a wider area . 
Al t hough rare , popul a t i on s  are appa rent l y  s t a bl e .  

REVENUE REQUIREMENTS - The amount o f  money that mu s t  be rec ove red or gene rated 
i n  order t o  pay for the i n t e re s t ,  deprec i a t i on ,  t axe s , i n s uranc e , fuel 
c o s t s ,  and a l l  other var i a b l e  expen s e s  a s soc i at e d  wi t h  t he c on s t ruc t i on ,  
operat i on ,  and ma intenance of a projec t .  

SECONDARY CONTACT RECREAT I ON - Recreat i onal  a c t i v i t i e s  such a s  f i s h i ng or  
boat i ng that do not genera l l y  invo l ve c ont i nual d i rect cont ac t with the 
wa t e r  as do s uch wat e r  recreat ional ac t i v i t i e s  as swimmi ng . 

SOFTWOODS - General t e rm for coni ferou s t re e s  ( gymno s perms ) .  

SPECIAL CONCERN SPEC I E S  - A s pe c i e s  who s e  popul a t i on s  have been shown t o  be 
suffering a dec l i ne t hat  could threa t en the s pec i e s  in  t he area i f  
a l l owed t o  con t i nue unchecked , o r  a s pe c i e s  that occurs  i n  such s ma l l  
numbe rs  o r  wi th such a re s t r i c t ed d i s t r i bu t i on o r  s pec i a l i zed hab i t a t  
that i t  could ea s i l y become threatened . 

THREATENED SPEC I ES - A s pec i e s  l i ke l y  t o  become endangered 1n  the future 
t hroughou t a l l  or mo s t  of i t s  range ( federa l l y  l i s t ed ) or a l l  o f  i t s  
range wi thin  the s t a t e  ( s t a t e-l i s t ed ) .  

WARMWATER SPEC I E S  - Fi s h  a s sembl age chara c t er i zed by s un f i s h and ba s s  ( a s  we l l  
a s  b y  those  s pe c i e s  con s i dered t ra s h  f i sh ,  s uch a s  carp , mo s t  s ucker s ,  
and bu l l head s ) .  Wa rmwa t e r  s p ec i e s genera l l y  i nhab i t  wa t e r s  w i t h  
t empera t ure range s  wi t h i n  whi c h  t rout and other c o l dwa t e r  s pe c i e s  cannot 
ma i n t a i n  s e l f- s u s t a i n i ng popu l a t i on s . 
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Table A . l .  Summary o f  1 9 82 Agr icul tural Da ta f or Count i e s  Traver sed by t he Propo sed Pha s e  I I  
o f  the New Engl and/ Hydro-Quebec Transmi s s ion Line I nt er connec t i on 

Categories 

Total land area ( he c t a r e s ) a 

Farms and land in farms 
Fa rms (number) 
Average s i ze of f a rms ( h e c t a r e s )  
Land in farms ( he c t a r e s )  
Propo r t i on of coun t i e s  i n  farms ( pe rcen t )  

Use of land in farms 
To tal cropland ( he c t a r e s )  

Ha rvested cropland 
Cropl and , pas t ure only 
Other cropland 

To tal woodl and ( he c t a r e s )  
Woodland pastured 
Woodland unpastured 

Other land ( he c ta r e s )  
P a s t u r e  other t h a n  cropland 

and pastured woodland 
House l o t s ,  road s ,  was t elan d ,  e t c  

Market value of agricultural produ c t s  sold 
Total Sales ( $ 1000) 
Average pe r farm ( d o l l a r s )  
Crops , including nur s e r y  a n d  greenhouse 

p roduc t s  ( $ 1 000) 
Maj or commod i t y  groups ( $ 1000) 

Hay , s i lage and field seeds 
Vegetabl es , sweet c o r n ,  and mellons 
Frui t s , nut s , and berries 
Nur s e ry and greenhouse produc t s  

Live s to ck ,  pou l t r y  and produ c t s  ( $ 1000) 
Maj or commo d i ty g r oups ( $ 1000) 

Poul t ry and poul t r y  products 
Dairy produc t s  
Cat t l e  and ca lves 
Hogs and pigs 

a One hectare equal s  2 . 4 7  a c r e s .  
b 

NR i n d i c a t e s  n o t  repor t e d .  

Source s :  Bureau of the Census ( 1 9 8 4 a ,  1 9 8 4 b ) . 

Middlesex 

2 1 , 2 7 8  

5 6 7  
2 9  

1 6 , 2 58 
7 . 6 

8 , 005 
6 , 269 
1 , 3 3 3  

4 0 3  

4 , 9 7 8  
4 2 5  

4 , 5 5 2  

3 , 27 5 

7 39 
2 , 5 3 6  

45 , 54 3  
80 , 3 2 4  

24 , 1 1 4 

889 
3 , 158 
2 , 0 5 4  

1 8 ,007 

2 1 , 4 29 

2 , 500 
2 , 7 6 1  

NR
b 

1 , 1 33 

Mas s achus e t t s  

Norfolk 

1 0 3 , 5 3 2  

205 
26 

5 , 4 2 2  
5 . 2  

2 , 1 55 
1 , 4 1 1  

605 
139 

2 , 2 84 
9 2  

2 , 1 9 2  

9 8 3  

2 3 1  
7 5 2  

9 , 1 2 1  
44 , 494 

5 , 9 4 1  

1 2 2  
3 6 1  
4 1 7  

5 ,030 

3 , 1 80 

358 
7 0 5  

NR
b 

1 5 1  

Worces t e r  

3 9 1 ,980 

1 , 0 1 4  
5 3  

5 4 , 0 7 2  
1 3 . 8  

2 3 , 2 98 
1 7 , 1 54 

4 , 6 36 
1 , 508 

23 , 6 6 3  
4 , 665 

1 8 , 9 9 8  

7 , 1 1 0 

2 , 6 9 7  
4 , 4 1 3  

4 7 , 3 1 9  
46 , 66 6  

1 3 ,005 

1 , 3 7 3  
2 , 1 7 1  
6 , 4 6 5  
2 , 845 

34 . 3 1 4 

9 , 8 7 3  
1 9 , 89 6  

2 , 7 38 
1 , 2 1 5  

Graf ton 

4 4 5 , 3 4 2  

3 9 7  
92 

36 , 5 7 0  
8 . 2  

1 1 , 7 66 
8 , 8 1 1  
2 , 695 

259 

20 , 8 34 
2 , 8 1 8  

1 8 , 0 1 6  

3 , 9 7 0  

2 , 300 
1 , 6 7 0  

1 6 , 3 20 
41 , 1 08 

1 , 008 

343 
80 

205 
3 5 2  

1 5 , 3 1 1  

NRb 

1 2 , 1 2 3  
2 , 1 3 7  

40 

New Hampshire 

H i l l s borough 

2 2 6 , 9 7 0  

3 9 6  
5 5  

2 1 , 8 2 8  
9 . 6  

7 , 4 2 3  
5 , 948 
1 , 0 3 7  

439 

1 2  , 1 2 1  
1 , 086 

1 1 , 0 3 5  

2 , 283 

4 6 1  
1 , 8 2 2  

1 5 , 8 5 8  
4 0 ,045 

7 , 1 7 5 

446 
1 , 329 
4 , 049 
1 , 3 1 9  

8 , 6 8 2  

1 ,  7 1 0 
5 , 629 

744 
299 

Me rr imack 

2 4 2 , 394 

385 
6 7  

2 5 , 64 7  
1 0 . 6  

8 , 034 
6 , 005 
1 , 408 

6 2 2  

1 5 , 0 1 5  
1 , 8 2 3  

1 3 , 1 9 2  

2 , 59 7  

1 , 4 1 4 
1 , 1 83 

1 3 . 7 1 4 
3 5 , 6 2 1  

3 , 509 

7 1 5  
1 3 7  
620 

1 , 938 

1 0 , 205 

889 
7 , 7 9 1  
1 , 1 8 0  

1 2 1  

Rockingham 

1 8 , 1 0 7 2  

4 2 7  
4 1  

1 7 , 6 3 1  
9 . 7  

6 , 6 52 
4 , 929 
1 , 266 

4 5 7  

9 , 244 
1 , 3 3 5  
7 , 9 1 0  

1 , 7 3 5  

544 
1 , 1 9 1  

1 2 , 8 7 7  
30 , 1 5 7  

4 , 7 6 7  

357 
NR

b 

1 , 840 
1 , 854 

8 , 1 1 0 

2 , 4 5 7  
3 , 3 0 1  

5 6 4  
1 2 8  
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Tabl e A . 2 .  Area by Land Cla s s es  and Fore s t l and Ownershi p for Coun t i e s  Trave r s ed by the Propo s ed 
Pha se I I  of the New Eng land /Hyd ro-Quebec Tran smi s s i on Line Int erconnect ion 

( t hou s ands o f  hec t ares )a 

Forested Land Public OwnershiE 

States and To tal Land Nonforest Total Fore s t  Commercial Noncommercial Federal State 
Counties in Count ies Land Use Area Timberlandb 

Timber land 

Mass achusettsc 

Middlesex 2 1 3 . 7  l l 9 . 2 ( 5 5 . 8 ) d 9 4 . 5 ( 44 . 2 ) d 9 0 . 8 ( 9 6 . 0 ) e 3 . 7 (  3 . 9 )e ! . 2 3 . 4  

Norfolk 102 . 1  5 1 . 0 ( 5 0 . 0 )  5 1 . 1 ( 5 0 . 0 )  4 4 . 8 (87 . 7 )  6 .  3 ( 1 2 .  3 )  0 . 4 1 . 1 

Worcester  39 1 . 9  1 2 3 . 0 ( 3 1 . 4 )  268 . 9 ( 68 . 6 )  259 . 3 ( 9 6 . 4 )  9 . 6 (  3 . 6 )  o . o  20 . 0  

Totals 707 . 7  29 3 . 2 ( 4 1 . 4 ) 4 1 4 . 5 (58 . 6 )  394 . 9 ( 9 5 . 3 ) 1 9 . 6( 4 . 7 )  ! . 6 2 4 . 5  

New Hampshireg 

Grafton 448 . 5  46 . 5 ( 1 0 . 4 )  40 2 . 0 ( 8 9 . 6 )  360 . 3 ( 89 . 6 )  4 1 . 7 ( 1 0 . 4 )  95 . 9  5 . 4  

Hil lsborough 2 3 1 . 3  4 6 . 7 ( 20 . 2 ) 184 . 6 ( 7 9 . 8 )  1 7 8 . 7 ( 9 6 . 9 )  5 . 9(  3 . 2 )  0 . 8 1 . 8 

Me rrimack 240 . 9  44 . 6 ( 1 8 . 5 )  1 96 . 4 ( 8 1 . 5 )  1 9 3 . 6 ( 9 8 . 6 )  2 . 8 (  1 . 4 )  3 . 5  6 . 0  

Rockingham 1 7 8 . 9  4 5 . 1 ( 2 5 . 2 )  1 3 3 . 8 ( 7 4 . 8) 1 2 7  . 8 (95  . 5 )  6 . 0( 4 . 5 )  o .o 2 . 5  

Totals 1099 . 6  182 . 9 ( 1 6 . 6 )  9 1 6 . 8 ( 8 3 . 4 )  860 . 4 ( 9 3 . 8 )  5 6 . 4 (  6 . 2 )  1 00 . 2  1 5 . 7  

a One hec tare equals 2 . 4 7  acre s .  
b Forest land producing o r  capable of producing more than 2 0  cubic feet of industrial  wood p e r  acre p e r  year . 
c Source :  Peters and Bowers ( 1 9 7 7 ) .  
d Numbe rs i n  parenthesis indicate percentages o f  t o tal land areas i n  respect ive coun t ies and counties  by s tates . 

Coun ty and 
Muni cipal 

2 . 3 (  7 . 6 ) f 

1 . 2( 6 . 0)  

3 . 5 (  9 . 1 )  

7 . 0( 8 . 4 )  

1 . 3 ( 2 8 . 5 )  

2 . 1 (  2 . 6) 

! . 9 ( 5 . 9 )  

0 . 9 ( 2 . 7 )  

6 . 2 ( 1 4 . 2 )  

e Numbers i n  parenthesis indicate percentages o f  total forested land i n  respect ive count ies and counties  by state s .  

Private Owne rshiE 

Farmers Other 
Owned Private 

5 . 5  78 . 4 ( 9 2 . 4 ) f 

2 . 6  3 9 . 4 ( 9 3 . 7 )  

24 . 2  2 1 ! . 6 ( 90 . 9 )  

3 2 . 3  3 29 . 6 ( 9 1 . 6 )  

24 . 7  2 3 3 . 0 ( 7 1  . 5 )  

7 . 6 1 6 6 . 5 ( 9 7 . 4 )  

8 . 7  1 7 3 . 5 ( 94 . 1 )  

5 . 8 1 1 8 . 5 ( 9 7 . 3 ) 

4 6 . 8  69 1 . 5 ( 8 5 . 8 )  

f Numbers i n  parenthesis indicate total public and total private holding a s  percentages o f  the commercial t imberland i n  respect ive coun t i e s  and 
count ies by states.  

g Source : Kingsley ( 1 9 76 ) .  

;:t> 
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Table A . 3 .  Area of Commerc i a l  Fore s t land , by Fore s t  Type s ,  for Count i e s  Traver sed by the Pro po sed 
Pha se I I  of the New Eng land /Hyd ro-Quebec Tran smi s s i on Line Interconnect ion 

( hec tare s ) a 

Coun t i e s  in New Hamp shire b Coun t i e s  in Ma s s achus e t t sc 

Fore s t  Types Grafton 

Whi t e  pine/red p ine /hemlockd 
50 , 4 2 0 ( 1 3 . 9 )

e 

Spruce / f i r f 
7 9 , 7 7 0( 2 2 . 1 )  

P i t ch pineg 8 1 0( 0 . 2 )  

Oak/p ineh 
3 , 800( 1 . 1 )  

Oak/hi ckor/ 1 2  , 6 7 0 (  3 . 5 )  

Elm/ a s h/ r e d  ma plej 3 2 ,420(  9 . 0 )  

Mapl e / be e c h/ b i r chk 1 5 7 , 9 1 0 ( 4 3 . 8) 

Aspen / b irch1 22 , 540( 6 . 3 )  

Totals 360 , 340 

a One hect are equals 2 . 4 7  a cres . 
b Sour c e : Kingsley ( 1 9 7 6 ) .  

c Source : Peters and Bowe rs ( 1 9 7 7 ) . 

Me r r imack Hillsborough 

78 , 3 1 0 (40 . 5 )  7 5 , 1 9 0 ( 4 2 . 1 )  

2 , 7 90(  1 . 4 )  2 , 830( 1 . 8 )  

2 , 3 9 0 (  1 . 2 )  2 , 1 0 0( 1 . 2 )  

4 , 530( 2 . 3 )  3 , 9 7 0 (  2 . 2 )  

20 ,030( 1 0 . 3 )  1 9  , 220( 1 0 . 8 ) 

48 ,080 ( 2 4 . 8 )  40 , 1 50( 2 2 . 5 )  

2 8  , 8 5 0 ( 1 4 .  9 )  28 ,000( 1 5 . 7 ) 

8 , 580( 4 . 4 )  7 , 200( 4 . 0 )  

1 9 3 , 5 60 1 78 , 660 

Rockingham Middlesex Worc e s t e r  N o r f o l k  

5 9 , 5 3 0 ( 4 6 . 6 )  1 7  , 7 3 0 ( 1 9 . 5 ) 5 3 , 340( 2 0 . 6) 7 , 280( 1 6 . 3 ) 

2 , 3 1 0 (  1 . 8 )  240( 0 . 2 )  1 , 2 1 0 (  0 . 5 )  1 60( 0 . 4 )  

1 , 6 2 0 (  1 . 3)  2 , 0 2 0( 2 . 2 )  7 , 1 2 0( 2 .  7 )  1 , 1 7 0( 2 . 6 ) 

2 , 1 40( 1 . 7 )  7 , 5 30( 8 . 3 )  28 ,090( 1 0 . 8 )  3 , 800( 8 . 5 )  

1 1 ,980(  9 . 4 )  2 3 , 5 9 0 ( 2 6 . 0 )  7 0 ,90 0 ( 2 7 . 3) 1 1  , 9 40 ( 2 6 . 7 )  

2 7 ,400( 2 1 . 4 )  32 , 050( 3 5 . 3 )  8 1  , 0 20 ( 3 1 . 2 )  1 6  , 2 30 ( 3 6 . 2 )  

1 7  ,400( 1 3 . 6 )  4 ,0 1 0( 4 . 4 )  1 0 ,200( 3 . 9 )  2 , 1 90 (  4 . 9 )  

5 , 4 20 (  4 . 2 )  3 , 640( 4 . 0 )  7 , 450(  2 . 9 )  2 , 020( 4 . 5 )  
--- -

1 2 7 , 800 90 , 8 1 0  259 , 330 44 , 790 

d Eas t e rn whi t e  pine , r e d  pine , or heml ock , s ingly or i n  combina t i o n ,  con s t i t u t e  a plura l i t y  of t h e  s t o cking . Common a s s o c i at e s : 
a s pe n ,  birch , and map l e .  

e Numbe r s  i n  parent hes i s  indi cate percentages o f  t h e  totals f o r  t h e  respect ive column s .  
f Spruce or bal s am f i r ,  s ingly o r  i n  combinat i o n ,  cons t i t u t e  a plura l i t y  o f  the s t o cking . Cedar swamps are also i n c l uded i n  t h i s  type . 

Common associat e s : whi t e  ceda r , tamarack , map le , birch , and heml ock .  
g P i t ch pine cons t i tu t e s  a plur a l i t y  o f  the s t o cking . Common a s s o c i a t e s :  oaks ( i n  Mas s achus e t t s ,  a p i t ch pine/eas tern red cedar type ) . 
h Hardwoods ( u sually red or black oak s )  cons t i tute a plura l i t y  of the s t o ck ing , but in wh i ch pines con s t i tute 2 5 %  to 30% of the s t ocking . 
i Oaks or h i ckory , s i ng ly or in combinat i o n ,  cons t i t u t e  a plurality of the s t o cking unle s s  pines cons t i t ut e 2 5 %  to 5 0% of the s t ocki n g , 

in which case the type is oak / p i n e .  Hickory is s e l dom present in New Hamp s h i r e .  Common a s s o ciates : elm and ma p l e s . 

j Elm, as h ,  or red ma p l e ,  s i ng ly or in combinat i o n ,  con s t i tute a plurality of the s t ockin g .  Common a s s o c i a t e s :  bee c h ,  eastern 
whi t e  pine , basswood and sugar ma ple . 

k Sugar ma ple , bee ch , or yellow birch , singly or in combinat ion , cons t i t u t e  a plural i t y  of the s t o cking . Common a s s o c i a t e s : hemlock , 
elm, bas swoo d ,  eas t e rn wh i t e  pine , white or swe e t  b i r c h ,  and red ma ple. 

1 As pen , balsam popla r ,  paper or gray b i rch , s ingly or in combination cons t i t u t e  a plurality of the s t ocking . Common a s s o c i at e s : 
red maple and b a l s am f i r .  
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Tab le A . 4 . Summa ry o f  Se l e c t ed S treamf low Record s for Wa tersheds 
a l ong t he Propo sed Tran smi s s i on Line Route 

D i s charge ( m3 / s ) a 

Record D ra i na2e Area 
R i ver Locat ion ( year s ) (km ) a Average Max imum Minimum 

Connec t i cu t  Da l t on ,  NH 56  3 , 92 0  82 . 3  1 , 3 7 0  3 . 2 6  

Ammonoo s uc Bethl ehem Junc t i on ,  NH 44 22 7 5 . 9 3 06 0 . 5  

Smi t h  Br i s tol , NH 65  222  4 2 2 9  0 . 0 8 

Cont oocook We s t  Hopki nton , NH 20  1 '  1 1 0  1 9 . 8  1 8 7  0 . 43  

Pi scataquog Ea s t  Wea re , NH 20 1 6 4  2 . 7  43 . 3  0 . 0 1  

Bl ackwat er Ga f f s  Fa ll  bel ow 58 334 6 . 0  3 1 1  0 . 2 2  
> Webs ter , NH I 
V1 

Merr imack Manche s t er , NH 4 7  8 , 0 1 0  1 49 2 , 9 00 2 . 7 8  

Na shua Ea s t  Peppere l l , MA 48 1 , 1 2 0  1 6 . 1  5 92 0 . 0 3  

Nor t h  Na shua Leomin s t er , MA 48 2 8 5  5 . 5 462 0 . 3 

Conc ord Lowe l l , MA 4 7  1 ' 05 0  1 7 . 8  1 5 3 0 . 1 1  

Char l e s  Wa l t ham , MA 52 588  8 . 5 1 1 7 <0 . 0 1  

Char l e s  Dover ,  MA 46 47 7 8 . 6 9 1  0 . 0 1  

Bl acks tone Northb r i dge , MA 38 360  7 . 5 4 7 9  <0 . 0 1  

a 1 km2 = 0 . 3 86 mi 2 ; 1 m3 / s  = 35 . 3 2 ft 3 / s  ( c f s ) .  

Source s :  Geol og ical Survey ( 1 984 , 1 98 5 ) .  



Fore s t  Type 

Wh i t e  and red p i ne 

Oak/hi ckory 

E l m/ a s h/ ma p l e  

Ma p l e / beech / b i rc h  

Spruce / f i r  

As pen / b i rch 

Oak/ p i ne 

Pi t c h  p i ne 

Tab l e  A . S .  Maj or For e s t  Type s in t he Pha s e  I I  S t ud y  Ar ea 

Predominant Spec i e s  

Whi te p ine , hem l ock , red pi ne 

Oak s ( r ed ,  che s tnut , wh i t e ,  b l a ck , 
s ca rl et ) 

Ameri can e l m ,  b la ck a sh ,  red ma p l e  

Sugar map l e , be ec h ,  yel l ow bi rch 

Red s pruc e ,  bal sam f i r ,  nor thern 
whi t e  c edar , wh i t e  s pruce , black 
s pruc e  

Quaking a s pen , bi g t oo t h  a s pen , 
bal sam popl ar , paper b i r c h ,  gray 
b i rch 

Red o ak , bl ack oak 

P i t ch p ine 

As s o c i a t ed S pe c i e s  

Red ma pl e ,  red oak , quak ing a s pen , b i g t o o t h  
a s pen , s ugar ma p l e , red s pruce , ye l l ow bi rch , 
wh i t e  oa k ,  b lack cherr y ,  ba l sam f i r  

Black cher ry , sugar ma pl e ,  red map l e , be ec h ,  
wh i t e  a s h , whi te p ine , b l a ck b i r ch ,  wh i t e  
b i r c h ,  h i c kory ( shagbark , p i gnut , mo ckernu t ) 

Beech , whi t e  p ine , s ugar map l e , ba s swood 

Heml oc k ,  Ameri can e l m ,  bas swood , whi t e  p i ne , 
wh i t e  b i rc h ,  red map l e  

Yel l ow b i r ch , wh i t e  p i ne , heml ock , red map l e , 
quaking a s pen , paper b i r ch , tama ra ck 

P i n  cherry 

Wh i t e  p i ne , red pine 

Oaks 

Source s :  K i ng s l ey ( 1 9 7 6 , 1 9 7 7 ) ;  Jorgens en ( 1 9 78 ) ;  U . S . De pa r t ment of Energy ( 1 9 84 ) ;  E R ,  Vol s .  2 and 3 .  

� 
I 

0' 



A- 7 

Tab l e  A . 6 .  Hab i t a t  Charac t er i s t i c s  o f  Trout Streams 

Fac tor 

Cover 

Sub s trate 

Current 

Poo l / r i f f l e  rat i o  

Width/depth  rat i o  

Hab i ta t  Charac t er i s t i c s  Rel a t i ve t o  S t ream Rat ing 

Good 

Modera t e  undercut s ,  
or  bru s h , s tump s  

S O% grave l 

Moderat e l y  var iable  

7 5 � 25 or 25 : 7 5 

Low 

Exce l l en t  

Exten s i ve undercut s ,  s t ump s , 
bru s h  i n  s t ream c l o s e  t o  bank 

100% gravel , rubb l e  

Ext reme l y  var i ab l e acro s s  
channe l , wi t h  numerous "edge s "  

Near 50 : 50 ,  wi t h  good i nt er
s per s i on 

Very l ow 

Source : G a l v i n  ( 1 9 7 9 ) .  



Tab le A . 7 .  

Parameter 

Spawning season 

Spawning temperature 

Spawning habitat 

Egg development 

Larval development 

Thermal preference 

Thermal requiremen ts  
for satisfactory growth 

Thermal requirements 
for spawning 

Food 

Other requi rements and 
comments 

a T0 = temperature .  

Life Hi s t ory As pect s of the Maj or Salmoni ds i n  the Vi c i ni ty of the Prop o s ed Route 

Brook Trout 
( Salvelinus font inali s )  

Late summer to autumn . 

4 . 4-9 . 4 ° C  ( 40-49°F) . 

Gravel beds in shal low 
[ usually (0 . 3  m ( 1  f t ) ] 
headwater s t reams or 
grave lly lake shallows 
where spring upwel ling 
and moderate current exi s t .  

Hatch in 50 t o  1 0 0  days 
( T 0  dependent) wi th  upper 
lethal T0 l imit for 
developing eggs f 1 1 . 7 ° C  
( 53 °F ) . 

Remain in nest unt il  yolk 
sac absorbed . Become 
f ree-swimming when f38 mm 
( 1 . 5 in) long. 

1 4 - 1 9 ° C  ( 5 7 . 2-66 . 2 °F) . 

�20 ° C  (68 °F) . 

� 1 2 . 8 ° C  ( 55 °F ) . 

Aquatic and te rres t rial 
insect s ,  mol luscs , 
crus taceans , fish , and 
small mammals .  

Dissolved oxygen m1n1mum 
of 5 ppm throughout yea r .  
Wa ter mus t  b e  free o f  
heavy s i l t ,  noxious gases , 
and other pollutan t s .  
Upper le thal T0 range : 
2 1 -26 . 6 ° C  ( 6 9 . 8-79 . 8 ° F ) . 

Life History Aspects of Salmonid Species 

Brown Trou t 
( Salmo trutta) 

Late aut umn to early winter.  

6 . 7-8 . 9 ° C  ( 44-48°F) . 

Pr imarily shallow ,  grave lly 
headwaters.  

Hatch in 40 t o  70 days . 
Eggs will develop norma lly 
at T0 up t o  1 0 ° C  (50°F) . 

Rema in in nest until yolk 
sac absorbed .  7-day TL50 
for sac fry :  22-2 3 ° C  
( 7 1 .6-73 . 4 ° F) . 

� 1 8 . 3-2 3 . 9 ° C  (65-7 5°F) . 

Aquat i c  and terres trial 
insec t s , crus taceans , 
molluscs , amphi bians , 
fish ,  and rodent s .  

Can wi ths tand less 
f avorable environments of 
of lower s t ream reaches . 
Upper critical T0 f25°C 
( 7 7 ° F ) . Minimum dissolved 
oxygen tolerance 4 . 5  ppm 
( summer )  and 2-3 ppm 
( winter) . 

Rainbow Trout 
( Salmo gai rdneri)  

Usual ly spring . 

1 0 . 0- 1 5 . 5 ° C  ( 50-60°F) . 

Smaller t r ibut aries of their 
river habitat  or inlet or 
outlet s t reams of their lake 
habi tat . Spawn on fine 
gravel in rif fles above a 
pool . 

Hatch i n  1 8  to ) 1 00 days (T0 
dependen t ) . Upper T0 limit 
f 1 5 . 5 ° C  ( 5 9 . 9 °F) . 

Become free-swimming 3-7 days 
after hat ching. 

Op timum below 2 1 ° C ( 6 9 . 8°F) . 

�2 1 ° C  ( 7 5 °F) . 

5 . 5- 1 3 ° C  ( 4 1 . 9-55 . 4 °F)  ( peak 
To ) .  

Zooplank ton , larger 
crustacean s ,  inse c t s ,  snail s ,  
leeches , fish ,  and f rogs . 

Life his tory characterist ics 
are highly vari able depend
ing on locat ion , type , and 
habita t .  Can tolerate T0 
range of 0 . 0-28 . 3 ° C  ( 3 2-83°F) . 

Atlantic  Salmon 
( Salmo salar) 

Fal l .  

Commences when T08 

reaches 6 . 1 ° C  ( 4 3 °F ) .  

Tributary s t reams o f  
lake s .  Usually spawn in 
gravel ly rif fles above 
or below a pool . 

Hatch by Apr i l .  Eggs 
develop normally at T0 
up to 1 0° C  (50° F ) .  

Remain i n  nest f 1  month 
unt i l  yolk sac absorbed.  
Sac f ry median lethal T0  
22-2 3 ° C  ( 7 1 .6-7 3 . 4 °F) . 

Aquatic and terres trial 
insects and fish.  

Parr  succumb to T0  
between 3 2 . 9-33 . 8°C  
( 9 1 . 2-92 . 8 ° F ) . 

Sources : Sco t t  and Crossman ( 1 9 73 ) , Carlander ( 1 969) , Eddy and Unde rhil l  ( 1 9 74) , and Becker ( 1 9 76 ) .  
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Tab l e  A . 8 .  Rare Pl an t s  i n  the S t udy Area for  t he Propo sed Phas e  I I  Transmi s s i o n  Li ne 

Spec i e s  

Dwarf  ragwor t  ( S enec i o  paupe r c ul us ) 

Sma l l drop-s eed ( Spo ro bo l u s  negl e c tu s )  

St i c ky fal s e  a s phode l ( Tof i e l d i a  g l u t ino sa ) 

Gra s s-of-p arna s s u s  ( Parnas s i a  gl auca ) 

Spur red gent ian ( Ha1 en i a  d e f l e xa ) 

Go l d en-fru i t ed s edge ( �a re x  � )  
Garber ' s  s edge ( Carex garber i )  

Showy l a dy ' s  s l i pper ( Cypr iped ium regi na e )  

Var i eg a t ed hor s e t a i l  ( Equi s e tum va r i egat um )  

Wi de-l eaved lady ' s  t re s s es ( Sp i r an th e s  l uc i d a )  

Ha i r y  bed s traw ( Ga l i um p i l o s um )  

C l imbing fern ( Lygod ium pa lma t um ) 

a R = rare ; T = threat ened . 

Locat i o n  

Monroe , NH 

Monr oe , NH 

Monroe , NH 

Monr o e , NH 

Monroe , NH 

Mo nr oe , NH 

Monroe , NH 

Monroe , NH 

Monroe , NH 

Mo nroe , NH 

Hud s on , NH 

Ayer , MA 

S t at u s  a 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

T 

Habi tat  

Ca l c areous l edge s ,  grave l s  

Ca l c areous s o i l s , e s pe c i al l y  
l i my l edge s  and pa s t u r e s  

Ca l careous  mar she s , damp l edge s 
and shor e s  

Ri ve rbanks , we t ca l c areous  s o i l s  

Mo i s t ,  c o o l  wo od s 

Meadow s , wet banks 

Bo g s , swamps ,  we t meadow s , and 
r i ch mo i s t  woo d s  

Swamp s , we t meadow s , r i c h  mo i s t  
wo od s ,  cal careous s o i l s 

R i ve rbanks , c a l c areous  s ho r e s  

Al luvi al s hore s and s l ope s , r i ch 
damp meadows and t hi cket s 

Dry wo ods  

Semi -open edge o f  wo o d s  and 
s t re am s , damp wo od s 

Source s :  Dowhan and C ra ig  ( 1 9 76 ) ;  C od d i ng ton and F i e l d  ( 1 9 7 8 ) ; S t o rks and C row ( 1 9 7 8 ) ; Brackl ey and Hen t c y  
( 1 98 5 ) ; Sorr i e  ( 1 9 8 5 ) ;  ER , Vol s .  2 and 3 .  
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Tab l e  A . 9 . Endange red and Threat ened F i s h  and Wi ld l i fe i n  the 
Study Area f or t he Propo sed Pha s e  II Tran s mi s s i o n  Li nea 

Spec i e s  

F i sh 

Shor tno s e  s t urgeon ( Ac ipen s e r  brev i ro s trum ) 

Amer i c an brook l amprey ( Lamptera appen di x )  

Bi rd s  

Ba ld  eagle ( Ha l i aeetus  l eucocephal us ) 

Peregr ine fa l c on ( Fa l c o  pe regr inus ) 

O s prey ( Pand ion ha l i aeetus ) 

No rthe rn har r i e r  ( Ci rcus  cyaneus ) 

Red- shou ld ered hawk ( Bu t eo l ineatu s )  

Cooper ' s  hawk (Acc ipi t er c oope r i i )  

Common l oon ( Gav ia immer ) 

Pi ed-b i l l e d  grebe ( Pod i lymbu s podi ceps ) 

Leas t  bi t t ern ( I xobrychu s ex i l i s ) 

King rai l ( Ral l u s  e l egan s )  

Up land s andp i per ( Bart rami a l o ng i c auda ) 

Short-eared owl ( A s i o  f l ammeus ) 

Wh i p-poor-wi l l  ( Capr imulgu s  vo c i f e ru s ) 

Purp l e  mar t i n  ( Progne subi s )  

Sedge wren ( Ci s t ot horu s pl a t en s i s )  

Gol den-winged warb l e r  (Vermi vora chrys optera ) 

Ea s t er n  bluebi rd ( Si al ia  s ia l i s )  

S ta t u s b 

E ( F ,  MA , NH ) c 

T ( MA )  

E ( F ,  MA,  NH ) 

E ( F ,  MA,  NH ) 

T ( NH )  
T ( MA ,  NH )  
T ( NH )  
T ( NH )  
T ( NH )  
T ( MA )  
T ( MA )  
T ( MA )  
E ( MA ) , T ( NH ) 

E ( MA )  
T ( NH )  
T ( NH )  

E ( MA )  
T ( MA )  
T ( NH )  

Hab i tat  

Lower reach of  Me rr imack R i ve r  

Tri butary t o  Bl acks tone R i ver 

Near ocean s , r i ve r s , lake s 

Coa s t s ,  mount a i n s , wood s 

Seacoas t s , lake s ,  r i ve r s  

Gra s s land s ,  mar shes 

F i e ld s ,  wet land s 

Open wo odland s ,  wood marg i n s  

Lake s , r i ve r s  

Sha l l ow water bod i e s  

Mar shes 

Mar shes 

Low , gra s sy areas 

Open habi t a t s  

Woods nea r f i el d s  

Mul t i ce l l ed ne s t i ng box e s  o r  gour d s  I n  
c i t i e s  and farmya rd s  

Sedge meadows 

Gray bi rch wo od s ,  s hrublands 

Road s i d e s , farmya rd s ,  a bandoned o rc ha rd s 
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Spec i e s  

Amph i b i a n s  and Rept i l e s  

Marb l ed s a l amander ( Ambys t oma opacum )  

Ea s t ern s pade foot ( Scaph i opus ho l brooki ) 

B l and i ng ' s  t urt l e  ( Emyd o i dea bl and i ngi ) 

T imbe r  rat t l e s nake ( Cr o t a l u s  hor r i du s ) 

Nort hern copperhead ( Agki s t rodon contor t r i x ) 

Tab l e  A . 9 .  Cont i nued 

S t a t  u s a 

T ( MA )  

T ( MA )  

T ( MA )  

E ( MA )  

E ( MA )  

Hab i t a t  

Var i e s  f rom mo i s t , sandy areas t o  dry 
h i l l s i d e s  

Fore s t s  wi t h  l o o s e  or  sandy s o i l 

Mar s he s , bog s , lake s , sma l l  s t reams 

T i mbered t erra in , e s pec i a l l y  s ec ond-
growth 

Rocky , wooded h i l l s i d e s  and moun t a i nous 
area s 

a Sourc e s : Bl odget ( 1 98 3 ) ;  Buckley ( 1 9 84 ) ;  Cardoza and M i r i ck ( 1 9 7 9 ) ;  Conant ( 1 9 7 5 ) ;  Ma s sachu s e t t s  Natura l 
Her i t age Program ( 1 9 8 5 ) ;  Robb i n s  e t  a l . ( 1 9 8 3 ) ;  Smi t h  and Coa t e  ( 1 9 8 5 ) .  

b E = endangered ; T = t hreat ened ; F = federa l l y  l i s t ed ;  MA = Ma s sachu s e t t s-l i s t ed ; NH = New Hamp s h i re
l i s t ed ;  underl i ned s t a t e  i s  s t a t e  wi t h i n  s tudy are a  where s pe c i e s  i s  r e po r t ed . 

c Th i s  s pec i e s  i s  repor t ed f rom the Ma s sachu s e t t s  por t i on o f  the  s t udy area . 
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A- 1 2  

Tab l e  A o l O o Popul at i o n  Trend s and Pro j e c t i on s  
f o r  Town s i n  the S t ud y  Area 

P e r c ent 
Change , Pro j e c t ed , 

Town s 1 9 6 0  1 9 7 0  1 9 80 1 9 7 0 - 1 9 8 0  1 9 9 0  

NEW HAMPSHIRE 

Graf t on Counti: 

Monroe 4 2 1  3 8 5  6 1 9  6 0 o 8  7 6 8  

Lyman 2 0 1  2 1 3  2 8 1  3 1 . 9  3 1 3 

Bath 604 6 0 7  7 6 1  2 5 o 4  8 3 9  

Haverhi l l  3 , 1 2 7  3 , 09 0  3 , 44 5  1 1 o  5 3 , 6 00 

Benton 1 7 2  1 9 4  3 3 3  7 1 . 6 4 0 2  

Warren 548 5 3 9  6 5 0  2 0 o 6  7 2 5  

Wentwo r t h  3 0 0  3 7 6  5 2 7  40 o 2  5 9 8  

Rumney 8 2 0  8 7 0  1 , 2 1 2  3 9 o 3  1 , 4 0 2  

Gro t on 9 9  1 20 2 5 5  1 1 2 0 5 3 1 7  

Hebron 1 5 3  2 3 4  3 4 9  4 9 o l  4 2 7  

Al exand r i a  3 7 0  4 6 6  7 0 6  5 1 . 5  8 7 7  

Merr i mack Counti: 

H i l l  3 9 6  4 5 0  7 3 6  6 3 o 6  9 7 0 

Andover 9 5 5  1 , 1 3 8  1 , 5 8 7  3 9 o 5  2 , 0 1 9  

Sal i s bury 4 1 5  5 8 9  7 8 1  3 2 o 6  1 , 0 0 0  

Web s t e r  4 5 7  6 8 0  1 , 0 9 5  6 1 . 0 1 , 4 2 4  

Bo s c awen 2 , 1 8 1  3 , 1 6 2  3 , 43 5  8 o 6  3 , 49 6  

Concord C i t y 2 8 , 9 9 1  3 0 , 0 2 2  3 0 , 400 1 . 3 3 2 , 1 7 0  

Hopki nton 2 , 2 2 5  3 , 0 0 7  3 , 8 6 1 2 8 o 4  4 ,  7 1 3 

Bow 1 , 340  2 , 4 7 9  4 , 0 1 5  6 2 o 0  5 , 24 6  

Dunbar t o n  6 3 2  8 2 5  1 , 1 7 4  4 2 o 3  1 , 5 2 9  

H i l l s borough Counti: 

G o f f s t own 7 , 2 3 0  9 , 2 8 4  1 1  ' 3 1 5 2 1 . 9  1 3 , 3 6 6  

Bedford 3 , 6 3 6  5 , 8 5 9  9 , 4 8 1  6 1 . 8 1 1  ' 80 3  

Me r r i mack 2 , 98 9  8 , 5 9 5  1 5 , 40 6  7 9 o 2  1 7 , 0 2 3  

L i t c hf i el d  7 2 1  1 , 4 20  4 , 1 5 0  1 9 2 o 3  5 , 1 6 6  

Hud s on 5 , 8 7 6  1 0 , 6 3 8  1 4 , 0 2 2  3 1 . 8  1 7 , 34 1  

Pe lham 2 , 60 5  5 , 40 8  8 , 0 9 0  4 9 o 6  9 , 2 30 



Town s 

Roc k i ngham Coun t y  

Londonderry 

Wi ndham 

MAS SACHUSETTS 

M i dd l e s ex Coun t y  

Tyng s borough 

Dun s t a b l e  

G r o t on 

Aye r 

Shi r l ey 

Wo rce s t er County 

Lanc a s t e r  

S t e r l i ng 

We s t  Boyl s t on 

Boyl s t on 

Shrews bury 

Gra f t on 

Mi l l bury 

Su t t on 

Upton 

M i l ford 

No r f o l k  Coun t y  
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D i s t in c t ive 

Druml ins , hi l l s  and ridges 
o r  o t her no ted g e o l ogical 
features p rovid ing d i s t ant 

v i ew s ; high r e l a t ive r e l i e f 

g r e a t e r  than 200 f e e t ;  s t e e p  
s l o pe s ;  s harp e x p o s e d  bed r o ck 

o u t c r o p s . 

Maj o r  r i v e r  cours e s , cascades 
o r  f a l l s ,  l a rge p l a cid l ake s 
o r  r e s e r v o i r s ; s h o r e l i ne 
d e v e l o pment absent or s ym

p a t h e t i c  t o  wa t e r  e l eme n t .  

S t an d s  o f  dense f o r e s t ,  seen 

as ma s s e s  of va rying c o l o r  
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and p a s t o ra l  vege t a t i o n ;  

s t an d s  o f  o l d  t imber growth 

g r e a t e r  than 6 0  feet i n  heigh t .  

De s ignated h i s t o r i c  di s t r i c t s , 

s c e n i c  areas or s c e n i c  r i v e r s  
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areas ; areas whe re man ' s  

imp r e s s ion i s  symp a t h e t i c  
t o  t h e  lands cape ; f a rms t eads ; 

l i t t l e  contemporary deve l op
men t .  

Source : E R ,  Vo l .  7 --Tab l e  I I I-5 . 

Land s c a p e  Qua l i t y  Ma tr ix  

No t ewo r t h y  

L o w  rounded hi l l s  a n d  g e n t l y  

r o l l i ng t e rrai n ;  r e l a t i v e  
r e l i e f  1 00-200 f e e t . 

Se condary r i v e r s  and me ande ring 
s t re ams , mo derate-s i ze l ake s , 
pond s , and impoundme n t s ;  l ow

de n s i ty deve l o pme n t .  

Mixed s t ands of f o r e s t  and 

s e condary g r owth s e e n  as inte r
s pe r s e d  vege t a t ion pat t e rn ; 
s ome t imbe r  g r e a t e r  than 60 
f e e t  in heigh t . 

Mo d e rate- s i z e  communi t i e s  

s u p p o r t ing s ome busine s s , l ight 
ind u s t ry and comme r c i a l  deve l o p

men t  o c cu r r ing in a s emi-rural 
s e t t i ng ; s ome h i s t o r i c  bu i ldings 
o r  d i s t r i ct s ;  o c cas i onal e l eme n t s  
s u c h  as quarrie s , u t i l i t y  l i ne s , 
j unkya r d s , l a n d f i l l s ,  and t ank 

f a rms , but incon s p i cuous such 
that vi sual i n t eg r i t y  i s  n o t  
l o s t .  

Common 

Nea r l y  f l a t  to gen t l e  s l o ping 

t e r r ai n ;  r e l a t ive r e l i e f  l e s s  
t h an 1 0 0  f e e t . 

Nar row , s l ow-moving or i n t e rmi t t e n t  
s t r e ams a n d  c r e ek s , sma l l  f a rm ponds 
and s imi l a r  mi n o r  wat e r  f e a t ur e s ; 

high dens i t y  s h o r e l ine deve l o pme n t . 

S t ands of s c rubl and or unbroken 

wo od land ; s e p a r a t e d  by agricultural 
o r  urban land u s e s ; s e condary growth 
commo n ;  mo s t  t imber und e r  60 f e e t  

in heigh t . 

Large areas of urbani z a t i on , indus

t ri a l i za t i o n ,  s u burban s p rawl o r  
highway s t ri p  de v e l o pment domi n a t ing 

the lands cape ; maj o r  " eye s o r e s "  t h a t  
d e s t roy vi s u a l  i n t eg r i t y .  
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APPENDIX B .  FLOODPLAIN /WETLAND AS SESSMENT FOR THE PROPOSED ROUTE 

8 . 1  PROJECT PURPOSE AND DESCRI PTION 

The New Eng l and Power Pool ( NE POOL ) ,  i n  c oopera t i on wi t h  Hydro-Quebec , 
propo s e s  to  purcha se an add i t i ona l 7 0  TWh ( mi l l ion MWh ) o f  energy over a 1 0-
year per i od curren t l y  s cheduled t o  begin in 1 99 0 . Th i s  i s  i n  add i t i on to  the 
33 TWh of  surp l u s  hydroe l ec t r i c  ene rgy that NEPOOL member ut i l i t i e s  forma l l y  
agreed t o  purcha se i n  1 98 3  f rom Hydro-Quebec ( Pha s e  I ) .  The add i t i ona l power 
purcha s e  wou l d  nece s s i ta t e  the c on s t ruc t i on of new f ac i l i t i e s  to transm i t  the 
energy to l oad centers in central New Eng l and . 

The proposed pro j e c t  i nvol ve s  exten s i on of  t he ±45 0-kV , h i gh-vo l t age , 
d i rec t -current ( DC )  t ransmi s s i on l i ne f rom the Town of  Monroe , New Hamp shi re 
( s i t e  of the Comer ford c onverter t erminal for Pha s e  I )  to  the t own of  G roton , 
Ma s s achus e t t s .  The DC l i ne woul d  termi nate a t  a 1 80 0 -MW DC / AC c onverter  
terminal to  be c on s t ruc ted a t  t he town l i ne o f  Grot on and Aye r ,  Ma s sachus e t t s ,  
adjacent  to  an exi s t ing 345 -kV AC s ub s t a t i on .  Add i t i onal l y ,  two l i nearly 
connec t ed 345 -kV AC t ransmi s s i on l i nes wou l d  be c on s t ruc ted a d j acent t o  
exi s t i ng t ransmi s s i on l i nes i n  Mas s a chus e t t s . The s e  l i ne s wou l d  or i g i na t e  a t  
the proposed conve rt e r  t e rminal and termi na t e  a t  a 3 4 5-kV A C  s ub s t a t i on a t  
We s t  Medwa y ,  Ma s s achus e t t s . As s o c i a t ed w i t h  the proposed proj ec t wou l d  b e  the 
cons t ruc t i on of  an overhead ded i cated  meta l l i c  return c onduc t o r  as part of 
both t he Pha s e  I and Pha s e  II t ransmi s s i on l i nes and AC t ransmi s s i on s y s t em 
relocat ions between Sandy Pond and Mi l l bury s ub s t a t i on s  i n  Ma s s achuset t s .  The 
propo sed route wou l d  i nvo l ve c on s t ruc t i on of 298  km ( 1 8 5  mi ) of t ransmi s s i on 
l ines i n  New Hamp sh i re and Ma s s achu s e t t s . 

8 . 2  FLOODPLAI N /WETLAND EFFECTS 

It i s  DOE ' s  po l i cy to  avo i d  adve r > e  impac t s  on f l oodp l a i n s  and we t l ands 
to the extent  po s s i b l e  ( 1 0 CFR 1 0 2 2 ) . To thi s end , 10 CFR 1 0 2 2  prov i d e s  for 
comp l i ance wi t h  Execut i ve Order 1 1 9 8 8  ( Fl oodp l a i n  Management )  and Execut i ve 
Order 1 1 9 9 0  ( Protec t i on o f  We t l and s ) .  

The propo sed c onve r t er t ermi nal  woul d  be l oc a t e d  i n  an upl and s i t e  that 
is not in a f l oodp l a i n  and does not con t a i n  we t l and areas ( ER ,  Vol . 1 ) .  
Therefore , only t he t ransmi s s i on l i nes are of  po t ent i a l  c oncern re l a t i ve to  
f l ood p l a i n /we t l and e f f ec t s .  From t he Come rford conve r t e r  t ermi nal  to  t he We s t  
Medway s u b s t a t i on ,  the proposed rou t e  woul d  t rave r s e  the fol l owing wa t e r s hed 
ba s i n s : Connec t i cut  Ri ver ( New Hamp shi re ) ,  Merrimack Ri ver ( New Hamp s h i re and 
Mas sachu s e t t s ) , B l a cks t one R i ve r  ( Ma s sachu s e t t s ) ,  and t he Cha r l e s  R i ve r  
( Ma s sachu s e t t s ) ( s ee F i gures 2 . 2  through 2 . 4 ) . Port i on s  o f  t he propo s e d  rou t e  
con s i s t  of  fore s t ed a n d  unfore s t ed wet l ands  and f l oodpl a i n s  ( ER ,  Vo l .  7-
F igures I I I - 1 . 1  t hrough I I I - 1 . 1 2 ,  Vo l .  8--F i gures I I I - 1 . 1  t hrough I I I - 1 . 2 2 ) . 
Locat i on s  of  we t l and a l ong the rout e  were d e t e rmined f rom U . S .  F i sh and 
Wi l d l i fe draft  we t l and inven tory map s ( where ava i l a bl e ) , a e r i a l  pho t o s , r i ght
of-way map s , and f i e l d  s urveys ( ER ,  Vo l s .  7 and 8 ) .  Fl oodp l a i n s  were 
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determi ned from Fl ood Insurance Rate Maps or Flood Hazard Boundary Maps ( Fl ood 
Insurance Agency 1 9 7 6 , 1 9 7 9 ; Federal Emergency Management Agency 1 98 2 ) .  

B . 2 . 1  We t l ands 

The New Hamp shire port ion of the propo sed route would cro s s  ( s pan ) 98  
wet l ands over a total l i near di s tance of about 1 2 . 4  krn ( 7 . 7  mi ) ( ER ,  Vol . 8-
Tabl e  I I I - 1 ) . The Ma s sachus e t t s  por t i on of the route would cro s s  1 1 9 we t l ands 
over a t o tal l i near di s tance o f  about 1 3 . 7  krn ( 8 . 5  mi ) ( ER ,  Vol . 7 --Tabl e  I I I -
1 ) .  

The we t l ands in the v i c i n i t y  o f  the propo s ed route are domi na ted by 
emergent vegeta t i on , scrub / shrub vege t a t i on ,  and fores ted vege t a t ion . 
Wet l ands domina t ed by emergen t vege tat i on ( e . g . , marshe s , we t meadows , and 
pond s ) are ba s i ca l l y  wet gra s s l and s conta1n1ng pl ant s pec i e s  adapted to  
submerged s o i l s  ( Darne l l  1 9 7 6 ) .  The s e  habi ta t s  usua l l y  contain zoned 
grada t i on s of plant spec i e s  as fol lows ( f rom shal l ow to deeper wa ter ) :  
( 1 )  emergent plan t s  ( e . g . , reed s , catta i l s , bul rushe s , sawgras s e s , s edge s , and 
arrowhead s ) ,  ( 2 )  f l oat ing l eafy plan t s  ( e . g . , wa ter l i l i e s , pond l i l i e s ,  
smartweed s ,  s pat t erdocks , and s ome pondweed s ) ,  and ( 3 )  submerged plan t s  ( e . g . , 
wa terweed s ,  s ome pondweed s ,  mus kgra s s es , mi l fo i l s , coonta i l s ,  bladderwor t s ,  
hornwor t s ,  and but t ercups ) ( Darnel l 1 9 7 6 ) .  Based on to tal ac reage of var i ous 
we t l and type s a l ong the proposed route ( 5 3 1  acres ) ,  about 32% ( 1 68 acre s ) of 
the wet l ands  contain predominan t l y emergent vegetat i on ( ER ,  Vol . 7--Table I I I -
2 ,  Vol . 8--Tab le I I I -2 ) .  

The emergent and pond wet l ands contain a d i verse and produc t ive fauna , 
includ ing var i ous s pec i e s  o f  aqua t i c  and terre s t rial  invertebrates , f i shes , 
amph i b i ans , and rept i l e s . The we t l ands provide important ne s t ing ,  brood ing , 
feed ing ,  mi gratory s t opover , and overwinter ing habi t a t  for wa te rfowl and 
shoreb i rd s  ( Darnel l 1 9 7 6 ) .  They a l s o  provide hab i t a t  for such mammal s  as 
mus krat , short-t a i l ed shrew,  s t ar-nosed mo l e ,  eastern cot t ont a i l  rabb i t ,  
beaver ,  meadow vol e ,  and red fox ( Godin 1 9 7 7 ) .  

Scrub/ shrub we t l ands or swamp s are areas dominated by woody vege tat i on 
l e s s  than 6 m ( 20 ft ) ta l l ,  inc lud i ng true shrubs , young t ree s , and trees and 
shrubs that are sma l l  or s t unted due to envi ronmental cond i t ions ( Coward in et  
al . 1 9 7 9 ) .  Dominant woody spec i e s  inc l ude alder , wi l l ow ,  b l ueberry , sumac , 
winterberry , s t eeplebru s h ,  sweet pe pperbus h ,  but t onbush , red o s i er dogwood , 
s p i rea , bog ro semary , bog laure l , leather l eaf , and young trees of such s pec i e s  
a s  red map l e  and b l a c k  s pruce . Sen s i t ive fern and s edges are predominant 
herbaceous s pec i e s  ( Coward in et al . 1 9 7 9 ;  ER , Vo l s .  7 and 8 ) . About 12% ( by 
area ) o f  t he we t l ands a l ong the propo sed route contain a predominan t 
s c rub / shrub vegetat i on commun i t y .  About 5 1% o f  the we t l ands contain a 
comb i na t i on of emergent and s crub/ shrub we t l ands ( ER ,  Vol . 7--Tabl e  I I I -2 , 
Vo l .  8--Tabl e  I I I -2 ) .  

The fore s ted we t land s or swamps are dominated by 1 i ving or dead trees 
that are at l eas t 6 m ( 20 f t ) tal l . Al ong the propo sed route , fore s t ed 
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wet land s are typ i c a l l y  dominated by red map l e ,  wi th black ash and gray b i rch 
al so present . Con i ferous spec i es , whi ch are l e s s  common , inc l ude larc h ,  black 
spruce , Atlant ic  wh i t e  cedar , and whi t e  pine ( ER ,  Vo l s . 7 and 8 ) .  Shrub and 
herbaceous layers are domi na ted by the s pec i e s  common in t he s c rub/ shrub 
we t l ands . The pre s ence of fores ted wet l ands dominated by dead trees resul t s  
from con s t ruc t i on o f  man-made impoundment s  and beaver ponds , f i re , p o l l u t i on , 
or i n s e c t  infestat ion ( e . g . , s pruce budworm outbreaks ) ( Cowa rd i n  e t  al . 
1 9 79 ) .  On l y  about 5 %  ( 26 acres ) of the we t l and s al ong the proposed route 
contain a fore s t ed componen t ( ER ,  Vo l .  7--Table I I I -2 ,  Vo l .  8--Tab le I I I -2 ) .  

An i mal l i fe in  s c rub / s hrubl and and fore s t ed we t l ands i s  s imi lar to  that 
for mars hy wet l and s ,  but inc ludes a mo re d i verse b i rd and mamma l s pec i e s  
as semb l age because o f  the increa sed habi tat  and food re sources provi ded by 
unde r s t ory and canopy vegetat i on .  Wat erfowl and shoreb i rds found 1n  the 
marshy wet land s a l s o  frequent swampy we t l ands ; a l s o  pre sent are such spec i e s  
as arboreal songb i rds , b i rds  of pre y ,  and woodpeckers . Large mamma l s , such a s  
whi te-ta i l ed dee r ,  occur in  swampy we t l ands , as d o  many sma l l er mamma l s  such 
as mice , vo les , squi rrel s ,  shrews , weas el s ,  ot ters , lemmings , and ba t s  ( Godin 
1 9 7 7 ) .  

We t l and hab i tat  can be impac ted by c l earing of vegetat i on ,  con s t ruc t i on 
and improvement o f  acc e s s  roads , use  of heavy machinery , and i n s tal l a t i on of 
s t ruc ture s . The poten t i a l effec t s  resul t i ng from the s e  act i vi t i e s  inc l ude 
minor d i s rupt ion of dra i nage pa t t erns , ero s i on and s i l t a t i on ,  hab i t at 
des t ruc t i on ,  changes i n  wa ter temperature , i ncreased publ i c  acces s ,  wi ldl i fe 
d i s placemen t , wa ter-l eve l  mod i f i cat i on ,  and add i t i on o f  chemi ca l s . Swampy 
wet lands wo uld be i mpacted more by long- term changes in wa ter qual i t y  and 
water l evel , whereas ma rshy wet l ands could be impac ted by short-t erm 
mod i f i c a t i ons ( Darne l l  1 9 7 6 ) .  F l uc tua t i ons in water l evel might  a l s o  be 
detr imental to vegetat i on l ocated ad jacen t  to we t l and s ( Boe l t er and C l are 
1 9 74 ) . Whi l e emp lacemen t  of tower ba ses  would r e s u l t  in the l o s s  of s ome 
wet l and habi tat , they mi ght prove to be preferred hab i t at for ne s t ing 
wat erfowl and calving deer ( Thor s e l l  1 9 7 6 ) .  Because the area of we t l ands 
i mpac ted by the pro j e c t  would be sma l l  re lat i ve to  the total  we t l and area 
occurring wi thin t he propo s ed r i ght s -of-way ( 2 6 . 1  acre s to be c l eared and a 
maxi mum permanent d i s p lac ement of 1 9  acre s for acce s s  road s and new s t ructures 
out of 5 3 1  acres within t he r i ght s -o f-way) ( ER ,  Vo l . 7--Tab l e  I I I - 7 , Vol . 8 - 

Table I I I - 7 ) ,  the overa l l  impac t s  to  we t land hab i tat  wou ld not be of 
suff i c i en t  magni tude t o  cause l oca l i zed ext inc t i on of any s pec i e s . 
Add i t i ona l l y ,  t he habi tat that woul d  be affec t ed i s  not un i que t o  t he area . 
Impac t s  t o  we t l and hab i t at wou ld a l s o  be minimal because the maj o r i t y  of 
wet l and s would be s panned , and con s t ruc t i on ac t i vi t i e s  ( e . g . , s t ruc ture 
placemen t ) would be mi nimi zed w i t h i n  t he s e  we t l and areas . 

I n  a previous pro j ec t ,  no vege t a t i ve change s related t o  
obs erved 1n  a ca t t a i l  marsh in  Ma s s achuset t s  t hrough 
t ransmi s s i on l i ne wa s rout ed ( Th i bodeau and N i ckerson 1 9 84 ) . 
carried out in  winter , and equi pment wa s driven acro s s  

cons t ruc t i on were 
whi c h  a 345-kV 
Con s t ruc t i on was 

the frozen ma rsh 
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wi thout any observed a l t erat ions to  the sub s t rate ( e . g . , swamp ma t s ) .  Bog 
vegetat ion wa s found to  rec over na tura l l y  wi thin four growing seasons from the 
effe c t s of t ransmi s s i on l i ne con s t ruc t ion and ma i n t enance ( N i ckerson and 
Thi bodeau 1 9 84 ) .  Thus , re l a t i ve effe c t s  of cons t ruc t i on wou l d  depend upon the 
season and /or type of we t l and , as we l l  as upon con s truc t ion me thods and 
mi t igat i ve mea sures emp l oyed . 

Some minor adverse impac t s  to we t l and w i l d l i f e , e s pec ial l y  wa terfowl , 
cou l d  resul t from vegetat ion c l ear i ng and managemen t ,  i n c l ud ing herbi c i de use , 
within and ad j acent  to  we t l ands . C l earing operat ions could reduce ma s t  u s ed 
by black duck , wood duck , and green-wi nged t eal ; remove some c over for ground
ne st i ng wa terfowl ; and e l iminate ma ture trees with  cavi t i e s  u s ed for n e s t ing 
by wood ducks and mergan s ers . However , some bene f i c ial  impac t s  could resul t 
from increa sed shrub cover and increased ne s t ing cavit i e s  i n  wi nd-damaged 
t rees ( U . S .  Department of Energy 1 9 7 8 ) .  

We t l and s  woul d  be spanned where po s s i bl e ,  wi th support s t ructures pl aced 
out s i de the wet l ands . However , l oc a t i ng some s t ructures within  we t l ands wou ld 
be  unavo idabl e .  A maximum of 88 we t l and s wou l d  be  affected by new s t ruc t ure 
placement , exi s t i ng s t ru c t ure removal , and / o r  fore s t  c l earing . Thi s inc l udes 
a maximum of 3 3  we t l and s 1 n  New Hamp shire ( ER ,  Vo l . 8--Table I I I -6 ) and 
5 5  we t l ands 1n Ma s sachu s et t s  ( ER ,  Vol . 7 --Table I I I -6 ) .  Con s t ru c t i on or 
improvemen t s  to acce s s  road s would be needed for placement of new 
s t ru c t ures . Of the 2 1 4 . 9  ha ( 5 31 . 1  acre s )  of we t l ands within  the Pha se I I  
right s-of-way ,  only a maxi mum o f  1 0 . 6  ha ( 26 . 1  acres ) woul d  req u i re c l earing 
of fore s t  vegeta t i on .  Wet l ands 1n the s e  area s wou l d  be mod i f i ed to  
s c ru b / shrub or emergen t wet l ands . The se mod i f i ed wet l ands wou l d  be 
ma intained , i f  neces sary , by the appl i c a t i on of he rbi c id e s  accord i ng to  
company pol i c y  ( s ee Tabl e s  8 . 1  and 4 . 7 ) .  Dur ing con s t ruc t i on ,  up t o  39 . 3  ha 
( 9 7  acre s )  o f  we t l ands woul d  be d i s turbed by vehi c l e  tra f f i c  and other short
term a c t i vi t i e s  re l a t ed to  s t ruct ure mod i f i cat i on and acce s s  road 
con s t ru c t ion . Th i s  d i s t urbance wou l d  rec over wi thin a few growing season s .  
New s t ructure s and ac c e s s road s wou l d  cause the l ong-t erm l o s s ,  at mo s t , o f  
7 . 7  ha ( 1 9 acre s )  o f  we t l ands--3 . 2  ha ( 8  acre s ) i n  Ma s sachu s et t s  ( ER ,  Vo l . 7-
Tabl e I I I - 7 ) and 4 . 5  ha ( 1 1 acre s )  i n  New Hamp shire ( ER ,  Vol . 8-
Table I I I -7 ) .  I t  i s  not expe c t ed that placemen t o f  new s t ruc tures or ac c e s s  
road s wou l d  s i gn i f i cant l y  i mpound or o therwi se a l ter any o f  the wet l and s . For 
exampl e ,  pad s for each s t ruc t ure wou l d  onl y  occupy 0 . 06 acre and wou l d  be only 
0 . 3  m ( 1  ft ) above the we t l and surface ( ER ,  Vo l . 8 ) . Al so , l e s s  than 3 . 1  km 
( 2  mi ) o f  new ac c e s s  road s wou l d  be con s t ru c t ed wi thin we t l ands , wi th c u l vert s 
and breaks i n s tal l ed t o  ma i n t a i n  drainage pat t erns and water table l eve l s  ( ER ,  
Vol s .  7 and 8 ) .  

Fo l l owing c on s t ruc t i on ,  impac t s  to  we t l and s could resul t from ma i n t enan c e  
of acc e s s  roads , i nc reased publ i c  acce s s , and peri od i c  ma i n t enance of t h e  l i ne 
or underlying right-o f-way vegetat i on ;  however , such impac t s  woul d  be 
minimal . Reduc t i on of habi tat  u s e  by wa terfowl d i rec t l y  under t ransmi s s i on 
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Tabl e  B . 1 .  Limi t a t i ons  on Herb i c ide App l i cat i on 

Sen s i t ive S i t e  
De s c r i p t i on 

Wel l s  a 

Pub l i c--Grave l Packed 
Other 

Private 

New Hampshire 

Tr i butar i e s  or Shorel i nes o f  Pub l i c  Res ervo i r sb 

Kren i t e  
Other herb i c ides 

St reams , Brooks , Ponds , Lake s 
Fol i ar and basal t reatment s 
Cut s t ump t reatment s 

Crops c 

Fol iar t rea tment 
Cut s t ump and ba s a l  t reatmen t s  

Pas tures ( a l l  t rea tment s ) c 

I n  use 
No t in use 

Gardens 
Fol i ar treatment 
Cut s t ump and ba s a l  t reatment s 

Re s i dence s  
Fol i ar t reatment 
Cut s t ump and ba s a l  t reatment s 

Water within we t l ands 
Within pub l i c  water supply watershed 

Kren i te 
Other herb i c ides  

No t wi thin pub l i c  wa ter supp l y  wa ter shed 
Fo l i ar and ba s a l  t rea tment s  
Cut s t ump t reatment s 

We l l s d 

Pub l i c--Grave l Packed 
Kren i t e  
Other herb i c i de s  

--Tubular 
Kren i t e  
Other herb i c i de s  

Private 
Kren i t e  
O ther herbi c i d e s  

Ma s s achu s et t s  

Appl i cat ion Limi tat ion 
E s t ab l i shing Pro t e c t ive 

Buf fer ( i n fee t ) 

400 
2 S O  

s o  

s o  
1 0 0  

1 0  
None 

s o  
None 

2S 
None 

2S 
None 

2S  
None 

s o  
400 

1 0  
None 

so  
400 

so 
2 S O  

so  
1 0 0  
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Tab l e  B . l .  Cont inued 

Appl i c a t i on L i mi t a t ion 
Sens i t i ve S i t e E s tabl i shing Pro t e c t i ve 

De s c r i p t ion Buffer ( i n fe e t ) 

. 1 "  . d 
Tribut ary or Shore l 1ne of a Pub 1 c  Re s e rvo 1 r  

Kren i t e  
Other herb i c i de s  

S t reams , Brooks , Pond s , Lake s 
Fol iar and ba sal t reatmen t s  
Cut s t ump t reatment s 

Crops 
d Fol iar t reat ment 

Basal and cut  s t ump t reatmen t s  

Pa s tures ( a l l  t reatment s )  
In use  
No t in  u s e  

Garden s 
Fo l i ar t reatment d 

Basal and cut s t ump t reatmen t s  

Re s i dences 
Fol iar t reatment d 

Ba sal  and cut  s t ump t reatmen t s  

Wa ter wi thin  we t l and s 
Wi thin pub l i c  wa ter suppl y wa t e r s hed 

Kren i t e  
Other he rb i c i d e s  

N o t  w i t h i n  publ i c  wa t e r  s u p p l y  wa ter shed 
Fol i a r and ba s a l  t reatmen t s  
Cut s t ump t reatment 

50 
400 

10  
None 

50 
None 

2 5  
None 

50 
None 

50 
None 

5 0  
400 

10  
None 

a The 2 5 0 - f t  and 400-ft  appl i c a t i on l im i t a t i ons around publ i c  we l l s  are 
es tabl i shed by the New Hamp s h i re Pe s t i c i de Control Board ( N . H .  Ad . Ru l e s , 
Pes 5 0 2 . 1 0 ) .  Al l o t her appl i c at i on l imi t a t i ons  are s e t  by i n t erna l company 
pol i c i e s . 

b New Hamp s h i re regu l a t i o n s  proh i b i t herb i c ide  d r i f t  or f l ow i n t o  publ i c  
wa ter suppl i e s  ( N . H .  Ad . Rul e s , Pes 5 0 2 . 0 3 ) .  

c The New Hamp s h i re Pe s t i c i de Con t r o l  Board ' s  regul a t i ons requ i re that 
herb i c i de appl i ca t i ons  do not con t amina t e  c rops  or pa s t ure ( N . H .  Ad . 
Ru l e s ,  Pes 5 0 2 . 04 ) . 

d As e s tabl i shed by the Department of Food and Ag r i c ul t u re ' s  " I n t e r im Gui de
l ines Re l a t i ve t o  the U s e  of Herb i c i d e s  t o  Control Woody Vege t a t i on on 
Ra i l road Layou t s  and Ri ght s-of-Way in  Ma s s achu s e t t s . " Al l o t her appl i ca
t i on l im i t a t i ons  are set  by internal c ompany pol i c i e s . 

Sourc e : Supplemen tal r e s ponse from Vern R .  Wa l ker t o  An t hony Como ( DO E , ERA ) , 
dated 9 Oc t ober 1 9 8 5 . 
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l i nes ha s been noted in  s i mi lar s i t uat ions , but thi s e f fec t qui ckly d i m ini she s 
away from t he t ran smi s s i on l i ne ( W i l ldan As s o c i a t e s  1 9 8 2 ) .  

Overa l l , on l y  a f rac t i on of a percent o f  the t o t a l  we t l ands  in the s t a t e s  
of New Hamp shire and Ma s sachu s e t t s  would  b e  a f fec ted b y  con s t ruc t i on and 
opera t i on of the Pha s e  I I  proj e c t . 

8 . 2 . 2  f l oodplains  

A tota l of 105  f l oodpl a i n s  wou ld be  cro s s ed a l ong the pro posed rou t e . I t  
i s  e s t imated that pro j e c t -rel a t ed s t ruc t ures wou l d  be pl aced on 5 5  o f  the s e  
fl oodpl ai n s ,  inc l uding 3 8  s t ruct ure s  t o  b e  pl aced 1 n  2 1  f l oodpl a i n s  t n  
New Hamp shi re ( ER ,  Vo l .  8--Ta b l e  I I I-8 )  and 7 9  s t ru c t ures  t o  b e  pl aced t n  
3 4  f l oodplains in Ma s s achu s e t t s  ( ER ,  Vo l . 7--Ta b l e  I I I -8 ) .  Th i r t y- three o f  
the s t ruc ture s  wou ld b e  pl aced wi thin 20 o f  the we t l ands tha t  o c c u r  in the 
1 0 0-year f l oodp lains  ( ER ,  Vo l . 7 --Tab le I I I -6 ,  Vo l .  8--Table I I I -6 ) .  Concern 
about fl oodplain effec t s  primari ly re l a t e s  t o  d i s placemen t o f  f l oodpla in 
s t o rage vo lume by s t ru c t ure s , founda t i on pad s , and acc e s s  roads . Lo s s  o f  
f l ood s t orage vo lume a s soc ia ted wi th the s t ruc tures and a s soc iated ac ces s 
roads i s  e s t imated at 9 ,  900 m3 ( 8  acre-ft ) --2 , 500 m3 ( 2  acre-f t )  in upland 
area s and 7 , 400 m3 ( 6  acre-f t )  in the we t l and area s ( ER ,  Vo l s .  7 and 8 ) .  

Thi s 1 s  a very i n s igni f i c ant port i on of the t o t a l  f l oodplain volume 
con s i der ing that the f l oodp l a i n  for a g i ven wa ter body could extend up t o  
s everal hundred meters  from the bank and several ki lome ters  beyond the area o f  
the propo sed t ran smi s s i on l i ne . No s i gni f i cant i mpo undmen t ,  o b s t ruc t i on , or 
o ther modi f i ca t i on of f l ood wa ters  would resul t .  Other impac t s  t o  f l oodplain 
ha bi tat  and biota wou l d  be somewha t s imi lar to tho s e  d i s c u s sed for we t l and s . 

8 . 3  MITIGATIVE MEASURES 

In  add i t i on t o  avo idance of f l oodpl a i n s  and we t l ands when po s s i b l e ,  
proper con s t ruc t i on and ma i n t enance procedure s wou l d  be u s e d  t o  m t n t m t z e  
poten t i a l  impac t s .  Add i t i ona l l y ,  numerou s mt t t ga t i ve me a s ures wou l d  be 
implemen t ed to further reduce the r i s k of s i gni f i cant adve r s e  envi ronmen tal 
consequenc es . The se mea sures inc l ude the fol lowing : 

• Pr ior t o  const ruc t i on , each we t l and would be revi ewed in order t o  
det ermine locat i on of s t ruc tures and founda t i on t ypes t o  b e  u s ed and f o r  
be s t  me thod o f  acce s s .  

• R i ght -of-way preparat i on and con s t ruc t i on wou l d  be superv i sed by 
experienced fores ters  and con s t ruc t i on superv i sors . 

• Al l work in  we t l ands would be conduc t ed in  accordance wi th cond i t i ons  of 
the Corps o f  Eng ineer s Genera l Permi t ,  as we l l  a s  tho s e  o f  appl i cable 
s t ate and local  regula t i ons . 
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• Road wi dths wo u l d  be kep t to t h e  mi n i mum req u i red t o  accommo d a t e  

e q u i pmen t .  

• Cu ts wo u l d  b e  made onl y where necessar y t o  r e d u c e  r o a d  gr a des t o  

a ccep t ab l e  l e vel s .  

• A ccess roads wo u l d b e  des i gned t o  cros s  s treams a s  nearl y p erp en d i c u l a r  

as pos s i b l e .  

• Transm i s s i on l i ne s t r u c t ures wo u l d  n o t  b e  p l a ce d  on s t eep , h i gh l y 

ero d i b l e  s l opes and wo u l d  be p l aced to a vo i d  we t l ands a n d  fl o o dp l a i n s  

wh erever pos s i b l e .  

• Ero s i on - and sedimen t a t i on - con t r o l  procedures wo u l d be i mp l emen t e d . 

• Spe c i a l  e q u i pmen t or pra c t i ces wo u l d  be u s e d  i n  we t l an d  terra i n  t o  

mi n i m i z e  dama ge to vege t a t i on and so i l . 

• Exca va ted ma t er i a l  n o t  used for b a ckf i l l  wo u l d be mo ved to up l an d  a r e a s  

f o r  d i spo sa l . 

• Exi s t i n g  r o a ds and cl eared areas wo u l d be u s e d  for a ccess a n d  for 

con s t r u c t i on s t a gi n g  areas wh erever p o s s i b l e .  

• Cons t r u c t i on a djacent t o  we t l ands wo u l d  b e  carr i e d  o u t  s o  a s  t o  m i n i m i z e  

p o t en t i a l ch a n ges t o  exi s t i n g  wa t er regi mes . 

• Road s u rfaces wo u l d  be con s t r u c t ed to p romo t e  n a t u r a l  dra i n a ge . 

• Prop er 1 y s i z e d  c u l ver t s  and b reaks wo u l d  be i n s t a l l ed to a l l o w  free 

p a s s a ge o f  wa ter and wo u l d be ro u t i n e l y i n sp ec ted and ma i n t a i n e d  t o  

ens ure tha t s u rface dra i n a ge a n d  wa t e r  t a b l es rema i n  unaffe c t e d . 

• Onl y cl ean fi l l  wo u l d  be used for s t r u c t ure p a d s  a n d  a ccess roads . 

• S t r u c t ure p a ds a n d  a ccess road he i gh t  wo u l d  be l i mi ted to approx i ma t e l y 

0 . 3 m ( 1  f t )  abo ve we t l an d  s u rfaces . 

• In some areas , f i l l  r o a ds wo u l d  be breach e d  a f t er con s t r uc t i on t o  

m i n i mi ze cha n ges i n  p recon s t r u c t i on wa t er l e ve l s .  

• In c a s es where a we t l an d  can be spanne d ,  con s t r uc t i on wo u l d  be l i m i t e d  

t o  a dj a cent up l an d  a r e a s  where feas i b l e .  

• Wor k  areas wo u l d  b e  c l eaned up and r e s tored to en s u r e  r e ve ge t a t i on a n d  

the ma i n tenance of s u rface dr a i na ge . 
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• An i n te gra t e d  vege t a t i on mana gemen t s y s tem wo u l d  b e  u t i l i zed . Und e s i r 

a b l e  ve ge t a t i on n e a r  s treams wo u l d  n o t  b e  trea ted b y  t h e  fol i a r  

herbi c i de app l i ca t i on me thod ;  howe ver, once man u a l l y  cu t ,  s t umps ma y b e  

trea ted wi th herb i c i de . Vege t a t i on growi n g  i n  s t anding wa t e r  i n  we t 

l an ds wo u l d  n o t  b e  treated wi th herb i c i des b u t ,  ra ther, wo u l d  b e  

man u a l l y  c u t  o r  trea ted a t  a l a t er da te when the a rea i s  d r y . 

• Synthe t i c  f i l ter fab r i c -based roads coul d be used in deep wet l ands t o  

m i n i m i z e  fi l l  req u i red for a ccess roads . 

• If con s tr u c t i on of permanent gra vel a ccess roads i s  n o t  fea s i b l e ,  

op t i on a l  means of a ccess in p l ace o f  a ccess r o a ds ma y b e  u t i l i z e d ,  s uch 

as swamp ma ts or a l l - t er r a i n  veh i cl es . Off -r i gh t -of-wa y a cces s ,  i f  

a va i l a b l e ,  ma y a l so b e  u t i l i zed t o  bes t s a t i sfy en vi ronmen t a l  

object i ves . These means coul d a l so be u t i l i zed for ro u t ine i n sp e c t i on 

and ma in tenance of s t r u c t u res in the a bsence of p ermanen t a ccess r o a ds . 

Other spec i f i c  mi t i ga t ive mea sures  are l i s t ed 1n Se c t i on 4 . 1 . 1 0 .  

8 . 4  ALTERNATIVES 

Al t e rna t i ve s  to  the propo sed a c t i on are e s sent i a l l y  l i mi t ed t o  tho s e  
d e s c r i bed 1n Sec t i on 2 . 2 ( i . e . , a l t e rnat ive rout e s , an unde rground 
t ransmi s s i on s y s t em ,  no a c t ion , and a l t e rna t i ve generat ing fac i l i t i e s ) .  For 
rea s on s  s t a t ed in Sec t i on 2 . 2 ,  the only viable a l t e rnat ives to  the propo s ed 
pro j e c t  are the a l t e rnat ive rou t e s  or  unde rground des ign . E conomi c 
cons idera t i o n s  have an impor tant i n f l uence on the cho i ce of  the propo sed 
pro j ect  rou te de s ign ( i . e . , ove rhead s y s t em )  ove r the a l t erna t ive rou t e s  and 
des ign ( i . e . , underground s y s t em ) . 

The economi c cons idera t i ons are la rge l y  l i nked w i t h  envi ronmen tal  impac t s  
tha t  wo uld en s ue f rom the a l ternat i ve s . For example , the inc rea sed c o s t s  of  
an unde rground s y s t em are part ly related t o  i n c reased c l e a r i ng and 
t renching . Obv i o u s l y ,  t renching through a l l  the we t l and s within  the Pha se I I  
r i ght s-of -way ( ac c ompan i ed by increased a c c e s s  road needs ) would have a 
grea t e r  impa c t  than that as s o c i a t ed wi th s t ru c t ure placemen t s  and acc e s s  
req ui remen t s  for the propo s ed des ign . A s  s t a t ed i n  Sect ion 4 . 2 . 2 . 4 ,  a greater 
expan se of  we t l and s wou l d  be c r o s sed by the propo s ed route than by e i ther the 
eas t e rn or  we s t e rn al terna t i ve ro ut e .  ( S ee F i gures 2 . 5  through 2 . 1 0 for ma j o r  
ba s i n s  c ro s s ed by al terna t i ve rou t e s . )  Howeve r ,  i t  i s  unc e r t a i n  a s  t o  whe ther 
thi s wo uld equate t o  e q u i va l en t l y l e s s s t ruc t ure and acc e s s  road req u i remen t s  
1 n  the we t l and s . Al s o ,  the S t a f f  be l i eve s that the much increased 
envi ronmen tal  c o s t s  that wou ld o c c u r  f rom fore s t  c l ear ing ( and po t en t ial  
ero s i on ) for the a l tern a t i ve rou t e s  ( s ee Se c t i on 4 . 2 . 2 . 4 )  off s e t s  the minor 
di fference s i n  we t l and e f fec t s  among a l t e rna t ive s . 
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INFORMATION RELEVANT TO COMMENTS F ILED 
BY THE NATIONAL AUDUBON SOCIETY ON THE DEI S  

I .  INTRODUCTION 

On 1 4  October 1 9 8 5 ,  the New Eng land Power Pool ( NEPOOL ) 

entered i n t o  a second energy purchase ag r eement w i th Hydro-

Quebe c ,  t he Provincial u t i l i ty of Quebe c ,  Canada . This second 

energy pu rchase agreement i s  in add i t ion to the Phase I energy 

pu rchase ag r e ement between NEPOOL and Hydr o-Quebec , wh ich 

provides for the del ivery of 3 3  te rawa t t  hou r s  ( TWh ) of energy to 

NEPOOL within an 1 1-year per iod that began in 1 9 8 6 . The second 

agreement , r e f e r r e d  to here as t he Phase II Con t r ac t ,  i s  a f i rm 

energy con t ract p rov i d i ng for the guaranteed del ivery of 7 0  TWh 

of energy to NEPOOL over a per iod of 10 yea r s . I t  is expected 

t ha t  energy w i l l  be del i ve red u nd e r  the Phase I I  Cont ract a t  a 

r a t e  of 7 TWh per yea r . These del i v e r i es a r e  expected to beg i n  

i n  1 9 9 0 . To a l low f o r  the t ransmi ssion o f  t h i s  ene r g y ,  the u . s .  
Depa r tment o f  Energy ( DOE )  has been requested to amend 

Presiden t ia l  P e r m i t  PP-7 6 ,  which c u r r e n t l y  autho r i zes t he 

impor t a t ion of 6 9 0  MW of powe r ,  to a l low t he impo r t a t ion of up to 

2 0 0 0  MW o f  powe r . 

By l e t t e r  dated 2 6  September 1 9 8 6 , counsel for t he Na t iona l 

Audubon Soc i e t y  ( Audubon ) commented on the D r a f t  Env i ronmen t a l  

Impact Sta teme n t  ( DE I S )  p r epa r ed by DOE i n  connect ion w i t h  t h e  

pendi ng r eque s t  to amend Pre s ident i a l  P e r m i t  PP- 7 6 .  I n  i t s  

l e t t e r , Audubon asse r ted that t h e  DEI S  i s  f l awed becaus e :  1 )  i t  

fai l s  t o  acknowledge that the p r oposed amendment wou l d  t r igge r 

- 2 -

changes in t h e  ope rat ion o f  t he exi s t i ng hydro-fac i l i t ies and/or 

the development of seve r a l  hydroelect r ic p r o j ects in and a round 

James Bay ;  2 )  it fa i l s  to consider the ef fect the proposed 

amendment may have on the migratory b i r d  popu lat ions o f  the 

Uni ted States and Canada that cu r re n t l y  use James Bay as a ma j o r  

s taging a rea ; and 3 )  i t  f a i l s  t o  cons ider a n y  other consequences 

the proposed amendment coul d  have in and a round James Bay i t s el f . 

In response to the comments submi t ted by Audubon , t h i s  

document p rovides spec i f i c  i n f o rma t ion conce r n ing changes i n  t h e  

ope r a t ion o f  ex i s t i ng gene r a t i ng fac i l i t ies t h a t  coul d  occu r i n  

t h e  James B a y  r eg i o n  of Quebec i n  connect ion w i t h  sales unde r the 

Phase II Con t r ac t , as wel l  as the ques t ion o f  inc remental 

cons t ruction o f  new gene ra t i ng fac i l i t i es .  I n  add i t ion , i t  

assesses t he poten t ia l  e f fects o f  gene r a t i n g  ene r g y  for Phase I I  

Cont ract sales o n  those species o f  m i g r a t o r y  b i rds that use James 

Bay as a s t a g i ng a rea . 

Thi s  document does not assess pot e n t i a l  impacts of sales 

under the Phase II Con t ract on other aspect s  of t he dome s t ic 

Canadian envi ronment i n  and a round James Bay .  Howeve r ,  t h i s  

document does summa r i z e  t he Canadian envi ronmental r ev i ew o f  t he 

La G rande pro j ec t  to date , and the envi r onmental review 

procedures tha t wou l d  app l y  to any f u t u r e  development of James 

Bay by Hydro-Quebec . 
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I I .  ENVIRONMENTAL REVIEW OF THE LA GRANDE COMPLEX AND 
TRANSMISSION FAC I L I T I ES 

T h i s  sec t i on summa r i zes b r i e f l y  the envi ronmental reviews 

assoc ia ted with pas t  development o f  the La Grande complex . I t  

also summa r i zes r equ i r ements f o r  env i ronmental impact assessme n t s  

for a n y  f u t u re devel opment s .  These topics a r e  d i scussed i n  

deta i l  i n  Appendix A .  

I n  1 9 7 1 , Hydro-Quebec ( the gove rnment -owned elect r i c  u t i l i t y  

i n  t h e  P r o v i nce of Quebec ) ,  in coope rat ion w i t h  t h e  Gov e r nment of 

Quebec , s e t  up the Soc i e t e  d ' ene r g i e  de la Ba ie James ( SEBJ ) t o  

develop t h e  hydroelec t r i c  energy potential of the L a  Grande 

R i v i e r e  a nd other r iv e r s  i n  nor t h e r n  Quebec . To dat e ,  t h r ee 

power houses have been placed i n  s e r v ice on the La G rande R i v i e r e :  

LG2 ,  capa c i t y  of 5 3 2 8  MW , i n  s e r v i ce s i nce Octobe r 1 9 7 9 ; LG 3 ,  

2 3 0 4  MW , August 1 9 8 2 ; and LG4 , 2 6 5 0  MW , May 1 9 8 4 . 

Development of the h yd roelec t r i c poten t i a l  of t he La G r ande 

R i v i e r e  has i ncluded ca reful envi r onmental rev iew and 

accommodat ion . S i nce the forma t io n  of SEBJ i n  1 9 7 1 , i t s  

Env i ronment Depa r tment h a s  u t i l i zed i t s  exten s i ve r esources t o  

meet i t s  r espons i bi l i t ies f o r  envi ronmental protection and 

mon i to r i n g ,  a ided by a boar d  of adv i s o r s  r e p resen t i ng both t h e  

nat i ve peoples of the a f fected regions a n d  the s c i en t i f i c 

spec ial t i e s  r elevant to cons ide rat ion of envi ronmental mat t e r s . 

No r t h  of the 4 9 t h  Paral l e l , env i r onmental protection was 

addr es sed not only by i n t e r nal SEBJ pol i c ie s , but a l so by t he 

James Bay and Nor th e r n  Quebec Ag reeme n t , s i gned i n  Novemb e r  1 9 7 5 .  

Th i s  ma j o r  social cont ract , which was e n t e r ed into b y  SEBJ and 
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Hyd ro-Quebec , t he native peoples , and the gove r nments o f  Quebec 

and Canada , establi shes the r ights and obl i g a t i ons o f  na t i ve 

peoples and other pa r t ies conce r ned w i t h  development in No r th e r n  

Quebec . The Ag r eement s t ipulates how t h e  r egion ' s  r e sou rces can 

be managed and developed , and it app r oves the deve lopment scheme 

for the La Grande compl ex . Pu r suant to that Ag r eemen t ,  a ma j o r  

basel ine envi ronmental s tudy o f  the a r ea was completed i n  l a t e  

1 9 7 8 ,  cove r i ng n o t  only hyd r o l ogy but also t e r r e s t r i a l  and 

aqu a t i c  ecology . This extens ive scient i f i c  e f fo r t  has been 

fol iowed by ma j o r  envi r onmental mon i t o r i ng studies by SEBJ and 

Hydro-Quebe c ,  both d u r ing and a f t e r  cons t r u c t ion . These s t u d i e s  

analyzed t h �  impacts of development on s u c h  env i r onmental 

par ame t e r s  as wat e r  qual i ty ,  ice cover ,  the plume f r om the La 

Grande R i vi e r e ,  p r oduct i v i t y  of James Bay , and such eco log i ca l l y  

impo r tant natural systems a s  eelg rass beds . 

Fu t u r e  development no r t h  of t he 4 9 t h  P a r a l l el w i l l  a l so be 

subject to the de t a i led r equ i r emen t s  of the Ag r eement f o r  

envi r onmental impact a s se s smen t s .  S o u t h  of the 4 9 t h  Paral l e l , 

envi ronme ntal rev iew i s  requ i red und e r  t h e  autho r i ty of the 

Canad ian Nat ional Energy Boa rd over pow e r  l i ne s  cross i ng the 

i n t e r nat ional bo r d e r  and expo r t s  of elec t r i c  energy f r om Canada , 

as wel l  as unde r the s t a tu t es and regu lat ions of the P r ov i nce of 

Quebec .  I n  add i t io n ,  f u t u r e  development unde r taken b y  Hyd r o -

Quebec w i l l  b e  gove r ned by t h e  i n t e r nal pol i cies and p r ocedu r e s  

o f  t h e  company . 

In summa r y ,  the development of t he La Grande complex , pas t  
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and f u t u r e ,  h a s  been a n d  w i l l  con t i nue to be unde r taken only i n  

con j un c t i on w i t h  comprehens i ve r e v i ews o f  e n v i ronmental impact s .  

The p rocedu res associated w i t h  these r e v i ews provide amp l e  

oppo r tu n i ty for the r a i s i ng and r esol v i ng of envi ronmental i ssues 

unde r Canad ian fede r a l  and prov i nc i a l  law . DOE is e n t i t l ed to 

rely upon these p r ocedu r e s  and revi ews to p r o tect the Canad ian 

hab i ta t  upon wh i ch migratory b i rds depend . 

I I I . MODIFICATIONS IN CONSTRUCTION AND OPERATIONS ASSOCIATED 
WITH P§ASE II CONTRACT SALES TO NEPQQL 

A b r i ef des c r i p t ion i s  p r esented h e r e  o f  the changes i n  

cons t ruc t io n  and ope r a t i ons tha t could occ u r  due to Phase I I  

Con t ract sales t o  NEPOOL . These topics a r e  d iscussed i n  g reat e r  

deta i l  i n  Append i x  B .  

The gene r a t i o n  o f  ene rgy for sale t o  NEPOOL under the Phase 

I I  Con t r a c t  would i nvolve no add i t ional dam const r uct ion , dam 

mod i f ica t io n ,  or c r ea t i o n  of reservo i r s ,  beyond what i s  a l r eady 

planned to meet i n t e r nal Quebec needs . The Phase I I  Con t ract 

r equ i res the const r uc t ion in Canada of o n l y  a � 450 k V  de 

t ransm i s s i on l ine , f rom Rad i sson ( near LG 2 )  t o  Des Can tons , and 

an ac/dc conve r te r  terminal at Rad i sson . I n  add i t ion , Hydro-

Quebec plans to advance , by t h r ee yea r s  ( f rom 2 0 0 0  to 1 9 9 7 ) ,  t h e  

a l ready planned cons t ru c t ion of L G l  a n d  i t s  assoc ia ted 7 3 5  k V  a c  

t ransmi s s i on l i n e ,  wh ich fac i l i t ies w i l l  be needed i n  a n y  case to 

meet Quebec ' s  i n te r nal energy r equ i r emen t s .  LGl w i l l  be a r u n -

of-the- r i v e r  gen e r a t ing u n i t  w i t hou t a s i g n i f i cant reservo i r .  

-6-

As i de from the advanced ava i lab i l i ty of LGl ,  Hydro-Quebec expects 

to supply ene r g y  to NEPOOL f rom s u rplus energy ava i lable f rom 

generat i ng fac i l i t i es supply i ng Quebec ' s  domes t i c  energy needs . 

The gen e r a t ion of energy for Phase I I  Con t ract sales may 

well not mod i f y  the ope ra t ions of gene r a t i ng s tat ions on the 

La Grande R i v i e r e .  The L a  G rande complex i s  a n  i n te r lock i ng 

reservo i r  sys tem tha t mus t be opera ted w i t h i n  the l i m i t s  on 

m i n imum and max imum reservo i r  d rawdowns and r i ver f lows 

p r esc r i bed by the James Bay and Nor thern Quebec Ag r e ement and by 

Hydro-Quebec ope r a t i ng permi t s .  Due to these legal r equ i reme n t s  

a n d  t h e  necess i t ies imposed by wea t h e r  ( snowfal l  a n d  r a i n  volume 

in the wat e r shed and resu l t i ng water levels in the r ese rvo i r s ) , 

i t  i s  expected tha t the La G rande gene r a t i ng s ta t ions would 

operate i n  substan t ia l l y  the same manner whe ther o r  not Phase I I  

Cont ract sales a r e  made . 

Fo r t he same r easons , r e s e r vo i r  d rawdowns and r i ve r  f lows 

a r e  expected to be substan t ia l l y  the same whe ther or not Phas e  I I  

Cont ract sales a r e  made . Neve r theless , for pu rposes of der i v i ng 

a wor s t -case ana l y s i s  of the i ssues r a i sed by Audubon , seve r a l  

wors t-case assumpt ions c a n  be made . These assump t ions a r e  that 

changes i n  gene r a t i ng ope r a t i ons somewhe re i n  the La G r ande 

complex wou l d  occur in o r d e r  to gene rate the energy for Phase I I  

Cont ract sales , and that as a resul t ,  changes i n  r e s e r vo i r  

d rawdowns a n d  r i ver f lows woul d  occ u r  that would n o t  occ u r  i n  the 

absence o f  t hose sales . These wo r s t-case assump t ions are 

un real i s t i c . As expla i ned above , the La G rande complex i s  

(') I ....... 
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expected to operate in subs t a n t i a l l y  the same manne r whethe r sales 

o f  ener g y  under t he Phase I I  Con t ract a r e  made o r  not , for the 

wa t e r  volume i n  the system e i ther wou l d  have to be r u n  t hrough 

t u r bi nes to gene rate ene r g y  o r  wou l d  have t o  f low t h rough 

spi l lways . 

Even assuming t hat some por t ion of p r o j ected reservo i r  

drawdowns could b e  prope r l y  a t t r i buted t o  Phase I I  Cont ract 

sales , t hose i n c r emental drawdowns wou l d  be mino r ,  and wou l d  be 

w i t h i n  t he range of var ia t i on in d rawdowns a l ready a n t i c i pated 

for ene r g y  gene ration for Quebec consumption or other sales . A 

s imilar conclusion i s  r eached conce r n i n g  r iv e r  f lows at t he mou t h  

o f  t h e  L a  G rande . The re a r e  only minor d i f f e rences between 

cu r ren t  mon t h l y  f lows and p r o j ec t ed mon t h l y  f lows that include 

any i n c r eased f lows assoc iated w i t h  Phase I I  Con t ract sales . 

( Fo r  pe r t i ne n t  dat a ,  see Appendix B ,  Section B . J . ) Any i n c r eases 

a t t r ibutable solely to Phase II Con t ract sales wou l d  be even 

small e r . 

I V .  POTENTIAL EFFECT O N  MIGRATORY B IRDS O F  I NCREMENTAL CHANGES 
ASSOCIATED WITH PHASE I I  CONTRACT SALES TO NEPOOL 

As s t a t ed above , no changes a r e  a n t i c i pa ted to occu r to 

reservo i r  d r awdowns or r i ve r  f lows as a result of sales of energy 

to NEPOOL unde r t he Phase I I  Con t rac t . Howeve r ,  by u s i ng t h e  

wor s t -case assumpt ions des c r i bed above , which amoun t to assuming 

that some i nc r emental d rawdowns and r i ve r  f lows may be a t t r i bu t ed 

to Phase I I  Con t ract sale s ,  i t  is pos s i b l e  to assess whet h e r  such 
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changes would be l ik e l y  to p r oduce adve r s e  e f fects on migratory 

bird species u t i l i z i ng t he James Bay envi ronment .  T h i s  Sec t ion 

p rovides a summa r y  of that assessment ,  the deta i led d i s cu s s i on o f  

which can b e  found in Append i x  c .  
The f reshwa t e r  hab i t a t  p rovided b y  the exi s t i ng La Grande 

reservo i r s  i s  v e r y  sparsely used by mig ratory b i r d  species . Even 

under t he wo r s t -case assumpt ions , any addi t ional drawdown o f  a 

reservo i r  in any g i ven year wou l d  be m i n imal and wi t h i n  the range 

of va r iat ion i n  drawdown a n t i c i pa t ed w i t hout Phase I I  Cont ract 

sal e s . The refo r e ,  any assumed add i t ional drawdown woul d  not be 

expect ed to p roduce adverse e f f ec t s  on mig ratory b i r d  

popul a t i ons . The s i g n i f i cant issue f rom t he s tandpo i n t  o f  

m i g ra t o r y  b i r d  popul a t ions i s  whethe r t h e  estua r ine hab i t a t  o f  

James Bay wou l d  b e  adve r s e l y  af fected b y  a n y  i n c r eased r iv e r  

f l ows . 

A r ecent l i t e r a t u re r e v i ew has been conducted on t he 

s i gn i f i cance of James Bay to m i g r a t o r y  b i rds . This r e v i ew i s  

i nc luded h e r e  a s  Appendix D and i s  d i scussed i n  Sect ion B . l  of 

Appendix C .  The ava i lable l i t e ra t u r e  c l ea r l y  estab l i s hes the 

impo r tance o f  ce r ta i n  hab i tats p rovided by James Bay for a numbe r 

of species of m i g r a t o r y  b i rds . The d i ve rse ma r s h  envi ronmen t  o f  

t he southern a n d  wes t e r n  coa s t s  of James B a y  -- approxima t e l y  

1 5 0 - 3 0 0  k m  away from t h e  mou t h  of t he La G rande Rivi e r e  -- seems 

to o f f e r  a higher qua l i ty habi ta t  t han the p redom i na n t l y  rocky 

sho re l i n e  of t he eas t e r n  coas t .  ( See map o f  James Bay enclosed 

i n s ide back cover . )  Neve r theles s ,  some spec ies of wat e r fowl and 
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sho rebi rds u t i l i z e  por t ions of the east coa s t  as spr i ng and f a l l  

stag i ng areas i n  the i r  mig ra t i o n .  At l a n t i c  Bran t ,  in par t ic u la r ,  

depend o n  eelgrass beds a s  a prefer r ed food sou rce du r i ng 

migrat ion stag i ng . Red Knots and Hudsonian Godwi t s  a l so appear 

to be spec ies for wh ich the James Bay env i ronment has s pec i a l  

s i g n i f i cance , a l though the west coast of the Bay appea r s  to o f f e r  

a more a t t ractive envi ronment f o r  those species , and f o r  

sho r eb i rds gene r a l ly , t h a n  does the east coa s t .  

The i ssue that a r i ses , therefo r e ,  i s  whether any changes i n  

L a  G rande r iver f lows assumed t o  occur u nder wor s t-case 

assumpt ions wou l d  be l ik e l y  to have an adverse effect on the 

hab i tat upon which such s pec i es depend . The ecolog ical 

s i g n i f icance o f  such changes can be assessed by examin i ng both 

phys ical and b io logica l  parame te r s .  

As pointed out above , SEBJ and Hydro-Quebec have conducted 

extens ive bas e l i ne and mon i to r i ng studies o f  key phys ical and 

biolog i ca l  parame t e r s  s i nce before development began o n  the La 

Grande Rivie r e .  Th i s  weal th o f  mon i t o r i ng data provides 

docume n ta t i on o f  pas t  physical and biolog ical changes resu l t i ng 

f rom changes in r ive r f lows . Th i s  data base a l so enables a 

pro ject ion and assessment to be made of what physical and 

biological changes cou l d  be expected due to futu r e , wo r s t -case 

modi f icat ions to r iver f l ows associated w i t h  Phase II Con t r a c t  

sales . 

With regard to k ey physical parameters , extensive h i s t o r i c a l  

informa t ion i s  ava i lable conce r n i ng c i rculat ion i n  t h e  Bay , t he 
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plume o f  t he L a  Grande R i v i e r e  i n t o  t h e  Bay ,  sa l i n i t y ,  

t empe r a t u r e  and ice cove r .  The substan t i a l  deve lopme n t  of the La 

Grande complex be tween 1 9 7 8  and 1 9 8 4  has b roug ht about 

sign i f icant i nc reases in r iver f lows , espec i a l l y  i n  w i n t e r . Even 

these ma jor changes , howeve r ,  have had m i n ima l e f f ect on these 

key phys ical parame t e r s .  

Between 1 9 7 8  and 1 9 8 4 , the r e  has been n o  measurable i nc r ease 

i n  the Bay ' s  s u r face c i rculat ion outs ide the delta of the r i ver , 

even in w i n te r . Whi l e  the w i n t e r  plume of f re s h  wa t e r  f rom the 

r iver has i nc reased i n  size due to the i n c r eased wi nter r i ver 

f lows , the s i ze and shape o f  the plume i n  summer are essen t ia l l y  

.unchanged f rom what they we r e  before deve lopme n t . The change i n  

t h e  tempe r a t u r e  o f  t h e  wat e r  a t  t he r iver mou t h  i ts e l f  has been 

mino r ,  and changes i n  the Bay ,  i f  any , would have been les s .  

Fina l l y ,  t h e  local i c e  cond i t ions in James Bay have been o n l y  

s l ig h t l y  a l te red , n e a r  t h e  mou th of t h e  r i ver . The r e fo r e , even 

the s i g n i f icant changes in r iver f lows f rom 1 9 7 8  to the present 

have b rought about only s l i gh t  changes i n  these physical 

parame t e r s  i n  James Bay . 

Even i f  i t  is assumed , u s i ng wo rst-case assump t i ons , that 

changes i n  r i ver f l ow wou l d  occur in assoc i a t i o n  w i t h  Phase I I  

Cor.t ract sales to NEPOOL , such changes wou l d  s t i l l  be w i t h i n  the 

range of var i a t ion in f l ow expected for the r i ver with o r  wi t ho u t  

s u c h  sales . Also , such assumed changes wou l d  be minute when 

compa r ed to the changes i n  f l ow expe r ienced on t he r iver f rom 

1 9 7 8  to the present . The r e f o r e  it is a l so va l i d  to conclude that 
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a n y  changes in k ey phys ical pa rame t e r s  i n  James Bay d u e  t o  such 

wo r s t-case mod i f icat ions would be ins igni f i cant , and wou l d  be 

w i t h i n  the range of va r i at ion expected w i t h  or w i t hout Phase I I  

Con t ract sales . 

Wi th regard to biologi cal pa rameters having signi f icance 

f r om the s tandpoint of mig rato r y  b i rds , hi stor ica l  info rma t i o n  i s  

also ava i lable . The p roduct iv i t y  of James Bay as a whol e  i s  

rather l o w  d u e  to l a c k  of nut r i ent avai labi l i ty a n d  o t h e r  

factors . Neve r theles s ,  the number and abundance of ben t h i c  

spec ies on the e a s t  coas t o f  James B a y  inc reased f r om 1 9 8 2  to 

1 9 8 4 . Because the La G rande R i v i e r e  d i d  not p rovide s i g n i f icant 

nut r ient con t r ibut ions to James Bay even under natural 

condi t ions , p ro j ec t - r e lated changes i n  river f lows have had 

l i t t le e f fect on n u t r ient conce n t r a t ions in James Bay . 

Biologica l  cond i t ions have been mon i to r ed at t he mouths of t he La 

Grande and Eastma in r i vers over the cour s e  of development . The 

st rong cur rents , gen e r a l l y  low s a l i n i t y  cond i t i ons , and sandy 

subs t ratum of the La G r ande de l t a  did not a l low high ben t h i c  

produc t i v i ty the r e .  The refore , f rom t h e  s tandpoint o f  the food 

web upon which m i g r a t o r y  bi rds r e ly , the r e  i s  no evidence that 

flow mod i f i cations i n  the La G rande R i v i e r e  to date have i nduced 

s i g n i f icant or measu rable changes in the genera l produc t i v i t y  of 

the Bay . 

This gene r a l  conclusion is con f i rmed by s tudies of ee lg rass 

bed s ,  on which species such as Atlantic Brant depend . Eelg rass 

is gene r a l l y  absent in r i ve r mouths whe re subs t rate instab i l i t y  
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l im i t s  i t s  grow t h . I n  1 9 7 4- 19 7 5 ,  p r i o r  t o  deve lopme n t , the 

Canad ian W i ld l i fe Se rvice determi ned that there we r e  no eelgrass 

beds w i t h i n  1 6  km o f  the mou th o f  the La Grande R i v i e r e .  

Mon i to r i ng studies unde rtaken b y  SEBJ show t hat , be tween 1 9 8 2  and 

1 9 8 6 , the r e  was no evi dence o f  a change in the dens i t y  of 

eelgrass beds in a r eas t hat might be a f fected by the La G rande 

Riviere ' s  f reshwa t e r  pl ume . This i s  cons i s tent w i t h  what is 

k nown about t he tolerance range o f  eelgrass f o r  both t empe r a t u r e  

a n d  s a l i n i t y ,  toge ther w i t h  d a t a  on these phy s i ca l pa rame t e r s  f o r  

t he sma l l  bays a long James Bay ' s  east coa s t . 

Final l y ,  populat ion data ava i lable do not suppo r t  a 

conclusion that m i g ra t o r y  b i rd spec i es have been adve r s e l y  

a ffec ted by development o f  t h e  L a  Grande t o  da t e ,  T h e  Canada 

Goose popul a t i on in the Atlantic F lyway is i nc r eas ing , and the 

spec i es gene ra l l y  has r eached unprecede n ted high popul a t io n  

l e v e l s  between 1 9 8 0  and 1 9 8 5 . T h e  Atlantic Brant popul a t i o n  in 

the Atlant ic F l yway has inc reased s tead i l y  fo r the pe r iod 1 9 8 0 -

1 9 8 5 . I n  addi t io n ,  t he l i te ra t u r e  sea r ch recent l y  conducted 

( Appendix D) found no documenta t ion i n  the l i t e r a t u r e  that any 

development to date has had a s i g n i f icant adve rse e f fect on 

migratory b i r d  popul a t i ons u t i l i z i ng James Bay .  F i na l l y , SEBJ 

has obtai ned no indication that t he nat i ve peoples have 

expe r ienced changes in t he i r  hun t i ng success due to the La Grande 

deve lopment . 

The ava i lable ev idence i nd i cates that even the s i g n i f icant 

changes in r i v e r  f lows f rom 1 9 7 8 - 1 9 8 5  have had no adve r s e  e f fects 
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o n  m i g r a t o r y  b i r d  populat ions or thei r hab i t a t s .  Even i f  i t  i s  

assumed , us ing wo r s t -case assumpt ions , that changes in r iver f low 

cou l d  occur in assoc i a t ion w i t h  Phase I I  Con t ract sales to 

NEPOO L ,  such changes would be minute when compa red to changes in 

f low expe r i enced f rom 1978 to 1 9 8 5 . Therefo r e ,  i t  i s  r easonable 

to conclude , on the basis of all available dat a ,  that no adve rse 

effects on migratory b i rd populat ions or hab i tats wou ld occur as 

a resul t  of Phase II Cont ract sales . 

V .  CONCLUSION 

The development of the La Grande R i v i e r e  hydroe l ec t r ic 

compl e x  has been a t t ended by extensive envi ronmental rev iews and 

safegua rds . Fu t u r e  ope r a t ions w i l l  be accompanied by 

env i r onme n t a l  mon i to r i ng , and any f u t u r e  developmen t  mus t comply 

w i t h  r equ i rements for env i ronmental rev iew s e t  by Canad ian law . 

In pa r t icular , the poten t ia l  for any impact on m i g r a t o r y  b i rd 

popul a t ions or hab i t a t s  has bee n ,  and w i l l  cont inue to be , closely 

s tudied . 

The Phase I I  Fi rm Ene rgy Con t ract between Hydro-Quebec and 

NEPOOL requ i res the cons t r u c t ion of no dams , reservo i r s  or 

gene r a t i ng capac i t y ,  whe ther i n  t he La G rande a r ea o r  e l s ewhe r e ,  

beyond what i s  a l ready cons t ructed o r  planned to meet i n t e rnal 

Quebec needs . Even u s ing an un real i s t i c ,  wo r s t -case assumpt ion 

that Phase II Cont ract sales coul d  produce some i nc r eases i n  r iver 

f lows and reservo i r  drawdowns , such increases wou l d  not be 

-14-

expected to produce any adverse e f fects on mig r a t o r y  b i rds , for 

several reasons . F i r s t , migratory b i rds use the f reshwa t e r  

habi tats o f  t h e  reservo i r s  very spa r se l y ,  a n d  should n o t  be 

adversely af fected by any inc remental d r awdowns that might occu r . 

Second , any inc remental i ncreases in r i ve r f lows wou l d  not be 

expected to affect adve r s e l y  the eelgrass beds o r  other food 

suppl ies for migratory species in James Bay ,  nor the nut r i e n t  

ava i lab i l i t y  or general p r oduc t i v i t y  o f  the Bay .  K e y  phys ical 

parame te r s  t ha t  might have the poten t i a l  to af fect m i g r a t o r y  b i rd 

hab i tats -- such as ci r c u l a t i o n ,  sal i n i ty and tempe r a t u r e  -- wou l d  

be expect ed t o  change l i t t l e ,  i f  a t  a l l .  I n  n o  case wou l d  t h e y  be 

expect ed to change so as to a f fect bird hab i tats adve r s e l y .  These 

conc l u s ions a r e  based on a compa r i son with the substant i a l  r iv e r  

f low modi f i ca t ions t ha t  occu r red between 1 9 7 8  and t he prese n t , and 

on t he documented lack o f  adve rse b i o logical or ecological e f f e c t s  

d u r i ng that pe r iod . 

The r e fo r e ,  i t  must be concluded , on t he bas is of a l l  

available i n forma t ion,  t h a t  t he gene r a t ion of energy for Phase I I  

Con t ract sales to NEPOOL , even unde r wo r s t -case assumpt ions , would 

have no adve rse e f fect on the hab i t a t s  o r  populat ions o f  mig r a t o r y  

b i r d  spec ies t h a t  u t i l i z e  James B a y  as a s tag i ng a r ea in 

mig r a t ions to or f rom the Uni t ed States . 

C"l I ...... ...... 



ENVIRONMENTAL REVI EW OF THE LA GRANDE 
COMPLEX AND TRANSM ISS ION FAC I L IT IES 

A. The La G rande Complex 

APPENDI X  A 

Hydro-Quebec is the gove rnmen t -owned elec t r i c  u t i l i ty 

wh ich generates , t ransmi t s  and d i s t r i butes almos t  a l l  the 

elec t r i c i t y  sold in the P rovi nce o f  Quebec . Over 1 5  yea r s  ago , 

the Government of Quebec dec i ded to develop the hydroelect r i c  

ene rgy poten t i a l  o f  the no r t he r n  Quebec r iv e r s  flow i ng into James 

Bay .  To execute t he development o f  t he La G rande , the Gov e r nment 

of Quebec , i n  coope rat ion w i t h  Hydro-Quebe c ,  set up in Decembe r 

1 9 7 1  a project management corpo r a t ion , the Societe d ' Ene r g i e  de 

la Ba i e  James ( SEBJ ) , with full respon s i b i l i ty for the plann i ng 

and cons t r uct ion of the La Grande comp lex . Developme n t  of the 

complex was p lanned to p r oceed in two s tage s . 

The i n i t ial development of the La G rande R i v i e r e  was 

de s i g nP.d to be a complete and self-su f f i c i ent p r o j ec t , 

econom i ca l l y  j us t i f i ed on i t s  own me r i t s  and not depe ndent upon 

add i t ional , f u t u r e  cons t ruct ion to rea l i z e  i t s  value as a sou rce 

of powe r .  Th i s  i n i t i al stage of the La G rande hydroe l ec t r ic 

development con s i s ted of const ruct ion , beg i n n i ng in 1 9 7 4 , of t h r ee 

pow e r houses on the La Grande R i v i e r e  ( LG 2 ,  LG 3 and LG4 ) .  In 

add i t i o n ,  the wa t e r s  f r om the upper bas ins o f  the Eas t ma i n  River 

to the sou t h ,  and the Caniap iscau R i v e r  to the eas e  we r e  d i ve r ted 

i nto the La G rande R i v i e r e  ( Fi g u r e  A- 1 ) . These two d i ve r s ions 

nea r ly doubled the annual ave rage f low of the La G rande R i v i e r e ,  
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which has gone f rom 1 8 0 0  m3;s to 3 4 0 0  m3;s ( s ee Appendix B ,  Table 

B- 2 ) .  Powe r f rom the e x i s t i ng generating s t a t ions along the 

La Grande R i v i e r e  i s  t ransm i t ted to t he load cen t e r s  i n  southe r n  

Quebec b y  f i v e  7 3 5  k V  a c  t ransmi ss ion l i nes . 

The La G rande 2 powe rhouse ( LG 2 ,  f u l l y  developed 

capac i t y  of 5 3 28 MW ) has been in s e r v ice s i nce Oc tober 1 9 7 9  and 

the La Grande 3 powe rhouse ( LG 3 ,  2 3 0 4  MW ) s i nce Augus t  1 9 8 2 .  The 

La G r ande 4 powe r house ( LG 4 , 2 6 5 0  MW ) was f i r s t  placed in s e r v i ce 

i n  May 1 9 8 4 . The d i ve r s ion of the Eas tma i n  River has been 

ope rational s i nce October 1 9 8 0 ; the d i ve r s ion of the Caniapiscau 

River was complete i n  September 1 9 8 4 . 

A p r o j ec t  is also unde r way to provide an add i t ional 

1 9 9 8  MW of pea k i ng capac i t y  at the La G r ande 2 development . T h i s  

p r o j ect enta i l s  cons t ruction of a new gen e r a t i ng s t a t i o n ,  

L a  Grande 2A ( LG 2A ) , to mee t  peak consump t i on requi rements f o r  t h e  

Province of Quebec . T h e  f i r s t  pa r t  o f  t h i s  L G 2 A  add i t ion w i l l  b e  

commiss ioned in 1 9 9 3  a n d  the second pa r t  in 1 9 9 4 . 

The second s tage o f  the Hydro-Quebec ' s  La G r ande p r o j ect 

will cons i s t  o f  const ruction of three add i t i ona l generat ing 

stat ions : La G rande 1 ( 1 , 3 6 8  MW ) ,  B r i say ( 3 8 6  MW ) and Laforge 1 

( 7 8 0  MW ) .  The pu rpose of t h i s  add i t ional capac i t y  w i l l  be to 

supply baseload power to mee t demand within Quebec . Acc o r d i ng to 

p r esent plans , comm i s s ioning of these stations i s  due to beg i n  i n  

t h e  l a t e  1 9 9 0 s . 
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B .  H i s t o r y  of Envi ronmental Review of the 
La �nde Proiect 

Development of the hyd roelec t r i c pot e n t i a l  of t he 

La G rande region has i nc l uded , f r om t he outset , extens ive 

envi ronmental rev iew and accommodat ion . This r ev iew has been 

ca r r ied out by t he p r o j ect develope r s  in con j unct ion w i t h  a f fe c t ed 

and i n t e r es ted pa r t ies . The h i s t o r y  of t h i s  concer n  for the 

env i r onment is desc r i bed i n  this sect ion . 

F r om the v e r y  i ncept ion of developme n t , env i r onme n t a l  

cons i d e r a t i ons have p layed a s i g n i f icant pa r t  i n  p r o j ec t  

dec i s ionma k ing . In 1 9 7 1 , when t he Gov e r nment of Quebec announced 

i ts i ntent ion to develop the hyd roelec t r i c energy potent i a l  of the 

Quebec r i vers f l owing into James Bay ,  two deve lopment opt ions we r e  

ope n :  ( 1 )  to develop t h e  resou rces o f  t h e  southern r iv e r s  

( Not taway , B roadback a n d  Rupe r t ) f lowing i n t o  James Bay ; o r  ( 2 )  t o  

develop those o f  t h e  nor thern r i v e r s  ( La G r ande R i v i e r e , Eas tma i n  

and Caniapisca u ) . ( See the map o f  James Bay enclosed w i th t h i s  

repo r t . )  A fed e r a l-prov i ncial task force was c reated to pe r fo rm a 

prel imi na r y  assessmen t  of the envi ronmental impac ts of the two 

opt ions . The task f o r ce p r oduced a repo r t  i nd i cat ing that the 

development of the no r thern r i vers , spe c i f ica l ly La G rande 

Riv i e r e ,  would be envi r onmen tal l y  prefe rable to the deve lopmen t  o f  

the Not tawa y ,  B roadback and Rupe r t  R i v e r s  ( Federal Prov i n c i a l  Tas k  

G r oup , 1 9 7 1 ) .  

I n  1 9 7 1 ,  when the dec i s ion was made t o  develop the 

hydroelec t r i c  r esources of the La G rande r eg i o n ,  there we r e  as yet 

no comp r ehensive na t i onal o r  p r o v i ncial laws i n  Canada d i rec t l y  

(") I 
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add r e s s ing envi ronmental p r o t ec t io n . l/ Howeve r ,  the pub l i c  was 

beg i nn i ng to focus mo r e  a t tention on envi ronmental protec t ion and 

d r a f t i ng of envi ronmental protec t ion leg i s la t ion was underway . 

Awa re that the enormous scale of the La Gr ande hydroelec t r i c  

p r o j ect�/ wou ld have a ma j o r  impact on the env i ronment of the 

La G r ande R i v i e r e  regi on , SE8J estab l i shed i n t e r nal company 

mechan i sms ( desc r i bed in more deta i l  in Sec t i ons 8 . 1 and 8 . 3  

below ) to take env i ronmental fac t o r s  i nt o  accoun t  du r i ng the 

planning and cons t r uc t ion of the La G rande p r o j ec t . 

1 .  Env i r onmental Pol i cy of SE8J 

Soon a f ter it was fo rmed in 1 97 1 ,  SE8J began deve lopi ng 

i t s  envi ronmental act i on pol i cy for the La G rande complex . 

( Table A-1 . )  Env i ronmental p r o t e c t i o n  o b j ec t ives we r e :  ( 1 )  to 

ens u r e  that all envi ronmental laws and regulat ions i n  force wou ld 

be compl ied w i t h ; and ( 2 ) to ens u r e  t ha t , d u r ing plann i ng ,  

p repa r a t ion o f  detai led design and spec i f i cat ions , and du r i ng 

cons t ruct ion , ecolog i c a l  conside r a t ions wou ld be taken i n to 

accou nt i n  the decis ionma k i ng on an equal bas i s  w i t h  technical and 

economi c  cons iderat ions ( Soucy , 1 9 8 3 ) . 

l/ The Quebec Envi ronme n t  Qua l i t y Act was not enacted unt i l  
1 97 2 .  

�/ The i n i t ial developmen t  o f  the hyd r oelec t r i c  po t e n t i a l  
of t h e  L a  G r ande R i v i e r e  requ i red t he b u i l d i ng o f  1 5 0 0  km of 3 
road i n f ra s t ruct u r e ,  as wel l  as the plac ing of 1 5 0  m i l l ion m 
of ma t e r ial to e r ect the 1 8 2  d i k e s  and dams tha t reta i n  the 2 
wat e r  of f i ve large r e s e r vo i r s  cove r i ng mo re than 1 1 , 5 0 0  km 
( Soucy , 1 9 8 3 ) .  
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In o r de r  to ach ieve these obj ect ives , SEBJ s e t  up i t s  

own Envi ronment Depa r tment ( Table A- 2 ) ,  t o  wh ich i t  a l loca t ed a 

budget of over $ 2 0 0  m i l l i o n .  SEBJ ' s  permanent env i r onmental s t a f f  

has expe r t i se i n  many env i ronmental f ields . T h i s  substant i a l  

expe r t i s e  i s  suppleme nted b y  the spec ia l i z ed exper t i se o f  

academics a n d  o t h e r  cons u l t a n t s  as needed . The Env i r onmen t  

Depa r tment was a s s i gned r espons i b i l i ty for : 

- d r a w i ng up envi ronmental protect ion 
d i rect i ves to which all those wor k i ng on 
the p r o j e c t  had to adhe r e ;  

- formu lat ing spec i f i c  recommendat ions f o r  the 
design and con s t r uc t ion of the p r o j ect 
features , such a s  d i kes and dams ; 

- eval ua t i ng the p r o j ect ' s  envi r onme n t a l  
impact a n d  prepa r i ng impact assessment 
repo r ts for each ma j o r  sect ion of t he wo r k  
d u r ing the prepa r a t ion o f  the d e t a i led 
eng i nee r i ng des ign ; and 

- ensu r i ng that the p r o j e c t  fea t u r e s  were 
bu i l t  i n  compl iance with the laws a nd 
regulat ions i n  force and add i t ional 
s t a ndards and d i r e c t i ves drawn up by SEBJ . 

( Soucy , 1 9 8 3 . )  

I n  add i t i o n  to t he above r espons i b i l i t ies , the 

Env i r onment Depa r tment con t i n ua l ly evaluates any changes in 

hab i t a t s  du r i ng and a f t e r  cons t ruct ion by means of s c i e n t i f ically 

recogn i zed env i ronme n t a l  fol lowup , and develops remed i a l  mea s u r e s  

a imed a t  i mp r o v i ng the b i o logical qua l i t y  of n e w  ha b i t a t s . 

Between 1 9 7 7  and 1 98 4 ,  SEBJ comm i s s i oned nume rous b iolog ica l  f i eld 

studies to mon i to r  envi ronme n t a l  impacts of the La G rande 

developme n t . At the peak of t h i s  ac t i v i t y ,  SEBJ had a t eam of 

approx ima t ely 2 0  b i olog i st s  i n  the f i eld . SEBJ r e t a i ns 
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respon s i b i l i t y  f o r  t h i s  envi ronmental mon i to r ing un t i l  developmen t  

of a p r o j ec t  i s  complet e ,  a f t e r  which t ime mon i to r i ng functions 

are t r ans fer red to Hyd ro-Quebec . S i nce 1 98 5 , Hydro-Quebec has 

con t i nued the mon i t o r i ng e f fo r t  on developed po r t ions o f  the La 

G rande p r o j ect . Through the combined mon i t o r i ng e f f o r t s  of S EBJ 

and Hyd ro-Quebec almost 500 repo r t s  have been p r epa r ed on a w i de 

va r ie t y  of subjects , i nc luding f l o r a  and fauna , wa t e r  qua l i t y ,  

f reshwa t e r/saltwa t e r  changes , e r o s i o n ,  geology and geomor pholog y .  

This mon i to r ing i s  conducted by ecosystem w i t h i n  each r i ver bas i n .  

I t  i s  cus toma ry t o  conduct two yea r s  o f  mon i t o r ing before a 

mod i f icat ion is made to the envi r onment . 

F u r t he r mo r e ,  to ens u r e  that a l l  act ion taken by the 

Envi ronment Depa r tment met env i ronmental protection o b j e c t i ve s , a 

boa r d  of consultants was fo rmed to gather the opinions and 

recommendat i ons of envi r onme n t a l  expe r t s  outs ide SEBJ . This boa rd 

cons i s t ed o f  twe l ve membe r s ,  i nc l ud i ng rep r esentat i ves o f  the 

nat ive populat ions , as wel l  as specia l i s t s  i n  var ious 

env i r onmental f i e lds f rom academi c  c i r c le s , pr ivate f i rms and 

parapub l i c  corpo rat ions ( Soucy , 1 9 8 3 ) .  

2 .  James Bay and No r th e r n  Quebec Agreeme n t  

Env i ronmental protec t ion of the James Bay region of 

no r th e r n  Quebec was addressed not only by i n t e r nal SEBJ pol i c ie s , 

but a l so by a ma j o r  social con t ract adopted as law by the Cana d i an 

and Quebec gove r nmen t s , k nown as the James Bay and No r th e r n  Quebec 
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Ag reement .  T h i s  Agreement is the ma j o r  legal i ns t r ument gove r n i ng 

protection of the envi ronment in Quebec no r th of the 4 9 t h  

Pa rallel . 

The James Bay and No r the r n  Quebec Ag reement was s i gned 

in November 1 9 7 5  a f t e r  one yea r of i ntens ive nego t i a t ions . The 

Agr eement establi shes the r ights and obl igat ions of na t ive peoples 

and other pa r t ies conce r ned w i t h  development i n  northern Quebec . 

It s t ipulates how t he region ' s  resou rces w i l l  be developed and 

app roves the development scheme for the La G rande complex . 

The f o l low i ng we r e  pa r t ies to the Agr eemen t :  

- the Grand Counc i l  of the C r ees , act i ng on 
beha l f  o f  a numbe r of Cree Bands ; 

- the membe r s  o f  the C ree Bands and t he Bands 
themse lves ; 

- the No r th e r n  Quebec I nu i t  Assoc iat i on act i ng 
on beha l f  of the I nu i t  of Quebec and the 
I n u i t  o f  Po r t  Bu rwel l ;  

- t h e  I n u i t  t r ibes themselves ; 

- La Soc i e t e  d ' Energie de la Baie James ( James 
Bay Energy Corporation ) ;  

- La Soc i e te de developpement de la Ba i e  James 
( James Bay Development Corpo r a t ion ) ; l/ 

- La Commi s s i on h yd roel e c t r ique du Quebec 
( Hydro-Quebec ) ;  

ll The James Bay Development Corpo ra t ion i s  respons i b l e  f o r  the 
ove rall deve lopment o f  t h e  James Bay te r r i t o r y , i nc lud i ng road s ,  
m i n i ng and o t h e r  resou r ces , but excluding hydroelec t r i c  
deve lopment . 
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- the Government of Canada ; and 

- the Gove r nmen t  of Quebec . 

Ond e r  t h i s  Agreement , the na t i ve peoples s u r r ende r ed a l l  

native cla ims in exchange f o r  lands f o r  t h e i r  communal use , 

permanent guarantees of exclusive hunt i ng , f i s h i ng and t rapp i ng 

r ights , con s i derable power of s e l f -management and assu r ed 

pa r t i ci pa t i on in decisions that a r e  l i k e l y  to have an impact on 

t h e i r  envi ronment . I n  addi t ion , the Gov e r nment of Quebec has 

unde r taken to p rovide a number o f  pub l i c  s e r v i ces for the na t i ve 

populat i o n .  The Ag r eeme n t  has c r eated new channel s  o f  

communica t ion w i t h  t h e  local people . Th i s  has l e d  to the i r  tak i ng 

a more act i ve pa r t  in de f i ning and impleme n t i ng reme d i a l  mea s u r e s  

a n d  mod i fy i ng ce r t a i n  techn ica l  fea t u r e s  o f  t h e  L a  G rande complex . 

Du r i ng the 2 0  yea r s  fol lowing the s i g n i ng of the Ag r eemen t ,  an 

amount of $ 2 2 5  mi l l ion wi l l  have been paid to the na t ive peoples 

in compensa t ion ove r and above the s e r v ices to which the na t i ve 

peoples a re e n t i t l ed und e r  the Ag r eeme n t  ( Soucy , 1 9 8 3 ) . 

The James Bay and Nor t h e r n  Quebec Ag reement was a f f i rmed 

by the Pa r l iament of Canada pu r s uant to the James Bay and No r th e r n  

Quebec Set t l ement Act , S . C .  1 9 7 6 -7 7 , c .  3 2 ,  and by the Leg i s la t u r e  

of Quebec pu r suant to t h e  Act r espec t i ng t h e  James B a y  and 

Nor t h e r n  Quebec Ag r eement , L . R . Q .  c .  C-6 7 .  I n  add i t io n ,  the 

substance of Sections 2 2  and 23 of the Ag reement r e l a t i ng to the 

envi ronme n t  and f u t u r e  development was i ncorporated i nto Quebec 

provincial l e g i s lat i on add r e s s i ng the envi ronment , the Envi ronment 

Qua l i t y  Act ,  L . R . Q .  c. Q- 2 .  
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Pursuant to the James Bay and Nor t he r n  Quebec Ag reeme n t , 

a ma j o r  base l i ne env i r onmental s tudy of the James Bay a rea wa s 

unde r taken . The Envi ronme n t  Depa r tment worked w i t h  a large numbe r 

of scient i s t s  f r om gove r nment agencies , academic c i r c l e s  and 

p r i vate fi rms in a ma j o r  e f f o r t  to comp i l e  comp r ehens i ve 

b iophys i ca l  i nven t o r i es f o r  the James Bay ter r i t o r y .  

The ma j o r  e f f o r t  o f  collec t i ng bas i c  envi ronmental data 

was compl eted i n  late 1 9 7 8 , w i t h  the pub l i cat ion of a repo r t  

tak i ng s tock o f  the informa t i on gathe r ed and en t i t led 

" Conna i s sance du m i l ieu du t e r r i to i r e  de la Ba ie James et du 

Nouveau-Quebec" ( Unde r s tand i ng the Envi ronment o f  the James Bay 

re r r i to r y  and New Quebec ) .  T h i s  document r epresents t he synthe s i s  

o f  1 8 0  sepa r a t e  s t udies o f  t h e  James B a y  a n d  no r t h e r n  Quebec 

envi ronment , mos t of them conduc ted a f t e r  the La G rande 

development plans we r e  announced . Thi s  r epo r t  exami ned , among 

other t h i ngs , the hyd r o l og y ,  t e r r e s t r i a l  ecology ( i nclud i ng 

avi fauna ) and aqua t i c  eco l ogy of the James Bay and n o r t he r n  Quebec 

r egion . 

Thi s  exten s i ve s c i en t i f ic e f f o r t  ha s been f o l l owed by 

ma j o r  e n v i r onme ntal mon i t o r i ng studies , d u r ing and a f t e r  

cons t r u c t i o n ,  which have analyzed t h e  impacts of development o n  

such envi ronmental parame t e r s  as wat e r  qua l i t y ,  i c e  cove r ,  t h e  

plume f r om t h e  La Grande R i v i e r e ,  produ c t i v i t y  of James Bay ,  and 

such ecologica l l y  impo r t a n t  f ea t u res as eelgrass beds . 

C'l I 
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3 .  Mechanisms Ear Envi ronme n t a l  I nvolveme n t  

To ca r ry o u t  i ts pol icy o E  cons ider i ng e nv i ronme n t a l  

impac t s , SEBJ set u p  a number o E  managemen t  mechani sms t o  e n s u r e  

i n teg r a t ion o E  envi ronmental conce r n s  i nto a l l  aspects oE t h e  

plann i ng ,  cons t r uction a n d  ope r a t i o n  o E  t h e  La G rande pro j ect 

( Table A-3 ) .  

The ma i n  too ls and mechan i sms Ear e n v i ronme n t a l  

protect ion developed Ear t h e  La Grande complex cons i s ted o E : 

- a j o i nt envi ronment-eng i nee r i ng comm i ttee 
E a r  opt i m i z i ng the maj o r  components o E  the 
p r o j ect ; 

- general envi ronmental protect ion d i rect i ves 
tha t a r e  i ncluded i n  the rules o E  i n te r n a l  
adm i n i s t r a t ion ; 

- b i d  spec i E icat ions that i ncorpo rate gene r a l  
e n v i ronmental protection s t a nda r d s  as wel l  
a s  spec i a l  standards Ear the var ious types 
oE wo r k ;  

- a permanent env i ronmental protect i o n  team 
mon i t o r i ng the con s t ruct ion wo r k  day-by-day 
a nd able to sui tably adv i s e  the cont racto r s  
when there a r e  unexpected env i ronmental 
prob lems ; 

- mon i t o r i n g  that is des i g ned not only to 
d e t e r m i ne t he long-term evolu t i on oE new 
hab i tats cr eated but also , in the sho rt 
t e rm ,  to provide the necessa ry i n Eorma t i o n  
mak i ng i t  pos s i b l e  to a d j u s t  t h e  
e n v i ronmental s t a ndards Ear pro j ects to b e  
completed or r emed i a l  measu r es to be 
implemented ; and 

- ope r a t i ng manu a l s  r e la t ed to env i ronme n t a l  
protect ion . 

( Soucy , 1 9 8 3 . )  
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One oE the mos t  bas ic t a s k s  oE the Env i ronme n t  

Depa r tmen t  proved to be mak i ng pa r t i cipa n t s  i n  the pro j ect a t  a l l  

levels awa re oE t h e  need to b e  conce r ned w i t h  the e nv i ronmen t . I n  

ach i ev i ng t h i s  goa l , t he boa rd o E  expe r ts , the Eng i ne e r i ng-

Env i r onment Joint Comm i t t ee , the pe rmanent env i ronme n t a l  jobs i t e 

team , the env i ronmental d i r ect ives , and the ope rat ing manual E a r  

t h e  st ructures compr i sed an e E Ee c t i v e  means o E  r each ing , i n  t u r n , 

the adm i n i s t r ato r s ,  des igne r s , b u i lde r s  and ope r a t o r s  and oE 

mak i ng env i ronme n t a l  protect i o n  an eve ryday real i ty .  

C .  Sa Eeguards Ear Futu re Env i r onmental Rev iew 

Fu t u r e  development oE the La Gra nde p r o j ect w i l l  be 

under ta k e n  pu rsuant to t he James Bay and No r thern Quebec 

Agreemen t , which gov e r ns , among other t h i ngs , all hydroelec t r ic 

developmen t  no r t h  oE t he 4 9 t h  P a r a l l e l  in the P r o v i nce oE Quebec . 

In add i t io n ,  nat ional and prov i nc i a l  laws w i l l  gove r n  p r o t ec t i o n  

o E  env i ronme n t a l  v a l u e s  i n  E u t u r e  deve lopment o E  the La G r ande 

complex , and o E  o t h e r  hydroelec t r i c  resources i n  Quebec . F i n a l l y ,  

i n t e r n a l  SEBJ pr ocedu res a n d  mechan i sms E o r  protec t i o n  o E  

env i ronme n t a l  i n t e r e s t s  w i l l  con t i nue to b e  used . 

1 .  North oE t he 4 9 t h  P a r a l l e l : the James 
Bay a nd No r t h e r n  Quebec Agr eement 

The c o r n e r s tone o E  the program e s tabl i shed under the 

James Bay a nd No r t h e r n  Quebec Ag r eeme nt to protect the envi ronment 

and the social Eab r i c  oE Quebec ' s  No r t h  is compu lsory assessment 

o E  p r o j ec t s  on t he bas i s  oE t he i r  soc i o logical a nd e n v i ronme n t a l  

C"l I 
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impact by va r ious comm i t tees created for t h i s  purpose . 

Rep resenta t i ves of the nat i ve popula t i ons and of the r e g i o na l ,  

prov i nc i a l  and fede r a l  gov e r nme n t s  comp r i s e  these comm i t tees . 

The Agreement s t i pulates that any p r o j ect , whether a 

wo r k ,  u nde r tak i n g , s t ruc t u r e ,  ope r a t i on or indus t r ia l  p r oces s ,  

exclu s i ve of the ope r a t ion and ma i ntenance o f  such p r o j e c t  a f t e r  

const ruct ion , mus t b e  the ob ject of an envi ronmental r e v i ew .  Such 

r e v i ew i s  i ntended to m i n im i ze the nega t i ve impact of devel opme n t  

north o f  Quebec ' s  4 9 t h  Par a llel on both t h e  nat i ve people a n d  the 

w i l d l i f e  r esources . Howeve r ,  the rev i ew mechan i sms c r ea ted vary 

nor t h  a nd south of the 55th Par a llel . 

a .  Sou t h  of the 5 5 t h  Pa r a l lel 

Under the James Bay and Nor th e r n  Quebec Ag r eeme n t , the 

James Bay Adv i s o r y  Commi ttee on the Envi r o nment has been created 

to rev iew a nd ove r see the env i r onmental and soc i a l  protect i on 

prog ram south of the 5 5 t h  Pa r a l le l ,  which i ncludes v i r t u a l l y  a l l  

of t he L a  Grande proj ect . The Commi ttee i ncludes represen ta t i ves 

of the Cree t r ibe , the Gov e r nment of Canada and the Gove r nment of 

Quebe c .  

T h e  Ag r eement ' s  env i r onmen tal a n d  soc i a l  protect ion 

program prov ides that c e r t a i n  p r o j ects w i l l  be subject to an 

envi ronmental impact assessment , based on whether the p roposed 

pro j ect may have a s ig n i f i cant impact on the n a t i ve people o r  on 

the w i l d l i fe r esources nor th of the 49th Pa r a l l el . When a n  impact 

assessment i s  r equ i red ,  the pr oponent o f  the p r o j ect mus t  prepa r e  
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an impact s ta tement which iden t i f i e s  and assesses the 

envi ronmental and soc i a l  consequences of the p r o j ect . The 

ob j ect i ves of the impact s ta tement a r e  to ensure tha t :  

- e n v i r onme ntal and soc i a l  cons i d e r a t ions form 
an i n teg ral par t  of the p roponen t ' s  plann i ng 
and dec i s i on-mak i ng process ; 

- pot e n t i a l  env i ronmental and soc i a l  impacts 
r e s u l t i ng f rom developmen t  a r e  iden t i f i ed as 
sys tema t i ca l ly a s  pos s i ble ; 

- a l t e r na t i ves to the pr oposed act i o n , 
i nclud i ng a l t e r na t i ves to i nd i v i dual 
e lements o f  la r ge-sca le pro jects a r e  
eva luated w i t h  a v i ew t o  m i n im i z i ng , w i t h i n  
r eason , i mpacts on n a t i ve people a nd 
w i l d l i f e  r esour ces a nd ma i n ta i n i ng the 
qua l i t y  o f  the env i r onme n t ;  and 

- r emedi a l  o r  pr even t ive meas u r es w i l l  be 
i ncorpo r a ted i nto pr oposed development so as 
to m i n imi z e ,  w i th i n  r eason ,  expected 
nega t i ve impac ts . 

Upon comple t i o n ,  the impact sta temen t  is a na lyzed by one of two 

sepa r a t e  Comm i t tees depend i ng on whe ther the p r o j ect f a l l s  w i t h i n  

fede r a l  o r  provincial j u r i sd ict i on . 

P rocedures f o r  pub l i c  pa r t ic i pa t i o n  i n  the env i r onmen t a l  

r ev i ew p r ocess a l low i nteres ted Cree commun i t i e s  to m a k e  w r i t t en 

r epresen ta t i on s  to the r ev i ew i ng comm i t tee t h r ough the i r  local o r  

reg i onal C ree gover nmen t s . These governmental g r oups can a l s o  

autho r i ze presenta t i ons by i n te res ted i n d i v idua l s  who a r e  not a 

pa r t y  to t h e  Ag r eement . P r o v i n c i a l  law also a l l ows the Depu t y  

M i n i s t e r  to a u t ho r i ze pub l i c  consul t a t i on . 

On the bas i s  of the impact s ta t ement and o t h e r  

i n forma t i on be f o r e  i t ,  o n e  o f  t h e  t w o  r e v i ew i ng comm i t tees 

recommends whether or not the development s hould p roceed a nd ,  i f  

(") I N 0 
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so , unde r wha t terms and cond i t i ons . The f i nal dec i s ion on the 

proposed p r o j ect rests with the fede r a l , provinc i a l  or local 

government des ignated to implement the Ag reement . !/ 

b .  Nor t h  of the 55th Para l lel 

The a rea no r t h  o f  the 5 5 t h  Parallel is s u b j ect to an 

env i r onmental and soc ial protection p r og ram s im i l a r  to that 

prog ram i n  place sou t h  o f  the 55th P a ra l l e l ,  except t ha t  the 

involvement o f  the I nu i t ,  rather than the C r ee , i s  guaran teed by 

the program . 

Aga i n ,  c e r t a i n  p r o j ects a r e  s u b j ect to the envi ronmental 

impact assessment proces s .  I f  a n  impact assessment i s  requ i r ed 

for a p r o j ect w i t h i n  provincial j u r i s d i c t i on , the Env i r onme n t a l  

Qua l i t y  Comm i s s ion decides whether o r  n o t  to r ecommend approval of 

the pro j ec t  a f te r  cons iderat ion of t h e  fol low i ng facto r s :  

- the benef icial and adverse envi ronmental and 
social impact o f  the deve l opment ; 

- envi ronmental impacts which cannot be 
avoided and the proponen t ' s  p r oposals to 
m i t igate such impact s ;  

- reasonable a l t er na t i ves t o  the development 
as proposed ; 

- the met hods and pr ocedu r e s  ou t l i ned by 
the proponent to mon i t o r  emi s s ions o f  
contami nants adequately o r  o t h e r  
envi ronmental problems , whe re requ i r ed ; 
and 

!/ W i t h  respect to those fac i l i t i es that are needed to 
implement the Phase II  Cont ract , a Ce r t i f icate o f  Aut ho r i zat ion 
was i s sued by the Depu ty Minister o f  the Env i r onment i n  Novembe r 
o f  1 9 8 6  f o r  the por t ion of the de t ransmi s s i on l i ne and 
associa ted faci l i t ies that wi l l  be loca ted no r t h  of t he 
4 9 t h  Pa ra l l e l . 
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- the r e l a t i o n s h i p  of proposed development 
to app l i cable e x i s t i ng or pr oposed 
envi ronmen tal laws and regula t i on .  

I f  the p r o j ect i s  w i t h i n  provincial j u r i sd i c t i o n ,  

i n t e rested pe rsons , g r oups or commu n i t ies have a r i ght t o  mak e 

submissions to the Env i ronmental Qual i ty Comm i s s i on . 

For p r o j e c t s  under federal j u r i sd i ct ion w h i c h  requ i r e an 

impact assessme n t ,  the asses sment is subm i t ted to the Scree n i ng 

Comm i ttee of the Env i ronme ntal and Soc i a l  I mpact Rev iew Pane l . 

Aga i n ,  na t i ve peop l e ,  i n t e r e s t ed persons , g r oups or commu n i t i e s  

may make presentat i ons to the Rev i ew Pane l .  On the ba s i s  o f  t h i s  

impact sta tement and o t he r  i n f o rma t i on be f o r e  i t ,  t h e  Review Pane l 

recommends whet her or not the p ro j ect should proceed . 

I f  the e n v i ronmental assessme nt p rocess concl udes 

favo rabl y ,  the p r o j ect obt a i ns an autho r i za t ion which cont a i ns 

te rms and cond i t i ons b i nd i ng on the p r o j ect ' s  develope r .  Any 

dev i a t i o n  f rom the te rms or cond i t ions s t i pu lated in the 

autho r i za t ion would requ i re the approval o f  the re levant 

comm i t tees and a u t ho r i t i e s . 

c .  Spec i a l  P r o v i s i ons 

As o r ig i na l l y  s ig ned i n  1 9 7 5 ,  the James Bay and No r t h e r n  

Quebec Ag r eeme n t  exempted f rom t h e  f o rma l p rocess o f  impact 

as sessment the i n i t ial cons t ruct ion stage o f  the La G rande 

complex . T h i s  exempt ion occu r red because at that t ime the 

env i r onmental asses sment prog ram f o r  that development had al ready 

been establ i shed in the B i ophys ical Ag reement s igned in November 

n I N ...... 
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1 9 7 2 .  Howev e r , t he poss i b i l i ty of f u t u r e  hyd r oelec t r i c  

development was recog n i z ed i n  t h e  Ag reement . I t  was spec i f i ca l ly 

agr eed that the Not t away , Broadback and Rupe r t  R i v e r s  Deve lopme n t  

( N . B . R .  Complex ) and t he G r eat Whale , L i t t l e  Wha l e ,  Coa s t  R i v e r s  

Development ( G reat Whale Complex ) ,  a s  w e l l  as any add i t ions and/o r 

subs tantial mod i f ica t ions to the La Gr ande complex , if bui l t ,  

would be s u b j e c t  t o  the env i ronmental review pr oces s spec i f i e d  i n  

the James Bay Agreement . 

2 .  Sou th of the 4 9 t h  P a r a l l e l  

S o u t h  of the 4 9 t h  Pa r a l lel i n  Quebec , con s t ruct ion o f  

the t ransm i ssion l i nes and conve r te r  t e r m i na l s  r ela ted to the 

La Grande complex i s  gover ned not by the James Bay and Nor the r n  

Quebec Agr eement , b u t  b y  a s e t  o f  fede r a l  and prov i n c i a l  laws , 

supplemented by Hydro-Quebec ' s  i n t e r na l  pol icies and p rocedu r e s , 

for protect i on of envi ronmental resou r c e s . These laws and 

pol i c ies are descr i bed b r i e f l y  below . 

a .  Na t iona l Ene rgy Boa rd 

I n  19 5 9 ,  the Par l i ament of Canada enacted the Na t iona l 

Energy Boa r d  Act ( Ca n . Rev . Sta t . c .  N- 6 ) . That Act estab l i s hed 

the National Energy Boa rd as adv isor to the fede r a l  gove r nmen t  on 

all mat t e r s  related to ene rgy . I t  a l s o  autho r i zed the Na t iona l 

Energy Board to r egu late power l i nes c r os s ing the i n t e r na t iona l 

border and expo r ts of energy f r om Canada . 
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When cons ide r i ng an appl icat ion f o r  a l i cense to expo r t  

powe r under Sec t ion 8 1  o f  the Na t iona l Ene rgy Boa rd Ac t ,  the Boa r d  

i s  requ i red to have r egard f o r  a l l  cons iderat ions t h a t  appea r t o  

b e  r e l evant . Wh i l e  t h i s  a u t ho r i ty g ives t h e  Boa r d  wide- rang i ng 

power to r e v i ew , the Boa rd ' s  r e v i ew i s  conf ined to the i nc reme n t a l  

phy s i ca l  p l a n t  a n d  the i n c r emen tal ef fects related to the g ra n t i ng 

of a power expo r t  l i cense . In a l e t t e r  da ted 24 October 1 9 8 4  

pe r t a i ni ng to a n  appl icat ion by Man i toba Hydro f o r  a l i cense to 

expo r t  elec t r i c i t y , the Boa r d  stated that its j u r i sd i c t ion 

includes " t he regu l a t ion of the socia l , economic and phys ical 

impa c ts resu l t i ng f r om advancement of cons t r uc t i on and development 

act i v i t i es assoc i a ted w i t h  mee t i ng a u t i l i t y ' s  expo r t  

requ i r ements . "  I n  add i t ion , Sect ion 6 ( 2 ) ( a ) ( a )  o f  Pa r t  V I  of the 

Boa rd ' s  Regulat ions spec i f i c a l l y  requ i r es an appl icant f o r  a 

l icense to expo r t  power to f u r n i sh " ev i dence on any envi ronmen t a l  

impact that wou ld r es u l t  f rom the gene r a t ion of powe r f o r  expor t . "  

Sect i o n  2 0  of the Na t ional Energy Board Act p rovides f o r  publ i c  

hea r i ng s  t o  b e  held on Appl icat ions f o r  l icenses t o  expor t  powe r .  

Sect ion l l  o f  the Boa r d ' s  Rules o f  P r a c t ice and Procedu r e  s e t  

f o r t h  t he requ i r eme nts f o r  i n t e r ve n i ng i n  t h e s e  l i cens i ng 

proceedings . �/ 

�/ The appl icat ion f o r  approval o f  the sale of energy unde r 
NEPOOL ' s  Phase I I  F i r m  Ene rgy Con t r ac t  was made by Hyd r o -Quebec 
to the Nat iona l  Ene rgy Boa r d  i n  Decembe r 1 9 8 5 . Pub l i c  hear i ngs 
a r e  expected to occu r in early 1 9 87 and the l icense pu rsuant to 
this app l icat ion i s  expect ed to be i s sued later in 1 9 8 7 . 

() I N N 
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As w i t h  appl ica t ions f o r  l icenses to expo r t  power , the 

Nat ional Ene rgy Board has b r oad j u r isdiction w i t h  respect to 

appl icat ions f o r  ce r t i f icates for i n t e r nat i onal power l i nes under 

Sect ion 4 4  of the Nat iona l Energy Boa rd Act . Spec i f i cal l y ,  i n  

cons ide r i ng such appl icat ions the Boa rd mus t  " take i n to account 

a l l  such mat te r s  as to it  appear to be r e l evant . •�/ Section 1 4  of 

the " I n f o rma tion Requ i red w i t h  Appl ica t ions for I n t e r nat ional 

Power L i ne Cer t i f icates , "  r equ i res appl icants to provide : 

" [ a ] n  assessme n t  of the probable envi ronme n t a l  
impact a n d  a statement of the p roposed measu r es 
to mi t i ga t e  the envi ronmental impact of the 
i n t e r na t ional powe r l i ne i ncluding te rmina l  
faci l i t i e s .  The as sessment s ha l l  s a t i s f y  the 
r equi rements of the Na t ional Energy Boa rd ' s  
' Guide l i nes on the Envi ronmental I nforma t i on 
Requ i r ed w i t h  App l i ca t i ons for Ce r t i f icates f o r  
I n t e r na t ional Powe r L i nes . ' "  

Pu r suant to t he Boa rd ' s  "Guide l i nes on the Envi ronme n t a l  

I nforma t ion Requ i red w i t h  App l i ca t ions for Ce r t i f icates f o r  

I n t e r na t ional Powe r L i nes , "  t h i s  env i r onmental assessment must 

include : 

-a des c r ipt ion of the e x i s t i ng env i ronment , 
i nclud i ng t he hab i tats of wat e r fowl o f  
r ecog n i z ed impor tance , spawn ing beds of f i s h  
of r ecog n i zed impo r t ance , spec i a l  a r eas such 
as ecolog i ca l  rese rves , and wat e r  supply 
i ntakes ; 

-a des c r ipt ion of the envi ronme n t a l  s tanda r d s  
t h a t  wou ld be fol lowed i n  the plann i ng , 
des ig n , cons t r uct ion and ope r a t i o n  of the 
l ine ; 

-a desc r ipt ion of the envi ronmental impact o f  
t h e  cons t r u c t i o n  a n d  ope r a t ion o f  t h e  l i ne 
and of any associated roads on land d r a i nage 

�! Can . Rev .  Sta t . c .  N-6 , § 4 4 .  
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and e ros ion , vegeta t i o n ,  w i ldl i fe ,  f i sh ,  and 
wat e r  suppl i es , a nd measu r es that would be 
taken to m i tigate impact s ;  

-what supe r v i s i o n  and i nspect i on of 
envi ronmental e f fects and protec t ion woul d  
b e  prov ided du r i ng cons t ruct ion a n d  
ope r ation ; and 

-a desc r i p t ion of the a l t e r na t i ves cons i de red 
t o  the proposed act i o n .  

Sec t i o n  4 5  o f  the Act i s  of pa r t i cular impo r tance 

conce r n i ng the intervention of pe r sons who may be opposed t o  the 

issuance of a ce r t i f i cate for an i nt e r na t ional power l i n e .  

Sect ion 4 5  s t i pu la tes that t he Boa r d  must consider t h e  o b j ect ions 

o f  inte res ted pe r so ns . The r ights of pa r t i e s  who wish t o  

i n t e r vene a r e  spel led o u t  i n  the Boa r d ' s  regulat i ons . Sect i o n  3 2  

o f  the Boa rd ' s  Rules o f  P r ac t i ce and P r ocedu r e  pe rmi ts a n  

i n t e r e s ted pa r ty to f i le a w r i t t e n  inte rvent ion wh ich i nd i ca tes , 

i n t e r  alia , t he nat u r e  of t h e  pa r ty ' s  i nt e r e s t  in the appl ica t ion 

and the i s sues which the i n t e r veno r i ntends to add ress a t  the 

publ ic hea r i ng . Sec t i on 3 4 ( 1 )  o f  the Rules also a l l ows any pa r ty 

to the proceed i ng to add ress requests for i n forma t ion to any o t h e r  

par t y  to t he p r oceedi ng .  F i na l ly , Section 3 3  of the Rules al lows 

an i n te rested pe r son who does not wish to i n t e r vene at the pub l i c  

hea r i ng b u t  who wi shes t o  mak e  h i s  v i ews rega r d i ng t h e  appl ica t ion 

k nown to the Boa r d  to file a letter desc r i b i ng his i n t e r es t  i n  the 

app l i ca t ion and his v i ews , as well as any r e l evant i n f o r ma t i o n  

suppo r t i ng those v iews . 
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b .  P ro v i nce of Quebec 

Pur suant to the P rovince of Quebec ' s  Env i ronment Qua l i ty 

Act ( L . R . Q . , c .  Q- 2 )  and regulat ions adopted the reunde r ,  notably 

the Regulat ion respec t i ng the adm i n i s t r a t i o n  of the Env i ronme n t  

Qua l i t y  A c t  ( R . R . Q . , 1 9 8 1 , c .  Q- 2 ,  r . l )  and t he Regulat i o n  

respec t i ng env i ronmen tal impact assessment a n d  review ( R . R . Q . , 

c .  Q- 2 ,  r . 9 ) ,  the P r o v i nce of Quebec has c reated a legal f r amewo r k  

f o r  evaluating the envi ronmental impact o f  ma j o r  development 

p r o j ects which i ns t i t u t iona l i zes the pa r t icipa t i on of the 

i n t e r es t ed per sons . 

Sect ion 3 1 . 1  of the Act s t i pu lates that no per son sha l l  

unde rtake any cons t r u c t i o n ,  wor k ,  act i v i ty o r  ope r a t i on , o r  ca r r y  

out wor k  acco r d i ng t o  a plan o r  p r og ram , i n  the cases p rovided f o r  

b y  regul a t ion , wi thout fol l ow i ng the e n v i r onmental impact 

assessmen t  and r ev i ew p rocedu re . Section 2 of the Regu l a t i o n  

respec t i ng env i ronmental impact assessment a n d  r e v i ew l i s ts those 

p r o j ects automat ica l ly sub j ect to envi ronmental assessment . 

I ncluded in the l is t s  a r e : 

- the cons t ruction and re loca t ion of an 
elec t r ic powe r t ransm i s s i o n  l i ne of 315 kV 
o r  mo re over a di stance of mo r e  than 2 km 
and the cons t r uct ion o r  r eloca t i o n  of a 
con t r o l  and t ransformer stat ion of 3 1 5  kV 
o r  mo r e ;  and 

- the const ruction o r  increase i n  power o f  a 
s tat ion f o r  the produc t i o n  of elec t r ical 
power exceedi ng 10 MW , o r  the const ruct ion 
o r  i nc rease i n  power of such a s t a t i on 
resu l t i ng in an increase in the total power 
to 10 MW or mo r e .  
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The regul a t i o n s  s t ipulate that an env i r onmental impact 

assessment s t a t ement may conta i n , i n t e r  a l i a :  

- a  qua l i tat ive a n d  qua n t i tat ive i nvento r y  of 
the fauna and flora that could be a f f ected ; 

-a l i s t  of pos i t i v e ,  negat i ve and res idual 
impacts of the p r o j ect on the envi ronment , 
i ncluding i n d i r ect , cumu l a t i ve ,  latent and 
i r reve r s i bl e  effects ; 

-a desc r ip t i o n  of opt i ons to the proposed 
action and reasons j u s t i f y i ng the opt ion 
chos e n ;  and 

-a l i s t  o f  meas u r es taken to p r eve n t ,  r educe 
or at tenuate the dete r io r a t ion of the 
envi ronment befo r e ,  d u r i ng and a f t e r  
cons t ruction o r  ope ra t i on . 

Publ i c  con s u l t a t i o n  is provided f o r  at Sect ion 3 1 . 3  of 

the Act ,  which r equ i r e s  that a l l  envi ronmen tal impact assessmen t  

statements b e  made pub l i c .  Respons i b i l i ty f o r  i n i t iat ing a pe r iod 

of public i n forma t ion and cons u l t a t ion r e s t s  w i t h  the proponent of 

the p r o j ect . The proponent mus t  publ ish on two occas ion s ,  i n  

specif ied newspape r s ,  a not i ce to the e f f e c t  t h a t  i t  i s  poss i b le 

to consult the p r o j ect f i l e , i ncl u d i n g  the envi ronmental impact 

assessment s ta teme n t . This pe r i od of cons u l t a t ion must last 

4 5  days . 

Du r i ng t h i s  pe r iod , any pe rson , g r oup o r  mun i c ipa l i t y 

may mak e  a w r i tten request to the Quebec M i n i s te r  of the 

Env i ronment f o r  a pub l i c  hea r i ng on the p r o j ect . Such a reques t  

must set f o r th the r easons for the request a n d  the r eque s to r ' s  

interest i n  the a r ea a ff ected by the p r o j ect . The law does not 

spec i f y  the i nt e r e s t  r equ i r ed i n  o r de r  to r equest a pub l i c  

hea r i ng .  

('") I N .j::-
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The r u l e s  of procedure r e la t i ng to the conduct of publ i c  

hea r i ngs ( R . R . Q . , 1 9 8 1 ,  c .  Q-2 , r .  6 . 6 )  desc r i b e  t he conduct o f  

these hea r i ngs . Du r i ng t h e  f i r s t  stag e ,  the pa r t y  that requ e s t ed 

a pub l i c  hea r ing mu s t  e xpla i n  h i s  rea sons for app l y i ng f o r  the 

hea r i ng .  The proponent of the p r o j ect then summa r i z e s  and 

expla i ns the p r o j ect and , in pa r t i cula r ,  the impact assessme n t  

sta tement .  Du r i ng the f i r s t  pa r t  of the hea r i n g ,  a n y  pe rson may 

ask per t i nent que s t ions to complement the i n forma t i o n  a l r e a d y  

prov ided . Du r i ng the second pa r t  of the hea r ing , pe rsons who have 

subm i t ted b r i e f s  o r  pe rsons w i s h i ng to subm i t the i r  op i n ions ma y 

make o r a l  p r esentat ions . Z/ 

3 .  Hydro-Quebec Envi ronmental Po l i cy 

In 1 9 8 4 , the Boa rd of Di r ec t o r s  of Hyd r o -Quebec 

pub l i shed a resolut ion rega r d i ng Hydro-Quebec ' s  envi ronmental 

pol icy ( Hyd r o-Quebec Envi ronmental Pol icy , Ma rch 1 9 8 4 ) .  T h i s  

pol icy , which supplements the e n v i ronmen tal protect ion prov i s i o n s  

of Canadian a n d  Quebec law , i s  i ntended to guide Hydr o-Quebec ' s  

Zl W i t h  respect to those faci l i t ies that a r e  needed to 
impl ement the Phase I I  Cont ract , Hydro-Quebec has completed the 
envi ronmental and technical s t ud i es that are requ i red by the 
Envi ronment Qual i t y  Act . An appl ica t ion f o r  a decree und e r  
Sect ion 3 1 . 1  of t h a t  A c t  w a s  f i led i n  Septembe r of 1 9 8 6 . Publ i c  
hea r i ngs on that appl i ca t i o n  began i n  December of 1 9 8 6  and a 
dec ree w i t h  respect to the proposed t ransmi s s i on l i ne rou t i ng i s  
expected i n  the spr ing of 1 9 8 7 . A f t e r  that dec r e e  has issue d ,  
the Gove r nment of Quebec ma y i s sue an add i t i onal decree 
autho r i z ing Hydro-Quebec to expropr iate the requ i red r i ght-of
way ,  i f  neces sa r y ,  and autho r i z i ng const ruct ion of the 
t ransm i s s i o n  l i ne and terminal faci l i t ies . Subsequen t l y ,  
approval of the detai led plans a n d  spec i f i cat i ons f o r  the 
fac i l i t i es w i l l  a l so be requ i r ed under Sec t i on 2 2  of the 
Envi ronment Qua l i t y  Ac t .  
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manag e r s ,  employees and pa r t n e r s  i n  fo rma l l y  i n t eg r a t i ng 

env i ronmental pr otect i o n  and enhancement cons i de r a t i ons i n to 

dec i s i ons and a c t i v i t i e s , i nclud i ng con s t r uct ion and ope r a t i o n  o f  

fac i l i ti es , that have a n  impact o n  t h e  soc i a l  a n d  � a t u : a l  

e nv i r onment . T h i s  po l i cy also se rves a s  t h e  f r amew o r k  f o r  

development o f  mo re d e t a i led g u i del i nes to ena b l e  manag e r s  t o  

t ra n s l a t e  the po l i cy i n to act ion . Fu t u r e  developmen t  o f  the 

La Grande p r o j ect , as well a s  ope r a t i o n  of the ex i s t i ng f ac i l i t i es 

( i nclud i ng those fac i l i t ies no r t h  of t h e  4 9 t h  P a r a l l e l ) ,  w i l l  be 

gu ided by t h i s  i n ternal pol i c y  and the assoc i ated procedu res . 

Impo r tant components of t h i s  pol i cy a r e desc r i bed be low . 

F i r s t , Hyd ro-Quebec plans , d e s i gns and ca r r i e s  out i t s  

act i v i t i e s  tak i ng i n t o  con s i de r a t i o n  env i ronmental impl ica t i o n s . 

In ca r r y i ng out i t s cons t r u c t i on prog r a m ,  pa r t icula r l y  at the 

p r e l i m i n a r y  and d e s i gn-s tudy st ages , Hydro-Quebec analyzes and 

presents to i n t e rested pa r t i e s  the envi ronmental impl i ca t i ons of 

each project and j us t i f i e s  i t s  p r o j ect select i o n . Hydr o-Quebec 

gene r a l l y  elabo r a tes seve r a l  p r o j ect a l t e r na t i ves , analyzes the 

envi ronmental i mpl i ca t i ons of each , selects the mo st a t t r a c t i v e  

al t e r nat i ve a n d  j ust i f i es i t s select i o n . 

Second , Hyd ro-Quebec attempts i nsofar as pos s i ble to 

manage at the source the envi ronmental i mpact of its ac t i v i t i es . 

Th i s  means that Hyd ro-Quebec designs , develops and uses pract ices , 

proced u r es , products and tech n i ques tha t reduce o r  el i m i na t e  a t  

source the nega t i ve impacts of i t s  act i v i t i e s . Hydro-Quebec a l s o  
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takes i n t o  cons i d e r a t ion the envi ronmental imp l icat ions of the 

ent i r e  cycle o f  a p r oduct o r  process when choo s i ng among 

a l t e r n a t i ve p r event i ve measu r e s . 

T h i r d ,  Hydro-Quebec manages i t s  a c t i v i t i es � t i l i z i ng 

p r ac t i ca l  m i t igat ion meas u r es . I n i t i a l l y , Hyd ro-Quebec i dent i f i es 

the impa c t s  and the bene f i t s  of i t s  act ions , u s i ng w i th-ac t i v i ty 

and wi thout-ac t i v i ty foreca s t s  of cond i t ions i n  the a r ea a f f e c t ed . 

M i t i g a t ion meas u r e s  a r e  ident i f i ed . Then , p r o j ec t  a l t e r na t i ve s  

a r e  chosen a f t e r  t h e  m i t igat ion opt ions have been eva l ua ted . 

Eve r y  t h r ee yea r s , envi ronment a l  m i t igat ion a nd enhancement 

p r og rams are rev i ewed . Based on t h i s  rev i ew , ex i s t i ng p r og r ams 

a r e  conti nued or mod i f i ed t o  ensure the i r  e f f ec t ivenes s .  

F i na l l y ,  �ydro-Quebec encourages the pa r t i c i pa t ion o f  

i nt e r e s ted i nd i v idua l s ,  g r oup s ,  and o rgan i z a t ions t h r oughou t the 

study and des ign phases of i t s  ac t i v i t ies . T h i s  is done by a 

v a r i e t y  of means , i nc lud i ng : 

- col labo r a t ion w i th a l l  levels o f  gove r nment 
by incorpo ra t i on o f  gove r nme nt s t ud i e s  a nd 
devel opment plans i n t o  i t s  own plann i ng and 
ca r r y i ng out add i t i onal s tud i e s  a s  needed ; 

- i nv i t i ng indiv idua l s ,  g roups and 
orga n i z a t ions to pa r t i c i pate i n  i t s  own 
s tud i e s , in pa r t i c u l a r  t h rough cons u l ta t i o n  
p r o g r ams , i n  o r d e r  t o  bene f i t  f r om the i r  
k nowledge o f  the m i l i eu , when iden t i f y i ng 
s ig n i f i ca n t  resou r ces , determ i n i ng impac t s ,  
and choo s i ng a c t i v i t y a l t e r na t i ve s  and 
m i t i ga t ion and enhancement mea s u r es ; Hyd ro
Quebec may f o r m  a con s u l ta t ive commi ttee for 
this pu r pose ; and 

- r espond ing to the reque s t s  and v i ewpo i n t s  
o f  i nd i v idual s , g roups a nd o r ga n i z a t ions 
th roughout the p r oc e s s  of act i v i ty plann i ng .  
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Of pa r t i c u l a r  re levance to m i g r a t o r y  b i r d s  is the i n t e n t  o f  

Hydr o-Quebec to concent rate i t s  cont inuous p r ogram of 

envi ronmental mon i to r i ng o f  a r ea s  a f fected by the developme n t  of 

the La G r a nde Complex on the coas t a l  a r eas o f  James Bay . � h i s  

w i l l b e  done to ensu r e  tha t  t h e  pr incipal re sou r c e s  o f  t he a r ea ' s  

native communi t i es , e spec i a l l y  f i sh and wate r fow l ,  w i l l  not be 

nega t i ve l y  a f fected by the d i s charge mod i f icat ions brought about 

by developme nt o f  the La Grande and Eastma i n  R i ve r s . ( Hydro-

Quebec , 1 9 87 . )  
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Wo r k s hop o n  E n v i r o nme n t a l  P l a n n i ng f o r  La r g e  S c a l e  D e v e lopme n t  
P r o j ec t s . Wh i s t l e r , B r i t i s h  C o l umb i a . 1 9 8 3 . 

_; ;o p ;:: :-; J : x  3 

MOD I F I CATcONS : N  CONSTRUCT I ON AND OPERAT :uN JCE TO 
PHASE II CONTRACT SALES TO N EPOOL 

A .  Mod i f i c a t i o n s  in C o n s t r u c t i o n  

H y d r o -Qu e be c ' s  c u r r e n t  load g r ow t h  � = r e c a s : a � : : c : pa : � s  

a n  av e r ag e  a n nu a l  load g r ow t h  r a t e o f  3 . 3  pe r c e n t  � � om � 9 8 �  : o  : r. e  

yea� 2 0 0 1  ( Hy d r o-Qu e b e c , 1 9 8 6 ) . B a s ed u po n  t h 1 s  E o r e c a s t , Hyd r � -
Quebec e x pe c t s  t o  mee t t h e  r equ i � eme n t s  o f  t h e  ? h a s e  I :  :-;sPOOL 

F i r m E n e r g y  C o n t r a c t  w i t h s u r p l u s  e n e r g y  a va i l ab l e  f r o m  ex i s t i n g 

gene r a t i ng f a c i l i t i e s  u n t i l  t he m i d - l 9 9 0 s . The r e a f t e r , t h e  pow e r  

r equ i r em e n t s  o f  t h e  Phase I I  C o n t r a c t  wo u l d  b e  suppl i ed by 

advanc i n g  the cons t r u c t i o n  of g e n e r a t i n g f a c i l i t i e s  t h a t  have 

a l r eady been p l anned to meet t h e  i n t e r n a l  e n e r g y  needs o f  t he 

P r o v i nce o f  Quebe c . Spec i f i ca l l y , s a l e s  u n d e r  the P h a s e  : I  

Co n t r a c t  a r e  expected t o  advance t h e  need f o r  t h e  L G l  b a s e  c o a d  

g e ne r a t i n g s t a t ion and a s s oc i a t ed t r a n s m i s s i o n f a c i l i t i e s t o  1 9 9 7  

f r om t h e  yea r 2 0 0 0 , whe n they wo u l d o t h e r w i s e  b e  needed t o  mee t 

Quebec ' s  i n t e r na l  ene r g y  requ i r emen t s . 

I n  o r d e r  to d e l i v e r  t h e  Phase I I  C o n t r a c t  e n e r g y , i t  

w i l l  b e  n e c e s s a r y  f o r  Hyd r o -Qu ebec t o  c o n s t r u c t  a � 4 5 0  � V  d i r e c t  

cu r r e n t  t r a n s m i s s i o n  l i n e  f r om Rad i s s o n ,  nea r t � e  �G 2 powe r ho u s e ,  

t o  Des C a n t o n s ,  whe r e  i t  wo u l d  c o n n e c t  w i t h  t h e  no r t h e r n  end o f  

t h e  New E n g l a nd / Hyd r o -Quebec P h a s e  • d e  t r a n sm i s s i o n  : : � e . : :  i s  

a l so n e c e s s a r y  to c o n s t r u c t  a 2 2 5 0  �W ac/dc conve r : e r  s : a t i o n  a t  

Rad i s s o n . The de l i n e  wo u l d make i t  poss i b l e  t o  i s o l a t e  powe � f o r  
New Eng l a nd g e n e r a t e d  a t  t h e  LG 2 g e ne r a t i ng s t a t i o n  f r om t h e  

() I 
N 
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Hydro-Quebec ac power sys t em .  T h i s  would pe rmi t the rel iable 

transfer o f  energy between Quebec and New England even i n  the 

event o f  a gene ral power fai lure on the Hydr o-Quebec ac s y s t em . 

�i thout the Phase I I  Con t r ac t ,  a new 7 3 5  kV ac 

t r ansm i s s i o n  l i ne f rom James Bay to sou the r n  Quebec wou ld �ave 

been requi red by 1 9 9 4  for Quebec ' s  power need s .  The cons t r uct i on 

of a � 4 5 0  kV de t r ansm i s s ion l i ne f rom Rad i sson to �es Cantons 

would be capable of mee t i ng i nt e r nal transm i s s ion needs o f  Quebec 

in add i t ion to t ransm i s s ion under the Phase I I  Con t r act . Thus , 

the add i t i onal 7 3 5  kV ac l i ne other w i se planned for 1 9 9 4  wou ld not 

be needed . 

At prese n t , Hyd ro-Quebec i s  comm i t ted to bu i l d i ng two 

new gene r a t i ng fac i l i t i es to meet i t s  own w i n t e r  peak elect r i c i t y  

requ i r emen ts w i th i n  the P r o v i nce o f  Quebec . The f i r s t  w i l l  have 

990 MW o f  capaci ty and is under con s t r u c t i on at the s i te of the 

Man ic 5 gene r a t i ng stat i o n  on the Ma n i c  R i ve r , a t r i bu t a r y  o f  the 

St . Lawrence R i ver . Th i s  fac i l i t y  i s  s chedu led to be placed in 

s e r v i ce d u r i n g  1 9 8 9 . The second i nvolves the add i t i on o f  1 9 9 8  MW 

o f  pea k i ng capa c i t y  at the s i t e of LG 2 .  T h i s  faci l i t y ,  k nown as 

LG2 A ,  is scheduled to be comm i s s ioned i n  two st ages . �he f i r s t  

9 9 9  MW o f  capa c i t y  a r e  expected to b e  placed i n  s e r v i ce i n  1 9 9 3 ,  

w i th the second 9 9 9  MW scheduled for 1 9 9 4 . None o f  t hese 

add i t i onal fac i l i t i es are req u i red t o  supply power under the 

Phase I I  Con t r act . As noted above , the Phase I I  Cont ract prov i des 

for f i r m ene r gy ; it does not provide for f i rm capa c i ty . 
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Al though the LG2A peak i ng u n i t s  are � o c  requ i r ed :o 

pr ovide energy unde r the Phase II  Cont rac t , Hyd r o-Quebec p : a r. s  t o  

advance cons t ru c t ion o f  these uni t s  to : 9 9 3 / 9 4  t o  t a k e  adva n t age 

o f  the � 4 5 0  kV de t r ans m i s s i on l i ne f r om Jame s 3ay :ha t wo u : d  be 

placed in s e r v i ce in : 9 9 0 . Once t h i s  l i n e has been co n s t r � c : ed ,  

i t  becomes feas i b le to advance the LG2A peak i ng � n i ts a nd to 

postpone the cons t r u c t i o n  of o t he r  peak i ng un i t s w h i c h  o t h e r w i s e  

would have been r equ i r ed to mee t i n t ernal Quebec needs . Pow e r  

f r om t h e  LG2A u n i t s  would b e  t r ansmi t t ed over the � 4 5 0  k V  de 

t r ansmi ss ion l i ne f rom James Bay to N i col e t , ou t s ide Mon t r ea l , 

where a 2 0 0 0  MW dc/ac conve r t e r  t e r m i nal would be cons t r u c t e d . 

I n  conclu s i on , therefo r e ,  the Phase I I  Cont r a c t  w i l l  

requ i r e  only the following inc r emental cons t r uc t i on :  a 

� 4 5 0  k V  de t r ansmi s s ion l i ne f rom Rad i s son ( n ear LG 2 )  t o  

Des Cantons , and a n  ac/dc conve r t e r  t e rminal a t  Rad i s son . No new 

gene rat i ng capa c i t y  o r  dams w i l l  be requ i red .  I n  add i t ion , 

Hydro-Quebec plans to advance by 3 yea rs t h e  a l r eady planned 

const ruct ion of LGl and i t s associa ted 7 3 5  k V  ac t r ansm i s s ion 

l i n e .  Any other mod i f i ca t ions in cons t r u c t ion plans o r  sched u l e  

would b e  solely f o r  purposes other than mee t i ng s a l e s  t o  NEPOOL 

under the Phase I I  Con t r a c t . 
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B .  Mod i f ica t i ons in Operat ions 

1 .  I n t roduct ion 

The Phase I I  NEPOOL F i rm Ene r g y  Con t r act p rovides for 

the del ivery of 7 TWh of energy per year dur i ng the 1 0 -year t e rm 

of the cont ract . Unde r  the Phase I I  Con t r act , a con t ract yea r 

means the pe r i od f rom September 1 th rough Aug u s t  31 of the 

succeed i ng yea r . In advance of each con tract yea r ,  Hyd ro-Quebec 

mus t  f u r n i s h  a s chedule al loca t i ng the 7 TWh of energy deliv e r i e s  

under t h e  con t ract among t h e  months of t h e  fol lowing yea r . These 

mont hly a l loca t ions must fall w i t h i n  a range of m i n i mum and 

maximum del iv e r y  amounts that a r e  spec i f ied for each mon th in t h e  

P h a s e  I I  Cont ract . These maximum and m i n imum amounts a r e  h i gh e s t  

i n  the w i n t e r  a n d  summer mon ths , w i th lowe r amounts spec i f i ed f o r  

t h e  spr i ng a n d  fa l l . Once a monthly del i v e r y  s chedule has been 

estab l i shed , NEPOOL i s  respons i b l e  for s chedu l i ng the week l y ,  

da i l y ,  and hou r l y  energy del i ve r i es . 

The m i n imum and max imum mon t h l y  energy de l iv e r y  amo u n t s  

spec i f ied by the P h a s e  I I  Contract a r e  s hown i n  Table B-1 below . 

Table B-1 also i n c l udes the e s t imated energy d e l ive r y  sched u l e  

t h a t  has b e e n  u s e d  by NEPOOL i n  i t s  econom i c  eva luat i on of t h e  

p r o j ec t .  

Mont h  

September 
October 
November 
December 
Janua ry 
Feb ruary 
Ma r ch 
Apr i l  
May 
June 
July 
August 

TOTAL 
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Table B-1 

M i nimum Max i mum Est imated 
Del i very Del i very Del ivery 

( i n GWh ) 

4 2 0  5 6 0  4 9 0  
4 2 0  5 6 0  4 9 0  
6 3 0  8 4 0  7 0 0  
6 3 0  8 4 0  6 3 0  
6 3 0  8 4 0  6 3 0  
6 3 0  8 4 0  7 0 0  
6 3 0  8 4 0  7 0 0  
3 5 0  5 6 0  4 2 0  
3 5 0  5 6 0  4 2 0  
4 9 0  7 0 0  5 6 0  
5 6 0  7 0 0  6 3 0  
5 6 0  7 0 0  6 3 0  

7 0 0 0  

The F i rm Energy Con t r act also provides that Hyd ro-Quebec 

may l im i t  del i ve r ies , wi thout econom i c  penal t y ,  unde r cer ta i n  

c i r cumstances . Spec i f i ca l l y ,  Hyd ro-Quebec may l i m i t  del i ver i e s , 

up to an agg r egate amount of 4 0 0  GWh pe r cont ract year , when i t  

wou l d  be obl i gated to ope r a t e  fos s i l - f i red gene rat ing u n i t s  o r  

pumped- s torage u n i t s  o r  t o  pu r chase energy f rom a t h i r d  pa r t y  t o  

mee t t h e  cont ract schedu l e .  NEPOOL ant i c i pates that Hyd r o -

Quebec ' s  use of t h i s  r ig h t  to i n te r r upt d e l i v e r ies w i l l  b e  

conce n t r a ted i n  the months of Decemb e r  a nd Janua r y ,  w h e n  Hyd ro-

Quebec ' s  peak loads occu r . 

The energy to be sold to NEPOOL under the Phase I I  

Con t ra c t  would not be gene r a ted at any spec i f ic gene rat i ng s t a t i o n  

ded i cated to t h i s  task . A l t hough a � 4 5 0  k V  de t r ansm i s s ion l i ne 

wou ld be cons t r uc ted f r om Rad isson to Des Cantons to ensu r e  

r e l i a b l e  t ransfer o f  energy to NEPOOL even i n  the event o f  a 

C) I 
N 
\0 



- B-6 -

gene ral power f a i l u r e  on Hydr o-Quebec ' s  ac sys tem , t h i s  alone 

wou ld not d i c t a t e  d i spa tch i ng dec is ions on the Hydr o-Quebec 

sys tem . Due to the i n t e r lock ing na ture of the r e s e r vo i r  sys t em on 

t he La Gr ande R i v i e r e  and the need to keep ope r a c ions of the 

La G r a nde compl ex w i t h i n  l im i t s  on min imum and max imum r i ver f lows 

a nd reservo i r  dr awdowns pre s c r i bed by the James Bay a nd Nor t h e r n  

Quebec Ag reement a n d  b y  Hydr o-Quebec ope r a t i ng permi t s ,  the 

La Grande complex wou l d  ope r a t e  in subs t a n t i a l l y  the same man n e r  

whe ther o r  n o t  Phase I I  Con t ra c t  sales we re b e i n g  mad e .  Because 

o f  the i n te rconnec ted nature of t he power gene r a t ion sys tem in 

Quebe c ,  the genera t i ng u n i t s  that m i g h t  be ope ra t ed d i f f e r e n t l y  if 

Phase II  Con t ract sales were being made m i g h t  not be pa r t  of the 

La Gr ande complex a t  a l l .  The r efo r e ,  when it  i s  a ssumed here , f o r  

pu rposes of d e r i v i ng a wo r s t -case ana l y s i s  respons i ve t o  t h e  

i ssues rai sed by Audubon , t h a t  gene r a t i ng ope r a t ions wou ld be 

d i f fe r e n t  on the La G ra nde complex to meet Phase II Con t ra c t  

sales , t h i s  mus t  be i n t e rp r e t ed me rely as a theo r e t i c a l  wo r s t -

ca s e ,  a n d  unreal i s t i c ,  assumpt ion . 

Even assuming that t he energy f o r  Phase I I  Cont ract 

sales wou l d  be gene r a t ed by ope r a t i ng the La G r ande complex 

d i f fe r e n t l y  than o th e r w i s e , it i s  not possi b l e  for Hyd r o -Quebec to 

pred i c t  with any deg ree of c e r t a i n t y  wh ich of the La G ra nde 

hyd roelec t r i c s t a t i o n s ,  if any , would be ope r a ted d i f f e r en t l y  in a 

g i ven week o r  mon t h  i n  the f u t u r e  to gene r a t e  the energy that  

NEPOOL wou l d  purchase u nder the Phase II  Con t rac t .  P r e c i s e  

pred i c t ions a r e  unneces sa r y ,  howeve r ,  f o r  pu rposes of ana l y z i ng 
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the pos s i b l e  impact of NEPOOL ' s  Phase I I  energy purchases on 

m i g r a t o r y  b i r d  popula t ions . T h i s  is becaus e , i n  asses s i ng the 

poten t ia l  for i n c r emental impact on m i g r a t o r y  b i rds , the key 

que s t i o n  i s  how the add i t i onal energy produc t ion needed for expo r t  

would a f f e c t  the hydrolog i c  reg i me o f  the L a  Grande R i v i e r e  and 

James Bay . Two f a c t o r s  i n  t h i s  analys i s  are how reservo i r  

d rawdown wou l d  b e  a f fected and what changes wou ld occu r i n  the 

r i ver f l ows at the e s t ua ry of the La Grande R i v i e r e . 

2 .  Rese r vo i r  Drawdown 

The e x i s t i ng r e s e r vo i r s  assoc i a ted w i t h  LG 2 ,  LG 3 ,  LG4 

and Cani api sca u  a r e  vast , fai r l y  deep bod i e s  of wa te r ,  some of 

which are l a r g e r  i n  a r ea than the b i gges t lakes i n  Quebec . They 

therefo r e  conta i n  substa n t i a l  volumes o f  wa ter ( Hyd ro-Qu e be c ,  

1 9 8 5a ) . T h e  LG2 , LG 3 ,  LG4 a n d  Can ia p i scau rese rvoi r s ,  comb i ned , 

cover approx ima t e ly 1 0 , 3 0 5  km
2 

and have a t o t a l  sto rage capac i t y 

of 1 9 4 . 9  b i l l ion m
3 

of water ( Hyd ro-Quebec , 1 9 8 5b ) . Under cu r r e n t  

normal ope r a t i ng cond i t i ons , t h e  r e s e r vo i r s  a r e  f u l l  i n  summ e r  a n d  

fal l .  F r om December on , the levels g radu a l l y  d r o p  to reach t he i r  

m i nimum i n  l a t e  w i n t e r .  Spr i ng t haws cause the reservo i r s  to 

begi n  to f i l l aga i n .  

Al t hough the comm i s s ion i ng o f  LGl i s  expec ted t o  be 

advanced by 3 yea r s  a s  a result o f  the Phase II Cont rac t , t h i s  

gene r a t i ng fac i l i ty had a l r eady been planned t o  meet demand f o r  

elec t r i c i ty w i t h i n  Quebec . S i nce LGl w i l l  be a run-o f -t h e- r i v e r  

gene r a t i ng u n i t ,  i t s  cons t ruct ion w i l l  not i nvolve c r ea t ion o f  a 

(") I w 0 
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s ig n i f i cant r ese rvoi r .  I n  tota l ,  the reservo i r  asso c i ated w i t h  

LGl w i l l  only cover an a r ea of approximately 6 4  km2 , wh i c h  area 

i nc l udes the present channel of the La Grande R i v i e r e  for the 

approximately 75 km between LG2 and LGl . The max imum va r i at ion o f  

the wat e r  level w i t h i n  t h i s  reservo i r  w i l l  b e  1 . 5  me t e r s  ( m ) . 

The p r o j ected ave rage annual d rawdowns f o r  the 

reservo i rs in the ea r l y  1 9 9 0 s , wh i c h  i nc lude i nc r emental d rawdown , 

i f  any , necessa r y  to generate energy for sales to NEPOOL unde r t h e  

Phase I I  Con t r ac t ,  a r e  0 . 9  m a t the LG2 reservo i r ,  3 . 9  m a t the 

LG3 reservo i r , 1 0 . 1  m a t  the LG4 reservo i r , and 3 . 7  m a t  

Can i ap i s cau reservo i r  ( Hydro-Quebe c ,  1 9 8 5a ) . T h e  minor po r t i o n  o f  

these p r o j ec ted d r awdowns , i f  any , that could b e  a t t r i bu ted t o  

Phase I I  Contract sales of energy to NEPOOL wou l d  b e  we l l  w i t h i n  

t h e  normal range of d r awdown f o r  power gene rat i on f o r  dome s t i c  

Quebec consump t i o n  and other sales . The ranges o f  rese r vo i r  

d rawdown a r e  p r es cr i bed b y  Hydro-Quebec ' s  ope r a t i ng permi t s ,  as 

a r e  the procedu res and l im i tat i ons on s p i l lway opera t i o n .  These 

l egal r equ i r ements , together w i t h  the need to k eep r e s e r vo i r s  

r eady t o  receive f u t u r e  runof f ,  d i ctate the cons t ra i n t s  o n  

reservo i r  management . 

3 .  R i v e r  Flow to James Bay ( as Measu red Nea r 
the Mou th of the La Grande R i v i e r e )  

a .  H i stor i c  and P rojected Flow Rates 

Table B-2 d i s p lays h i s to r i c  r iv e r  f lows of t h e  La G r ande 

R i v ie r e  ( as measured near the mou t h  of the r i ver ) be f o r e  any 

development occu r red on the r i v e r  ( f rom 1 9 6 0- 1 9 7 8 ) , actual and 

TaHe.. Jlc-2 

H I STOR I C  AND PROJ EC'rEO foUN'I'liLV FLOW R/\'fES 

( c u b i c  me t e r s  per second I in t housands I )  

Heans hom 1 9 6 0  t o  
HON1'U 1 9 7 8 1 1 9 8 5

1 
1 986

1 
198 7 2 

!!EAt! ___ � _lUlL - _ .MliX IIEAII_____IIEAIL_----'IEAH MEAl!. 
Janu a r y  0 . 8 0  0 . 6 7  0 .  9 7  ) .  7 6  ] . 8 5  ) . 97 4. 05 

F e b r u a r y  0 .  5 9  0 .  5 3  0 . 6 6  ) .  6 5  4 . 1 1  ) .  9 3  ) .  8 5  

Ma rc h  0 .  4 8  0 .  4 5  0 .  5 2  J .  4 9  3 . 8 8 J .  87 ) . 60 

Apr i l  0 .  4 9  0 .  4 4  0 .  7 1  2 .  7 6  2 . 8 1  ) .  59 2. 68 

Hay 2 . 2 9 0 .  7 5  ] . 9 1  2 . 09 2 . 9 7  1 . 1 4  2 .  36 

June" ) .  4 8  2 . 8 9 ) .  9 2  1 .  9 0  2 .  5 9  1 . 1 9 2 .  55 

Ju l y  2 .  5 0  2 . 1 9  2 . 8 6  2 .  9 4  2 .  ) 8  J .  0 4  2 .  6 4  

August 2 . 2 0  2 . 1 6  2 . 2 6  2 .  3 0  2 . 4 1  ) .  15 ) . ) ) 

September 2 . 1 4  2 . 0 9  2 .  2 5  2 .  4 1  2 .  7 2  ) .  2 )  ).  4 7  
Oc tober 2 .  ) )  2 .  2 2  2 .  ) 7  2 .  7 4  ] . 1 7  ] ,  3 1  J .  99 

Novemb e r  1 . 9 0  1 .  5 7  2 .  2 0  J .  29 4 . 0 8  ]. 90 J. 80 

December 1 . 2 7  0 . 9 7 I .  56 ). 52 4 . 1 1  J .  9 3  4 .  0 5  

1 Source : SEBJ A c t u a l  Da t a .  

Source : SEBJ P r o j e c t i on s .  

Sou r ce :  SEBJ P r o j e c t ions ( H yd ro-Quebec, 1 9 8 5a ) .  

1 9 9 0/91 ) 

lilt! ... -�- _111\X 
4 . O S  4 .  0 5  

) .  5 1  4 .  05 

). l )  4 .  0 4  

1 .  5 2  4 .  OJ 
1 . 2 6  4 .  0 2  

0 . 9 0  6 .  09 

0 . 9 5  5 .  ) 2  

1 .  7 0  5 .  2 5  

2 . 1 ]  4 .  76 

2 .  79 5 .  7 7  
3 . 1 1  4 .  6 4  

4 . 0 4  4 .  05 

(1 I 
w 
..... 
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p r o j ected f l ows s i nce development of LG2 ,  LG3 and LG4 ( 1 9 8 5 - 1 9 8 7 ) ,  

and proj ected f l ows for 1 9 9 0/ 9 1 .  Each o f  these data sets i s  

d i s cussed b r i e f l y  below . 

( i )  1 9 6 0 - 1 9 7 8  ( P r e-La G r ande 
Deve looment l 

F i l l i ng of the LG2 reservo i r ,  the f i r s t  hydrolog i c  

mod i f ica t ion on the La G rande R i v i e r e , commenced i n  late Novembe r 

1 9 7 8 . Before development bega n ,  outf low f r om the r i ver was l e s s  

than i t  i s  today , s i nce t h e r e  had n o t  yet been a d i v e r s i o n  of 

wat e r s  into the La Grande . Ave rage annual f l ow at the mou t h  of 

the La Grande was o n  the o r d e r  of 1800 m
3

/second ( Me s s i e r  e t  al . ,  

1 9 86 ) , and gene r a l l y  peaked i n  the spr i ng and r eached i t s  low 

po int in w i n te r .  

( i i )  1 9 8 5 - 1 9 8 7  ( Af t e r  LG2 , LG 3 and LG4 
Ope r a t i onal and W i t hout 
Phase II  Contract Sales ) 

A f t e r  the last of the ex i s t i ng La G r ande gene r a t i ng 

stat ions was placed i n  s e r v i ce i n  May 1 9 8 4  ( LG4 ) ,  the average 

annual f low at the mou t h  of the La G rande R i v i e r e  i nc reased to 

app rox i ma t e ly 3 4 0 0  �3/second -- nea r ly a 1 0 0  pe r cent i nc rease i n  

annual mean f low . The f low regime o f  the La G rande R i v ie r e ,  as 

regulated by LG 2 ,  LG3 and LG4 , is now a l so cha rac t e r i zed by 

sma l l e r  mon t h l y  var i a t i ons i n  out f low . As shown in Table B- 2 ,  the 

val ues f o r  1985 and 1986 are based on actua l  f lows , whi le the 1 9 8 7  

val ues a r e  p r o j ected . The r e  has been a substan t i a l  i nc r ease i n  

w i n t e r  f low , and a s l i g h t  dec r ease i n  s p r i ng f l ow .  Before 
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development , d i scharge f r om the La G rande R i v i e r e  f rom Decembe r to 

Apr i l  r epresen ted 20 pe r cent of annual outf low . As of 19 8 5 , 

d i s charge occu r r i ng f rom December to Apr i l  accoun t s  f o r  

approx imately hal f of a l l  d i s c harge ( Hydro-Quebec , 1 9 8 7 . )  I �  

s umme r ,  mean monthly f low i s  s im i la r  t o  f lows which occu r r ed unde r 

na t u r a l  cond i t i ons , except for s ho r t-term f luctuat ions caused by 

pe r iodi c  ope n i ng of the LG2 sp i l lway ( Hyd ro-Quebec , 1 9 8 7 ; Mes s i e r  

e t  al . ,  198 6 ) . 

( i i i ) 1 9 9 0 / 1 9 9 1  ( P r o j ec t ed Flows 
with NEPQQL Phase I I  Con t r ac t )  

P r o j ected f l ow rates for 1 9 9 0/ 1 9 9 1  i n c lude a n  ave rage , 

long-term annual flow r ema i n i ng at abo u t  3 4 0 0  m
3

;second ( Hy d r o-

Quebec , 1 9 8 5a ) . Mean mon t h ly f lows a r e  p r o j ected to range f r om 

2 3 6 0  to 4 0 5 0  m
3

;second . ( See Table B - 2 . )  These p ro j ec t ions 

i ncl ude any changes i n  gene r a t ion that might be assoc i a ted w i t h  

sales to NEPOOL under the Phase I I  Cont ract . 

b .  P r o j ected I n c r emental Changes in Flows 
Due to Generat ion of Energy for Phase 
I I  Cont ract Sales to NEPOOL 

( i )  Base Case 

In r esponse to the conc e r ns r a i sed by Audubon , the 

r e l evant i ssue is whether there wou ld be any i n c reme n t a l  e f f ec t  on 

m i g r a t o r y  b i rds resu l t i ng f rom any changes in r i ver f lows 

assoc iated w i t h  the gene r a t i o n  of energy for sale to NEPOOL unde r 

the Phase I I  Cont ract . The assessme n t  of any i nc r emental e f f ects 

should take as a base case the r i v e r  f lows for 1 9 9 0 / 1 9 9 1 ,  
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excludi ng changes i n  f low regime due to Phase I I  Cont ract sal es . 

The ava i lable 1 9 9 0/ 1 9 9 1  r i ve r  f low p r o j ec t i o ns , however ,  r e f l ec t  

the f lows needed for a l l  planned Hyd r o-Quebec gene r a t ion on t he 

La Grande complex , i nclud i ng any i nc r ement a l  gene r a t ion of energy 

f o r  sales to NEPOOL under the Phase II Con t r act . In o t he r wo r d s , 

i ncremental changes in f lows associated w i t h  sales to New Eng land , 

even assuming there a r e  any such changes , a r e  some po r t ion of 

these p r o j ec t i ons . 

Even i f  one cou l d  calcu late , u s i ng theo ret i ca l  

assump t i ons , the incremental changes i n  f lows t h a t  wou ld be caused 

by gene r a t ion for Phase I I  Cont ract sales ( and assum i ng t hat a l l  

such energy w e r e  t raceable t o  powe r gene r a t ion totally w i t h i n  the 

La G r ande comp l e x ) and in ef fect subtract t hem f rom the 1 9 9 0 / 1 9 9 1  

p r o j ec t i ons , t h e  rema i n i ng f low regime ( ba s e  cas e )  wou ld s t i l l  be 

an unde rest imate of actual r iv e r  f lows du r i ng the 1 9 9 0 s  w i t hout 

Phase II  Con t ra c t  sales . Th i s  approach wou l d  yield 

unrea l i s t i c a l l y  low est imates o f  base case r iv e r  f lows because the 

volume o f  wat e r  theo r e t i c a l l y  associated with the gene r a t i on o f  

energy f o r  Phase I I  Cont ract s a l e s  wou ld l i k e l y  b e  e i t h e r  s p i l led 

( i f not used for genera t i on ) or used for generat ion o f  powe r f o r  

Quebec o r  f o r  sales to o t h e r  u t i l i t i e s , i f  sales unde r the 

Phase II Con t ract did not occu r . 

Thus , base case r iv e r  f lows , w i t h  o r  w i thou t the 

Phase I I  Con t r a c t  in e f f ec t , are expected to be app r o x i mately the 

same . When it  i s  assumed her e ,  howeve r ,  f o r  pu rposes o f  der i v i ng 

a wo r s t -case ana l y s i s  f rom the s tandpoi n t  of the i ssues r a ised by 
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Audubon , that r iv e r  f lows wou ld be d i f fe r e n t  at t he mou t h  o f  the 

La G r ande R i v i e r e  as a res u l t  o f  gene ra t i on o f  ene rgy f o r  sale 

under the Phase II Con t r act , this should be recogn i z ed p u r e l y  as a 

wo r s t-case,  and u n r ea l i s t i c ,  assumpt ion . 

( i i )  Est i ma t i ng I ncrementa l Changes 
to R i v e r  Flows Due to Phase I I  
Contract Sales 

The d i f fe r ences between t he 1 9 8 5 - 1 9 8 7  and 1 9 9 0/ 1 9 9 1  f low 

cha r acte r i s t ics set conse r vat i ve bound a r i e s  on t he e s t imated 

i n c r emental changes to r iv e r  f lows a t t r i butable to Phase I I  

Cont ract sales to NEPOOL . Such d i f f e r ences ( be t ween 1 9 8 5 - 1 9 8 7  

actual a n d  p r o j ected f lows a n d  1 9 9 0/ 1 9 9 1  p r o j ected f lows ) incl ude 

not only the e f fects due to Phase II  sales , but a l s o  t hose due to 

other sales i n i t i a ted between 1 9 8 5 - 1 9 8 7  and 1 9 9 0 / 1 9 9 1  ( su c h  as new 

sales t o  non-Quebec u t i l i t i es and Phase I Cont ract sales to 

NEPOOL )  and i nc r eased ene r g y  usage w i t h i n  Quebec i t se l f . Thu s ,  

any changes i n  r iv e r  f lows a t t r i butable t o  Phase I I  Cont ract sales 

alone , u s i ng wor s t -case assumpt i ons , wou l d  be less ( and pe r haps 

s ig n i f i ca n t l y  les s )  than the d i f fe r ences between the 1 9 8 5 - 1 9 8 7  

data and 1 9 9 0 / 1 9 9 1  p r o j ect ions p resented i n  Table B- 2 .  

Neve r theles s ,  c e r t a i n  conc l u s ions can be r eached even 

based upon the � d i f fe rence between cu r rent f lows and 

1 9 9 0 / 1 9 9 1  p r o j ec t i ons . F i r s t , the e s t imated change i n  annual 

ave rage f low is negl i g i b l e  o r  non-e x i s t e n t , compa r ed to 1 9 8 5 , 1 9 8 6  

o r  1 9 8 7  values . Second , the pro j ected average f low f o r  May

October ( 3 . 0 6 m3
;s in 1 9 9 0 / 1 9 9 1 )  i s  w i t h i n  the range of average 
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f lows f o r  those same months under c u r r e n t  ope r a t ions ( 2 . 4  m3;s i n  

1 9 8 5 , 2 . 7 1 i n  1 9 8 6 , and 3 . 2 7 i n  1 9 87 ) .  I n  add i t ion , t he 1 9 9 0/1 9 9 1  

p r o j ect ion for these same months i s  only 2 3 %  higher than the 

ave rage of means for t hese months f o r  1 9 6 0 - 1 9 7 8  ( 2 . 4 9 m3/s ) ,  p r i o r  

to deve lopment ,  a n d  approx imates the average of mean maxi mum f lows 

of those mon ths :or t hose yea r s  ( 2 . 9 3 m3/s ) .  Th i r d ,  there a r e  

o n l y  t h r ee mon t hs out of t h e  year ( Januar y ,  September , and 

Octobe r ) when 1 9 9 0/ 1 9 9 1  p r o j ec t ed monthly mean f lows exceed the 

h i ghes t co r r e spond i ng mont h l y  mean f low for 1 9 8 5 -1 9 8 7 . For the 

other n i ne months o f  t he yea r , t he 1 9 9 0 /1 9 9 1  p r o j ected mon thly 

mean f low i s  within the range o f  f lows b e i ng expe r i e nced und e r  

c u r r e n t  ope r a t i ng cond i t ions . 

Mo re precise e s t ima t e s  of mod i f icat ions to r i ve r f lows 

a t t r i bu t able only to Phase II Con tract sales wou l d  be e x t r emely 

d i f f i c u l t  to det e rm i ne . D i f f i c u l t i e s  ar i s e  because t h e r e  a r e  

nume rous i ndependent and dependen t  var iables , i ncluding weathe r ,  

d i spat c h i ng dec i s ions , fluctuat ions i n  Quebec demand , and sales to 

other u t i l i t i e s .  Never theless , even t he � d i f f e r ences between 

cu r r ent monthly f lows and pro j ected 1 9 9 0 / 1 9 9 1  monthly f lows --

which wou l d ,  as a wor s t-case assumpt i o n ,  i nclude i ncr eased f lows 

for Phase I I  Cont ract sales as some por t ion -- are m i no r . T h i s  

analys i s  p rovides ample bas i s  f o r  conclud i ng that , e v e n  under 

t heo r e t ical worst -case assump t ions , gene r a t ion at t he La Grand e  

complex f o r  Phase I I  Cont ract s a l e s  would produce o n l y  ve r y  m i n o r  

a l t e r a t ions i n  r i ver f lows . 
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APPEND I X  C 

POTENT IAL EFFECT ON MIGRATORY B I RDS OF 
INCREMENTAL CHANGES ASSOC IATED WITH PHASE I I  CONTRACT 

SALES TO NEPOOL 

A .  Poten t ial Impact of Mod i f ications in Res e r vo i r s  
Due to Phase I I  Cont ract Sales 

Development o f  the La G rande complex began in 1 9 7 4  w i t h  

t h e  i n i t iat ion o f  cons t r uction for LG2 ,  LG 3 ,  and LG 4 a n d  the 

divers ion of the Eastma i n  and Caniapi scau R iv e r s  to the La Grande 

Rivie r e .  By the beg i nn i ng of the Phase I I  Cont ract per iod in 

199 0 ,  the s torage reservo i r s  associated with the La G rande p r o j ect 

w i l l  have been completed for over 5 - 1 0  yea r s . By that t ime , 

adap t i ve p r ocesses in the stor age reservo i r s  w i l l  have moderated 

const ruct ion impacts and the ava i la b i l i t y  o f  the r eservo i r s  as 

f r eshwa t e r  wi ldl i fe hab i ta t  w i l l  have been es tabl i shed . 

As d i scussed in Appendix B ,  the gene r a t ion of energy for 

sale to NEPOOL under the Phase II  Con t ract wou ld r equ i r e  the 

const ruction of no dams , reservo i r s  or gene r a t ing capac i ty beyond 

what i s  a l ready in place or planned to meet i nt e rnal Quebec needs . 

I t  is impo r tant to note that the f r eshwa t e r  habi tat o f  

exis t i ng reservo i r s  a n d  o ther developed a r eas i s  very spa r sely 

used by m i g r a to r y  bird spec ies ( Ju l ien and Lape r l e ,  1 9 8 6 ) .  

Moreove r ,  i nc remental reservoi r drawdowns for the gene rat ion o f  

energy to s e l l  to NEPOOL unde r the Phase I I  Con t ract would be 

minima l at best , as d i scussed in Appendix B ,  Section B . 2 ,  and 

would be w i t h i n  the range of v a r i a tion in rese r vo i r d r awdowns 

ant icipated even w i tho u t  Phase I I  Cont ract sales . The r e fo r e ,  
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there is no r eason to conclude , on the bas i s  of the i nforma t ion 

ava i lable , that any rela t i vely minor inc r emental d rawdowns used to 

generate energy for Phase II Con t ract sales , even assuming as a 

wor s t  case that there would be any such i nc r emental d r awdowns , 

would have a ny ef fect , l e t  a lone a s ig n i f icant adverse e f f ec t ,  on 

f r eshwa t e r  m i g ratory b i r d  habi tats . 

B .  Pot e n t i a l  Impact in James Bay Res u l t i ng f rom 
Mod i f i ca t ions in River Flows Due to Phase I I  
Con t ract Sa les 

1 .  Ex i s t i ng Migratory B i rd Popu lat ions and 
Habitats 

In order to assess the po t e n t i a l  impact on m i g r a t o r y  

b i r d  popu lat ions o r  the i r  hab i ta t  as a r e s u l t  o f  mod i f i ca t ions o f  

r iver f lows assoc iated w i th Phase I I  Cont ract sales to NEPOOL , i t  

i s  necessa ry to con s i de r  the s t a t u s  of t h e  e x i s t i ng m i g r a t o r y  b i r d  

popula tions . A r ecent l i te ra t u r e  r ev iew ( Rimme r , 1 9 8 7 ) , a t tached 

here as Append i x  D, has been conducted on the s ig n i f i cance of 

James Bay ' s  envi ronment for m i g r a t o r y  bi rds . 

James Bay can be cons ide r ed ,  in the context of the much 

larger Hudson Bay ecosys tem, as an impor tant e lement i n  what has 

been desc r i bed as "an immens e ,  na t u r a l  m i g r a t o r y  funnel a long 

which mi l l ions of . •  b i rds pass dur i ng s p r i ng and autumn 

m i g r a t i ons " ( R immer , 1 9 8 7 ) . James Bay as a d i s t i nct habi tat can 

be sepa ra ted into t h r ee zones : the o f f sho r e  habi tat o f f e r ed by 

the Bay i t se l f ; the eas t e r n  sho r e ,  on wh ich the La G rande 
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R i v i e r e ' s  estuary is located ; and the south and wes te r n  sho r e s , 

which a r e  charac t e r ized by wide coas tal ma r shes and i n te r t i dal 

f la t s  of pa r t icular s ig n i f icance to migratory b i rds . 

The of fshore envi ronment of James Bay i s  characte r i zed 

as a rela t i vely shal low ma r i ne env i r onment ( ha l f  of which is 

between 0 and 2 0  me t e r s  deep ) with a s u r face area o f  approxima t e l y  

8 0 0 0  km
2 

( Hydro-Quebec , 1 9 87 ) .  T h e  offshore env i ronment i s  

covered by sea i c e  for approximately 6 months o f  t h e  yea r , 

gene r a l l y  f rom mid-Novembe r t hrough mid-May .  James Bay ' s  o f f s h o r e  

produc t i v i t y  i s  rather l o w  due to lack of nut r ient ava i lab i l i t y  

( Ro f f  and Legend r e ,  1 98 6 )  a n d  lack o f  m i x i ng and t u r nover ( Roche , 

l 9 8 5a ) . The i n f low of f resh wa t e r , pa r t icula r l y  along the eas t e r n  

sho r e ,  has the e f fect of d i l u t i ng t h e  s a l i n i t y  of s u r face laye r s  

and con t r ib u t i ng t o  wide var iances i n  s a l i n i t y  t h r oughout the Bay . 

The easte r n  coa s t  of James Bay i s  cha racte r i zed by a 

rocky sho r e l ine w i t h  nume r ou s  coas tal bays and sma l l  i s lands . 

Some of the bays con t a i n  eelgrass beds , which a r e  ma j o r  

con t r ibutors to the ove r a l l  b io logical p r oduc t i v i t y  of James Bay .  

In add i t ion to providing a p r i nc ipal a t t ract ion t o  m i g r a t i ng 

b i rds , the eelgrass beds may f i l l  an ecological n iche s im i l a r  to 

algae i n  other coastal envi ronmen ts and function impo r ta n t ly at 

the base o f  the food web o f  James Bay ( Mi l ler and Mann , 1 9 7 3 ) . I n  

add i t ion t o  the eelg rass beds , the eas te r n  coas t  o f  the Bay 

ha r bo r s  benthic popu lat ions typical of subarct ic r eg ions , whose 

dens i t ies va r y  f rom 2 , 0 0 0- 5 , 0 0 0  individuals/m2 • A l t hough the 

eas t e r n  sho r e  lacks b r oad expanses of shal low coastal ma r s h  and 
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the r icher ben thic , plant and animal communi t i es associated w i t h  

them ,  the p r esence of po lychaetes a n d  molluscs i n  sand and mud 

flats may be of impor tance to m i g ra t i ng bi rds . 

The souther n  and wes t e r n  coa s t s  of James Ba y o f f e r  a 

higher qua l i t y  hab i t a t  for migratory bi rds . Mo r e  data on 

migratory b i r d  popu lations and d i s t r ibut ion have been gathered on 

the west coas t .  The hab i ta t  va lue o f  the west coast can be 

a t t r i bu ted to a mor e  d i v e r s e  ma rsh envi ronment due to the flat 

topog raphy , wide t idal rang e ,  and less exposure to dominant w i nd . 

Plant commu n i t i es cha r ac t e r i s t ic of the west coas t  m i g ratory 

hab i tat include , by zones , wo r k i ng i n land : a f requently i nundated 

s a l t  ma r s h  dom i na ted by the coloni z i ng g rass Pucci n e l l i a  

phryganodes ; a nar rowe r s a l i ne meadow ma rsh , domi na t ed by 

spec i a l i zed rushes , f o r bs and a r rowg ras s ;  a poo r l y  d r a i ned and 

b rack i s h  meadow ma r s h  w i t h  scatte red s tand i ng pools domi nated by 

sedges ; and f i nal l y ,  an only occas iona l l y  inundated w i l low t h i ck e t  

fen/ma r s h  dom i na ted p r i ncipally b y  f reshwa t e r  wet land plants . 

The ecolog ical and phys ica l  inte r r e l a t ionships between 

the eas t and west coas t s , t he inland r i vers f lowing to them , the 

offshore James Bay env i ronment and neighbo r i ng Hudson Bay a r e  

complex a n d  i ncompletely unde r s tood . T h e  s ig n i f icance of the 

James Bay envi r onment to s p r i ng and f a l l  m i g r a t o r y  b i r d s , howeve r ,  

can be gene r a l i z ed as that o f  a " s t a g i ng a r ea . "  Seasona l l y  

abundant vegetat i on a n d  i nver t eb rate food supp l i es p r ovide feed i ng 
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oppo r t u n i t ie s  which fuel long migratory f l ights . Wa t e r fowl and 

shoreb i rds are the two s i g n i f icant g roups of migrants u t i l i z i ng 

the wa t e r s  of the Bay . 

Water fowl . Geese and ducks u s e  both the eas t and wes t 

coasts du r i ng t he i r  annual m i g r a t ions . The i r  d i s t r ibut ion and 

abundance , l i k e  that of shorebi rds , has been wel l  documented i n  

t he James Bay a r ea . Spec ies include Les s e r  Snow Gee s e ,  Canada 

Geese , Atlantic Brant , and several spec i e s  of dabbl ing ducks a nd 

d i v i ng ducks . Atlan t i c  B r a n t  may cons t i tu t e  the spec ies to wh i c h  

t h e  James Bay envi r onment i s  mos t  c r i t ical , with p e r haps 

50 percent of the total species popu l a t i on mig r a t i ng t h rough t h e  

B a y  annua l l y . B r a n t  a r e  mo re closely ident i f i ed w i t h  the ma r i ne 

envi ronment than other water fowl assessed in the l i t e r a t u r e  

sea r c h ,  a n d  the i r  d i s t r ibut ion i n  t he James B a y  envi ronment seems 

t o  pa r a l l el that of eelgrass , a p r e f e r r ed food source d u r ing f a l l  

migrat ion . 

Shorebi rds . Because t he wes t coa s t  of James Bay o f f e r s  

a mor e  a t t ract ive env i ronment to shoreb i r d  popu l a t ions , t he i r  

d i s t r i b u t ion and abundance there i s  be t t e r  documen ted than o n  the 

east coas t .  The p r edomi nance o f  headlands , bays and mor e  s t eeply 

sloping te r ra i n  along the east coast does not prov ide the 

produc t i ve t idal flats and ma r s h  envi ronme n t s  p r e f e r r ed by the 

group. Sho r e b i r d  spec ies of impo r tance i nc l ude Sem i palma ted 

Sandpipe r s ,  Red Kno t s ,  Hudson i a n  Godw i t s ,  Dunl i ns and pe r haps 

Esk imo C u r l ews . Bot h  Red Knots and Hudsonian Godwi ts appear to be 

species to wh ich the James Bay envi ronment has especi a l l y  c r i t ical 
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s i g n i f i cance . Both have popu lat ions wh i ch a r e  beg i n n ing to 

rebound a f t e r  facing ex t i nct i o n . Both have hab i tat needs wh i c h  

relate them to the wes t e r n  shore o f  James B a y  a n d  i t s  expanses o f  

mud f l a t s  and d i v e r s e  ma r s h  vegetat ion and i nve r tebrate 

assoc i a t ions . Both spec ies a l so unde r take long migratory f l i g h t s  

to Sou th Ame r i ca f o r  which t h e  s tag i ng a r ea and h igh qual i t y  

hab i tat ava i lab i l i t y  a r e  pa r t i c u l a r l y  c r i t ical . 

I n  add i t ion to wat e r fowl and shoreb i rds , raptor and 

pas s e r i ne m i g r a t o r y  spec i e s  a l so u t i l i ze the James Bay 

envi ronment . U n l i k e  ce r t a i n  wa t e r fowl and shorebi rds ( such as 

Atlant i c  Brant and Red Kno t s ,  r espec t i ve l y ) for wh ich an impo r t a n t  

l i nk c a n  b e  es tabl i shed between James Bay ' s  hab i tat a nd dependence 

by a s i g n i f ica n t  po r t ion o f  the spec i es popu l a t ion , only 

pa r t icula r , and in  some cases ma r g i na l , populat ions o f  raptor and 

passe r i ne spec ies can be associ a ted with James Bay . Fo r i ns tance , 

Snowy Owl s  which f r equent the James Bay env i ronment a r e  v i r tu a l l y  

c i r cumpol a r  i n  d i s t r ibut ion and , depend i ng on lemming popu l a t i o n  

cycles , may be found at some d i s tance f r om the i r  t r a d i t ional 

feed i ng a r eas t h roughout the a r c t i c  and suba r c t i c  regions . 

Add i t i onal l y ,  popu l a t ions of passe r i ne s pecies such as the Red-

eyed V i r eo b r eed in the w i l low-a lder t h ickets and ma r s h  vegeta t i o n  

of t h e  James Bay r eg i o n ,  b u t  a r e  thought t o  b e  at ecolog ical:y 

ma r g i na l  l im i t s  f o r  the i r  spec i es . Pas s e r ine migrant s ,  such as 

Lapland Longspu r s , l i kewise ava i l  t hems elves of stag i ng hab i t a t  

oppo r t u n i t i e s  prov ided b y  James Bay . Cons ide r i ng the wide a r c t i c  

C"l I w ...... 
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and suba r c t ic b reed i ng range of that spe c i es , howeve r ,  the 

abundance and d i s t r i b u t i o n  data f o r  the s pec i e s  in the James Bay 

region is not substa n t i a l  du r i ng m i g r a t i o n  per iods ( R imme r , 1 9 8 7 ) . 

In summa r y ,  the coa s t a l  James Bay envi ronme n t  has 

s ign i f i cance for c e r t a i n  spec i es of m i g r a t o r y  b i rds ,  w i t h  several 

spec ies hav i ng an impo r tant associ a t ion with the hab i t at and food 

resou rces of the Bay .  

2 .  Mod i f i cat ions of Phys i c a l  P a r ame t e r s  

Assumi ng t ha t  any i nc r emental changes i n  r i ver flow on 

the La Grande R i v i e r e  assoc i a t ed w i t h  energy gene r a t ion for sales 

to NEPOOL unde r the Phase II  Con t r ac t  can be iden t i f i e d ,  see 

Append i x  B,  Sect ion B . J . b ,  the que s t ion a r ises as to the 

envi ronmental s i gni f i cance o f  those i nc remental changes w i t h  

r espect to mig r a t o r y  b i r d  populat i ons ut i l i z i ng James Bay .  

Sign i f i cance can be assessed by look i ng a t  phys ical a s  wel l  a s  

b iolog ical pa r ameter s .  

I n  mak i ng t h i s  assessment , compa r i son can be made to t he 

ma j o r  changes i n  r i v e r  f l ows i n  the pas t  a s so c i a ted w i t h the 

o r ig i na l development o f  the La Grande complex . These changes and 

resu l t i ng impa c t s , w h i ch have been s t ud i ed , can then be used to 

evaluate the s ig n i f i cance of poss i b le i n c r emental changes , if a n y ,  

assoc i a ted w i t h  Phase I I  Con t r a c t  sa les . F i r s t ,  phys ical 

parame t e r s  o f  poss ible re levance to impacts on migratory b i r d  

hab i ta t s  i n  James Bay a r e  d i scussed w i t h  � espect t o  t h e  L a  G r a nde 
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development to date . Second , pos s i b le changes i n  these same 

phys ical pa rame t e r s  associa ted w i t h  Phase II Contract sales a r e  

assessed . 

a .  Pas t Changes i n  Key Physical Parame t e r s  
i n  James B a y  Associated w i t h  Changes i n  
R i v e r  Flows : La Grande Development to 
Date ! 1978- 1 9 8 5 )  

Changes i n  k e y  phys ical pa r ame t e r s  have been docume n t ed 

for the pe r iod of La G r ande development to da t e .  

( i )  Changes i n  Ci rcu l a t ion 

The gene ral pa t t e r n  of c i r c u l a t i o n  of James Bay and 

Hudson Bay i s  a cyclon i c , o r  cou n t e r -clockwi s e , flow . ( See F i g u r e  

C-1 . )  Supe r imposed on t h i s  mean c i r culat ion i s  cons iderable 

v a r i a t i o n  due to changes i n  the regional winds . The mean w i nd 

st ress ( o r s u r face f o r ce ) tends to d r ive the cyclon i c  c i r cu la t i on . 

The flux of f resh wat e r  f r om the r i ve r s  a l so con t r ibutes to the 

cyclon i c  flow, by s e t t i ng up a pressure g r ad i e n t  that i s  h i gh at 

the s i des and low in the center of the Bay. The effect o f  the 

ea r t h ' s  r o t a t ion causes the resu l t i ng f low to be cyc lon i c ,  j u s t  as 

in the case of an a tmosphe r i c  low p r e s s u r e  system.  At the 

ent r ance o f  James Bay t h i s  c i r c u l a t i o n  pa t te r n  i s  cha racte r i z ed by 

the s u r face out flow ( to Hudson Bay )  of water tha t  is less sa l i ne , 

nor thwa r d  along the eas t coas t  of James Bay ( Pr i nsenbe r g ,  19 8 2 ;  

F r eeman e t  al . ,  1 9 8 2 ) . This i s  balanced by a slowe r ,  b road , 

bottom i n f low ( f rom Hudson Bay )  of sal i ne wa te r ,  southwa r d  a long 

t he west coa s t  of James Bay . The s t r eng t h  of this c i r c u l a t i o n  i s  

(') I w CXl 
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d i r ec t l y  rela ted to the f r eshwa t e r  f l ux ( P r i nsenbe rg , 1 9 8 2 ) .  

Consequent l y ,  under nat u r a l  cond i t ions t h i s  c i r cu l a t i o n  was l e s s  

pronounced i n  t h e  w i n t e r  d u e  to decr eased f r esh w a t e r  i n fl ows and , 

to a c e r ta i n  exten t ,  i ce cove r . 

The i nc reased f l ows f rom the La Grande R i v i e r e  du r i ng 

the w i n t e r  as a r e s u l t  of the La G rande development to date should 

theo r e t ically have s t r engthened this wea k e r  w i nt e r  c i r culat io n .  

Howeve r ,  data show no mea s u rable increase i n  s u r face c i rcula t i on 

except i n  the d e l t a  of the La G rande R i v i e r e , whe r e  there i s  a 

not iceable i n c r ease in mean s u r face c u r r e n t s  ( Hydro-Quebec , 1 9 87 ) .  

Du r i ng the summe r ,  when w i nds can reverse the s u r face c i r c u la t ion 

( P r i nsenbe rg , 1 9 8 0 ) and biolo g i cal ac t i v i ty is h ighes t ,  outf lows 

f rom the La G rande should be approx imately the same a f t e r  the 

La Grande deve lopment as t hey were befo r e , thus resu l t i ng in f e w ,  

i f  any , deve lopme n t - r e l a ted changes in summer c i rcula t io n .  

( i i )  Changes i n  the La G rande Plume 

Mes s i e r  et al . ( 19 8 6 ) descr ibes the La G r a nde R i v i e r e  

plume p r i o r  t o  and a f te r  development of the L a  G rande compl ex . 

Du r i ng the e n t i r e  annual cycl e ,  the d i s cha rge of the La G rande 

R i v i e r e  was and i s  s t i l l  s u f f i c i e n t  to gene r a t e  a large pl ume i n  
. 

the ad j oi n i ng coa s t a l  wa te r s .  Fo r t�e na t u r a l  f low r eg ime , b e f o r e  

the development of t h e  La G r ande complex , t h e  pl ume w a s  l a r g e r  

u nder the i c e  cove r t h a n  i n  open wate r . T h e  d i r ec t  i nf l uence o f  
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the plume in open wa ter was not as evident because o f  m i x i ng 

induced by w i nd and wave act ion . The characte r i s t i c s  of the pl ume 

under w i n t e r  and summe r condi t ions a r e  descr ibed below . 

W i n t e r  Plume . S i nce the i n i t iat ion of ope rat ions at the 

La Grande complex , the l imi t of the La G rande R i v i e r e  plume in 

winter has g rown considerably i n  response to increased f low i n t o  

James Bay . Figure C - 2  ( f rom P r insenbe r g ,  1 9 8 2 ) shows s u r face 

s a l i n i t y  in James Bay in 1 9 7 6 .  F i g u r e  C - 3  ( f rom Mes s i e r  e t  al . ,  

1 98 6 ) shows the extent of the plume area ( wi t h i n  the 2 0  pa r t s  pe r 

thousand [ ppt ] i soha l i ne )  f r om the mou th of the La Grande R i v i e r e  

for t h e  yea r s  1 9 7 6 , 1 9 8 0  a n d  1 9 8 4 . P lume a rea increased f r om 

approx imately 7 5 0  km
2 

under natural cond it ions ( be f o r e  

deve lopment ) t o  approx imately 2 3 0 0  km
2 

b y  w i n t e r  1 9 8 4 . L a  G r ande 

R i v i e r e  di scha rge du r i ng these per iods was on the order of 

500 m
3

;s i n  1 9 7 6  and 3 0 0 0  m
3

;s in 1 9 8 4  ( Me s s i e r  et al . ,  1 9 86 ) .  

P r io r  to t he ope r a t ion o f  the La Grande comple x ,  the 

plume was semi ci rcu l a r  in shape close to sho r e , and qua s i -

rectangular f o r  h igher -va lued i soha l i nes , w i th the longer ax i s  

pa rallel ing t h e  sho r e . About 3 0  percent o f  t h e  plume a r ea was 

south of the mou th of the r i ve r .  P l ume shape has no t been 

s i gni f icantly af fected by the i nc reased w i n t e r  di scharge . The 

present winter di scharge causes s l ight d i lu t ion of l e s s  than l ppt 

of the James Bay su r face wa t e r s  up to the ent rance of Hudson Bay 

( Me s s i e r  et al . ,  1 9 8 6 ) .  
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The l im i t  of the fast ( f i x e d )  ice zone c o i n c i des w i t h  

t h e  edge of t h e  coastal s he l f  ( 0- 2 0  m depth ) .  Beyond the f a s t  i ce 

zone , large open water a r eas ( 1 0 to 2 0  pe r cent cove r )  and i c e  

f lows ( 80 to 9 0  percent cove r ) occu r .  A compa r a t ive st udy ha s 

shown that i nc r eased La G r a nde R i v i e r e  d i s cha r g e  ( 1 9 7 6 - 8 4 ) has not 

af fected the fast i ce l i m i t  because water depth , not the 

f r eshwa t e r  d i scha r ge ,  con t r ol s  its loca t i o n  ( Mes s i e r  et al . ,  

1 9 86 ) . 

Summer Pl ume . Mean summe r f low values f o r  the La G r ande 

R i v i e r e  as r egula ted by devel opment pr i o r  to 1 9 8 6  i n d i cate a 

moderate decrease i n  the mont h l y  mean summer f lows f r om those 

found under natu ral cond i t ions ( Mess i e r  et al . ,  1 9 8 6 ) . The ou t e r  

pl ume bounda r y  i s  r oughly rec ta ngula r ,  4 0  km b y  1 5  k m .  I t s  s i z e 

and shape a r e  essent i a l l y  unchanged f r om what they we r e  be f o r e  

development . Da ta f rom prev ious yea r s  show tha·t t h e  t i dal 

i n f luences can cause s i g n i f i ca n t  s h i f t s  in t he loca t ion of the 

s u r face i soha l i nes , wh i ch i n f l uence e s t ima t es of the pl ume a rea by 

as much as 25 pe r cent . Th i c k ness of the plume is v a r i able , w i th a 

mean of 1 to 2 m .  M i x i ng of f r esh and James Bay wate r s  occu r s , as 

i n  w i nt e r ,  along the edges of the plume . The of f sho re l i m i t  of 

t he plume usually coi nc i des w i t h  the coa s t a l  she l f  ( 0 - 2 0  m depth ) 

( Me s s i e r  et a l . ,  1 9 86 ) .  
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( i i i )  Changes in Tempe r a t u r e  

Change i n  t h e  tempe ratures of the w a t e r s  of James B a y  a s  

a r e s u l t  of t h e  L a  Gr ande development to date have been m i nor . As 

pa r t  of a p r og ram of oceanog raph i c  s t ud i es unde r taken to iden t i f y 

mod i f i cat ions to the coa s t a l  reg ions i n  James Bay assoc i a t ed w i t h  

the L a  Grande p r o j ect , over 2 0  water qual i ty va r iab l e s , i n  

add i t ion t o  t empe ra t u r e ,  we re measured a t  the head o f  the 

La G r ande R i v i e r e  e s t u a r y  ( approx i mately 38 km ups t r eam of the 

r i ve r mouth ) for na t u ra l  cond i t ions ( 1 9 7 8 ) and d u r i ng p r o j ect 

ope r a t ion ( Mess i e r  et a l . ,  1 9 8 6 ) . S i nce the i n i t i a t i o n  of 

ope rat ion of the p r o j ect , mean w i n t e r  wate r tempe r a t u r es in the 

r i ve r  have i n c r eased l°C and mean summer wa t e r  tempe r a t u r es have 

decr eased 3 °C ( Me s s i e r  e t  a l . ,  1 9 8 6 ) . These changes in r i ver 

wa t e r  tempe r a t u res are m i n i m i zed s t i l l  f u r ther i n  James Bay by t h e  

c i r cu l a t i o n  a n d  t idal m i x ing d u r i ng the w i n te r  ( ice-cove red )  

mon t h s  and add i t i onal wave and w i nd m i x i ng d u r i ng the summe r 

( ice- f ree ) mon t hs . I n  add i t ion , these wa t e r  qua l i t y data 

demons t ra t e  that wa t e r  qua l i t y of the La G r ande R i v i e r e  s i nce the 

i n i t ia t ion of ope rat ion of the p r o j ect has ret u r ned to values 

compa rable to those p r i o r  to p r o j ect ope r a t i on ( Mess i e r  et al . ,  

1 9 8 6 ) .  
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( i v )  Changes i n  I ce Cover 

The ice cover on James Bay ha s been m i n i ma l l y  i n f l ue nced 

by the change in d i s cha r g e .  Mes s i er et a l .  ( 1 9 8 6 )  i nd i cates that 

ice cover in the La Grande R i v i ere has been reduced by 4 to 6 

wee k s , but tha t i ce cond i t ions i n  James Bay have been only 

s l ig h t l y  alte red , nea r the mou t h  of the r i ver . 

T h i s  is not ent i r e l y  u nexpect ed , s i nce the change of 

tempe r a t u r e  data d i scussed above in Sect i o n  B . 2 . a ( i i i )  i nd i ca t e  

t h a t  t h e  mean w i n t e r  wa t e r  tempe r a t u r e  at the head o f  the 

La G rande R i v i e r e  estua r y  has i nc r eased only l°C ove r the p r e-

p r o j ect na t u r a l  cond i t ions .  T h i s  tempe r a t u r e  d i f f e r e n t i a l  wou ld 

become s t i ll less s ig n i f i ca n t  as d i spersal a nd m i x ing o f  t h i s  

wa t e r  occu r s  i n  t h e  e s t u a r y  a n d  James Bay ,  because t h e  s l ight 

excess heat of the r i ve r  d i scha rge i s  rap i d l y  lost to t u r bu l e n t  

m i x i ng a n d  h e a t  conduct ion . A t  t h e  mou th of the L a  G rande 

R i v i e r e ,  the mean mon t h l y  tempe r a t u r e  is 0 ° C f rom December to 

Apr i l . 

Also of s i g n i f i cance i s  the fact that the heat budg et 

analys i s  ca r r i ed o u t  by P r i n senberg ( 19 8 4 ) s hows that 8 2  pe r cent 

of the quant i ty of heat ente r i ng James Bay f rom winter to summe r 

comes f rom exchanges at the s u r face of the Bay ,  w i t h  m i n o r  

cont r i b u t ions f rom runoff a n d  wa t e r  t ranspo r t . I t  i s  t h u s  

u n l i kely t h a t  changes i n  the d i scha rge of r i v e r s  fol low i ng 

development have had a s i g n i f icant e f f ect on the t o t a l  i ce reg i me 

of James Bay . 
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( v )  Conclusion 

I n  conc l u s i o n ,  t he substan t i a l  deve lopment o f  the 

La G rande complex be tween 1 9 7 8  and 1 9 8 4  has b rought about 

s i g n i f icant changes in r iver f lows ( see Appendi x  B, Sec t ion B . 3 ) . 

Even these ma j o r  changes , howeve r ,  have had m i n imal e f fect on k e y  

physica l  pa rame t e r s  i n  James Bay .  The re h a s  b e e n  n o  measu r a b l e  

increase i n  s u r face c i rculat ion o u t s i d e  t h e  del t a  of the r iv e r , 

even in winte r .  Whi l e  the winter plume of the r iver has i nc r eased 

i n  s i ze due to the i nc reased r iver f l ows , the s i z e • and shape of 

the plume i n  summe r are essen t i a l l y  unchanged f r om . .,hat t hey we r e  

before developme n t . The change i n  the tempe ra t u r es of the wa t e r s  

i n  t h e  r i ver e s t u a r y  a s  a resu l t  o f  t h e  L a  G r ande deve lopment t o  

date has been m i no r ,  a n d  ef fects i n  t h e  Bay i t sel f ,  i f  any , would 

have been less . F i na l l y ,  t he local ice cond i t ions i n  James Bay 

have been only s l ight ly a l tered near the mou t h  of the r i ver . 

The r e fo r e ,  even the s ig n i f icant changes i n  r i ver f lows f r om 1 9 7 8 -

1 9 8 5  have brought about o n l y  s l ight changes i n  these phys ical 

parame t e r s  i n  James Bay . 

b .  Assessment of Changes in Key Phys ical 
Parame t e r s  Due to Phase I I  Co n t rac t Sales 

Even u s i ng theo r e t i ca l , wo r s t -case assumptions , the 

mod i f icat ions to the out f low pat te r ns o f  t he e x i s t i ng La G r ande 

complex due solely to the gene ra t ion o f  energy for Phase I I  

Cont ract sales woul d  be minor and w i t h i n  the r ange o f  normal 

ope r a t ions for the ex i s t i ng fac i l i t ie s .  ( See Appendi x  B ,  

Sec t ion B . 3 . ) As suc h ,  any changes t o  key phys ical parame t e r s  i n  
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James Bay associated w i t h  the gene r a t ion of energy for Phase : I  

Con t ract sales wou ld be wi t h i n  t he range o f  changes which would be 

expe r i enced for the La G r ande compl e x  with or wi thout gene r a t i o n  

f o r  Phase I I  Cont ract sales . 

I n  add i t ion , any changes in phys ical parame t e r s  in James 

Bay that might be expected due to mod i f i cat ions of r i ver f lows 

assoc iated w i th Phase II Cont ract sales wou ld be expected to be 

substa n t i a l l y  less than the changes i n  phys ical parame t e r s  t h a t  

occu r r ed f rom 1 9 7 8- 1 98 5 .  The refore i f ,  as w i l l  be discussed b e low 

in Sec t ion B . 2 ,  these h i s t o r i c  changes in r i ver f low have not 

p r oduced s i g n i f icant adv e r s e  e f fects on m i g r a t o r y  b i r d  popu lat ions 

o r  hab i t a t s  i n  James Bay ,  then any incrementa l changes even 

theo r e t ica l l y  t r aceable to energy generat ion for Phase I I  Co n t ract 

sales should not b r i ng about s i g n i f icant adve r s e  e f fects . 

The r e fo r e ,  the poten t ia l  i n c r eme ntal impacts to k ey 

phys ical pa rame t e r s  of James Bay resu l t i ng f rom possible 

mod i f icat ions i n  f low rates of the La G r ande Riviere assoc iated 

with gene r a t ion o f  energy for Phase II Cont ract sa les to NEPOOL 

shou ld be m i no r ,  even under the wo r s t -case assump t ions set fo r t h  

i n  Append i x  B .  

3 .  Poten t i a l  Impact o n  M i g r a t o r y  B i rds and 
The i r  Hab i ta t s  

T h e  s i g n i f icance o f  a l l  t h e  analys i s  i n  p r eced i ng 

sections i s , of cou rse , w i t h  respect to the po t e n t i a l  for energy 

generation for Phase II  Con c ract sales to have an adverse impact 

on m i g r a t o r y  b i rd popu l a t ions . Just as i s  the case w i t h  k e y  

(') I p. w 
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phys i ca l  pa r ame t e r s  ( see Sec t ion B . 2 . a .  above ) ,  t h e r e  e x i s t  

h i s t o r ical d a t a  on b i olog ical ef fects o f  pas t  changes i n  r i v e r  

flow r eg ime . B y  r e f e r ence to these pas t  data , i t  i s  pos s i ble t o  

assess t h e  poss i b i l i t y of adve rse ef fect d u e  t o  gene r a t i o n  f o r  

Phase I I  Con t ra c t  sales . The r e f o r e ,  t h i s  sect ion f i r s t  di s c u s s e s  

ava i lable d a t a  ( 1 9 7 8 - 1 9 8 5 ) that a r e  r elevant , and then a s sesses 

pos s i ble i n c remental e f fects due to Phase I I  Cont r act sa les . 

a .  Past Changes i n  Key B iolog ica l Parame t e r s  
Assoc i a t ed w i t h  Changes i n  R i v e r  Flow 
Ra t e s : La Grande Development t o  Date 
�8-1985 )  

Past changes i n  key b iological pa r ame t e r s  have been 

documented for the pe r i od of La G rande development to date . 

( i )  Changes i n  Nu t r ient Ava i la b i l i t y  a nd 
Gene r a l  P r oduct i v i ty of James Bay 

A s tudy of the ove r a l l  p r oduc t i v i ty of James Bay bot h  

p r e - and pos t -La G rande development ( Roche , 1 98 5 a ) i nd i ca t e s  t ha t , 

due to a number of fac t o r s , i n c lud i ng the p r esence of i c e  cove r 

f rom December to June and the low amount of nu t r i ents , t h e r e  a r e  

p roba b l y  s p r i ng o u t bu r s t s  of phytoplankton i n  t hese wate r s , 

fol lowed by m i n o r  summe r blooms that a r e  h ighly loca l i z ed and 

l i nked to the local dynam i c s  of the wa t e r s . An ou t l i ne of t h e  

d i s t r i bu t i o n  of p r i ma r y  summer p r oduc t i on o f  phytoplankton i n  the 

s u r face wa t e r s  of James Bay was cons t r ucted on the bas i s  of the 

model by G r i f f i ths et a l . ( 1 9 8 1 ) ,  i nto wh i c h  was i nco rporated the 

gene r a l  i n t e r p r e t a t i o n  of P i ng r ee et a l . ( 1 9 7 5 ) on t he i n t e r a c t ion 
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between t i da l  f ronts and phytopla nk t o n .  T h i s  s t udy ( Roche , 

1 9 8 5a ) ,  a l though qua l i ta t i v e ,  shows that the Bay as a who le o f f e r s  

poo r  produ c t i v i ty cond i t ions . ( Hyd ro-Quebec , 1 9 87 . )  

The dom i nant microscopic algae of Hudson Bay have been 

found in considerable sa l i n i t y ,  tempe r a t u r e  and depth r anges , and 

f reshwa t e r  forms are often encounte red i n  the open a reas o f  Hudson 

Bay ( Ro f f  and Legend r e ,  1 9 86 ) .  No s i m i l a r  s tudies have been 

ca r r i ed out in James Bay , bu t g iven the phys ical characte r i s t i c s  

of t h e  env i r o nment ( lowe r sa l i n i t y ,  g r ea t e r  s t r a t i f i ca t i on ) , algae 

p roduc t i o n  i s  l i kely t o  have been lower i n  James Bay than in 

Hudson Bay prior to t he La G rande deve lopment and to r em a i n  lowe r 

today . ( Hyd ro-Quebec , 1 9 87 ) .  

Most of the domi nant ben t h i c  populat ions ide n t i f ied 

a long the east e r n  shore o f  James Bay are gene r a l l y  tolerant o f  the 

va r ia t i o n s  in sa l i n i t y , tempe r a t u r e  and p r oduct ion typical o f  

James Bay ( Hydro-Quebec , 1 9 87 ) .  The mollusc Macoma ba l th i ca i s  a 

typical e s t ua r i ne species that adapt s  to a w ide r a nge of sa l i n i ty 

a nd temper a t u res ( Roche , 1 9 8 5b ) . 

A typical conce r n  assoc i ated w i t h  hydroelec t r i c  p r o j ec t s  

i s  t h a t  nut r ie n t s  norma l l y  d i scha rged b y  t h e  p r o j ect r i v e r  to t h e  

r ece i v i ng wa t e r body w i l l  b e  t rapped beh i nd the dams i n  ups t r eam 

r ese r vo i r s a nd w i l l  r e s u l t  i n  a dep l e t ion o f  n u t r i ents i n  t h e  

ecosys t em o f  the rece i v i ng wat e r body . T o  date , the r e  i s  no 

i n d i ca t i o n  that the new f low reg ime c r ea t ed by the La G r a nde 

complex has had a mea s u r a b l e  e f fe c t  on the James Bay coas t a l  

nut r ient s u pp l i e s  ( Hyd r o-Quebec , 1 9 87 ) . Even befo r e  developme n t ,  

(") I .p. .p. 
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as wel l  as today , the La G rande R i v i e r e  does not provide nu t r i en t s  

to James Bay a t  leve ls t h a t  determine t h e  product i v i ty of James 

Bay ( Messier e t  a l . ,  1 9 86 ) . The La Grande R i v i e r e  has 

h i s t o r ically p r o v i ded only minimal nu t r ient cont r i bu t i ons to James 

Bay and p r o j e c t - r ela ted mod i f icat ions to the hyd rologic r eg ime 

have had l i t t l e  e f fect on nu t r ient concen t r a t i ons of James Bay 

( F reeman et al . ,  1 9 8 2 ) .  

I t  i s  also appr opr iate , i n  t h i s  contex t ,  to take net 

development e f fects i nto accou n t . Although increas i ng the 

d i scharge o f  the La G rande R i v i e r e  did cause a s l ig h t  reduc t i o n  i n  

the ma r i ne env i r onmen t  near the r iver mou th ( Me s s i e r  e t  a l . , 

1 9 8 5 ) ,  the reduced f low of the Eastma i n  R i v e r  inc reased the ma r i ne 

envi ronment near i t s  mou t h  ( Mess i e r  et a l . ,  1 9 86 ) .  

Another common conce r n  i s  t hat changes in r i ver f low 

pat te r n s  w i l l  af fect the physical pa rame t e r s  ( e . g . ,  s a l i n i t y  o r  

tempe r a t u r e )  o f  the rece i v i ng wat e r  body and ther eby harm the 

nu t r i t i ve value o f  that wa t e r  body and the ecosystems that a r e  

dependent upon i t .  While t h e  s u r face s a l i n i t y  o f  no r t heas t e r n  

James Bay has been reduced under t h e  i n f luence o f  t h e  pos t -

deve lopment w i n t e r  plume o f  t h e  L a  Grande Rivi e r e ,  ecolog ical 

e f f ec t s  o f  t h i s  change on the fauna and f l o r a  o f  the Bay a r e  n o t  

t hought to have b e e n  s ig n i f icant . The plank ton i c  and benth i c  

species p r esent i n  t h e  bay a r e  v e r y  tolerant of v a r i a t ions i n  

sa l i n i t y . Als o ,  t h i s  change i s  t he r e f o r e  not expec ted t o  

i n f luence the r e s t  o f  the food cha i n ,  as demo n s t r a ted b y  the 

subs i s tence hun t i ng and f i s h i ng success of the na t ive people along 
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the James Bay coas t  ( Hyd ro-Quebec , 1 9 87 ) .  Fu r t he r , w i n t e r  is a 

per iod of m i n imal produc t i v i t y . The La Grande R i v i e r e  f r eshwa t e r  

plume h a s  rema i ned essent i a l l y  unchanged d u r i ng t he summe r ,  a 

per iod o f  max imum biological produc t i o n  ( Mess i e r  et a l . ,  1 9 8 6 ) .  

Whi l e  w i n t e r  plume a r ea has i nc r eased s i nce the La 

Grande 2 gene rat i ng fac i l i t y  went i nto ope r at ion , large plumes 

also ex i s ted under na t u ral cond i t ions , but du r i ng the months of 

May and June rather than i n  Janua ry and Februa r y ,  s i nce the ma i n  

t r ibuta r ies o f  James Bay a r e  i n  f lood at a t ime when t h e  bay 

i ts e l f  is s t i l l  cove red by ice ( Hyd r o-Quebec , 1 9 87 ) .  From 1 9 6 0  to 

1 9 7 8 ,  the peak of the spr i ng f l oods var ied f rom 2 4 0 0  to 6 1 0 0  m 3;s 

and the max i mum f low rates occu r red between May 2 0  and July 2 0 .  

I t  i s  u n l i k e l y  that the reprodu c t i ve cycle o r  the g ro w i ng season 

o f  the ma i n  pla n k t o n i c  spe c i e s  i n  James Bay we r e  closely 

c o r r e la t ed w i t h  spr i ng f loods o f  t he La Grande Riv i e r e ,  because 

nat u r a l  fluctuat ions were too large before development of the 

La Grande Riviere ( Hydr o-Quebec , 1 9 8 7 ) .  

P r io r  to development , t he sandy delta o f  approxima t e ly 

20 km2 at the mou t h  o f  the La G r ande R i v i e r e  ( see F i g u r e  C- 4 )  was 

a relatively nu t r ie n t -poo r a r ea . T h i s  delta was i nhabited by o n l y  

o n e  spec i e s  o f  mo l l u s c  ( Macoma balth i ca ) ,  w i t h  a dens i t y  of less 

than 1 0 0  i nd i v iduals/m
2 

( Hyd;o-Que�ec , 1 9 8 7 ) . The s t rong 

cu r rent s ,  the gene r a l l y  low s a l i n i t y  cond i t ions and the sandy 

subst ra tum did not al low high benthic produ c t i v i t y  i n  t h i s  a r ea 

( Me s s i e r ,  personal commu n i cat ion ) . S i nce the developme n t  of the 
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La G rande complex , the delta is almost always i n  freshwater 

cond i t ions and � bal t h ica has appa r e n t l y  di sappea r ed ( Hydro

Quebec , 1 9 87 } .  

Fu r th e r  offsho r e ,  at depths of 2 5  m ,  i t  has been 

obser ved that b i va l ves dec l i ned f rom 1 9 8 2  to 1 9 8 4 . This chang e ,  

howeve r ,  l i k e l y  r e f lects the mosa ic- l i k e  di s t r i but ion o f  these 

commun i t ies and is not a result o f  the La G rande development , 

s i nce t h i s  deepwater area is not i n f l uenced by f r esh wat e r  f rom 

the La G rande R i v i e r e  ( Hyd r o-Quebec , 1 9 87 ) .  I ndeed , there a r e  

indica t i ons that aqua t i c  commu n i t i e s  have made pos i t ive 

ad j ustme n t s  to changes i n  r i ve r f lows s i nce development . I n  the 

case of the Eastma in River estua r y ,  whe r e  f reshwa t e r  di scha r g e  was 

reduced by 90 percent , phytoplank ton biomass inc reased from the 

f i r s t  year of cutoff ( I ngram et al . ,  1 9 8 5 ) and ben thic commu n i t ies 

have moved about 1 0  km ups t r eam ( Me s s i e r  e t  a l . ,  1 9 86 } . The 

coexi s tence of planktonic and ben thic forms of both f r esh and 

s a l t -wat e r  o r i g i n  in t h i s  envi ronme n t  i s  a r e f lect ion o f  the g r eat 

tolerance o f  these spec ies to s a l i n i t y  va r iat ions ( Mess i e r  e t  a l . ,  

1 9 8 6 ) .  Moreove r ,  the numb e r  and abundance of benthic spec i e s  on 

the east coa s t  o f  James Bay i nc r eased f rom 1 9 8 2  to 1984 ( Roche , 

l 9 8 5b ) . 

In concl u s i on , there is no evidence to date that 

p r o j ec t - r e la ted f low mod i f icat ions o f  the La G rande R i v i e r e  ( i . e . , 

inc r eased d i scha rge in the w i n t e r  and decreases of the spring 

f r eshet } have induced s i g n i f icant changes i n  the nu t r ient 

availab i l i t y  in o r  gene r a l  p r odu c t i v i t y  of James Bay .  

(') I 
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( i i )  Eelgrass 

The pr esence and d i s t r ibut ion of m i g r a t o r y  b i rds a l ong 

the eas t coa s t  of James Bay , espec i a l ly B r an t ,  are v e r y  much 

i n f luenced by the pr esence of eelgrass ( Zo s t e r a  ma r i na ) ,  w h i c h  

cons t i t u t e s  the i r  pr ima r y  food s o u r c e  du r i ng m i g r a t ion pe r i ods . 

Ee l g r a s s  is a subt ida l  ma r i ne grass which f lo u r ishes i n  less than 

2 me t e r s  o f  coo l ,  c l e a r  s a l ine wa t e r  i n  a reas protected f rom 

s t rong wave a c t i o n  or excess s i l tat ion , such as s h e l t e r ed bays 

i nto which no s ig n i f icant s t r eams e n t e r  and the leewa r d  s i de of 

i s lands . Eelgrass i s  absent i n  r i v e r  mout h s  where subs t ra t e  

i n s t ab i l i ty l i m i t s  i t s  g rowth ( Cu r t i s ,  1 9 7 6 ) . In the summe r s  of 

1 9 7 4  a nd 1 97 5 ,  the Canad i a n  Wi ldl i fe S e r v i ce mapped the l oca t i o n  

of the ma j o r  eelgrass beds along the eas t coa s t  of James Bay . 

The re were no eelg rass beds w i th i n  16 k i l ome t e r s  of the mou t h  of 

the La G r a nde R i v i e r e  ( Sk i nne r , 1 9 7 4 ) .  

E e l g r a s s  beds a r e  impo r ta n t  feedi ng a r eas f o r  the Canada 

Goose and A t l a n t i c  Bran t .  I n  add i t i o n ,  o t he r  wat e r fowl feed i n  

the ee lg rass beds where o rgan isms l i v i ng o n  t h e  s u r face o f  p l a n t s  

and a g r eat number of i nve r t eb r ates t h r i v e .  E e l g r a s s  b e d s  form an 

impo r ta n t  base for ma j o r  food webs i n  the James Bay ma r i ne 

ecos y s t em ,  and t hey stab i l i z e  sed imen t s  and provide shel t e r  and 

feed i nq a reas f o r  f i sh and other forms of ma r i ne l i fe .  S i nce the 

shore l i ne of eas t e r n  James Bay is v i r t u a l l y  lack i ng in ma j o r  

macrobe n t h i c  a lgae beds , p robably due t o  t he nature df t h e  

subs t ra t u m ,  the eel g rass beds o f  James B a y  p robably f i l l  the same 

t ype of role as a lgae i n  other coa s t a l  env i r onmen t s  ( M i l l e r  and 
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Man n ,  1 9 7 3 ) . The coa s t a l  bays of eas t e r n  James Bay �he r e  these 

beds a r e  found p robably account f o r  the greater pa r t  of the 

produc t i v i t y  of the eas t e r n  coa s t  of the bay ( Hyd ro-Quebec , 

l 9 87 ) . l/ 

The d i s t r i bu t i on of eelgrass i n  coa s t a l  wa t e r s  i s  

depe nde nt on sal i n i t y ,  w a t e r  tempe ratu r e ,  t u r b i d i t y ,  dept h ,  wave 

ene rg y ,  and na t u re of s u bs t r a t e .  A comprehe n s i ve s tudy i n  A l a s k a  

i nd i ca t ed that " tempe r a t u r e  i s  of p r ime impo r t a nce to the g r ow t h  

and mo rpho logy of e e l g r a s s "  ( McRoy , 1 9 7 0 ) .  The s tudy s howed t h a t  

eelgrass t h r i ves i n  wa t e r  tempe r a tu res of 1 0  to 2 0 ° C .  Data o n  

tempe r a t u r es i n  the sma l l  bays along James B a y  show t h a t  

tempe r a t u r es range i n  the summe r between l 0 ° C  and 2 0 ° C . Becau s e  

the r a n g e  o f  s a l i n i t y  t h a t  i s  opt imum f o r  g rowth of eelgrass i s  

between 1 0  p p t  a n d  30 ppt , i t  i s  c le a r  w h y  t h e  eas t e r n  Jame s Bay 

coas t l i ne ,  where sa l i n i ty va r i es between 1 4  ppt and 22 ppt , i s  a 

very good hab i ta t  f o r  eelgrass ( Lalumi e r e ,  1 9 8 6 ) . 

S t u d i es u nde r ta k e n  by SEBJ show t ha t ,  be tween 1 9 8 2  and 

1 9 8 6 , there was no e v i dence of a s i g n i f i ca n t  c hange i n  the den s i t y  

o f  eelgrass beds i n  a reas that might b e  af fected b y  t h e  L a  G r ande 

R iv i e r e ' s  f r eshwa t e r  p l ume ( La l umi e r e ,  1 9 8 6 ) .  These s t u d i e s  

cove red app r ox imately 1 0 0  k i lome t e r s  o f  ea s t e r n  James Bay 

coas t l i ne ,  extend i ng no r t h  and south of the mou t h s  of t he 

La Grande and Eas t ma i n  R i ve r s . Eelgrass has ma i n t a i ned i t s e l f  i n  

Tees Bay ( i ns ide t he L a  G rande R i v i e r e ' s  f r e s hwater pl ume ) s i nce 

l/ On the o t h e r  hand , the James Bay r i ver e s t ua r i es , and 
espec i a l l y  t hose o f  the Eastma i n  and La G r ande r i ve r s ,  a r e  not 
pa r t i c u la r ly a t t ract i ve to wa t e r fowl , i n  pa r t  due to t he i r  
rela t i ve l y  s t e r i l e  cha r ac t e r i s t i c s  ( Cu r t i s ,  1 9 7 6 ) . 

(") 
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the beg i nn i ng of ope rat ions at LG2 , f u r th e r  con f i r m i ng that the 

w i n t e r  decrease i n  sal i n i t y  has not adversely a f fected the growth 

of the species ( La l umi e r e , 1 9 8 6 ) . These results con f i rm the 

a s s e r t ion of C u r t i s  ( 1 9 7 6 )  that " s e r ious a l t e rat ion o f  coa s t a l  

ma r k  o r  eelgrass beds is u n l i kely . •  

( i i i )  Changes i n  Migratory B i r d  
Pooulat ions 

The r e  are no data p e rmi t t i ng a d i r ec t  measu r ement of 

e f fects ( i f any)  f r om the La G r ande development d i r e c t l y  on the 

m i g r a t o r y  bird populat ions on James Bay .  SEBJ has not taken 

d i r ect counts o f  m i g r a t o r y  b i rds i n  the James Bay r egion . 

I ns t ea d ,  SEBJ has r e l i ed upon mon i t o r i ng of coastal habi tat ( su c h  

as eelg rass p r oduct ion ) as a meas u r e  o f  pos s i b l e  e f f ec t s  on b i rd 

populat ions . Th i s  mon i t o r i ng has prov ided no indication that the 

new f low r eg ime c r eated by the La G rande development has had any 

measu rable ef fect on coas tal habita ts . T h i s  is becaus e  the t i dal 

reg ime is p r i nc i pa l l y  r e spons i b l e  for the product i v i t y  of the 

James Bay coas tal a r eas whe r e  migrato r y  b i rds feed and t h i s  r eg ime 

has r ema i ned bas i ca l ly the same , w i th the exception o f  a s l i g h t  

reduction i n  t h e  ma r i ne env i r o nment near t h e  mouth of t h e  La 

G rande R i v i e r e  and an i nc r ease i n  the ma r i ne env i r onment at t h e  

mou t h  o f  t h e  Ea stma i n  R i v e r  ( Hyd ro-Quebec , 1 9 87 ) .  

Pos t -devel opment ,  gene r a l i zed data on d i s t r i bu t i o n  and 

abundance , a l s o , i ndicate that mig r a t o r y  b i rd populat ions 

u t i l i z i ng James Bay have not been adve r se l y  af fected by the La 

G r a nde development . I ndeed , r e levant spec ies , i ncluding the 

Canada Goose and Snow Goos e ,  are i nc r eas i ng i n  popula t i o n .  ( Hugh 
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Boyd , Canadi a n  Wi l dl i fe Ser v i ce , per sonal communica t i on . ) For 

examp l e ,  i n  recent yea r s  ( 19 8 0 -1 9 8 5 )  Canada Geese have reached 

unprecedented high popu l a t ion levels ( No r t h  Ame r i can Wa t e r fowl 

Management Plan , 1 9 86 ) .  As of 1 9 8 5 , the Canada Goose populat i o n  

i n  the Atlant i c  F lyway i s  r epo r ted as stable t o  s l o w l y  i nc r eas i ng 

( Mi g ra t o r y  B i r d  Na t i onal Resource Plan f o r  the Atlan t i c  Flyway 

Population o f  Canada Geese , 1 9 8 5 ) ,  and the Uni ted States F i s h  and 

Wildl i fe Ser vice is p r edi c t i ng i n c r eased numbers of Canada Geese 

i n  the Atlan t i c  F l yway i n  1 9 8 6  as compa r ed to 1 9 8 5  ( 1 9 8 6  Status o f  

Wa ter fowl and Fal l  Fl i g h t  Fo r ecas t ,  1 9 86 ) . 

Atlant i c  F l yway Brant have also been inc r eas i ng in 

popu l a t ion s i nce t h e  l a t e  1 9 7 0 s .  ( Mi g r a t o r y  B i r d  Na t i o na l  

Resour ce P lan f o r  t h e  A t la n t i c  Fl yway Popu lat ion of B r a n t , 1 9 8 5 . )  

The populat i on s u f f e r ed s i g n i f i cant w i n t e r  mo r ta l i ty i n  1 9 7 6 . 

These losses we r e  a t t r i bu table to vegeta t i ve changes caused by 

deg rada t i o n  of coas tal estua r i es in t he eas t e r n  Un i t ed States , 

coupled w i t h  seve r e  w i n te r  weather in the 1 9 7 0 s  ( No r t h  Ame r i can 

Wa t e r fowl Management Plan , 1 9 8 6 ) . A f t e r  r ema i n i ng low for 1 9 7 6 -

1 9 7 9 ,  t he annual number s  of At lant ic Flyway Brant have i n c r eased 

s t ead i l y  f o r  the past s i x  yea r s  a nd mid-wi n t e r  popu l a t ions r eached 

approxima t e l y  1 4 6 , 0 0 0  in 1 9 8 5 . The Janu a r y  1986 inve n t o r y  showed 

a dec l i ne in Brant to about 11 0 , 0 0 0 .  The r eason for t h i s  dec l i ne ,  

howeve r ,  was that ma j o r  nes t i ng a r eas we r e  s now-cove red u nt i l  late 

June and July i n  1985 i n  some nor t he r n  a r eas , affec t i ng breeding 

success ( 1 9 8 6  Status o f  Wat e r fowl and Fal l  Fl ight Fo r e ca s t , 1 9 86 ) . 
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I n d i r e c t  ev idence of l a c k  of h a rm to m i g r a t o r y  b i r d s  

f r om the La G r ande developme n t  a l s o  comes f r om t h e  r e c e n t  

l i t e r a t u r e  sea r ch a t tached h e r e  a s  Append i x  D.  Tha t sea r c h  

d i sclosed no docume n t a t ion i n  the publ i c  l i t e r a t u r e t h a t  any 

developmen t  t o  da te has had a s i g n i f i ca n t  adve r s e  e f f e c t  o n  

m i g r a t o r y  b i rd popu l a t i ons u t i l i z i n g  James Bay . 

I nd i r e c t  evidence of lack o f  harm a l so comes f r om t h e  

n a t ive peopl es . The a r ea a round t h e  mou t h  of t h e  La G r a nde 

R i v i e r e  i s  a n  impo r t a n t  wa t e r fowl h u n t i n g  area f o r  t h e  Cree o f  

Ch i sab i s i . Ha r ve s t i n g  s t a t i s t i c s  i n  t h e  mid- 1 9 7 0 s  r e vealed t h a t  

2 5 , 0 0 0  Canada G e e s e  were k i l l ed b y  C r e e  h u n t e r s  e a c h  s p r ing 

( Cu r t i s ,  1 9 7 6 ) .  In t h e  fal l ,  another 2 5 , 0 0 0  were k i l l ed by C r e e  

a n d  3 , 0 0 0  we r e  k i l l ed by non-na t i ve spo r t  hun t e r s  ope r a t ing o u t  o f  

v a r ious hun t i ng camps a long t h e  James Bay coa s t .  Because t h e  

B r a n t  i s  not a pa r t i c u l a r l y  sough t -a f t e r  food f o r  t h e  C r e e , 

ha rves t s  w e r e  var iable . The data i n d i ca t e  t h a t  t h e  C r ee k i l l ed 

abou t 3 , 0 0 0  B r a n t  i n  the spr i ng a n d  5 , 0 0 0  in t h e  f a l l . The 

h a r ve s t i ng s t a t i s t i c s  show that n a t i v e  hun t e r s  k i l l ed 3 , 0 0 0  Less e r  

S now Geese i n  t h e  spr i ng and 1 8 , 0 0 0  i n  t h e  fa l l ,  and 1 2 , 0 0 0  to 

1 5 , 0 0 0  " du c k s " i n  the spr i ng and a n o t h e r  1 5 , 0 0 0  in the fal l 

( Cu r t i s ,  1 9 7 6 ) . SEBJ has r e c e i ved no i n d i ca t ion t h a t  the n a t i v e  

peoples h a v e  expe r i enced changes i n  t he i r  hu n t i ng s u c c e s s  d u e  t o  

t h e  La G r a n d e  deve lopme n t . 
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I n  s um , the r e  i s  no e v i dence o f  adve r s e e f f e c t s  f c �� : � e  

L a  G r ande devel opme n t  on m i g r a t o r y  b i r d  popu l a t i o n s  o f  James 3 a y  

between 1 9 7 8  a n d  1 9 8 5 . I n  f a c t , what e v i de n ce t h e r e  i s  s u g g e s t s  

t h a t  a t  l e a s t  two i mpo r t a n t m i g r a t o r y b i r d  s pe c i es h a v e  bee� 

i n c r ea s i ng in numbe r s s i n ce the i n i t i a l  dev e lopme n t began . 

b .  As s e s sm e n t  o f  P o t e n t i a l  Imoa c t s  on 
Key B i o l og i ca l  P a r ame t e r s  As s o c i a t ed 
W i t h  Phase I I  C o n t r a c t  S a l e s  

A s  d i s cu s s ed above i n  S ec t i o n  B . 3 . a ,  t h e  s u b s t a n t i a l  

changes i n  r i v e r  f l ows f r om 1 9 7 8  t h rough t h e  p r e s e n t  a s soc i a t e d  

w i t h  deve lopmen t o n  t h e  L a  G ra nde R i v i e r e  h a v e  n o t  adve r s e l y  

a f f e c t ed m i g r a t o r y  b i r d  popu l a t ions . Th e r e  i s  n o  e v i dence t h a t  

t h e  n u t r i e n t  a va i l a b i l i t y i n  James Bay o r  t he g en e r a l  p rodu c t i v i t y 

o f  the Bay have been adve r s e l y  a f f ec t e d . Mo r eo v e r ,  mo n i t o r i ng 

s t ud i e s  show t h a t  e e l g r a s s  p r od uc t i o n  h a s  not de c l i ne d ,  and the 

a v a i lable data o n  mig r a t o r y  b i rd popu l a t i o ns do n o t  s u g g e s t  a n y  

adve r s e  e f f ec t . A n y  change i n  r i ve r f l ow r eg i me d u e  s o l e l y  t o  

gene r a t i o n  o f  e n e r g y  f o r  P has e I I  Con t r ac t  s a l e s , e v e n  u n de r 

wo r s t -case a s s ump t ions , w o u l d  be expec ted to h a v e  f a r  l e s s  e f f e c t  

( i f any ) than t h e  changes t h a t  occu r r ed i n  1 9 7 8 - 1 9 8 4 . The r e f o r e ,  

i t  i s  reasonab l e  t o  concl ude , o n  t h e  bas i s  o f  a l l  ava i l a b l e  da t a , 

t ha t  no adve r s e  e f f e c t s  on m i g r a t o r y  b i r d  popu l a t i on s  o r  hab i t a t s  

wo u l d  o c c u r  a s  a r e su l t  o f  Phase I I  Con t r ac t  s a l es b y  H y d r o - Qu e b e c  

to NEPOOL . 
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F u r t h e rmo r e ,  i n  t h e  c om i ng y e a r s  t he e nv i r onme n t a l  

mon i t o r i ng b y  S E B J  and Hyd r o -Quebec t h a t  has b e e n  unde r way e n  t h e  

James B a y  a r ea s i nc e  1 9 7 8  w i l l  conc e n t r a t e  ma i n l y  on t h e  co a s t a l  

a r eas o f  James Bay e n  o r d e r  t o  e n s u r e  t h a t  f i s h  a nd wa t e r f o w l  a r e  

n o t  neg a t i ve l y  a f f ec t ed b y  d i s c ha r g e  mod i f i c a t i o n s  b r oug h t  abou t 

by the La G r a nd e  d e v e l opme n t .  ( Hy d r o-Queb e c , 1 9 8 7 . )  
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IN'l'R(){){X;TI ON 

Migratory b i rds are often c r i t ically dependent on resources i n  widely 
scattered areas dur i ng  the i r  annual cycles . A d irect connect i on exists 

between James Bay/Hooson Bay and breed ing or wintering areas for many 
species that depend on food resources and hab i tats in one area to reach the 

other {Morr i son and Gaston 1986) . The coast l i nes of James and Hudson Bays 
consti tute an iiTrnense, natural migratory funnel along which m i l l ions of 

subarctic and arctic breed i ng waterfowl , shoreb irds , raptors ,  and passer ine 
b i rds pass during spr ing and autunn migrations. The James Bay coast has 

been identi f ied as an area of outstand ing internat ional importance for a 
number of spec ies of waterfowl and shoreb i rds { e .g .  Morri son and Harri ngton 

197 9 ;  Mar t i n i  et al 1 9 8 0 ) . The f l a t  topograph y ,  rel a t i ve l y  warm 
temperatures , moderate tidal ranges , and brack ish cond i t i ons have resulted 

in wide coastal marshes and intertidal flats wi th highly productive 

vegetationa l  and i nvertebrate food resources {Mor r i son and Gaston 1986 ) . 

Dur i ng migration these hab i tats attract huge concentrations of b i rds , which 
feed intensively and accumulate energy reserves that are i nd i sPensable to 

cer ta in species in fuel ing subsequent stages of their long d istance 
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fl ights . 

I t  is the purpose of th i s  l i terature rev iew to synthesi ze and present 

ava i lable information on the use of James Bay by m igratory b i rds . Empha s i s  

i s  pl aced o n  the d i stribution a nd  abundance o f  selected species , the 

identi fication of speci f i e  geographic areas that appear to be importan t ,  
d iets a nd  feed ing ecology , a nd  overal l  m i gration strateg ies . A general 
assessment of the s ign i f icance of James Bay to each species is provided 
where possible . 

PHYS IOGRAPHY AND GENERAL EX:OLOGY OF JAMES BAY 

Glacial H i s tory, Geomorphology, and Sediments 

The landscape and sea bottan of the James Bay region have been 

profound l y  i n f l uenced by events d u r i ng and s i nce the most recent 

(Wi sconsin) glac ia t i on .  Following retreat of the massive Lauren tide ice 

sheet , the anc i ent Tyre l l  Sea covered what now const i tutes the Hudson Bay 
Lowl and . Th i s  area of SaT>e 324 , 000 km

2 on the south and .... st coasts of 

James and Hudson Bay extends fran just east of the Quebec/ontar i o  border to 

near Church i l l , Mani toba . The lowlands formed as a resul t of anergence 
fran the Tyre l l  Sea beg inn i ng 7400 to 8000 years ago , due to i sostatic 

upl i f t  o f  the earth ' s  crus t .  This dynamic rebound conti nues at a rate of 

70-100 em/century {Mar t i n i  et al . 1980) . 

Two ma j or types of coast l ine occur on James Bay (Morr i son and Gaston 

1986) . The eastern shore is underlain by Precambr i an rocks of the canad ian 

Sh ield . This coast i s  character ized by a broken , i ndented shorel ine w i th 

rocky outcrops and numerous small bays and h i lly i slands . I n ter t idal areas 

and supertidal marshes are not praninent features of the east coas t .  Land 

on the ...,s tern side of James Bay is underlain by Paleozo i c  rock . Th i s  

low-lying , poor l y  dra ined coast i s  character i zed b y  a un i fo rm ,  gentle slope 

of 0 . 5  m/km and t idal ranges of up to 3 m, contribut i ng  to the development 
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of extensive ( several km wide) intertidal flats and salt or bracki sh 

marshes, Interior to this coastal strip is a vast inland muskeg consisting 

of freshwater marshes , fens , bogs , swamps , peatlands, and sane upland 

boreal forest on the better-drained areas of old beach r idges , 

James Bay is basically an estuarine ecosystem , cover ing sane 8000 kl!l
2 

The east coast between Cape Jones and Rupert ex tends for 410 km, while the 

west coast between Rupert and Cape Henr ietta Maria extends for 390 km. 
Mean depth of t he  ba y  is only 28 m (Cur tis e t  al . 1976) , a nd  a s l ow  mar ine 

current carrying much suspended clay and silt moves in a counter-clockwise 

direction (Mar tini et a l .  1980) . The high input of fresh water from r ivers 

and streams , especially dur ing the spr ing runoff, leads to a greatly 

reduced sa l inity in nearshore waters, The cl imate is character i zed by cool 

smrners and cold winters (July mean 60°F, January mean -5°F in southern 

James Bay) , and sea ice covers the coast and bay for approx imately six 

months of the year , from mid November to mid May (Cur tis et al . 1976) . 

Ma x imllll ice cover on James Bay occurs in early spr ing and is complete 

except for persi stent shore leads along sect ions of both the east and west 

coasts (Morrison and Gaston 1986) . Sane open water usually persists south 

of Ak im i s k i  Stra i t  throughou t winter . A i r  temperatures s ign i f i cantly 

affect the timing of ice freeze-up and break-up of both lakes and r ivers 

around James Bay , and thus dates at which associated habitats bee� 
available or unava ilable to b i rds (Morrison and Gaston 1986) . In south€1rn 

James Bay, lakes do not generally becane ice-free until about 1 June , wh i le 

freeze-over typically occurs in early November . Ice break-up on James Bay 

i tself usually begins in mid May and is complete by mid June (Morrison and 

Gaston 1986 ; pers .  obs . ) . 

James Bay has been regarded as a sedimentary SllllP for the center of the 

continent , due to the combined processes of r iver inflow , inflow via mar ine 

currents fran Hudson Bay, and reworking of nearshore bot tan deposi ts due to 

the land ' s  isostatic rebound ( Kranck and Ruffman 1982) . A variety of 

sedimentary deposi ts character ize James Bay. These range fran piled 

accunulat ions of boulders and pebbles that focn raised beach 'r idges , to 

thick s i l ty deix>s i ts that develop in poorly-drained flats and marshes 
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(Martini et a l .  1980 ) . Intermediate to these are the wide sand flats tha t 

evolve in more protected areas and are typically assoc iated wi th extens ive 

landward coastal marshes, Storm waves , wind , local currents , scouring by 
ice , chemical weather ing , and the physical and biochemical actions of 
organ isms a l l  mod i fy these sediments and contr ibute to the rapidly 
evolv ing , geologically and ecologically dynamic nature of this coastl ine. 

Vegetation and Plant Communities 

The sa l in ity regime exerts an important control on vegetation in the 

James Bay coastal marshes (Martini et a l .  1980) . Oespi te the brack ish 

salinities of nearshore waters, so i l  salini ties in the marsh can be 

eleva ted , due to evapora t i on fol low i ng storm t ides , lead ing to the 

developnent of true salt marsh vegetation. Typical vegetation of the 

western coastal marshes is character i zed by four major plant communi ties 

(Martini et a l ,  1980) : 1)  the Sa l t  Marsh, which receives frequent tidal 

inundations and ice scour ing , and is daninated at i ts outer zone by the 

coloni z ing grass Pu=inellia phryganodes , whose rhi zanes serve as an 

important food source for geese; 2) a narrow Saline Meadow Marsh , better 

drained and receiving less regular tidal inputs , which is daninated by the 

rush � balt icus , the forb Lathyrus palustr i s ,  and the arrow grasses 

Triglochin maritima and !· palustris; 3) a poorly-drained Brack ish Meadow 

Marsh, with year-round stand ing water in pools and soft, silty substrates , 

dominated by the sedges Carex �e� and Eleochar is palustr i s ;  and 4)  a 

Willow Thicket Freshwa ter Fen/Marsh, inundated only by the highest autlllln 

storm surges and dominated by vegetation typical of freshwa ter wetlands , 

includ ing wi llow ( Salix spp . ) , several sedges (Carex spp . ) , and the catta i l  

� lat i folia. This most landward plant commun i ty is marked by an 

increasing a=unulation of peat ,  and the fen ecosystem extends inland for 

many mi les , evolving into the large bogs of the Hudson Bay Lowlands . 

Invertebrate Fauna 

The intertidal flats are most densely populated by � balthica , a 

-4-

C) I 
Vl 
\..) 



burrowing bivalve mollusc . This invertebrate is a major food resource for 
several shorebird species , which typically select Macana on the basis of 
s i ze  classes (Martini et a l .  1980) . Densities of up to 7300 individuals;m2 

have been recorded at intecnediate tidal levels. The gastropod Hydrobia 
minuta is also widely distributed in sandy and muddy substrates , at 
dens i ties of up to 10 , 000 ind ividuals/m2 , as well as in r=ky inter tidal 
zones. 'ttlis species is also an important shorebird food resource , 
particularly for tre smaller "peep" sandpipers, such as tre Sernipalmated 
sandpiper (Ca l idr i s  pus i l la ) , Wh i te-rumped sandpi per (Ca l i d r i s  
fusc icol l i s ) , Least Sandpiper (Ca l id r i s  m i nu t i l la) , and Sanderl i ng 
(Calidris alba) (Martini et al. 1980) . Invertebrate prey at lower 

densities on tre flats include ol ig=haete worms ( Parana is sp . )  , and 
var ious amphipods, as well as polychaetes and other gastropods (Littorina 
spp.) • 

The principal infauna of tre short grass ( Pucinellia phryganodes) salt 
marsh are dipteran larvae and ol ig=haete worms , tre former of which are a 

major food of small sandpipers (Morrison et a l .  1982) . Insects are also 
seasonally abundant members of the coastal marsh fauna and provide an 
important food source for shorebird species, and possibly ducks , inhabiting 
tre short grass and bracki sh central marsh zones (Martini et al . 1980) . 

The var ious ecological relationships that character ize the unique and 
rapidly emerg ing James Bay coast are doubtless canplex. It appears that 

patterns of sedimentation and vegetation are strongly affected by both 
phys ical and b io t ic processes . T ide and ice movements scour and 

redistribute sediments . Melting ice cover provides a major source of fresh 
water in spr ing and may provide important nutrients to spr ing phytoplankton 

cat���unities (Freenan et al . 1982) . Burrowing invertebrates and plants 
mod i fy deposits by trapping and b ioturbating sediments , and a=umulating 

organic matter (Martini et al. 1980) . Insects improve soi l  fertil ity in 
tre marsh through l i tter decanposi tion, aeration, transfer of organic 

part icles , and as major secondary producers (Mar t i n i  et al . 1 9 8 0 ) . 
M igratory birds impact vegetation and sediments through probin<j- on flats, 

tramping and d igg ing for rhizanes in tre marsh, and feeding in or moving to 
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and fran marsh pools (Martin i et a l .  1980) . salinity regimes and 
circulation patterns in James Bay are strong influences on the development 
and ma intenance of plant Catlllunities. Although an integrated understanding 
of tre web of pr=esses affecting the coastal ecology of James Bay is only 
just emerg ing, major changes in one parameter could potentially produce 
sign i ficant impacts on tre enti re system. 

HISTORY OF ORNITiiOLOGICAL WORK ON JAMES BAY 

Pr ior to the 1970 ' s ,  most of tre avi fauna! survey work in the James Bay 
region was of an exploratory , general nature, focusing on documentation of 
=currence rather than on d i stribution and abundance. Manning ( 1952) 

chronicles the h istory of orni thological work prior to his classic study, 
fran which tre following synopsis is drawn. 

'ttle earl iest records of James Bay birds date fran collections made by 
officers of tre Hudson' s  Bay Canpany in the late 1700 ' s .  Many of the 
reported specimens are no longer traceable or were of dubious geographic 
origin and , in sane cases , identity. Most of these records cannot be 

substan t i ated . Several spec imens in the u . s .  Na t i ona l Museum were 
collected fran James Bay ( Preble 1902) • w. Spreadborough appears to have 
been tre first ornithologist to systematically survey James Bay, travell ing 
up tre east coast in 1896 and along the west coast to within about 20 miles 
of Cape Henr ietta Mar ia in 1904 (Macoun and Macoun 1909) . Todd (194 3 ,  
1963) made at least n ine collecting tr ips to James Bay beg inning in 1908,  
concentrating on the east coast.  Lewis and Peters ( 1941) spent three weeks 
record ing bird observat ions on both coasts in 1940 . The ROyal Ontario 
Museun sponsored five James Bay expeditions between 1939-4 8 ,  and smith 
( 1944) investigated waterfowl d i str ibution and abundance in 1943 and 194 4 .  
Hanson conducted detai led studies o f  Canada Geese (� canadensis) in 
1946 and 1947. This species' nesting and population ecology in the region 
are now well documented (e.g . Hanson and CUrrie 1957; Hanson 1962; Ravel ing 
and Lunsden 1977) . In 1947, 1949 and 1950 Manning ( 1952) d=ur.ented the 
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avifauna of the west James Bay coast through collecting and observation. 
He condi.X:ted a similar survey of the east coast between 26 June and 2 
September , 1950 (Mann ing and Macpherson 1952) . Several orni thological 
expedi tions visited cape Henr ietta Mar ia , the only region of tundra on the 
west James Bay coast, between 1949-70 (summar ized in Peck 1972) . 

These early, general i zed inventories clearly establ ished the importance 

of the James Bay coast as a stag ing and breed ing habitat for many species 
of migratory birds. our ing the 1970 1 s and 1980 1 s, more intensive and 

systematic surveys were conducted as part of the multidiscipl inary Hudson 
Bay Lowlands Project , in response to proposals for regional hydroelectr ic 

develoiXt�ent .  Stud ies by the Ontar io M i n i stry of Natural Resources 
(O.M.N.R.)  investigated distr ibution, abun:'!ance and habi tat use by geese 

species (see references in Thanas and Prevett 1982) . Fran 1976-79 the 
canad ian Wildlife Service (C.w. s . )  un:'!ertook 16 aer ial surveys to docunent 

di.X:k populations along the Ontar io coast of James Bay (Ross 1982) . 
Waterfowl surveys were also conducted by c.w. s.  along the east coast fran 

1971-75 (Curtis and Allen 1976) . Between 1974 and 1982 a large-scale 
shorebird band ing project, collecting data on over 60 , 000 b irds, was 

carr ied out by c.w. s.  at NOrth Point on the southwest coast (51° 29 1 N ,  80° 

27 1W; summary in Morrison et al. 1982) . Between May and November 1982 ,  

c .w.s. personnel conducted an intensive avi fauna! inventory of the area 
centered at North Po int (Morr ison et al . 1982; Rilllner unpubl . data) . In 
October and NOvember , 1981 and 1985 ,  R.D. McRae collected distr ibution and 
abun:'!ance data on all b i rds observed at Neti tishi ( Nattabisha )  Po int and 
East Po int, respectively (Goodwin 1982; McRae, unpubl . data) . 

In summary, waterfowl and shoreb irds are the only adequately studied 

groups to date. Although further detailed studies are needed on habitat 
requirements, feed ing ecology , and m igration patterns of most species in 
these two groups , their distr ibution and abundance along the James Bay 
coast have generally been well docunented . However , knowledge of other 
bird groups using James Bay is fragmentary at best. Particularly lacking 
is an understanding of the importance of James Bay coastal habitats to 
loons, wading birds (herons, cranes , and rai ls) , gulls and terns , raptors 
(eagles, hawks, falcons , and owls) , and passer ines .  Al though intensive 
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stud ies of selected passerine species have been conducted at NOrth Po int 
(Rinmer 1986 ; unpubl ished data) , much remains to be descr ibed on the 

migration patterns and ecology of this group. Virtually nothing is known 
about bird distr ibution in the offshore waters of James Bay. 

WA� 

Both the east and west coasts of James Bay are heavily used by geese 

and ducks , primar ily as a major stag ing area during the annual migrations , 
secondarily for breed ing and molting. Although the coastal marshes and 

intertidal flats of the Ontario coast appear to support the densest 
concentrations of migrant waterfowl (Thanas and Prevett 1982; Morri son and 
Gaston 1986) , several critical areas ex ist on the east coast , particularly 
for spr ing migrants (Curtis and Allen 1976) . Extensive eelgrass (� 

.mar ina) 1 beds in many of the nunerous bays north of Old Factory (Vieux 
Canptoir) appear to const itute the most important habitat resource for 

waterfowl on the east coast (Cur tis and Allen 1976) • The overal l  
importance o f  James Ba y  to migratory waterfowl l ies i n  t he  inmense value of 

i ts feed ing and resting habi tats. In spr ing ,  several arctic and subarctic 
nesting species obtain food resources along both coasts that may be 

i nd i spensable in acqu i r ing the phys iolog ical cond i t ion necessary for 
successful reproduction. Dur ing fall ,  the productive coastal marshes and 

nearshore mar ine habi tats provide energy-r ich foods that enable birds to 
recover and au<JM!nt fat reserves depleted dur ing nesting, prior to the 

major phase of their fall migration. 

Geese 

Lesser Snow Goose (Anser .£• caerulescens) - The ecology of this 
species on James Bay has been intensively studied, pr imar ily dR the west 

coast .  Nesting occurs only at ca pe  Henr ietta Mar ia,  where a rapidly 

-8-

(") I 
V1 
V1 



expanding colony has more than quadrupled since 1957 to approximately 
55 , 000 pa irs in 1979 (Thanas and Prevett 1982) . Most Janes Bay Snow Geese 
belong to the Hudson Bay population, estimated at about 3 mill ion birds in 
fall . The James Bay and southern Hudson Bay coastal zone is a staging area 
for this entire population dur ing both spr ing and fall migrations (Thomas 
and Prevett 1982) . 

The major i ty of these geese typically arr ive at James Bay dur i :'lg the 
first week of May, after a d irect fl ight from the prairies of Manitoba and 

North Dakota (Bel lrose 1976; Thanas and Prevett 1982) . The phenology of 
ice break-up and weather condi tions dictates the pattern of their staging, 

wh ich ranges from a brief delay to up to three weeks. Dur ing spr ing aer ial 
surveys in 1973 and 1974 , CUrtis ( 1976) estimated 1 . 65 mill ion and 2 . l l  
mill ion Lesser snow Geese ,  respectively, using a narrow zone o f  ice-free 
coastl ine. Geese feed intensively in melt ponds and exposed marsh , 
pr imarily on perennating bulbs and newly exposed shoots of arrowgrass 
( Tr igloch i n  pa lustr i s ;  Prevett e t  al . 1979) . These plant organs 

concentrate nutrients and are highly digestible, and adults are able to 
increase body weight , accumulate muscle protein , and maintain fat reserves 
(Wypkana and Ankney 1979 ; Thomas and Prevett 1982) . These increased 
reserves are important detenninants of reproductive success , espec ially for 
fanales. 

During the fall ,  Lesser Snow Geese fran Ba ffin Island colonies migrate 
southwards along the east James Bay coast from Cape Jones , same birds 

crossing over to r ich tidal marshes of the west coast (Bellrose 1976) . 
Most of the Hudson Bay population concentrates in southern and western 

James Bay. Between late August and late October , more than 1 . 5  mill ion 
b i rds congregate on the coastal marshes , dur ing which time they are highly 

selective feeders ( Prevett et al . 1979) . Although up to 40 plant species 
are eaten , 9 species canpr ise 90% of the identi fiable food i tems. 1\s in 
spr ing ,  bulbs of arrowgrass predaninate , followed by sedges (Cyperaceae) , 
horsetails (Equisetaceae) , and grasses (Gramineae) . A progressive shift in 

d iet occurs as fall advances ,  from green aer ial parts to underground roots, 
rhi zomes and bulbs . Thi s  d ietary change · parallels the p'kogress ive 

translocation of plant nutr ients into root systems (Prevett et al . 1979) . 
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The fat reserves of adult and juvenile Lesser snow Geese at James Bay 

increase sign i f icantly dur ing fall (Wypkana and Ankney 1979; Thomas and 
Prevett 1982) . These authors conclude that the fall stag ing period in 
James Bay �s essential for the continued structural growth of juveniles , 
and that increased fat reserves in all age-sex classes are necessary to 
canplete the southward migration. 

Thus , the James Bay coastal marshes play a vi tal role in the ecology of 
Lesser Snow Geese ,  with important impl ications for reproduction and the 

pattern of fall fl ight. It appears that the entire, near-continuous strip 
of salt marsh between Rupert Bay and Cape Henr ietta Maria is cr itical , as 
data suggest progressive weight gains from north to south in fall (Thomas 
and Prevett 1982) • Lesser Snow Geese on the east coast probably rely on 

fewer , but equally critical , staging areas, since their preferred feeding 
hab itats are more discontinuous there. Deter iorations of Janes Bay coastal 
marshes that reduce productivity and ava ilabil i ty of food resources could 
have sign i ficantly adverse impacts on populations of this species. 

Canada Goose (� canadensis) - Two main races of Canada Geese use 
the Janes Bay coasts (Bellrose 1976) . Large-bod ied Canada Geese (_!!. E.· 
interior) nest throughout the Hudson Bay t.owland , although principally in 
the inter ior fens , and winter in the mid-Atlantic, the Tennessee Val ley, 
and the Mississippi valley. The small-bodied subspecies (_!!. E.• hutchins i i )  
passes through the Lowland i n  spr ing a nd  fall en route between arctic 

breeding areas and wintering grounds in Kansas , Oklahama , and Texas. An 
unknown nunber of g iant Canada geese (_!!. E.· interior) make a molt migration 

to the r:.owland each siDI!Ier from nesting areas in southern ontar io and the 
northern u.s.  ( Z icus 1981) • 

The James Bay coast is important to many canada Goose populations 
dur ing the spr ing and fall migrations. _!!. E.• interior nesting in the 
Hudson Bay r:.owlands nonnally arr ive on the southern James Bay coast in mid 

Apr i l , congregating in areas of open water before d ispersing to inland 
nesting areas (Thanas and Prevett 1982) . Limited feedi ng  ocd:Irs dur ing 
this time ,  as fat and protein reserves are accumulated dur ing migration 
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stopovers further south. In years of late thaw, loss of reserves due to 
delayed inland dispersal may cause declines in breed ing success , as well as 
expose b irds to more extended hunting pressure (Thanas and Prevett 1982) . 
The east �ast of James Bay concentrates tens of thousands of canada Geese 
in spr ing, as they migrate northwards to breed ing areas in northern Quebec 
(CUrtis and Allen 1976) and the larger islands of eastern James and Hooson 
Bay (Free:nan 1970 ; Manning 1981 ) . Birds congregate in areas of open water , 
at r ivermouths, along the t ide edge, in melt pools , and in coastal bays . 
Snall canada Geese also pass through western James Bay during spring en 
route to Baffin Island, although their nunbers and distr ibution at this 
time of year are not well known (Thanas and Prevett 1982) • 

Both coastl ines of James Bay are also important as stag ing areas for 

canada Geese during the fall migration. Although fewer data are available 
on their d istribution, abundance, and migration ecology than for Lesser 

Snow Geese, canada Geese feed on a variety of marsh or upland coastal 
vegetation, as well as eel grass (CUrtis and Allen 1976) . The snall-bodied 

race tends to be more mar ine in behavior and d iet than tre large-bodied 
race, often feeding on mar ine plants and their adher ing molluscs (Thanas 
and Prevett 1982) . �· �· hutchinsi i  again moves through James Bay during 
southward migration. Aerial surveys in the falls of 1979 and 1980 obtained 

counts of 4 8 , 500 and 3 8 , 100 snall canada Geese, respectively, on the west 
James Bay and southern Hooson Bay coasts . This could represent up to one 

third of the total population of this subspecies (Thanas and Prevett 1982) . 
Approx imately 2 8 , 000 large canada Geese are harvested on the east coast 

each autumn (CUrtis and Allen 1976) , but total population estimates are not 
available. 

Atlantic Brant (� bernicla hrota) - It is probable that 50% or 
more of the entire Atlantic population of this h igh arctic breed ing goose 

pass through the Ontario and Quebec coasts of James Bay each year (Thanas 
and Prevett 1982) . This species has enlisted special concern dur ing the 

past 50 years, following a drastic population decline in the 1930 ' s  due to 
massive reductions in its principal food , eel grass , along thlt Atlantic 

coast. Populations have rebounded considerably but continue to fluctuate 
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with the vagaries of weather on their arctic breeding grounds (Bellrose 
1976) . High winter counts on the Atlantic seaboard between 1976-80 ranged 
fran 4 8 , 000 ( 1976-77) to 115 , 000 ( 1978-79) (A. Reed , pers. carrn. ) . Recent 
winter counts ind icate a continued increase, with 127 , 000 and 146 , 000 Brant 
estimated in January of 1984 and 198 5 ,  respectively (Chandler 1986) . 
However , habitat degradation and loss due to developnent on mid-Atlantic 
winter ing coastal grounds have generated renewed concern for the future of 
Brant (Chandler 1986) • 

Brant are more closely associated with the marine enviroment than 
other geese , both dur i ng  migration and on the breeding areas . Their 
d istr ibution in James Bay very closely patterns that of eel grass , their 
preferred food , particularly in fall .  Dur ing spr ing they also feed on 

Pucc i nell ia phryganodes when pers i stent ice on inter t idal flats and 
nearshore areas may preclooe feed ing on eel grass beds (Thanas and Prevett 

1982; Morrison and Gaston 1986) . 

The spr ing migration northwards through James Bay occupies sane two to 
three weeks in the latter half of May and early June (CUrtis and Allen 

1976 ; Rimner , unpubl . data) . Between 3-9 June 1978 , 10-20,000 Brant 
frequented the upper tidal zone 25 km west of cape Henr ietta Mar ia (Thanas 

and Prevett 1982) . On 22 May 198 2 ,  1 3 , 000+ were observed migrating north 
low over the broken sea ice off North Point (Rimner , unpubl . data) , and 

many more may have been missed. 

The fall migration of Brant through James Bay has been more fully 
documented. B irds arr ive in late August, and nunbers peak in mid to late 
October . In mid Septenber of 197 1 ,  60, 000 were estimated along the east 
coast near Fort George (Bellrose 1976) , and up to 10 , 000 have been counted 

in Dead Duck Bay alone (CUrtis and Allen 1976) . On the west coast, Ltm�sden 
observed 4 2 , 000 Brant near Ekwan Point on 19 and 20 October 1973 (Bellrose 

1976) , whi le McRae counted 2 8 , 000 at Neti tishi Point on 20 October 1981 
(Goodwin 198 2) . Large numbers of Brant are also known to congregate along 

the northwest shore of Akimiski Island (Thanas and Prevett 1982) . 

The James Bay coastl ine is clearly a vital canponent of Brant ecology. 
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Like Snow Geese, Brant rely heavily on stored nutrient reserves dur ing 

reproduction (Vangi lder et a l .  1986) . Spr ing weather cond it ions on the 

arctic nesting grounds can substantially influence Brant reproductive 
success. Although b irds appear to acc\.11\ulate fat reserves pr ior to 
departing winter ing areas , add itional reserves must be aCC\.11\ulated at 
stag i ng areas l i ke James Bay in order for the b i rds to reproduce 
soccessfully. Vangilder et al . ( 1986) suggest that Brant following an 
inland route northward to James Bay may crit ically depend on the Bay' s 
resources to repl en i sh depleted reserves and ma i nta i n  adequate 
physiolog ical cond ition for breed i ng .  During fal l ,  following the rigors of 
reproduction, Brant may again rely heavi ly on resources obtained at James 
Bay to recover body condition before crossing the expansive ecological 
barr ier o f  boreal forest to the i r  mid-Atl an t i c  winter i ng area s .  
Perturbations affecting the overall ecology o f  ee l  grass i n  James Bay from 
altered sal in i ties , sedilnent loads , or other factors might severely Unpact 
a large segment of the entire population of this highly special i zed feeder . 
Further studies are needed on migration patterns , population turnover , 
feeding ecology, and physiological cond ition of Atlantic Brant on James 
Bay. 

Dabbl ing Ducks 

Many species of dabbling ( surface-feeding) docks breed in inland areas 
adjacent to James Bay and occur in large mEbers on the coast during 

mol ting and migration per iods . Distr ibution is strongly correlated with 
the amount of broad coastal marsh ; along the entire Ontario coast of 
James Bay, the area between the Albany and Attawapiskat Rivers accounted 
for SO% of all dabbler d i stribution on aer ial surveys between 1976 and 1979 

( Ross 1984) . Spr ing d istribution is concentrated in southerm.ost James 
Bay, but numbers are relat i vely low ,  as migrants d i sperse rapidly 

northward . concentrations build through sunner ,  as fledgl ings and molters 
move to the broad marshes and brackish coastal ponds. With the approach of 

autunn, dabbling duck nunbers increase dramatically in James Bay as 
m igrants funnel down the Hudson-James Bay system, reaching pea�· densities 

in southern James Bay ( Ross 1984) . Although usage of James Bay by dabbl ing 
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docks is well dOC\.II\ented , less is known about habitat requirements, 

patterns and mechani sms of hab i tat sel ec t i on ,  feed i ng ecology , and 
migration strategies for d i fferent age and sex classes of these duck 
populations. 

Black Duck (Anas rubripes) -- The Black Duck is the most abundant and 
widely d istr ibuted dabbl ing dock on the James Bay coast (Curtis and Allen 
1976 ; Ross 1982, 1984) . Spr ing migrants and local breeders arr ive in mid 
Apr i l ,  with nunbers peak ing in early to mid May. Most nesting occurs on 
bogs and fens adjacent to the shore and on sane of the larger islands in 
James Bay (Olrtis and Allen 1976) . Thousands molt along the Quebec coast, 
particularly north of Paul Bay, where they feed on POtarnogeton f i l i formis 
and other marsh aquatic plants. As fall stag ing begins ,  nunbers increase 
through September ,  when Black Ducks feed extens ively on exposed 
invertebrates of the intertidal flats , and occasionally in eel grass beds 
(Curtis and Allen 1976) . On the west coast, peak fall concentrations reach 
139 ind ividuals/km between mid September and mid October , particularly 
around r iver mouths and estuaries ( Ross 1984) . McRae (un�l . data) 
recorded 450 b irds in offshore rafts from Fast PO int on ll October 1985.  

I t  appears that James Bay Black Ducks uti l ize a variety of coastal habitats 
for feed ing, rest ing , and mol ting. 

Northern Pintail  (Anas acuta) - The Northern Pintail appears to be the 
second most cannon dabbling duck at James Bay. our ing the spr ing i t  is the 
most abundant species along all sections of the west coast, its nunbers 
peak ing in the first half of May ( Ross 1984) . Nest ing occurs in freshwater 
marshes adjacent to the coast (Olrtis and Allen 1976 ; pers. obs . ) . Molting 
birds congregate in flocks of up to 300 or more, mostly on large brackish 
pool s  along the southern Hudson Bay coast ( Ross 1984) . Dur ing fall 
migration ,  Northern Pintails are the most abundant duck species at North 
PO int, a peak of 2500+ having been recorded on 12 September 1982 (Rilllller ,  
un�l . data) . Migrants are found mainly in sal t water habitats such as 
mudflats, tidal pools, and brackish ponds, where they feed and rest. 
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Other Dabbling Duck Species -- In order of decreasing abundance, other 

pr incipal dabbler species using James Bay inclooe Green-winged Teal (� 
carolinens is) , Mallard (�s platyrynchos) , and l\mer ican Wigeon (� 
americana) . These species all nest in marshes and fens along both coasts , 
and concentrate most heavily on stag ing areas dur ing the fall migration. 
Green-winged Teal congregate on mooflats near stream and river mouths , as 
well as on brackish ponds and stream channels in the coastal marshes 
(Curtis and Allen 1976 ; Ross 1984) . on 14 Septanber 197 8 ,  10 , 000 were 
observed at Chickney PO int,  just north of the Albany River . Mallards 
prefer more freshwater hab itats such as coastal marsh pools and creeks 
(Curtis and Allen 1976 ; Ross 1984) . Counts peak in southerrrnost James Bay 
dur ing the second week of Septanber ( 29 . 12 ind ividuals/km; Ross 1984) . 
Wigeon prefer the r ich brackish habitat associated with stream mouths , 
inclooing mooflats and Triglochin meadows . Several thousand were present 
in southernmost James Bay during the second week of October 1978 (Ross 
1984) , and McRae counted 750 Wigeon at Netitishi PO int on 20 October 1981 
(Goodwin 1982) • 

Diving Ducks 

Several species of diving ducks migrate along the James Bay coastline 
to and fran arctic and subarctic nesting areas . The spr ing migration is 

brief,  as breed ing birds appear to disperse rapidly northward (Ross 1982; 

pers .  obs . ) . Autumn concentrations are much greater , and many fl ights may 

occur offshore,  causing abundances to be underestimated . Scoters of all 3 

species and Oldsquaw (Clangula hyemalis) form the most dense aggregations, 

wi th lesser nunbers of scaup (Aythya spp. )  , Ccmnon Goldeneye (Bucephala 

clangula) , King Eider (Sanateria spectabi l is) , and mergansers (Mergus spp . )  
using the Bay as a staging area . The bay and sea ducks appear to feed on 

benthic molluscs and crustaceans wi thin 1/2 km of shore , while mergansers 

appear to prey on fish in shallows near the tidel ine (per_s. obs . ) . The 

food resources obtained in the staging and molting areas used by these 

various d iving ducks may be patchily distr ibuted (Ross 1982, 1983) and 

could be of cr i tical importance in providing energy reserves t'&r further 

movements to southern wintering areas. 
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Black Scoter (Melani tta nigra) -- The breed ing d istr ibution of Black 
Scoters in inter ior North America is poorly known . Bellrose ( 1976) 
suggests that large nunbers may nest in the Hooson and James Bay Lowlands. 
Ross ( 1983) . docunented dense congregations of molting Black Scoters off the 
ontar io coast of James and southern Hooson Bays . An aerial photographic 
survey on 26 and 27 July 1977 recorded 8 8 , 700 male Black Scoters , 45 ,000 on 
James Bay and 4 3 , 700 on southern Hudson Bay. Ross reported an add itional 
1 9 , 500 mol t ing Black Scoters fran July and August 1974 surveys along the 
northeastern James Bay shore . Many of these birds appear to stage in 
southeastern James Bay, as evidenced by a mixed scoter flock , inclooing 
many Black Scoters, estimated by c.w.s .  personnel at 100 , 000 birds on 12 
Septanber 197 1 .  The dense flocks of flightless molting males may be 
d istr ibuted in relation to the distr ibution of their benthic invertebrate 
food source ( Ross 1982) . This concentrat ion of Black Scoters on James and 
southern Hudson Bays may represent a major proportion of the entire 
Atlantic coastal winter ing population (Ross 1983) . These molting areas may 

be critically important to Black Scoters during this especially vulnerable 
per iod of their annual cycle. 

Oldsquaw (Clangula hyemalis) - Al though systematic waterfowl surveys 
by c.w.s. during summer and early fall have missed this late migrant, James 
Bay appears to be a very important fall corr idor and stag ing area . A few 
Oldsquaws nest at cape Henr ietta Maria (Manning 1952; Peck 1972) , cape 
Jones (Todd 1963) , and on several of the northern James Bay islands 
(Mann ing and Coates 1952) . Al though spr ing migration has not been 

docunented , late autumn movements on James Bay are pronounced . Much of the 
fall migration appears to occur offshore , making abundance est imates 
inexact. At Neti t ishi PO int between 13 October and 24 Novanber 198 1 ,  
Oldsquaw ranked second in overall abundance t o  Brant,  with 3 3 , 000 recorded , 
the peak count 1 4 , 800 on 28 October (Goodwin 1982) . Similar totals were 
recorded at East PO int in 1985,  with later peaks of 8 , 700 on 5 Novanber , 
8 , 300 on 8 Novanber , and 8 , 100 on 9 Novanber (McRae , unpubl . data) . At 
North PO int 1 , 000+ Oldsquaw were observed on 20 October 1982,  with many 
add itional flocks bel ieved to be of this species migrating too f�r offshore 
for positive identi f ication (RUnner , unpubl. data) . Bellrose ( 1976) 
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suggests that an Unportant corridor for Oldsquaw extends from James Bay to 
Lake ontario,  then to the u.s.  Atlantic seaboard. NO infocnation exists on 
residence times of migrant Oldsquaw on James Bay or on their feeding or 
staging ecology, but James Bay would appear to be of primary importance to 
the autumn migration of this species. 

SHOREBIRDS 

Shorebirds are one of the most highly migratory groups of birds in the 
Western Hemisphere. Several species undertake annual round-trip journeys of 
same 20 , 000 km between high arctic breeding grounds and winter ing areas in 
extreme southern South America. The '<i!!St coast of James Bay has been 
identi fied as a stag ing area of cr itical international importance for 
several shorebird species during their migrations (Morr ison and Harr ington 
1979; Morrison 1983) . The highly productive t idal flats and salt marshes 
provide concentrated food resources that are essential in enabl ing migrant 
shorebirds to accunulate large fat reserves required to fuel subsequent 
non-stop legs of their migrations. These direct fl ights often cross 
inhospi table "ecological barriers" such as boreal forest or open ocean , 

where feeding and resting are not possible (Morrison and Harr ington 1979; 
Martini et al. 1980 ; Morrison and Gaston 1986) . 

The distr ibution and ecology of shorebirds along the east James Bay 
coast are less well known. The Precambrian bedrock underlying this coast 

has resulted in much h i l l ier terrain,  with nunerous headlands, bays , and 
small islands. Coastal marshes are less extensive. HO'<i!!Ver , the sea 

remains relatively shallow, and many of the bays have considerable areas of 

intertidal flats which attract large nunbers of shorebirds (Morri son and 

Gaston 1986) . Wi th rockier coastl ines , species such as the Purple 

Sandpiper (Calidris maritima) and Ruddy TUrnstone (Arenaria interpres) are 

more ccmnon than on the west coast (Todd 196 3 ;  Manning 1976) . 

Shorebird d i str ibution in James Bay appears to be directly related to 
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the distr ibution of preferred habitat and food abundance (Morrison and 

Harr i ngtron 1 9 79 ; Mor r i son et al . 1 9 8 2 ;  Mor r i son and Gaston 1986) . 
Resource partitioning on the basis of habitat and/or food type or size is 
apparent �oughout the migrant shorebird ccmnuni ty (Mart ini et al.  1980) . 

The combination of habitat selectivity and food resource distribution leads 
to a remarkable concentration of same spec ies in a restricted nunber of 
locations . For instance , in southern James Bay, 71% of the small "peep" 
sandpipers recorded on aerial surveys in July 1977 occurred in only 10% of 
the coast (Moose River to Big Pi skwanish PO int) . The three most heavi ly 
used sections of the coast (Moose River to Big Piskwanish PO int,  Big 
Pi skwanish PO int to Langridge POint , Cllickney POint to Big Willow River) 
accounted for 88% of the b irds in only 18% of its length (Morrison 1983 ,  
1984) . Although these cri tical staging areas inclooe a relatively small 
frac t i on of the ent i re James Bay coastl i ne ,  the presence of long , 
undisturbed stretches of habitat contr ibute to making the area especially 
attractive to b irds (Morri son and Harrington 1979) . The open , straight 
nature of thi s  'oii!Stern shorel ine suggests that any major ecological 
perturbations might affect long sections of the coast (Morrison and 
Harr ington 1979 ) . 

Sanipalmated Sandpiper (Calidris pusilla) - The Sanipalmated Sandpiper 
is the most nunerous shorebi rd in eastern North America, where the upper 
Bay of fundy concentrates several hundred thousand migrants each autunn 
(Morrison and Harrington 1979 ; Morrison 1984) . The '<i!!St coast of James Bay 
is a stag ing area of major importance as �ell , supporting upwards of 12,500 

birds dur ing single aerial surveys in July (Morrison and Harr ington 1979) . 

The main fall passage of adul ts generally occurs fran mid July to mid 
August , with the bulk of j uveni les moving through James Bay bet>ieen early 

August and early September . Spring migration is less pronounced , as b irds 
disperse rapidly to subarctic and arctic breeding grounds fran Cape 

Henrietta and Cape Jones northwards (Godfrey 1986) , some bypassing southern 
James Bay canpletely. 

Many Sanipalmated Sandpipers i ncrease their '<ieight by 15:..20 grams 
(60-80% of total body weight) during their stay of up to three >ieeks at 
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James Bay (Morrison et al . 1982;  Morrison 1984 ) . From James Bay, the fall 
migration appears to fan out to staging areas along the Atlantic seaboard , 
including the Gulf of St. Lawrence, the Mari time Provinces , southeastern 
Massachusetts , aoo coastal New Jersey (Morrison 1983) . Harr ington aoo 
Morr i son ( 1979) have shown that Semipalmated Saoopipers staging at James 
Bay are from central aoo eastern Canadian Arctic breeding populations. 

Most Semipalmated Saoopipers feed on the short grass ( l?uccinel lia 
phryganodes) salt mar sh , where peak abundances of the ir preferred 

dipteran larvae prey occur in July (Martini et al . 1980 ; Morr ison et al . 
1982) . A shift to the lower tidal flats dur ing August coincides with a 

declining aburoance of dipteran larvae and ol igochaete worms in the 
J?uccinell ia salt marsh aoo increases of � bal thica , Hydrobia minuta , 

amphipods , aoo polychaete worms at lower tidal levels (Morrison et al . 
1982) . This sensit ive response to the distribution of food resources 
appears to character ize a number of shorebird species at several geographic 
levels , including locally ( across a marsh transect at a single site) , over 

intermediate stretches of coastline ( 10-15 km) , aoo over a much broader 
scale involving several huoored kilometers of coast (Morrison 198 3 ,  1984) . 

Although Semipalmated Saoopipers appear to rely on other coastal 
estuaries , such as the Bay of Fundy, more heavily than on James Bay, the 
resources obtained on the James Bay west coast are of cri tical importance 
to those central aoo eastern arctic breeders that use then. The fat 
reserves accunulated at James Bay must carry the birds to further stag ing 
areas on the Atlantic seaboard . The restricted portions of the James Bay 
coast between Moose River and Big Willow River (see introduction to 
shorebirds section) that Semipalmated Saoopipers appear to depeoo upon for 

feed ing aoo roosting are thus a v i tal l ink in the species ' annual cycle. 

Red Knot (Cal idris � rufa) The Red Knot is a species of 

spec i al concern to conserva t i o n i s t s .  Fol l ow i ng d r a s t i c  population 
reductions in the days of market hunting, the North l'lnerican race of Red 
Knot has recovered considerably and may now number near iy 200 , 000 

ind i v idua l s  ( Har r i ngton 1 9 8 2 ) . However , the spec iE!'!! is considered 
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vulnerable, as Red Knot have special i zed food and habitat requiranents , 

occur in large concentra t i ons in rel at ively few trad i t i onal ly-used 
locations, and are sensitive to d isturbance (Morrison and Harr ington 1979; 
Harrington �982) . 

James Bay is a staging area of major international signi ficance for the 
Red Knot (Morrison and Harrington 1979; Morri son 198 3 ,  1984) . This 
subspecies breeds in the central canad ian Arctic aoo winters principally 
along the Argentine coast of South America. The north>o�ard migration takes 
birds fran .Delaware Bay, where over 95 ,000 Red Knot have been counted on 
spr ing aerial surveys , inlaoo to James Bay, where a large passage occurs in 

late May (Morr ison 198 3 ,  1984 ) . Most of these birds appear to move rapidly 
through James Bay en route to arct ic breeding areas, stopping briefly if at 

all (Morr ison et al . 1982) . Dur ing the return migration, over 7 ,000 Red 
Knot have been counted on July aer ial surveys of the Ontario coast of James 
and Hudson Bays , and up to 5000 and 2500 have been recorded dur ing peak 
migration periods at Langridge Po int aoo North Point , respectively, on the 

southwest James Bay coast (Morr i son and Har r ington 1979) . L i ke 
Semipalmated Sandpipers , Red Knot concentrate in particular coastal zones , 

particularly those northern and southern areas of the west James Bay coast 
character i zed by ex tens i ve sand f l a ts (Morr i son and Har r i ngton 1979 ; 

Morrison et al . 1980 ) . Sane 40\ of the birds occur on only ll% of the 
entire west coast , rising to 70\ of the birds on 22\ of the southern James 

Bay coast (Morr ison 1983 ,  1984) . 

Most Red Knot uti l i ze  the lower intertidal zone , concentrating in areas 
with extensive sandflats, where they feed on mediun to large size classes 

of their preferred prey, Macana balthica (Martini et al . 1980; Morr i son et 
al . 1982) . Dur ing late summer and early fal l ,  Red Knot �ften use the upper 

t idal flats near the l?uccinella colonization zone , apparently in response 
to seasonal peak abundances of small � in this area , as well as of 

Hydrobia minuta and amphipods (Morr ison et al . 1982) . High tide roosts are 
typically located on raised beach r idges, often tightly concentrating 

huroreds of birds (pers. obs . ) . 

Fran James Bay, Red Knot appear to fly directly to a few cr itical 

-20-

(") I 
(1\ 
..... 



stag ing areas on the eastern seaboard , with a handful of sites in 
Massachusets and New Jersey accounting for up to 90% of the total censused 
population in any g iven year (MOrrison and Harr ington 1979 ; Morr ison 1983 ,  
1984 ) . The fat reserves accunulated through intens ive feed ing on the ..est 
coast of James Bay are thought to be d irectly responsible for enabl ing Red 
Knot to canplete this non-stop leg of their long d istance migration. 
'ttle feeding ecology of James Bay Red Knot is intimately l inked to the 
distr ibution and abundance of � balthica, at least on the west coast. 
Any major disruptions to the ecology of � balthica could significantly 
affect the migration ,  and hence survival , of Nor th American Red Knot. 

Hudson ian Godwit (Liroosa haanastica) - The Hudson ian Godwit has a 
spectacular migrat ion systan, perhaps eclipsing that of any other NOrth 
Amer ican shorebird (Morrison and Harr ington 1979; Morr ison 1983) . As 
recently as 40 years ago , the species was bel ieved to be on the verge of 
extinction , owing to its extreme scarc ity in eastern North America. 
However , large nl.ltlbers have s ince been recorded on James Bay. Hagar ( 1966) 
reported flocks of 3-4000 Hudsonian Godwits dur ing peak migration periods 
on the west James Bay coast. In July 1976,  3646 were recorded dur ing an 
aer ial survey of the ontario coast of James and Hudson Bays , and an 
estimated 10 ,000 godwits were d iscovered north of the �lbany River in early 
September 1974 (Morr ison and Harr ington 1979; MOrrison 198 3 ,  1984) . In 
marked contrast , maximun counts fran all North Amer ican east coast survey 
s i tes in 1976 totalled only 202 birds (Morrison and Harr ington 1979) . 
Evidence strongly suggests that Hudsonian Godwits make a d irect , non-stop, 
transoceanic fl ight fran stag ing grounds on the west James Bay coast to 
South Amer ica, a distance of at least 4500 km (Hagar 1966 ; Morr ison and 
Harr ington 1979) . The next area in wh ich godwits appear in significant 
nl.ltlbers is Argentina, although ;�rr ival and departure dates imply an 
intermediate staging area in northern South America (MOrr ison 1983 , 1984) . 

Hudsonian Godwits util i ze sandflats in the lower intertidal zone for 

feeding , where they prey almost exclusively on mediun and large size 

classes of Macana balthica (Martini et al.  1980 ; Morr ison et ·al .  1982) . 

The Puccinel l ia salt marsh is used extensively for roosting at high tide, 
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and some feeding occurs in ponds on the outer edge of this zone when lower 

intertidal flats are covered (Morr ison et al.  1982) . These rich food 
resources under l ie the outstanding international importance· of the west 
James Bay coast as an area in which Hudsonian Godwits accunulate the large 
fat reserves required to fuel their non-stop, transoceanic flight to South 
Amer ica . Major negative ecological perturbations to this cr itical stag ing 
area , particularly those affecting invertebrate food productivity, might 
threaten the entire breed ing popul3tion of this species . 

Dunl in (calidris alpina) - Dunl in have the shortest migration of 
regular migrant shorebird species using the James Bay coast. They are also 
unique in that they undergo a canplete molt of fl ight and body feathers at 
James Bay before continuing migration to winter ing areas on the �tlantic 
and Qllf coasts of the U.S.  (MOrrison et al. 1982;  Morrison 1984) . This 
relatively short migration is  thought to be sign i f icant in enabling Dunlin 
to molt prior to migrating .  

Dunl in breed along the northwest coast o f  James Bay (Peck 1972 ; Godfrey 
1986) . They are the most abundant spring migrants on the southwest coast , 
with a peak of 2500+ recorded at North POint on 20 May 1982 (Morr ison et 
al . 1982) . The southward migration of adult Dunlin is the most protracted 
of any shorebird species on James Bay, due most l i kely to phys iological and 
aerodynamic restr ictions imposed by their molt .  Birds beg in to arr ive in 
mid July, and some individuals may ranain through at least �ugust (MOrrison 

et al . 198 2 ;  pers .  obs . ) . Adult nl.ltlbers at North POint peaked at 1000 on 25 
�ugust 1982 , at about the same time that juveniles started to appear .  
OVerall Dunlin nl.ltlbers a t  North PO int peaked at 8000+ on 1 9  Septanber of 
that year , wi th large concentrations present through Cctober (7500+ on 1 
Cctober , 6000+ on 28 Cctober) (Morrison et al . 1982) . 

Ounl in uti l i ze several habi tats on the west coast of James Bay, varying 
to some extent w i th  time of year (Martini et al . 198 0 ;  Morri son et al.  

1982) . Most spr ing migrants use the Puccinellia marsh for feeding , and to a 
lesser degree the Triglochin meadows of the mid marsh. In 1srnmer and 

autunn , sandy and rocky substrates of the lower intertidal zone are 
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preferred, with small size classes of � balthica and sane arnphipods 
taken. In October heavy use is also made of mid and upper tidal flats, 
where seasonal peaks in abundance of small Macana , as well as of Hy?robia 
� and �phipods , occur .  

The significance o f  James Bay to Dunl in l ies pr nnar i ly in its use as a 
molting area where b i rds can acquire sufficient resources both to replenish 
energy reserves depleted dur ing nesting and to meet the increased energetic 
danands of molt .  It is likely that Dunl in a=umulate fat reserves dur ing 

the late stages of molt ,  enabling then to continue on to thei r  eastern 
seaboard winter ing grounds . 

Eskimo Curlew (Nunenius boreal is) - The endangered Eskimo Curlew, 
considered to be on the verge of extinction for many years ,  may use the 

west coast of James Bay as a pr incipal part of its migration route. 'l'lolo 
were sighted at North PO int on 15 August 1976 (Hagar and Anderson 1977) , 

one of extremely few records in recent years (Godfrey 1986) . If this 
species does still exist , James Bay may represent a cr i tical stag ing area 
for its continued surv ival . 

Other Shorebird species -- A number of other shorebird species use the 

productive coastal marshes and tidal flats of the west James Bay coast as 

stag ing areas dur ing migration. Individuals of these species may rely on 

resources obtained at James Bay to fuel their migrations (Martini et al . 

1980 ; Morrison 1984) . However , it appears fran the available data that 

whole populations of these species may be less cr itically dependent on the 

James Bay ecosysten than those shorebird species d iscussed above. Other 

prom inent shoreb i rd spec ies us ing western James Bay include the 

Bl ack-bel l i ed  Plover ( Pluv i a l i s  squa tarola) , Lesser Golden-Plover 

(Pluv i a l  is dom i n ica) , Semipalmated Plover (Charadr i us semipalmatus) , 

Marbled Godw i t  ( L imosa fedoa ) , Wh imbrel ( Numen ius phaeopus) ,  Greater 

Yellowlegs (Tr inga melanoleuca) ,  Lesser Yellowlegs (Tringa flavipes) , Ruddy 

TUrnstone , Sanderling , Least Sandpiper , Whi te-rumped Sandpiper·,. Pectoral 

Sandpiper (Ca l idris melanotos) , and Ccmnon Snipe (Gallinago gallinago) 
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(Martini et al . 1980 ; Morr i son 1984) . 

RAPI'ORS 

Little is known about the use of James Bay coastal hab i tats by raptors. 
No studies have speci fically focused on d istr ibution, abundance, or ecology 
of James Bay raptors. However , enough data have been collected dur ing 
avi fauna! survey work to enable a prel iminary assessnent of the importance 
of James Bay to several migrant raptor species. 

Northern H� (Circus cyaneus) -- Northern Harr iers breed along both 
coasts of James Bay (Godfrey 1986) , but are apparently much more ccmnon 
along the expansive salt marshes of the west coast (Manning 1952; Manning 
and Macpherson 1952) . Although few data exist on di str ibut ion and abundance 
of migran ts ,  Ri!TIIIer (unp.lbl . data) recorded small numbers of Northern 
Harriers passing North PO int almost dai ly dur ing May, September , and 

October of 198 2 .  It is probable that the west James Bay coast is a major 
corridor for spr ing and fall migrat ions of subarctic breed ing populat ions 

of this raptor. Migrant Northern Harriers presumably prey on marsh-dwell ing 
populations of small m.:mnals and passer ine b irds. More deta iled studies are 
needed to determine the m igratory status and ecological requirements of 
this species at James Bay. Northern Harr iers appear to be decl ining in 
par ts o f  the i r  North Amer i can breeding range and may be sen s i t ive 
ind icators of env ironmental change . 

Northern Goshawk (A=ipi ter gentil is) -- This woodland hawk breeds 
north to the treel ine in ontario and Quebec (Godfrey 1986) . Its fall 
migration appears to be concentrated along the west James Bay coast , where 
it hunts prey as large as Snowshoe Hare (Lepus americanus) and Sharp-ta iled 
Grouse (Ped ioecetes phasianellus) in the thickets and mixed', woodlands 
adjacent to the coastal marshes . Ri!TIIIer (unp.lbl . data) recorded at least 37 
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individuals at North PO int between 28 Septsnber-31 October 1982,  with 13-14 
observe1 on 27 October , McRae recorde1 a peak count of 12 Northern Goshawks 
at Netitishi PO int on 1 NOvsnber 1981 (Goodwin 1982) , This species is not 
abundant anywhere in North l\rner ica , and the west coast of James Bay may 
represent an important corr idor in autunn. NO information is avai lable on 
Northern Goshawk movements along the east James Bay coast. 

ROugh-legge1 hawk (� �) - This arctic and subarctic breeder 
nests at Cape Henr ietta Mar ia and along the northeast coast of James Bay 
(Godfrey 1986) . Large nl.lllbers have been recorded on the southwest coast 

during both spring and fall migrations. �t North POint a conservative count 
of 315 Rough-legged Hawks was recorded between 1-20 May 1982, with 250+ on 

7 May (Rimner , unpubl . data) . McRae (unpubl ,data) observed lll2 ind ividuals 
at East POint between 9 October-14 NOvsnber 1985 , the high count being 306 
on 26 October . only 61 were recorded at North POint during the fall of 1982 
(Rinmer , unpub l .  data) , suggesting that Rough-legged Hawks may be irruptive 

migrants on the James Bay coast. Snall rnarnnal populations , known for their 
cycl ic nature in northern breed ing areas , probably d ictate these movements . 
Rough-legge<;l Hawks rout inely hunt over the southwest coastal marshes during 
spring and fall . Prey obtained in spr ing may be critical in determining 
adul t  reproductive cond i tion upon arrival on breeding grounds to the north. 
Prey resources in autunn may be important in maintaining the physiolog ical 
cond ition necessary to reach suitable winter ing habitats south of James 
Bay. 

Peregr ine Falcon ( Falco peregrinus) - The arctic-breeding tundrius 
subspecies of Peregrine Falcon is a fairly ccmnon spr ing and fall migrant 

along the southwest coast of James Bay. Peregrines migrate over the salt 
marshes , beach ridges, and intertidal flats , preying on migrant flocks of 

shorebirds and passer ines . �t NOrth POint 16 were observed between 16-30 
May 198 2 ,  and 33 were recorded on the return flight in late Septsnber and 

October of �t year (Rinmer , unpubl . data) . McRae (unpubl . data) recorded 
15 Peregrine Falcons at East POint fran 10-20 October 1985. 1'!11!· prey base 

of migrant shorebirds ana passer ines on the west James Bay coast may be an 
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important canponent in the spring and fall migrations of central arctic 

breeding populations of Peregr ine Falcons . 

gyrfalcon (Falco rusticolus) - This arctic breeder regularly migrates 
along the southwest James Bay coast in autumn. Sane birds may a ttempt to 
overwi nter , depending on prey ava i lab i l i ty .  No Gyrfalcons have been 
recorded in spr ing , a possible ind ication that they move north before May . 
Fall migrants appear in mid October and have been observed pursuing Brant 
and other waterfowl along the tide edge. Rimner (unpubl . data) observed 10 
Gyrfalcons at North PO int between 16-31 October 1982.  McRae recorded 29 
ind iv iduals at Net itishi PO int between 20 October-20 November 1981 (Goodwin 

1982) , and 17 at East PO int between 19 October-12 Novsnber 1985,  including 
7 b i rds on 9 NOvember (unpubl . data) . These concentrations may be the 
largest on record in NOrth America for Gyrfalcons during migration, 
dramatizing the probable importance of James Bay as a stag ing and possible 
wintering area for the species. 

Snowy OWl (Nyctea scandiaca) - The status of Snowy OWls on the James 
Bay coast is not well documented , largely because observers have not been 
present during per iods of their  probable greatest abundance. The fall and 
winter movements of snowy OWls are irregular in North l\rnerica and d ictated 

by populat ion cycles of arctic lemning species, their staple prey i terns. 
Dur ing fall of 198 1 ,  McRae (unpubl . data) recorded 39 sightings of Snowy 

OWls at Netitishi PO int,  includ ing 7 individuals on 12 NOvsnber . �t East 
POint in 198 5 ,  he d id not observe a single b i rd (pers. ccmn. ) .  �t Nor t."l 

POint,  2 Snowy OWls were seen on 31 October 1982,  the last day of field 
observations that year . During spr ing of 198 2 ,  the only North POint record 

was of a single b ird on 1 May, the first full day of field observations 
(Rimner , unpubl .  data) , It is probable �t in years of pronounced 
southward movement by snowy OWls ,  the James Bay coast prov ides important 
hunting hab i tat , and possibly supports a wintering population as well .  

-26-

C"l I "' � 



PASSERINES 

Few data are available on the ecology of passer ine birds at James Bay. 

Ex isting publ ished infor:mation has not pranpted the identi fication by 
conservat ionists of any passer ine species as being of special concern , due 

to dependence on James Bay ' s  coastal resources. However , a review of 
unpublished data suggests that James Bay may play an important role in the 
ecology of several migrant passerine species. 

Migrant 5pecies 

A number of passer ine species breeding exclusively or predaninantly to 
the north of or inland fran James Bay stage in the southwestern coastal 
marshes and wi llow-alder thickets during migration (Rimmer , unpubl . data ) . 
Ground-dwell i ng ,  open-country species appear to use these habitats most 
heavi ly and may be dependent on food resources gained there to fuel 
subsequent legs of their migrations. Large tracts of sui table habitat are 
generally not available to these species for several hundred ki lometers in 
any southward direction .  Data ex ist only on di stribution and abundance of 
these migrant passer ines at James Bay. FUrther infor:mation is needed on 
habi tat use , feed ing ecology , populat ion turnover , and overall migrat ion 
strategies for these migrant populations. 

Snow Bunting (Plectrophenax nival is) This arctic breeder is an 

abundant migrant in drier por tions of the west coast salt marshes. At North 
Po int a flock of 2500-3000 Snow Buntings on exposed patches of the 
still-frozen marsh on 30 Apr i l  1982 migrated north with a war:m front that 
night. Only 425 were seen the following day, and numbers steadi ly decl ined 
through late May (Rinmer , unpubl . data) • Observations have not been 
recorded in any year before 30 Apr i l ,  and it is quite possible that peak 
concentrations of snow Buntings typically precede that date. This species 
may well depend on seeds fran the earl iest exposed marsh plants to 
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replenish energy reserves depleted en route fran its wintering areas to 
James Bay. Fewer Snow Buntings have been recorded in fall , probably in part 
because migrants are not concentrated on specific sections of the marsh as 
in spr ing. Peak counts are 825 on 21 O::tober 1982 at North Po int (Rinmer , 
unpubl .  data) and 820 at East Point on 26 October 1985 (McRae, unpubl . 
data) . The abundant food resources (herbaceous plant seeds) ava ilable 
during autunn may be cr i tical in enabling snow Buntings to continue their 
migration to open coastal or inland habi tats far south of James Bay. 

Lapland Longspur (Calcarius lapponicus) - This species nests at Cape 
Henr ietta Mari a  and along the northeastern edge of James Bay (Godfrey 
1986) . It is a very common spr ing and fall migrant on the southwest coast , 
often associating in mixed flocks of Snow Buntings and Horned Larks 
( Erernophila alpestr is) . Spr ing migration peaks in the latter half of May, 

with 800 recorded on 17 May 1982 a t  North Po int (Rinmer , unpubl . data ) . 
Fall fl ights appear to be less pronounced , probably due to wider dispersal 
over the entire coastal marsh than in spr i ng ,  causing underestima tes of 
abundance. Peak autunn counts are 450+ on 24 September at !lor th Point 
(Rimner , unpubl . data) and 240 at East Point on 10 O::tober 1985 (McRae, 
unpubl . data ) . Peck ( 1972) considered this species an abundant breeder at 

Cape Henrietta Maria .  Given its broad arctic and subarctic breeding range , 
it is somewhat surpr ising that larger concentrations have not been recorded 
on the southern James Bay coast. Sane Lapland Longspurs may stage further 
north than southwest James Bay. I t  is l ikely that James Bay migrants depend 
on food resources in the coastal marshes to carry than to winter ing areas. 

Horned Lark (Eranophila alpestr is) - Horned Larks breed in small 
numbers along both coasts of James Bay (Godfrey 1986) • on the southwest 
coastal marshes and beach r idges they are very cClllllon spr ing and fall 

migrants , often associating with Lapland Longspurs and Snow Buntings . 
Spring migration peaks during the third week of May, the high count at 
North Po int being 325+ on 22 May 1982 (Rimner , unpubl . data) . Peak fall 
concentrat ions at !lorth Point occur during the second half of "6eptenber , 
with 800 recorded on 22 Septanber 1982 (Rimner , unpubl . data ) . Like the 
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previous two species, HOrned Larks probably rely on the abundant seed 
production of marsh vegetation to accunubte fat reserves that fuel both 
spring and fall migrations. 

Whi te-crowned Sparrow (Zonotr ichia leucophrys) - The southwest James 
Bay coast ai?I?E!ars to be a very important spr ing stagi ng  area for both the 
leucophrys and gambel i i  races o f  this species. Al though Wh i te-crowned 
Sparrows have not been docunented as breeders in the area around North 
Point, they nest commonly northward from at least Fort Albany on the west 
coast (Manning 1952) and Paint Hills (WEmindj i) on the east coast (Manning 
and Macpherson 1952) . Fran 10-25 May 1982 this species was abundant at 
North Po int a �0ng the inter ior edge of the salt marsh in willow-alder 

thickets . Several daily counts of 75-100 ind ividuals were recorded , and 157 
were banded , 134 leucophrys and 23 gambel i i  (Rimner , unpubl . data) . Many 
individuals remained at North Point for a week or more, during which time 
they steadi ly accunulated subcutaneous body fat and gained weight. Snow 
cover and weather cond i tions on thei r  northern breed i ng grounds are 
unpred ictable and may be severe at this time of year .  The energy reserves 
stored at southern James Bay staging areas may be indispensable to 
White-crowned Sparrows , both in replenishing reserves depleted on earlier 

legs of thei r  migration and in prepar ing them physiolog ically to cope with 
potentially harsh cond itions further north . 

Ccrrrnon Redpoll (Carduelis flamnea) -- This species i s  a regular breeder 
along the James Bay coast, al though its nunbers ai?I?E!ar to fluctuate 
annually. It is well known as an irruptive migrant, the extent of its 
southward movenent.s in winter being largely dictated by vari<�t ions in 
coni fer seed crops . Ccrrrnon Redpolls can be exceed ingly abundant on the 
southwest James Bay coast in autumn and are frequently seen either in 

migrating flocks or in willow-alder thickets along the interior salt marsh 
edge , where they feed on seeds of the cones of these deciduous shrubs . 

McRae (unpubl . data) recorded over 20 , 050 Ccrrrnon Redpolls at East Point 
between 9 October-14 November 1985 , and daily counts of 250 were common at 
North Po int during October 1982 (Rirtrner , unpubl .  data) . Common Redpolls may 
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be less dependent on food resources fran the coastal habitats of James Bay 
than the preced ing passer ine species, since they are capabl� of forag ing on 
seeds from the more widely dispersed inland coni fer trees . Ho..ever , i n  
years of poor coni fer s eed  production, Common Redpolls ma y  rely heavily on 
seed crops in the narrow coastal willow-alder band , either to fuel the ir 
migrations or as a winter food source . 

Breeding Species 

In add ition to concentrating many species of passerines during both 
spr ing and fall migrations , the coastal marshes and thickets of J<mes Bay 
support a diverse breeding passerine fauna . Many species nesting largely to 
the south reach thei r  northern l im its along the James Bay coast. Examples 
of the more abundant species in this category include Least Flycatcher 
(Flllpidonax �) ,  Red-eyed Vireo (Vireo ol ivaceus) , Philadelphia Vireo 
(Vireo phi ladelphicus) , Black-and-white Warbler (Mnioti lta varia) , Ovenbird 
(Seiurus aurocapi llus) , Common Yellowthroat (Geothlypis trichas) , and 

l\mer ican Redstart (Setophaga ruticilla) . These species all nest in the 
w i l low-a lder th i ckets or bal sam popl ar ( Populus balsam i fera) s tands 
immed iately interior to the coastal marshes (Rimner , unpubl . data) . All are 
long-d istance migrants ; most winter in the neotropics . James Bay probably 
represents an ecologically marg inal area for breeding populations of these 
spec ies , s i nce i t  l ies at the northern per i phery o f  the i r  range . 

SUMMARY AND CONCLUSIONS 

A review of avai lable l i terature and unpubl ished data strongly supports 

the assertion that large sections of the James Bay coast are of cr i t ical 
importance in the annual cycles of many migratory bird species. The 

sign i ficance of this unique ecosystem for migratory bird populations 1 ies 
in its use as a stag ing area where seasonally abundant vegeti!t ional and 

invertebrate food resources are converted to fat and protein reserves. 
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These energetic stores are essential as fuel suppl ies, both to enable long , 

non-stop fl ights over broad ecological barriers to subsequent migration 
stopovers in fal l ,  and to permi t  maintenance of body cond ition necessary 
for successful reproduction on subarctic and arctic breeding areas in 
spr i ng .  The major international importance of James Bay is underscored by 
the fact that large numbers of di screte populations of Lesser Snow Geese , 
Atlantic Brant, Red Knot, and Hudsonian Godwit use speci fic sections of the 
James Bay coast during spr ing and fall migrations . Signif icant ecological 
d isruptions to this v i tal l ink in the annual cycle of these and other 
species could have far-reaching , adverse consequences . 

At the present time, the coast of James Bay appears to have been l i ttle 
affected by man. Moreover , there is no docunentation in the l i terature 

rev iewed here that any hunan developnent to date has had a significant 
adverse effect on migratory b ird populations using James Bay. 

Within the l im i ted scope of this l i terature review alone , it is not 
possible to predict speci fic impacts on one part of the canplex James Bay 
ecosystan caused by changes in another . Basel ine data have been collected 
on many aspects of James Bay ' s  oceanography , geology , and ecology , but an 
integrated approach to understanding the factors that influence current 
distr ibutions of sedUnents, vegetation , invertebrates , and vertebrates has 
yet to be developed . The l i terature reviewed here reveals gaps in knowledge 
of macro- and microhab itat requirements , mechanisms of habi tat selection , 
d iets and feeding ecology, population turnover ,  d istr ibution of age and sex 
classes , local movement patterns , physiolog ical cond ition during stopovers , 
and the relation of these to overall migration strateg ies. 
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APPENDIX D .  U . S .  ARMY CORPS OF ENG INEERS REVI EW FOR 
APPLICAB I L I TY OF SECTION 404 ( b ) ( l )  GU I DEL INES 

Add i t i onal power purcha se by New Eng l and Power Poo l wo u l d  nec e s s i t a t e  the 
cons t ruc t i on of  new fac i l i t i es t o  t ran smi t e l e c t r i c i t y  t o  l o ad cen t e r s  1n 
cen t ral New Engl and . The propo s ed route wo uld i nvo l ve con s t ruc t i o n  of  
1 8 5  mi l e s  o f  t ransmi s s ion l i ne s i n  New Hampshi re and Ma s s achu s e t t s .  

The f o l l owing i s  an a s s e s smen t o f  ant i c i pated envi ronmental impa c t s  
a s s o c i a � ed wi th f i l l  act i v i t i e s i n  the propo s ed pro j e c t  f o r  appl i c abi l i t y o f  
Sec t i on 404 ( b ) ( l )  gu id e l i ne s . 

D . l  I MPACTS ON PHY S I CAL/ CHEMI CAL CHARACTERI STICS  OF THE AQUATI C  ECOSYSTEM 

The pro j e c t  would : 

( x )  change the phys i cal and chemi cal charac t e r i s t i c s  o f  the 
subs tanc e .  

( x )  change the sub s t rate el evat i o n  o r  contour s .  
( x )  cause ero s i on , s l ump i ng , or l a t eral di splacemen t  o f  the 

surround i ng subs t ra t e .  
( x )  change wa ter f l uc tuat i on s . 

The s e  changes would affec t : 

( x )  current s ,  c i rculat i on ,  or dra i nage pa t t erns . 
( x )  s u s pended part i c u l a t e s  and t urb i d i t y .  

The se changes woul d ,  i n  t urn , af fect : 

( x )  wa t e r  qual i t y  ( c l ar i t y ,  odor , c o l o r , t a s te , D . O .  l evel s ,  nut r i en t  
l evel s ,  toxi n s , pathogen s ,  v i ruses , e t c . ) .  

( x )  wa ter t empe ra t ure s . 
( ) sal i n i t y  grad i en t s .  
( ) therma l s t rat i f i ca t i on .  

Exac t locat i ons for  t ransmi s s i on s t ruc t ures have not been det ermi ned but , 
where po s s i bl e ,  s uppo r t  s t ruc tures wi l l  be p l aced out s i de o f  we t l and s . 
However , placement o f  f i l l  for  some s t ructures wi thin  we t l and s 1 s  
unavo i dabl e .  I t  i s  e s t i mated that a t o t a l  o f  8 8  we t l and s would be a f f e c t e d  by 
new s t ructural p l acemen t ,  exi s t ing s t ruc t ure remova l , and /or f o r e s t  
c l ear ing . Th i s  i n c l udes 3 3  we t l ands 1 n  New Hamp s h i re ( ER ,  Vo l . 8-
Tabl e  I I I -6 ) and 55 we t l and s in Ma s s achuset t s  ( ER ,  Vo l .  7 --Tabl e  I I I -6 ) .  F i l l  
for new s t ruc t ure s and ac c e s s  roads would cau s e , a t  the mo s t ,  l ong- t e rm l o s s  
o f  1 9  acres of  we t l and s ; 8 acres i n  Ma s s achu s e t t s  ( ER ,  Vol . 7 --Tabl e  I I I - 7 ) 
and 1 1  acres i n  New Hamp sh i re ( ER ,  Vo l .  8--Tabl e  I I I - 7 ) .  
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Wet l and impac t s  can be effec ted by c l ear ing of veget a t i on , con s t ruc t i on 
and improvement of ac c e s s  road s by f i l l i ng ,  use o f  heavy machinery , and 
i n s t a l l a t i on of s t ruc ture s . The poten t i al effec t s  re sul t i ng from the s e  
ac t 1 v 1 t 1 e s  inc lude di s rupt i on o f  dra inage pa t t erns , ero s i on and s i l t a t i on ,  
habi tat  d e s t ruc t i on , changes i n  wa ter t empera ture , i ncrea s ed publ i c  acce s s ,  
wi l d l i fe d i splacement , wa t e r  l eve l mod i f i ca t i on ,  and add i t i on of chemi ca l s .  
Swampy we t l and s would be impac ted more by l ong-t erm change s in  wa ter qual i ty 
and water l eve l , whereas marshy we t l and s could be impac t ed by short -t erm 
mod i f i cat i on ( Darnel l 1 9 7 6 ) . Fluctuat ions in wa t e r  l evel mi ght a l s o  be 
detr imen tal to  vegetat i on l ocated ad j acent to  we t l ands ( Boel t e r  and Clare 
1 9 74 ) . Whi l e  emplacement o f  tower ba ses  woul d  resul t in t he l o s s  of s ome 
we t land habi tat , they mi ght prove to  be preferred habi tat  for ne s t ing 
wat erfowl and calving deer ( Thors e l l  1 9 7 6 ) . Because the area of wet l and s 
impac t ed by the pro j ec t  wou ld be smal l re l a t ive to  t he t o t a l  we t l and area 
occurring in the v 1 c 1 n 1 t y  of t he Mas s achus e t t s /New Hamp sh i re s i t e s , the 
overal l impac t s  to  we t l and habi tat  would not be of suf f i c i en t  magn i t ude to 
cause l oca l i zed ext inc t i on of any spec i e s . Add i t i onal l y ,  t he hab i t a t  t hat  
woul d  be affec t ed is  no t un i que to  t he area . Impac t s  t o  wet l and habi tat  would 
a l s o  be minima l  becau se t he maj o r i ty o f  wet l and s woul d  be s panned , and 
con s t ruc t i on ac t i v i t i e s  ( e . g . , s t ruc ture p lacement ) wou l d  be min imi zed wi thin 
these wet l and areas . 

Minima l  d i s rupt ion and 
management prac t i ces where 
imposed . 

f i l l i ng of wet l and s wi l l  
f i l l ing and con s t ruc t i on 

0 . 2  I MPACTS ON SPECIAL AQUATI C  S ITES 

The change s  pre s en t ed in Sec t i on 0 . 1  woul d  occur in : 

( ) sanc tuar i e s  and /or refuge s .  
( x )  we t l ands . 
( ) mud f l a t s . 
( ) vegetated sha l l ows . 
( ) coral ree f s . 
( ) r i f f l e  and poo l areas . 

take p l ace and be s t  
does oc cur wi l l  be 

The s pecial  aqua t i c  s i te provides bene f i t s  inc l ud i ng : 

( x )  f l ood contro l . 
( x )  water pur i f i cat i on .  
( x )  food cha in produc t i on and nut r i en t  export . 
( ) s torm , wave , and ero s i on buffer s .  
( ) aqu i fer recharge . 
( x )  hab i tat for f i sh and other aquat i c  organi sms . 
( x )  wi l d l i fe hab i tat . 
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The we t l and s in New Hampshi re ( ER ,  Vol . 8--Table I I I - 1 ) and Mas sachus e t t s  
( ER ,  Vol . 7 --Table I I I - 1 ) were del imi ted u s i ng Corps o f  Eng i neers ' c r i t e r i a  
and c l a s s i f i ed us ing the U . S .  F i sh and W i l d l i fe Servi ce c l a s s i f i c a t i on 
des ignat i on .  To further a s s i s t  i n  del inea t i on ,  the U . S .  F i s h and W i l d l i f e  
Service we t l and i nven tory maps were s c reened . In  add i t ion , these we t l and 
areas and the surface wa t ers wi thin the r i ght-of-way were f i e l d  checked . 

In  a l l  c a s e s  the we t l and s cros sed are pa l u s t r i ne we t l and s . The amoun t of 
we t l and acreage within the r i ght-o f-way ranges from 0 . 1  a c re of hardwood 
fore s t  in Medway,  Mas sachus et t s ,  to 1 3 . 5  acres of pa l u s t rine s c rub
shrub / emergen t we t l ands in M i l ford , Ma s s achu s et t s .  

The we t l ands in  the v i c i n i t y  of the propo s ed rout e are 
d i verse t ypes of vege tat i on s uch as emergent vege t a t i on ,  
vegetat i on ,  and fore s ted veget at i on . 

domina t ed by 
s c rub/ shrub 

We t l ands dominated by emergent vegetat ion ( e . g . , we t meadow and pond s ) 
are bas i cal l y  wet gra s s lands containing plant s pec i e s  adap ted t o  s ubmerged 
so i l s  ( Darne l l  1 9 7 6 ) .  The se habi t a t s  usual l y  contain zoned grada t i on s of 
plant s pe c i e s  as fol l ows ( f rom shal l ow to deeper wa ter ) :  ( 1 )  emergent plant s 
( e . g . , reed s , c a t t a i l s , bul rushe s , sawgra s s e s , sedges , and arrowhead s ) ,  
( 2 )  f l oat ing l eafy plan t s  ( e . g . , water l i l i e s , pond l i l i e s , smartweed s ,  
s pa t t erdocks , and some pondweed s ) ,  and ( 3 )  submerged plant s ( e . g . ,  wa t e rweeds , 

m i l f o i l s ,  coonta i l s ,  bl adderwort s ,  hornwor t s ,  and 
Based on ac reage of we t l and t ypes a l ong the 

of the we t l ands con t a i n  predominan t l y  emergent 
I I I-2 , Vol . 8--Tabl e  I I I -2 ) .  

some pondweed s ,  muskgra s s e s , 
but t ercups ) ( Darnell  1 9 76 ) .  
propo sed route , about 32% 
vegetat ion ( ER ,  Vo l . 7 --Tabl e  

Sc rub / shrub wet l ands or swamps are areas dominated b y  woody veget a t i on 
l e s s  than 6 m ( 2 0 f t ) ta l l , inc l ud ing t rue shrubs , young t ree s , and t rees  and 
shrubs t hat are sma l l  or s t unted due to envi ronmental cond i t i ons  ( Cowar d i n  
et al . 1 9 7 9 ) .  Dominan t woody s pe c i e s  inc l ude al der , w i l l ow ,  bl ueberry , s umac , 
wint erberry , s t eeplebru s h ,  sweet pepperbu s h ,  but t onbru s h ,  red o s ier dogwood , 
s p i rea , l abrador t ea ,  bog rosemary , bog l aurel , l ea therleaf , and young trees 
of s pec i e s  s uch a s  red maple and bl ack s pruc e . Sen s i t ive fern and s e dg e s  are 
predominant herbaceous s pe c i e s  ( Coward i n  e t  al . 1 9 7 9 ; ER , Vol s .  7 and 8 ) .  
About 1 2 %  by area of t he we t l and s al ong t he proposed route c on t a i n s  a 
predomi nant s c rub/ shrub vegeta t i on commun i t y .  About 5 1% of the we t l ands 
contains  a comb i nat i on of emergent and s c rub/ shrub we t l ands ( ER ,  Vol . 7 -
Tab l e  I I I -2 , Vol . 8--Table I I I -2 ) .  

The fore s t ed wet l ands or swamps are domina t ed by l i ving or dead t rees  
that  are a t  least  6 m ( 2 0 f t ) t a l l . I n  the s t udy area , fore s t ed we t l ands are 
typ i c a l l y  domina t ed by red mapl e ,  w i t h  bl ack ash and grey b i rch al s o  
pre s ent . Con i ferous s pec i e s , whi ch are l e s s  c ommon , inc l ude l arch , b l a c k  
s pruce , At lant i c  whi t e c edar , and whi t e  p i n e  ( ER ,  Vo l s .  7 and 8 ) .  Shrub and 
herbaceous l ayers are dominated by the s pec i e s  c ommon in  the s c ru b /  shrub 
we t l ands . The pre sence of fores t ed wet l ands dominat ed by dead t rees  resul t s  
from con s t ruc t i on of man-made impoundment s  and beaver pond s , f i re pol l u t ion , 
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or i n se c t  infestat i on 
1 9 7 9 ) .  Onl y  about 5 %  
fore s t ed component ( ER ,  

( e . g . , s pruce budworm outbreaks ) ( Coward in et  al . 
o f  the we t l and s al ong the propo s ed route contains a 
Vol . 7--Tabl e  I I I - 2 , Vol . 8--Tabl e  I I I -2 ) .  

D . 3  I MPACTS ON BIOLOGI CAL CHARACTERI STICS OF THE AQUAT IC ECOSYSTEM 

The changes in Sec t i on s  D . l  and D . 2  wou l d  adver sely impac t :  

( ) endangered or threatened spec i e s , or cr i t i c a l  hab i t a t  for such . 
( x )  f i sh ,  mo l l usks , or other aqua t i c  organi sms t hrough : 

( ) removal . 
( ) t empo rary d i spl acement . 
( x )  permanent d i s placement or l owered numbers through changes 1n  

overa l l  sui tabi l i t y  of hab i tat  in  terms of s ub s t ra t e , 
t emperature , wa ter qual i t y ,  e t c . 

( ) i n t erfering with s pawn i ng migrat i on s . 
( x )  other wi ldl i fe i n  terms of : 

( x )  breeding and ne s t i ng habi t a t . 
( x )  e s cape cover . 
( ) t ravel corridor s . 
( x )  food suppl i e s . 
( ) compe t i t i on from nui s ance s pec i e s . 
( ) reduced plant  s pec i e s  d i vers i t y and intersper s i on o f  hab i tat  

t ypes . 

The emergent and pond we t l ands con t a i n  a d i verse  and produc t i ve fauna , 
i nc l ud i ng var i ous s pec i e s  of aqua t i c  and t erre s t r ial invert ebra t e s , f i she s ,  
amph i b i ans , and rept i l e s . The wet l ands provide i mpor t ant  nes t i ng , brood ing , 
feed ing , migratory s topover , and overwinter ing hab i tat  for wa ter fowl and 
shoreb i rds  ( Darne l l  1 9 7 6 ) .  They a l s o  provide habi t at for such mamma l s  a s  
muskrat , short-tai l ed shrew , s t ar nosed mo l e ,  e a s t ern cot tont a i l rabb i t ,  
beaver , meadow vo l e ,  and red fox ( Godin 1 9 7 7 ) .  

An imal l i fe in  scru b / shrub and fore s t ed we t l ands i s  s imi l ar t o  that for 
mar shy we t l ands , but i n c l udes a mo re d i verse b i rd and mammal spec i e s  
as semblage becau s e  of t he i ncreased hab i tat  and food res ourc e s  provi ded by 
under s t ory and canopy vegetat i on .  Waterfowl and shoreb irds found 1n the 
marshy wet l ands a l s o  frequent swampy we t l and s ; a l s o  pre s ent are s uch s pec i e s  
as arbo real songb i rd s , birds  of prey , and woodpeckers . Large mamma l s , s u c h  as 
wh i t e-t a i l ed deer , occur in  swampy wet l ands , a s  do many sma l l er mamma l s  s uch 
as mice , vo l e s , squirrel s ,  shrews , weas e l s , o t ters , l emmings , and bat s 
( Godin 1 9 7 7 ) .  

D . 4  IMPACTS ON HUMAN USES 

The impac t s  in  Sec t i ons  D . l ,  D . 2 , and D . 3  wou l d  adver s e l y  affec t human 
uses  of the res ources , t hrough degradat i on o f :  
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( ) exi s t ing or po tent ial water s uppl ies . 
( ) rec rea t i onal or c ommercial  f i sherie s .  
( ) o ther wate r-related rec rea t i onal use . 
( x )  ae s t he t i c s  of  the aqua t i c  ecosys tem . 
( ) parks , na t i onal and hi s t o r i c  monument s ,  nat ional seashore s , 

wilderne s s  area s , res earch s i t e s , and s im i l ar pres erve s . 

Tran smi s s i on s t ru c t ures 
we t l ands that are a l t ered 
vege t a t i on .  D i s turbed areas 

and acce s s  road s may change the aes thet i c s  of  the 
by f i l l ing and temporary d i s rupt i on of nat ive 
may be revege tated to  l e s s en ae s t he t i c  concern s . 

D . 5  OTHER CONCERNS 

The propo sal wi l l  impa c t : 

( ) energy consumpt i on or generat i on .  
( ) naviga t i on .  
( ) a 1 r  qua l i t y .  
( ) hi s t o r i c  res ources . 
( x )  noi s e .  
( ) land use  c la s s i f i cat i on .  

Dur i ng con s t ruc t i on ac t 1 v1 t 1 e s , no i s e from equipmen t may d i s place 
animal s .  Fo l l owing the c omp l e t i on o f  work , however , habi tat  use  should return 
t o  norma l . 

D . 6  EVALUATION AND TESTING OF F I LL MATERIAL 

( x )  The pro j e c t  wi l l  use  f i l l  from a c l ean upl and sourc e . There fore , 
no further evalua t ion under t h i s s e c t i on i s  neces sary .  

( ) The appl i c an t  propo s e s  t o  di s c harge dredged material  o r  u s e  f i l l  
from other than a c l ean upland s ourc e . The f o l l owing i s  an 
eva l uat i on of the need for te s t i ng ,  t e s t ing performed , and 
eva l uat i on of re s ul � s . 
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APPEND IX E .  LETTERS OF CONSULTAT ION 

Letter Page 

Threa t ened and Endangered Spe c i e s  

From A .  Sander s-Fleming , Ma s s achus e t t s  Na t ural Heri tage Program , 
t o  L . T .  S i c uranza , Char l e s  T .  Ma in , I nc . , May 2 1 , 1984 • • • • • • • • • • •  E-2 

From A. Sander s-Fleming , Ma s s achus e t t s  Na t ural Her i t age Program , 
t o  L . T .  S i c uranza , Char l e s  T .  Ma in , I nc . ,  November 29 , 1 9 8 4  • • • • • •  E-4 

From H . L .  Woo l sey , Ma s sachuset t s  Na t ural Her i t age Program , t o  
L .  S i curanza , Charles T .  Mai n ,  I nc . , Apr i l  1 2 , 1 9 8 6  • • • • • • • • • • • • • •  E-6 

From G . E .  Becke t t , U . S .  Fi sh and Wi ld l i fe Servi ce , t o  A . J .  Como , 
U . S .  Department of Energy , February 1 3 , 1 986  • • • • • • • • • • • • • • • • • • • • •  E-7 

From H . P .  Never s ,  New Hamp shire Fish and Game Department , to 
A . J .  Como , U . S .  Department of Energy , February 1 4 , 1986  • • • • • • • • • •  E-8 

Cul t ural Res ource s 

From V . A .  Talmage , Ma s sachuse t t s  Hi s torical  Commi s s i on ,  t o  
B .  Spooner , New Engl and Power Company , September 9 ,  1 9 85 • • • • • • • • •  E-9 

From J . F .  Quinn , New Hampshire State Hi s t or i c  Pres erva t i on Off i ce , 
to  B .  Spoone r ,  New England Power Company , Oc tober 30 , 1 9 8 5  • • • • • • •  E- l l  

From J . W .  Newsham , New Engl and Hydro-Tran smi s s i on , t o  L . A .  Wi l s on , 
New Hampshi re State H i s t or i c  Pre servat i on O f f i c e , September 4 ,  
1 9 8 6 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  E- 1 2  

From V . A .  Talmage , Ma s sachuset t s  H i s tori c a l  Commi s s i on ,  t o  
J . W .  Newsham , New Engl and Hydro-Tran smi s s i on , 
September 2 3 , 1 9 8 6  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . E - 1 4  

From J . W .  Newsham , New Engl and Hydro-Tran smi s s i on , t o  
V . A . Talmage , Ma s sachuse t t s  H i s tori cal Commi s s i on ,  
Sept ember 4 ,  1 9 86 . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . E- 1 9  

From S . G .  Adamovi ch , New Hampshire State H i s t o r i c  Pres ervat ion 
O f f i cer , t o  J . W .  Newsham , New Engl and Hydro-Tran smi s s i on ,  
November 1 7 , 1986 . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . E-20 

From B . H .  Spooner , New Engl and Power , to  V . A .  Talmage , Ma s sachu s et t s  
H i s tori cal Commi s s ion , December 1 2 , 1 9 8 6  • • • • • • • • • • • . • • • • • • • • • • • • •  E-2 1 

From D . L .  K l i ma ,  Advi sory Counc i l  on Hi s t or i c  Pre servat i on ,  t o  
A . J .  Como , U . S .  Depar tment of Energy , February 1 9 , 1 9 8 7  • • • • • • • • • •  E-28 
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Leo T .  S i cu ranza 
Char l es T .  Ma i n ,  I n c . 
P l ann i ng and Sc i en t i f i c  Serv i ces 
Prudent i a l  Center 
Bos ton , MA 02 1 99 

Re : N . E .  Power Co . tran sm i s s i on l i nes 

Dear Mr . S i curanza ; 
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May 2 1 , 1 984 

R E C E I V � D  
MAIN 

MAY 239M. 
..... .. 

Thank you for consu l t i ng the Mas sach usetts N atur a l  Heri tage Program about 
the New Eng l an d  Power Company ' s  proposed transm i s s i on l i ne through n i neteen 
Massachusetts town s in M i dd l esex , E s s ex , and Worces ter Count i es . Our s taff 
has rev i ewed the routes marked on the U . S . G . S .  quadran g l e  map cop i e s ,  wh i ch 
you prov i ded , for occu rrences of rare p l ant and an i m a l  s pec i es popu l at i on s  or 
s i gn i f i cant natural  commun i t i es wh i ch shou l d  be con s i dered i n  p l ann i n g  work i n  
these areas . 

As we d i s cu s sed , the MNHP i s  p resen t l y  aware of occu r rences for three rare 
an i ma l  spec i es and one rare p l ant s pec i es a l on g  the rou tes . These are marked 
on the en c l osed maps ,  w i th deta i l s  g i ven about the s pec i es i n  the fol l ow i n g  
tab l e .  Spec i f i c  l ocat i ons o f  current rare s pec i es popu l at i on s  s h ou l d  not be 
pub l i c i zed to prevent i n advertent damage to the i r  hab i tats throu gh v 1 sltingl 
or col lect i n g . Occurrences s i nce 1 978 are con s i dered curren t .  

Quadrang l e  

Ayer , MA 

Nashua South , N . H .  
( Tyn gs boro ) 

H o l l i s ton , MA 

Spec i es ,  d ate 

C l i mb i n g  Fern , 1 980 
and No date 
( Lygod i um pa l matum ) 

Southern Bog Lemm i n g ,  
1 976 
( Syn aptomys cooper i )  

B l ue-Spotted S a l aman
der , 1 978 
( Ambys toma l atera l e )  

f I . .  h • 1 �?;Ltl ' fej 
Divis.ion o " I' crtr� :l n '  • · •  

habi tat rar i ty, commen ts 

Sem i -open edges Threatened in Mas s . 
of woods and 
s t reams 

S phagnum bogs , Endangered i n  Mas s . 
sedge meadows , 
l es s  common l y  i n  
orchards , open 
gras s l and s  

Wooded swampy Threatened i n  Mas s . 
areas , mo i s t Two s i tes i n  th i s  
woods . Breeds area .  
i n  ephemeral  
pon ds in  spr i n g  

l�>drtffli'AI uf eAo•irOAI'flt>Aial MaAa�l?ffll'llt 1()(.1 Cambridge Street ,  Boston, Mass. 02202 tol7t 727- 31�' 



Qu adrang l e  

Ho l l i s ton , MA 
( con t i nued } 
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Spec i es ,  date 

Spotted S a l amander , 
1 979 
( Ambys toma mac u l atum) 

hab ttat 

Mo i s t wood l an d s . 
Breeds i n  
ephemeral ponds 
in spr i n g .  

rar i ty, comments 

Uncommon but app arent
ly secure in  Mas s . 

As s oon as you become aware of New E ng l an d  Power Co . ' s  proposed ac t i on s  i n  
the v i c i n i t i es o f  these s i tes , we wou l d  ask that you contact u s  aga i n  for 
management and protect i on recommendat i on s , or i nformat i on on the c o l l ect i on of 
f i e l d  data for these s pec i es .  

I hope th i s  i nforma t i on i s  usef u l  i n  you r  p l ann i n g ,  an d that you w i l l  
contact u s  w i th any ques t i on s .  P l ease n ote that our i n ventory expan d s  through 
ongo i n g  f i e l d  work and research ,  s o  further data on t hese areas may become 
ava i l ab l e  i n  the future . 

ASF/mf 
Enc . 

Yours s i n cere l y ,  

� /{�- � � 
A l i son San ders -F l em i ng /' E n v i ronmental Rev i ewer 
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Bos ton , MA 02 199 

Dear Mr . Sicuranza ;  
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29 November 1984 

Re : New England Power Company 
t ransmiss �on lines 

Thank you for consulting the Massachus e t t s  Natural Heri t a ge Program for 
an update on known rare species s i tes n ear the New England Powe r Company ' s  proposed 
overhead t ransmiss ion line through parts o f  Middlese x ,  Es sex , and Worcester 
Coun t ies . As we d is cus sed at our recent mee t in g ,  I had the rest o f  our s t a f f  
reuew the rout es marked on t h e  USGS 7� ' quadrangle ma p  copies you p rovided . 
Aside from the four rare s pecies o ccurrences described in the May 2 1 , 1984 
le t t e r  to you , we are unaware of any addit ional rare p l ant or animal populat ions 
or sign i f icant natural commun it ies which would be adverse ly a f fected by the 
proposed t ransmission l in e .  

We would l ike to o f fe r  updat e d  in format ion on the four occurrences 
ment ioned above . The ir locat ions were indi cated in the May ' 84 correspondence . 
As you know , specific locat ions of rare species s i tes should no t be pub l icized 
to prevent damage to the i r  hab itats th rough vis iting o r  colle ct ing . 

Cl imbing Fe rn ,  1984 , ( Lygod i um  palmat um) ; Ayer MA quadrangle . 

Wh ile a locat ion fo r this State Threatened p l ant s pecies was con f i rmed in 
the 1984 fields season j ust south of the r ight-o f-way , a f ield survey o f  the ROW 
i t s e l f  d id not reveal any C l imb in g Fern populations . 

Southern Bog Lemming , 19 76 , ( Synaptomys coope r i ) ; Nashua South NH/MA quadrangle . 

The Bog Lemming re ported from this wet l and in 1976 represents the most 
recent known occurrence of this s pecies in Massachuse t t s , al though it is believed 
that populat ions of this rare mammal do exist in suitab le habitats in the state , 
The Bog Lemming has recently been recl ass i fied as a Species o f  Special Concern on the 
Ma s s . Division o f  Fisheries Y Wi ldli fe rare animals list revision presen t ly 
pending f inal approval . No fie ldwork has been conducted at this s ite since 19 76 ,  
and i t  can be assumed that the s pe c ies s t i l l  inhabits the we t l and provided that the 
hab i tat has not been s i gnifican tly degraded . Should powe rline installation here 
requi re dist urbance to the we t l and through pi l in g  re locat ion or other construct ion 
ac t ivi t ies , the MNHP s houl d  be contacted to discuss possible f ie l dwork , and 
potential impac t s  and mi t i gat ion measures . 

Blue-spotted S alamander ,  1 9 78 ( Ambys toma late rale ) , and Spotted S a lamander , 19 79 ,  (�. 
ma culatum) ; Hol l iston MA q uadrangle . 

The Blue-s pot ted S alamander has been p roposed for list ing as a Species o f  
Special Concern in Mas sachusetts . As not e d  in our May ' 84 corresponden ce , the 

Division of Fisheries and Wildlife 1 00 Cambridge S t reet, Boston, Mass 02202 (6 1 7) 727-3160,-3 1 5 1  
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Spotted Salamander is cons i dered to be apparent ly secure in the stat e .  Due to 
t he recent abundance o f dat a on this spe c ie s  from annual mo le salamander surveys , 
th ! s  species has been dropped from the HNHP rare animals l ist . I t s  presence , however , 
e s pe cially together with the Blue-spot ted Salamander here , is indicative of good 
q ual ity amphibian hab itat . This we t l and area is north of the ROW itse l f , but 
care should be t aken to prevent degradat ion to the area through runo f f  or o ther 
construct ion impacts to the we t l and system. 

1 h ope this in format ion is 
contact us with any q uest ions . 
ongoing f ie ldwork and research , 
ava i lab le in the future . 

ASF/ l r  

use ful in your planning , a n d  that y o u  wi ll 
Please note that our inventory expands through 
so that further data on the area may become 

Yours s incerely , 

� �- �� 
Al i son Sanders-Fleming J 
Environmental Reviewer 



Massachusetts 
Natural Heritage 

Program 

Mr . Leo Sicuranza 
Chas . T. Main , Inc . 
Prudential Cente r 
Boston , HA 02 199 

Dear Mr . Sicuran z a ,  
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April 12 , 1985 

Re : New England Power Company 
Transmission Line in Dunstable 

As a follow up to the meeting with you and Robert Ol sen in our o ffice on 
March 20,  1 985 , I would like to restate the Natural Herita�e Program ' s views 
re�ardin� the impac ts o f  the p roposed t ransmission l in e  in Dunstable on rare 
and endangered species . As previcus correspondence from our office ha s indicated 
(9/29 /84 to you , 2/ 12/85 to MEPA) , the Southern Bog Lemming (Synap tomys cooperi ) 

was recorded in 1976 as occurring in a wet land along the transmission l ine in 
Dunstab le . As you described the da�ails and t iming of the construct ion of the 
transmission line at this site (no foot ings

-
will be p laced in the wet l and , etc . ) , 

t here appears that the p roposed proj ec t wil l  have no deleterious impacts to the 
Bo� Lemming or its hab i ta t .  Please contact the Heritage Program should you 
have furthur que s t ions about this or other potent ial rare species impac t s . 

Sincere l y ,  ··�- �::; 
Coordinator 

HW : y t 

Division of Fisheries and Wildlife 1 00 Cambridge Street, Boston, Mass. 02202 (6 1 7) 727-31 60,-3151  
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United States Department of the Interior 

Mr . Antho n y  J .  Como 

FISH AN D WILDLIFE SERVICE 
ECOLOGICAL SERVICES 

P.O. BOX 1 5 1 8  
CO NCORD, NEW HAM PSHIRE 0330 1 

Coal and Electr i c i t y  Div i s io n  

Off i c e  o f  Fuel s Pr ogr am 

Econ om ic Regul ator y Adm in i str a t io n  

De p ar tment o f  En er g y  

Washingto n , D . C .  20585 

De ar Mr . Como : 

FIS 1 a 1986 

Th i s  r es po nd s to your Januar y 23,  1986  r equest fo r in fo r m at i o n  on the pr e sence 

o f  F e d e r a l l y  l i s t ed a n d  p r o po s ed e n d a n s e r ed o r  t h r e a t e n ed s p e c i e s  i n  

co n j unctio n w i t h  the De partm ent o f  En e r g y ' s  En v ir o n m en t a l  Im pact St atem ent for 

t h e N e w  E n g l a n d / H y d r o -Queb e c  P h a s e  I I  p r o j e c t  i n  N e w H a m p s h i r e  a n d  

Ma s s achusetts . 

Ou r r e v i e w  s h o w s  t h a t  e x c e pt fo r o c c a s i o n a l t r a n s i e n t  i n d i v i d u a l s ,  n o  

Fed er a l l y  l i sted or pro po sed s pe c i e s  und er o ur jur i sd ict ion a r e  kno wn t q  ex i s t  

i n  t h e  p r o j e c t  a r e a .  Th er e fo r e ,  n o  B i o l o g i c a l  A s s e s s m e n t  o r  fur t h e r  
c o n s u l t a t i o n  i s  r e q u i r ed w i t h  u s  u n d e r  S e c t i o n  7 o f  t h e  E n d a n s e r ed S p e c i e s  

Ac t .  Sho uld pr o j ect plans chan g e ,  o r  i f  add i t io n al in for m at io n  o n  l i sted or 
pro po sed s pe c i e s  beco m e s  av a i l abl e ,  this deter m i nation m a y  be r econ s id er ed .  

Th i s  r e s po n s e r e l a t e s  o n l y  t o  e n d a n g e r ed s pe c i e s  u n d er o u r  j ur i s d i c t i o n .  I t  

d o e s  not add r e s s  other l eg i s l at io n  o r  o ur concerns under the Fi s h  and W i ld l i fe 

Co o r d i n a t i o n  Ac t .  iH t h  r e s p e c t  t o  o ur c o m m en t s  o n  t h e  E I S ,  w e  h a v e  al r e a d y  
par t i c i pated i n  the see ping proce s s ,  and w i l l  b e  r ev i e w i n g  t he d r a ft and fin al 

EIS when tho se documents ar e pub l i shed . 

L i s t s  o f  Fed e r a l l y  d e s i g n a t e d  en d an g er ed a n d  t h r e a t e n e d s pe c i e s i n  Ne w 

Ham pshire and M a s s achusetts ar e enclo s ed for your i n fo r m ation. Thank you for 
your coo per ation and pl ease contact us i f  we c an be o f  furt her a s s i stan c e .  

E n c l o s ur e  

Sincerely your s , 

Go rdon E .  Bec ke t t  

Super v i so r  

N e w  En g l and Ar e a  



57/\TE Of NEW HAMPSHIRC 

ALLEN F CRADTAEE , ru 
EXECUTIVE: DIRECTOR 
Anthony J ,  Como 
Department of Energy 
CoAl & Elcctrici�y Division 
Office of Fuel P rog rams 
Economic Rcauletory Admini•tration 
Wa sh ington , D . c . 20585 
Dear Mr . Como: 
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FISH AND GAME DEPARTMENT 

14 , 

34 Br'd!iill' S11�t 
Concord. lli .H 0'3301 

(603) 271 ·342 1 
1986 

I all res�oclinc to your letter o f  23 January nques ttns C011l!11Cn t. s  on p o t ent ial 
impa c t s  of th� New Engl and /Hydro-Quebec Phase ll on endang e red •pcde.s and o tller 
wil d l i !c in New Hamp shire . 

111c only curre nt ly listed 111p c c ies Which is l ikely to nest with i n  the t:rons
mission corrtdor i s  the Whip-poor-wi ll (£a_pr 1mul,.at�� voc ifcrus) . B i r d s  ne s t ing 
vi thin the cor ridor could be edve.rsely affec t ed by constru c t ion ac. t ivit 1e s  and by 
corona effec t s .  

Listed &pede s t.·h ich cou l d  n€!st. in wo<1 d l ands imme d ia t e l y  edjacE:nt Lo the 
eorr1dor inc lude the Cooper ' s Ho....,•k (Acdpter coo2cr i i )  and Red -Shoulde.red Hawk 
(Buteo l ineatus) . 

The Pcregrin� and Ba ld Eagl e • both ata. t. e  and federa lly l i s t ed enda n g e r e d  
spe c ie s .  have areAs o f  sct 1vi r :y  neat the cc·rddor . A peregr ine relea se e i t c  which 
is p art o£ the nortbeastern peregrine restorat ion effort is located wit hin 1 . 7  
mi l e s  of the corridor in Benton , and vil l p rabnbly be opcTat iona l  f o r  the nex t 2-5 
year s .  rhc corridor is vith in hunting range o! s�ven l o th cT historical and 
pol ential p e r eg� inc ne s t ing s i t es . The area of Bald Eagle ac t ivity ie al ong the 
Connecticut River from Monroe to Dalton . Col l i s ion with tower s or l ines would be 
the �st l ikely source o f  i�p a c t  for tbese spe c ie s .  

A s  I believe you are awa r e , the slate l i s t  of th rca t ene.d and endangered 
spe cies is current ly under rev iew, and a revised lis t �111 be pub l i shed l a t e r  
Lh 1 s spring . 

O t h e r  th an the ililpcd fic case& diecusse� above , our mo.in concerns with the 
propo sed p roj e c t  fucus on po tential e f f�ct •  on wildlife of electric f ield� and 
corona disclla rge . Which are p ootly unde r•tood at this t ime, and any constru c t ion 
imp a c t s  on ve t land � .  1 wou l d  l ike t o  rev1c� tbe f o l lo�ing pub l icat ions wl• ich arc 
l isted in the imp l c�n t a t ion p l an ac c otnpany ing your let t e r :  

".B iolog ical Effec t s  o n  Kigh Voltage AC Tran9mi s s 1on Line s" , " Biolog ical 
Eff�c t s  o f  High Vo l tage Dire ct Cu rrent Lines " . and 11Ibe lrtpa c t  of a Proposed 500 
lCV Tr�Jnsmi s s ion Line on Wa terfowl and Othe.r Birds'' , and wou ld apprec i a t e  in f ot'ma t ion 
on how to ob t a in tham . 

Thank you for the oppor t�nlty to comment . SincH� A N� 

He rol d P .  Nevers 
Federal Aid & Endangered 

Specie s  Coord ina t o r  
NH Fish & Ca� Depa r t ment 
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The Commonwealth of Massachusetts 
Office of the Secretary of State 

Massachusetts Historic:ll Commission 
Valerie A. Talmage 
E.tecutive Director 
State Historic Preservation Officer 

September 9 ,  1985 

Bradley Spooner 

Michael Joseph Connolly, Secretary 

Air & Environmental Resource Programs 
New England Power Canpany 
25 Research Drive 
Westborough , MA 01581 

ATIN: Gordon Marquis 

RE :  Research Design for Cultural Resources Survey , Hydro-Quebec Project (Phase I I )  

Dear Mr .  Spooner : 

Thank you for sul:mitting a copy of the proposed research design for 
the cultural resources survey of the Hydro-Quebec Phase I I  project . 
Tne purpose of this letter is to confir.m the ��achusetts Historical 
Commission ' s  comments on the research design , as stated in a telephone 
conversation between Brona S:imJn (MHC) and Gordon Marquis (New England 
Power) on July 23 , 1985. 

The MHC revi€\� the research design and believes· that it shall provide 
New England Power with the basic level of documentation required for 
the identification and evaluation of cultural resources which might be 
affected by the proposed power line project in canpliance with 36 CFR 800 , 
Advisory Council on Historic Preservation Procedures for the Protection 
of Historic ·and Cultural Properties. However , MHC recarmends that the 
archaeological field testing program be specfically keyed into project 
design plans. The focus of the survey is to test areas where there will 
be project impacts, as specified in the project design. 

MHC also recommends that the results of the intensive (identification} 
survey and the consultant ' s  recommendations for additional investigation , 
be reviewed by this office . 

MHC v.ould like to remind you that a pennit fran the State Archaeologist 
must be secured before archaeological field v.ork can proceed (950 01R 70) .  
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I f  you have any questions concerning these caunents, please contact 
Brona Simon , State Archaeologist at this office • 

. Sincerely, 

"Wuu !� 
Valerie A. Talmage 
Executive Director 
State Historic Preservation Officer 
Massachusetts Historical Commission 

cc :  Ricardo Elia, Boston University, Office of Public Archaeology 

VAT/dr 
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STATE O F  NEW HAMPSHIRE 

DEPARTMENT of RESOURCES and ECONOMIC DEVELOPMENT 
OFFICE of the COMMISSIONER 

JOHN T: FLANDERS 
Commlssioner 

105 Loudon Road 

Box 856 

Concord, N.H. 
03301 

Bradley H .  S poone r , }1anage r 
Air and Envi ronmental Resource 
New England Power Company 
25 Re search Drive 
We s tborough , Mas sachus e t t s  

Dear Mr . S poone r : 

P ro grams 

01581 

603-Z71-Z4 1 1  

Date : October 30 , 1985 
Re : Re search Des ign for the Cultural Re sources 

As s e s sment Survey o f  the Hydro-Quebe c 
ffydro Proj ect (Phase I I )  in NH and MA 

I am writing to confirm that the NH S tate Historic Pre servat ion Office receive d , 
reviewe d , and app roved the "Re search De s i gn for the Cultural Re sources As s e s sment 
S urvey of the Hydro-Quebec P roj e c t  (Phase IIl in New Hamp shire and Mas sachuse.t t s , "  
p rep are d b y  the Off ice o f  Pub l i c  Archaeology at Bos ton Unive r s i ty . We concur that 
this is con s i s tent w i th the cul tural re sources p lan discus sed with staff o f  your 
o f f i ce on Ma rch 2 7 , 1985 , in Concord . 

The one re serva t ion expre s sed by the Hi s toric Pre serva t ion Office was t he. coord ina
t ion and scheduling o f  the h i s torical overview to be p rep are d by the archaeo logical 
team ( p g . 5) wi th the identi fi c at ion phase of the archi te c tural component (p g .  9 } . 
Ideally , an overview should p receed the initial phase of the arch i t e c tural survey . 
Af ter d i s cuss ions wi th Lynne Monroe , subconsultan t , the s taff concern was alleviated , 
as phased his tori cal re search to be conducted by Ms . Monroe will be adequate for the 
archi tec tural survey . 

The H i s toric Pre se rvation Office has reque sted the use of New Hampshire ' s  "Hinimum 
Documentation S urvey Ford' and " S tate His torical Re sourc e s  S urvey Form" for the iden t i f i
cation and evaluat ive phas e ,  re spective ly of the arch itec tural component .  Lynne Monroe 
has agreed to t h i s  reque s t  with minor changes approved by this o ffice . 

z;Q= . = 
Re creat ion S e rvices 
Deputy S tate H i s toric P re se rvat ion O f f icer 

JFQ : GWH : g  
c c : Lynne Monroe , Consult ant 

Ricardo Elia 
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0 New England Hydro-Transmission 
John W. Newsham 
Vice Presrdent 

Ms . L i nda R .  Wi l son , D i recto r 
New Hamps h i re State H i s to r i c 
Prese rva ti on Offi ce 
P. 0. Box 856 
Conc o rd ,  New Hamp s h i re 03301 

Dear Ms . Wi l son : 

Sep temb e r  4 ,  1 986 

Please reply 
c/o New England Power Ser11ce Company 

25 Research Drive 
Westborough. Massacnusetts 01 582-0099 

Tel.  (61 7)  366-901 1  TWX 71 0-390-0732 

Cable: NEELECSYS "NTBO 

RE : Cu l tu ral Res ou rces Su rvey : New Eng l and/Hydro -Quebec 
Phase I I  Tran smi s s i on Fac i l i ties 

Encl osed a re two c o p i e s  of the Cu l tu ra l Re sou rce s Su rvey report for the 
New Hamps h i re porti on of the New Eng l a nd/Hydro-Quebec Phase I I  Transmi ss i on 
Fac i l i ti e s  p roj ect . The rep o rt desc ri b e s  a yea r- l ong su rvey conducted by the 
B o s ton U n i versi ty O ffi ce of Pub l i c  Arc h aeo l o gy ( OPA l to compl y  wi th Section 
1 06 o f  the Na ti o n a l  H i stori c Preservati on Ac t a n d  i ts imp l ementi ng 
regu l a ti on s .  Th i s  p re-con structi on su rvey , conduc ted in  accordance wi th the 
Re searc h  Des i gn a p p roved by your office on  October 30 , 1 985 , con s i sted of both 
a rc h ae o l o g i c a l  and a rc h i tectu ra l /h i s to r i cal  components . 

The report conc l u de s  tha t the proposed u nderta k i ng wou l d not resu l t  i n  any 
adverse effec ts to p ropert i e s  that a re l i sted i n  o r  e l i gi b l e  for l i sti ng i n  
the Nati onal  Reg i s ter of H i stori c Pl ac es . 

The Un i ted S ta tes Department of Ene rgy (DOE ) recently i ssued a D raft 
E n v i ronmental Impact Statemen t  ( DE I S )  on the e n v i ronmental aspects of the 
p ro p o sed p roject , i nc l udi ng c u l tu ral re s o u rce s .  S i nce the comment pe ri od on 
the D E I S  c l oses on September 29 , 1 986 , we wou l d a p p rec i ate an opportu n i ty to 
mee t wi th you du r i n g  the week of September 22 , 1 986 to d i sc u s s  the enc l osed 
report and the s u b s tance of you r comments to DOE . 

To p rotec t the i nte gri ty of cul tu ral  propert i e s  i denti fied i n  the repor t ,  
we a re wi th ho l d i n g  b i nd i n g , publ i cati on a n d  fu rthe r d i s tri bution of the 
doc ume n t  pend i n g  y o u r  recommendati on s .  

New England Hydro-Transmission Corporation 
4 Park Street 
Concord. New Hampshire 03301 

A New England Electric System company 
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M s .  L i n da R .  Wi l s o n  - 2 - Septembe r 4 ,  1 986 

Pl ease contact Gordon E .  Ma rqu i s ,  Sen i or Envi ronme n ta l  Ana l y s t ,  i f  you 
have any que s ti o n s  or  to a rrange the mee ti ng suggested above . 

Very tru ly you rs , 

'¥fN�m c��� �
Pre s i de n t  

Encl o s u res 

cc : R .  J.  El i a ,  OPA ( No Enc l o s u re ) 
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The Commonwealth of Massachusetts 
Office of the Secretary of State 

I 

Massachusetts Historical Commission 
Valerie A. Talmage 
Executive Director 
State Historic Preservation Officer 

Sept ember 2 3 ,  1 986 

Mr. J ohn W. Newsham 
New En g l and Power Company 
2 5  R es earch Dr ive  
Westborough , MA  0 1 58 1 

Michael Joseph Connolly, Secretary 

R E :  New Engl and/Hydro-Quebec P ha s e  I I ,  Tran smi s s i on Fa ci l i t i es , Statewi de 
EO EA No . 5 446 

Dear Mr . Newsham:  

St a ff of _th e  MHC hav e r ev i ewe d the  r eport  enti tl e d  " New Engl and/Hydro
Q uebe c  Phase I I , Transm i s s i on Fa c i l i t i e s ,  C u l tural  R esour ces Survey, 
Vol ume Two : Ma s s achusetts , "  w h i c h  wa s prepar ed by the  Off i ce of Pub l ic 
Archae o l o gy i n  accordance w i t h  9 5 0  CMR 70 . 

The arch aeo l og i ca l  sur vey i denti fi ed 2 7  ar ch aeo l og i ca l  s i tes ( 1 2  
pr eh i s tor i c  and 1 5  h i stori c )  w i th in  or direct l y  a d ja cen t to th e pro ject 
r i gh t -of-way.  S i n ce non e of these ar chaeo l og i ca l  r es ources was 
s i gn i fi cant , no further archaeo l o gi ca l  i nv es ti gati ons ar e r equ ired a t  any 
of t h e  27 s i tes . The MHC is en cour age d by New En g l and P ower Company ' s  
con cern for th e pro tec t i on of 1 7  of  th ese archae o l o g i ca l  s i tes an d b y  
t h e i r  acti on to fl ag t h es e  s i te areas s o  t h at t h ey w i l l be  avoi ded from 
pro ject impacts . 

The MHC is un ab l e  to comp l ete i ts rev i ew  of th i s  project un ti l t h e  
l o cati on s  of a l l  cons truc t i on-r e l a te d  activ i t i es ( e .g . ,  a c c e s s  roads , 
l aydown area s ,  eros i on con trol mea s ur es and stream or wetl and  cros s ings )  
are known . The MHC r equests th e o pportun i ty to meet w i th project 
propon ents to r ev i ew t h es e  p l an s  on ce t h ey h a v e  been prepared in  order to 
eva l ua te th e pro ject ' s  effects  to importan t  archaeo l o g i ca l  an d h i stor i c  
r esources . Thes e collTilen ts are prov ided  in  co mp l i a n ce with  Secti on 1 06 of 
the Nat i on a l  H i stori c Pres erva t i on Act and Adv i s ory Coun c i l  Pro cedur es ( 36 
CFR 800 ) . 

The  arch i te ctur a l  sur vey inven tor i e d  465  ind i v i du a l  h i stor i c  properti es 
and 17 h i s tor i c  d i str i cts  or ar eas  that are w i th i n th e pro je ct 
r igh t-of-way or its proxi mity.  The fo l l owin g t1�o properti es are l i sted i n  
t h e  Nat i on a l  Re g i ster o f  H i stor i c P l a ce s :  O l d Stone Church ( Route 140 )  i n  
Wes t  Boyl sto n  a n d  J ohn B .  Gough H ou s e  { 2 1 5  Ma in Str eet ) i n  Boyl ston { a l so 
a Na t i on a l  H i s tor ic  Landmark ) .  T h e  fo l l ow i n g f i ve d i s tr i cts  an d 76 
properti es i denti fi ed by the sur vey ar e con s i dered to meet the cr ite r i a  of 
el i g i b i l i ty for in c l u s i on in  the  Na t i on a l  Re g i ster of H i stor i c  P la ce s :  

I"'' 0T ? � -:� �  80 Boylston Street, Boston, Massachuseus 02 1 1 6 (6 1 7) 727-8470 



E- 1 5  

WES T  B O YLSTO N  

Joel  Morse Hous e 1 9  Lan caster Stree t No Adverse Effect 
Oak da l e  Me th od i s t  Church 1 5  North Ma in Street No Effe ct 
H arr i sv i l l e Scho o l  1 8  North Ma in  Str eet No Effect 
0 a k da 1 e Sc h oo 1 H i gh Street No Effe ct 
Go t h i c  Co ttage 6 Green Street No Effect 
WES T  B O YLSTO N  CENTER D IS TR I CT No Effect 
Andrew J.  Scarl et House 148 Wor cester Street No Effe ct 
Abel B i ge l ow House  8 Temp 1 e Street No Effe ct 
B i ge l ow/Templ e Homestead 63  Temp l e  Street No Adverse Effect  

. flartwe 1 f .St �- RR  Br i dge . H artwel l Street No Effe ct  
MD C Br i d ge I No Effect 
MDC B r i dge I I  No Effe ct 
MD C Bri d ge I I I  No Effect 
O.AKDALE H I S TOR IC  D IS TR ICT No Effe ct 

BOYLSTON 

Jon athan Bon d House  1 83 Ma in Str eet  No  Adver s e  Effe ct 

SHR E\�SB UR Y  

Nurse House Ma in Street No Effe ct 
D i s tri c t  5 Schoo lhouse  Ol d M i l l  Rd . & Ma in St . No Effect 
Bunga 1 ow 87 0 1  d Mi 1 1  Ro ad No Effect  
I s aa c  Stone House  165  Oak Street No Effect 
Nel son Homes tead 543 Lake Str eet  No Effe ct 

M ILLB UR Y 

Red  Farm  Col ton  Road No Ad verse  Effect 
M i l l b ury Substa t i on # 1  Prov i den ce Road No Effect 
Mi l l b ury Sub sta ti on #2 Grafton Street No Effe ct 
Mc i nt ire Ho us e 2 7  Grafton Street No Effect 
Bl ack stone  C an a l  C ros s Str eet No Adver se Effect  
Craftsman Co ttage 59 Grafton Street No Effect 

S UTTON 

Abraham Chase Hous e  Chase  Road No Effect 
N e h em iah B .  Chase Hou s e  C h a s e  Ro ad No Effe ct 
B l a ck s ton e Can a l  B l acl<s tone Street No Adverse Effect 

GR AFTON 

Ha ywood Hous e  1 3  Fi tzpa tr i ck Road No Effect 
Jes se  Farnum House  P rov i de n ce Ro ad No Effe ct  
Lel and Hous e  1 95 Prov i den ce Road No Effect 
O LD U PTON ROAD D IS TR I CT No Adverse Effe ct 
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U PTON 

P erl ey Lackey House 68 Wes tb oro Road No Effect 
Deacon Samue l Fo rbush H se . 84 H opk in ton Ro ad No Effe ct 
South l and  Hous e 92 E lm  Street No Effect 
Dan i e l  P utn am Farms te ad  East  Street No Effe ct 
E p hra im Taft Hous e 84 Ta ft Street No Effect 
Cotta ge 93 Mechan ic  Street No Ad v erse  Effe ct 

TYNGSBOROU GH 

As a Thompson House 7- 9 Locu s t  Aven ue No Ad v erse  Effe ct 

DUNST AB LE 

Duns t ab l e  Town P o un d  Ma in  Street No Effect 
W i n s  1 ow Sc hoo 1 Ma in Street No Effe ct 
J os i ah Cumm i n g s  Hous e Ma in  Street No Effect 
C apt . Joh n C urrrn in gs House  Wes tfo r d  Street No Effe ct 
Leon ard P arkh urst Hous e P ond Street No Effect 
P eter Ken da l l  Hous e Pon d Street No Effe ct 

GROTON 

F i tz pa t r i ck P l ace Dan P arker Ro ad No Ad v erse  Effect 
C a pt .  Mos es  P a lmer House 270 Bos ton Road No Effect 
Lev i Tuft s  P l ace 446 Boston Road No Ad v er s e  Effect 
B ennett House 653 Mart i n s  Pond Road No Effect 

AYER 

P i erce Hous e 46 Westford Road No Effect 
Abel Page Hous e 7 G roton -Sh i r l ey Ro ad No Effect 

SH IR LEY 

H arr i s/K i l b ur n  Hous e Great Road No Effect 
L i ttl e/Farnsworth House  Great Ro ad No Effe ct 
Thomas H azen  C l ark Hous e C l ark Road No Adverse Effect 
S HI R LEY VILLAGE D IS TR I CT No Ad v erse Effe ct 

LAN CAS T ER 

E l i s h a  Sander son Hous e 1 9 64 S h ir ley Ro ad No Ad v erse Effe ct 
Bri ck  Tavern Sh i r l ey Road No Effect 
Bunga 1 ow 22 2 1  North Ma in Str eet No Effe ct 



Fl anagan Hous e 
Pratts Juncti on Sub sta t i on 
School No . 8 
Legate H i l l Sa l tbox  
S i l as W. Arn o l d  Hous e 
Shol  an Lo dge 
Sawyer Homestead 
S. Lawr en ce H ou s e  
Bon Air  Lod ge 

J es s e  Ch eney House 
North P urch as e  Sc hoo l 
Dan i e l Corbett Hous e 
Jon es/C orbett/Sumn er H s e .  
C o l on i al Rev iv a l  Cotta ge 
A l b ert M. Sumn er House  
E l l is  Sumner Hous e 
Br aggv i l l e  Sch oo l  
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S TERL ING 

70 Fl anagan H i l l  Road 
P ratts Jet. Road 
14 Pratts Jet . Road 
22 Le gate H i l l Ro ad 
258 Leom i n i ster Road 
48 Rugg Road 
108 Ma p l e  Street 
1 5  C hamber l a in Ro ad 
C ampgro und Road 

M ILFORD 

2 54 P urch ase Str eet 
Pur ch ase  Street  
9 H aven Street 
26 E b en Ro ad 
1 0  Eb en Road 
200 P ur ch as e  St r eet 
209 P urchase Str eet 
430 East Ma in St r eet 

M Em�AY 

CLARK STREET /S OUTH S TR EET AR EA 
El i as T. F i sh er House 90  M i l ford Street 
Theodore  Ri tter Hous e 75 Fi s h er Str ee t  
Eb en ezer  H i l l  Hous e  5 3  F i sh er Street 
Ti mothy Hi l l  Hous e 68 Wes t  Street 

No Effect 
No Effe ct 
No Effect 
No Effe ct 
No Effect 
No Effect 
No Effect 
No Adv er s e  Effect 
No Effect 

No Effect 
No Effect 
No Effect 
No Adv erse  Effect 
No Adverse Effect 
No Effe ct 
No Effect 
No Effect 

No Effect  
No Adverse Effect 
No Effect 
No Effect 
No Adv er s e  Effe ct 

The MHC has r ev i ewed th i s  do cumen tat i on an d has determ ined that th i s  
project wi l l  have no adverse effe ct on the O l d Sto n e  C hurch i n  Wes t  
Boyl ston and th e Joh n  B .  Gou g h  House  i n  Bo yl s ton , wh i ch ar e bot h  l i s ted  i n  
t h e  Nat i on a l  Regi s ter of Hi s to r ic P l aces . Fu rthermor e ,  th e projec t wi l l  
h ave no  effect on  62 i n d i v i dual  pro per t i es an d d i s tr i cts  and no a dverse 
effect on 19  indi v i du a l  properti es and  d i s tr i cts that appear to be  el i gi b l e  
for l i s t i n g  i n  the Nat i onal  Re g i s ter of H i s t or i c  P l a ces ( s ee prev i ous  l i s t  
fo r speci fi c  property name ) .  

A co py of th es e  commen ts sh ou l d  accompany mate r i a l  sub m i tted to the  
Adv i s ory Co un c i  1 on  H i stori c P 1 aces , 1 1 00 P en nsylv an i a Av en ue , NW , #809 , 
Wash ingto n ,  D C  20004. 
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I f  you h av e  a n y  q ues ti on s  con ce r n in g th is rev i ew ,  p l ease  con tact  
Jor dan Kerber or  Brona S i mon at  th i s  offi ce . 

S i n cerel y ,  vfctt
�CA<wlg_ 

Va l er i e  A. Ta l ma ge 
Execu t i v e  D i r ector  
State H i s to r ic P res ervat i on Offi cer 
Massach use tts H i s tori ca l Comm i ss i on 

xc : A CH P  
S ecretary J ames Hoyte , EO EA, MEPA Un it  
An thony J.  Como , Offi ce of  Fue l s  Programs 

VT /BS /JK /dr 
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� New England Hydro-Transmission 
J o h n  W. Newsham 
Vice Presodent Sep tember 4 ,  1 986 

M s .  Va l e rie A. Ta l mage , Execu t i ve 
D i rector and State H i storic 
Pre s e rvati o n  Officer 
Mas sachu setts H i s to ri c a l  Commi s s i o n  
80  Boy l ston S treet 
B o s to n ,  Mas sachu setts 021 1 6  

Dear Ms . Ta l ma ge : 

New England Hydro-Transmission 
Electric Company. Inc. 
25 Research Drove 

Westborough .  Massachusetts 0 1 582 

Tel. (6 1 7 )  366-90 1 1 

RE : C u l tural Re sources Su rvey : New Engl and/Hydro-Quebec 
Phase I I  Transmi s s i o n  Faci l i ti e s  

Enc l o sed are two c o p i e s  of the Cu l tu ra l Resourc e s '  Survey report for the 
Ma ssachu setts ·porti on of the New Engl and/Hydro-Quebec Phase I I  Transmi s s i o n  
Fac i l i ti e s  proj e c t .  The report de scribes a yea r-l ong survey conducted by the 
B o s ton U n i ve rs i ty Office of Publ i c  Archaeol ogy ( OPA l to compl y wi th Sec t i o n  
1 06 of the Nati o n a l  H i stori c Preserva ti on Act a n d  i ts imp l ementi ng 
regu l ati on s .  Th i s  p re-co n s tructi on survey , conducted i n  accordance wi th the 
Research Des i gn approved by your offi ce on September 9 ,  1 985 , c o n s i sted of 
both archaeol o g i c a l  and a rc h i tec tu ra l /hi stori c a l  c omponents . 

The rep o rt conc l u de s  tha t the proposed u ndertak i ng wou l d  not re su l t i n  a ny 
adverse effec ts to p rope rti e s  that are l i sted i n  o r  e l i gi b l e  for l i sti ng i n  
the Nati o n a l  Reg i ster of H i s to r i c  Pl ace s .  

The Un i ted State s  Depa rtmen t  o f  Energy ( DOE ) recentl y  i s sued a Draft 
E n v i ronmental Impact Sta temen t  ( D E I S ) on  the envi ronmenta l  aspects of the 
propo sed p roj ec t ,  i nc l u d i ng c u l tu ral re sources .  S i nce the commen t  pe ri od o n  
the DE I S  c l oses o n  Septembe r  29 , 1 986 , we wou l d  appreci ate a n  opportu n i ty to 
mee t wi th you du ri ng the wee k  o f  September 22 , 1 986 to di scu s s  the e n c l osed 
report and the sub stance of your comments to DOE . 

To pro tect the i ntegri ty of c u l tu ral propert i e s  i denti f i ed i n  the repo rt , 
we are w i th ho l d i ng b i n di ng , publ i cati o n  and fu rther d i s tri buti on of the 
document pen d i n g  you r recommendati o n s .  

P l ease contact Gordon E .  Ma rqu i s ,  Sen i or Envi ronmental Ana l y s t ,  i f  you 
have any que sti o n s  or to arrange the meeti ng sugge sted above . 

E n c l o su re s  

cc : R .  J .  E l i a ,  OPA ( No Encl o sure )  
A New England Electroc System company 



State of New HampshJJe 

Department of Libranes, Arts & Histoncal Resources 

DIVISION OF HISTORICAL RESOURCES 

Walker Bwlding, State Office Park South 

Box 2043 

Concord, New Hampshue 03301 

603-271 -3483 603-271 -3558 

Shu ley G Adamovich. Comm1sswner 

State Histone P:eserva tJon Officer 

John W .  Newsha m ,  Vi ce Pres i dent 

New Engl and Hydro- Transmission 

cjo New Engl and Power Servi ce Company 

25 Research Dri ve 
Wes tborough , Massach usetts 0 1 582-0099 

RE : New Engl and Hydro-Quebec Phase II 
DEIS and Cul t ural Resources Survey 

Dear Mr . Newsham :  

E-20 

November 1 7 ,  1 98 6  

In a ccordance wi th the Na tional His toric Preserva ti o n  A ct o f  1 9 6 6  (P . L . 89-665) , 
as amended , and federal A dvisory Counci l on Histori c Preserva t i on "Procedures for the 

Pro tecti on of Hi s tori c and Cul t ural Properti es "  (36 CFR 80 0 ) , the Di vi sion o f  His tori cal 

Reso urces/State Hi s tori c Preserva ti on Offi ce has r evi ewed the undertaking referenced 
above for pot ential effects on propert i es l i s t ed ,  or poten ti al l y  el i gibl e for l is t i n g ,  

i n  the National Regi s t er o f  His tori c Pl a ces . 

Based upon the Draft Environmental Impact Sta temen t prepared by the U . S .  Department o f  

Energy , da ted A ugust 1 9 86 , a n d  the Cul tural Reso urces Survey Vol ume One :  New Hampshire , 

prepared by the Offi ce of Publ i c  Archeol ogy a t  Boston Uni vers i t y , al so dated A ugus t  1 9 86 , 
i t  ha s been det ermi ned tha t  the undertaki ng as propos ed wil l  have no adverse effects on 

properti es of known or po ten tial archi tectura l , his tori cal , archeologi cal , or cul t ural 

s i gni fi cance . 

Whil e we concur wi th the findings in the Cul t ural Reso urces Survey repor t ,  we recommend 

tha t the final report be revised to refl ect the concerns of the Division as expressed a t  
i t s  mee ting wi th NEPCO represen t a t i ves o n  October 6 ,  1 9 86 . On pa ge i i i  o f  the Mana gement 

Summary , i t  is no ted tha t " (n ) one of the archaeol ogical si tes were determined to be 
el i gibl e for the Na ti onal R egi s t er of Hi stori c Pl a ces " ;  wha t this means is tha t one si te 

wa s determined no t to be el i gi bl e ,  and tha t  1 8  o ther si tes remai n po tential l y  el i gibl e but 

tha t a dd i t ional s t udy is not required as these si tes wil l  be pro tected . Secondl y ,  i t  

shoul d be noted tha t  the term "archi t ect ural s ur vey " i s  no t in tended to be restrict i ve ,  

as the s urvey eval ua t ed standing str u ct ures that were both arch i tect ural l y  a s  wel l a s  

hi stori cal l y  signifi can t .  Final l y ,  there sho u l d  b e  an addi tion o n  page 209 o r  o n  pa ge 

21 8 ,  to indi ca te tha t special considera tion was gi ven to poten tial economi c impacts on 

hi s t ori c worki ng farms , and to s ummari z e  the deci si ons of various review bodies wi th 

techni cal expertise , tha t address this concern . 

For the purpose of compl i a n ce wi th the Advisory Co unci l on Hi stori c Preserva tion 

procedures (36 CFR 800 ) , I request tha t thi s  determi na ti on be construed as a fi nding of 

"No Adverse Effect , "  s ugject t o  the revi si ons requested above . 

Sincerel y ,  

d!AAAJ? ,A .< 9 ��/J� 
Shir��vc :��vich , commissioner 

State Hi s tori c Preserva tion Offi cer 
cc: Robert L .  Da vi es , DOE 

R .  J .  El i a , OPA 
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0 New England Power 
Dec ember 1 2 ,  1 986 

Ms . Va l er i e  A .  Tal mage , Exec u t i ve Di rec to r 
and Sta te H i s to r i c  Preservation  Offi cer  
Ma s sac h u s e tts H i s tori c a l  Commi s s i o n  
80 Boy l ston Street 
Bosto n , Mas s ac h u se tts 0 21 1 6  

Dear Ms . Tal ma ge : 

New England Power Company 
25 Research Dnve 

Westborough, Massachusetts 0 1 581 

Tel. (61 7) 366·901 1 

R E : C u l tural Resources  Su rvey - New Engl and/Hydro -Quebec 
Phase I I  Transmi s s i on Fac i l i ti e s  

O n  October 30 , 1 986 , Company representatives  met w i t h  the Massac husetts 
Hi sto r i c a l  Commi s s i on ' s  ( MHC ) Brona Simon and Jordan Kerber to di sc u s s  
c o n s tructi on -rel a te d  acti vi ti e s  for the Hydro-Quebec proj ec t .  The meeti n g  wa s 
i n  response to your  September  23 , 1 986 l e tter reques t i n g  an opportu n i ty to 
di sc u s s  these ma tte rs . 

At the meeti n g ,  we desc r i b e d  ac ti v i ti e s  such  a s  access roa ds , l ay riol'm 
areas and  eros i o n  protec tion  mea s u re s .  We a l so desc ri bed how protec t i o n  of  
i mporta n t  arc haeo l o g i c a l  a n d  hi storic  re sources  wou l d b e  taken i nto account 
fo r these acti v i ti e s .  

A t  the c l ose o f  the meeti n g ,  MHC personnel s u gge s ted that we s umma r i ze our 
di s c u s s i o n  i n  wri t i n g .  MHC personnel  al so state d that you coul d i s sue a 
c o n di ti onal  0 No Adverse Effec to determi nati o n , based on the Company ' s  
agreemen t  to take the p ro tec t i ve me asure s  di scussed  at the mee t i n g  a n d  
desc r i b e d  bel ow .  

Con s truc t i o n  Sched u l e 

Encl osed  i s  a tab l e ,  0 Hydro-Quebec Pha se I I  Ma s sachusetts Con s truc t i o n  
Sc hedul e . 0 Th i s  tab l e  summa ri zes the schedu l e fo r t h e  pri nc i pa l  acti v i t i e s  
desc r i b e d  a t  the meeti n a .  I t  s hou l d serve a s  a useful  reference for the 
fol l ow i n g  di s c u s s i on s . � 

Re s po n se to Consu l ta nt ' s  Recommendations  

To provi de a conven i en t  a rran gement for a ddre s s i n g  the c o n s truc t i o n  
acti v i t i e s , the fol l ow i n g  di sc u s s i ons  are keyed t o  t h e  spec i fi c  
rec ommen dati on s i n  Sec t i o n  I V .  ( Recommendati on s )  o f  the Cul tural Resourc e s  
Su rvey Report s ubmi tte d  to y o u r  o f f i c e  o n  Sep tembe r  4 ,  1 98 6 .  W e  a r e  al so  
re spon d i n g  to o ther rec ommendati ons  in  the report that were n o t  spec i fical l y  
di scus sed at the O c tober 30 , 1 986 meeti n g .  

A New England Electric System company 
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A .  Arch aeol o g i c a l  Recommen dat i on s  

Recomme n da t i o n  No . 1 :  Protect 1 7  S i tes  

December 1 2 ,  1 986 

The report recomme n de d  that 1 7  archaeol o g i cal  s i tes  ( i n  1 8  area s ) 
be pro tected by : ( 1 ) fl agg i n g  for avoi dance o r ,  ( 2 )  rel ocati n g  
prev i o u s l y  proposed s tructure l ocations . 

We have al ready fl agged ( u s i n g  fl a gg i n g  tape or pa i n t )  mo st 
s i te s .  The on l y  except i on s  a re a t  Area 1 (an act i ve cornfi el d )  and  
Area 35-36 ( a  s i te w i th a go rge , steep terra i n ,  w i th i n  wh i c h  we do not 
fo resee the u s e  of  a ny equi pment ) .  S i tes  w i l l be re-fl a gged a s  often 
as necessary to i n sure that they rema i n  i de n t i f i e d  to construc t i o n  
personnel . Construc tion  contrac ts wi l l  requ i re that contractors avo i d  
fl agged a reas . 

We h a ve a l rea dy c hanged proposed s tructure l ocati ons a s  
rec ommen de d  i n  t h e  report . 

Reccmme n da t i o n  No . 2 :  Adhere to Structure Loc a t i o n s  

The report rec ommended that proposed struc ture l ocati o n s  wi th i n  
archaeol o g i ca l l y se n s i t i ve a rea s be a dhered to duri n g  con struc t i o n , 
a n d  tha t a c o n s u l tant rev i ew the necess i ty to conduct further 
a rchaeo l o g i c a l  te sti n g  shoul d structures have to be rel ocated wi th i n  
sen s i ti ve a rea s .  

To date , we have dete rm i n e d ,  based o n  fu rther engi neer i n g ,  th a t  
1 2  proposed s truc ture l oc a t i on s ,  o f  t h e  o r i g i na l  3 2 6  wi th i n  sen s i t i ve 
a reas , need  to be changed .  A consul tant ( Office  of Publ i c  
Arc haeo l ogy )  h a s  rev i ewed the new l ocati o n s  a n d  conducte d testi n g  a s  
warrante d .  N o  a rchaeo l ogical  s i te s  were i denti f i e d  duri n g  th i s  
rev i ew .  W e  expec t  to subm i t  a repo rt o f  th i s  ac t i v i ty to MHC i n  early 
1 98 7 .  

I f  furthe r  rel ocati ons  of  th i s  natu re a re subsequently 
i denti f i e d ,  we  wi l l  conduct a s i mi l a r  re v i ew .  

Rec omme n da t i o n  No . 3 :  Access  Roa ds , Laydown Area s ,  Other Act i vi ti � s  

T h e  report recommen ded tha t ,  when w e  h a d  i de n t i f i e d  spec i fi c  
req u i rements  fe r access roa ds , l aydown areas a n d  o ther  a c t i v i t i es , we 
shou l d h a ve an  a rc haeol o g i c a l  c o n s ul tant a s s e s s  the sen s i ti vi ty of the 
a reas  a n d  determ i n e  i f  a rchaeol o g i c a l  testi n g  i s  warrante d .  

Acc e s s  Roads 

Th ree ty pes of  acc e s s  roads wi l l  be used fo r th i s  proj ect : ( 1 ) 
roads to reach the ri ght-o f-way from publ i c  ways ; ( 2 )  ex i s ti n g  acc e s s  
roads  run n i ng a l c n g  t h e  ri ght-o f-way a n d ,  ( 3 )  a c c e s s  roa ds from 
ex i s t i n g  acc e s s  roads  on the ri ght-o f-way to new structure l ocat i o n s .  
Each o f  the th ree ty pes i s  di scussed bel ow : 
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( 1 ) Acc e s s  Roads - From Publ i c  Way to R i ght-o f-Way 

Up to 1 2  acces s roads from publ i c  way s to the ri g h t-o f-way may 
be requ i re d .  We expec t to i denti fy the l ocations  of the roads by 

. J anua ry 1 ,  1 987 . Where necessary ,  we expec t to obta i n  the a pproval o f  
t h e  l an down e r  f o r  acce s s  by Apri l 1 ,  1 987 . Between Apri l 1 ,  1 987 a n d  
the start o f  acces s roa d  con struc t i o n  or  use , w e  wi l l  retai n a n  
a rc haeol o g i c a l  consul tant t o  revi ew a n d  tes t ,  i f  necessary ,  the 
l oc at i o n s  of  the acce s s  roads . I f  a si gn i f i cant  a rc haeol o g i cal  s i te 
i s  encountere d ,  we w i l l f i n d  another l oc a t i o n  for the roa d .  

( 2 ) Acc e s s  Roads - Al ong Ri oht-of-Way 

An a rc h aeol o g i c a l  consul tant ( O ffi c e  o f  Publ i c  Archaeol o gy )  h a s  
a l ready b e g u n  t o  a s s e s s  whi c h  of  the 1 1 2  a rc haeol o g i c a l l y  s e n s i ti ve 
a reas al ong  the ri g h t-o f-way woul d need to be te sted at exi sti n g  
acc e s s  roa d l oc a ti o n s .  W e  e xpect the consul tant to comp l ete the 
assessmen t by January 1 ,  1 98 7 .  By July  1 ,  1 987 , the consul ta nt wi l l  
test the nece ssary l ocati ons and desi gnate any a reas where a vo i dance 
i s  warrante d .  The consul tan t ' s  work wi l l  take i nto accoun t the 
presen t c o n di tion  o f  the acc e s s  roads a n d  the l i ke l y  extent of 
i mp rovements . 

( 3 )  Acc e s s  Roads - To New Structure Locati ons  

W i th i n  each  o f  the  1 1 3  archaeol ogical l y  sen s i t i ve a reas , we  are  
a l ready i denti fy i n g  the  l i ke l y  access  from the  e x i s t i n g  acce s s  roads  
on the  r i ght-of-way to  the  new structure l oc ati ons . The consul tant i s  
rev i ewi n g  the i denti f i e d  access for neces s a ry te sti n g  a n d  w i l l 
desi gnate any a reas  where avoi dance i s  warrante d .  We e xpec t that t h i s  
acti v i ty wi l l  b e  compl eted by Jul y 1 ,  1 987 . 

Fo r a l l three types o f  acce s s  roads , i f  a l terna ti ve access  ro utes 
a re sub seque n tl y  found  to be nece ssary in a rc haeol o g i c al l y  sen s i ti ve 
a reas , a consul tant wi l l  revi ew the al ternati ve route s i n  the same 
manner as de sc ri be d  above . 

Laydown Areas 

Between 5 and 1 1  construct i on as sembl y  areas , each up to two 
acres i n  a rea , wi l l  be requ i red . These areas w i l l be o n  o r  
i mmedi ately a dj acent t o  the ri ght-of-r1ay . Such a re a s  a re norma l l y  
i denti f i e d  by constructi o n  con trac tors a fte r award . 

We wi l l  requ i re that c ons truc ti on con trac tors i de n ti fy 
p ro s pec tive  a s sembly a reas i n  advance o f  any acti vi ty there . We 
wi l l  have an a rchaeol o g i cal  consul tant revi ew each a rea and te s t ,  i f  
nec e s s a ry .  I f  any area i s  determi ned to be an  a rc haeol ogical  s i te ,  
the c o n trac tor wi l l  be requ i red to i denti fy a re pl acement l oc a t i on . 
We expec t  to begi n th i s  acti v i ty i n  Ju ly  1 98 7 .  

Al so , four materi al s torage yards , each fi ve t o  ten acres i n  
a rea , wi l l  be requ i re d .  These yards wi l l  b e  i n  the general p rox i mi ty 
o f ,  b u t  not i mme d i a tely a dj acent to , the ri ght-o f-way . We w i l l seek 
to use  l oc a t i o n s  suc h as g ravel p i ts fo r th i s  pu rpo se . 
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We wi l l  i de n ti fy p rospec t i ve l oc a t i o n s  fo r the y a rd s  by the date s 
shown o n  the a ttac h e d  schedul e .  We wi l l  h ave an a rc h aeo l o g i c al 
consul tan t  re v i ew the l oc a t i on s .  I f  any i s  a rchaeol ogica l l y  
sen s i t i ve , i t  w i l l n o t  b e  u s e d . We expec t to compl ete th i s  acti v i ty 
by March 1 ,  1 98 7 .  

Other Ac ti v i ti e s  

Othe r act i v i ti e s  i nc l ude mea s u res to contro l  ero s i on a n d  p rotec t 
we tl a n ds , suc h a s  cul ve rts , wa te r bars an d i n te rcepto r  di tc he s .  

( 1 ) C u l verts 

C u l ve rts wi l l  b e  p l aced where i t  i s  n e c e s s a ry to ma i n ta i n  the 
free passage of wa te r whe n a new/upgra de d access  roa d wou l d o therwise  
b l Qc k  the  fl ow. C u l verts w i l l be p l aced o n  the  s tream beds , not in  
newl y dug  di tc hes . The re fore , potential  a rc haeol o g i c a l  impac t shoul d 
be mi n i ma l . Even so , we wi l l  have an a rc haeo l o g i ca l  cons u l tant rev i ew 
the l oc a t i o n  o f  a l l c u l verts to be i n stal l e d i n  a rchaeol o g i ca l l y 
sensi t i ve a rea s .  S i nc e  th i s  act i v i ty i s  d i rec tly rel ated to 
access roads , we e'xpect the re v i ew o f  th i s  acti v i ty to be comp l ete 
by J u l y  1 ,  1 98 7 .  

( 2 ) Hate r  Bars 

Water bars  a re rel ati vely  na rroH and s ha l l ow ( typ i cal l y  8 "  wi de 
a n d  8 "  deep ) l umber troughs  i mbe dde d across acce s s  roads o n  s teep 
terra i n .  The i r  p u rpose i s  to d i ve rt ra i nwa ter runn i n g on and para l l e l 
to th e acces s roa d ,  so the roa d i s  not erode d .  The i r  nece s s i ty a n d  
l oc a t i o n s  a re not  dete rm i n e d  unti l con struc t i on beg i n s .  

The e va l uation  o f  acce s s  roads desc r i be d  prev i o u s l y  wi l l  s e rve to 
a ddre s s  the i mpact of the water b a rs , s i nce the wa ter bars a re rea l l y 
part o f  th e acces s road . The refo re ,  we expect the rev i ew o f  th i s  
acti vi ty to be comp l e te by J u ly 1 ,  1 98 7 .  

( 3 ) I n terceptor D i tc he s  

I n te rc e p to r  di tc hes may b e  i n s ta l l e d i n  steep terra i n  a rea s ,  
e i ther a dj acent  to struc ture s ,  o r  acro s s  o r  a djacent to acc e s s  roads . 
The i r  p u rpose i s  to di sperse ra i n fa l l runoff over a wi de area o f  
undi s tu rbed grou n d , so t h a t  t h e  acces s road o r  s tructure l oc a t i o n  i s  
n o t  erode d .  The i r  neces s i ty a n d  l ocati on s a re n o t  determ i n e d  u n t i l  
ac tua l cons truc ti on . 

Bec a u s e  i ntercepto r  d i tches  wou l d genera l l y  be i ns ta l l ed o n l y  on 
s teep terra i n , it i s  u n l i k e l y  they wou l d co i nc i de w i t h  
a rc haeol ogi c a l l y  sen s i t i ve a reas . Al so , t h e  eva l uation  of  acce s s  
roads  and  s tructure l oc a t i o n s  desc ribed  p re v i o u s l y  shou l d serve t o  
a ddre s s  the i r  i mpac t .  Even so , during access roa d  test i n g ,  we wi l l  
have the a rchaeo l o g i c a l  c o n s u l ta n t  i denti fy any p a rti c u l a r  l oc a t i o n s  
where , i f  i n te rcepto r  di tches a re i n stal l ed l a ter ,  an  a rc haeo l o g i c a l  
te st wi l l  be neede d .  W e  expect t h e  i denti f i c a t i o n  t o  be compl e te d  by 
J u ly l , l 98 7 .  
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( 4 ) Oth e r  Ero s i on Control and Wetl a n ds Work 

S i l t dams , made o f  hay bal es ,  l ogs , stone or  fi l ter fabr i c ,  
s ho u l d have n o  archaeol ogica l  i mpac t .  L i kewi se , the p l acement o f  
ri prap , j ute mesh , gravel  and  see d i n g  for e ro s i on con trol (where not 
associ ated w i th acce s s  roads ) shoul d have n o  archaeo l ogical  i mpac t .  
Therefore , n o  i n depen den t a rchaeo l ogica l  a s s e s sments are pl anned fo r 
these ero s i on control  mea s u re s .  

The a rchaeo l o g i c a l  i mpact o f  bri dge s t o  cross  streams wi l l  be 
accou n te d  for i n  the a s s e s smen t  o f  access roa d s .  

Recommendati o n  No . 4 :  Stone Wal l s  

The report recommen de d  that the di sturbance to stone wal l s  b e  
m i n i mi ze d  dur i ng con struc t i on and  t h a t  s t o n e  wal l s  b e  recon structed 
c o n s i s ten t w i t h  the i r ori g i n a l  form when d i s turbance i s  necessary .  

Ou r c o n s truc t i o n  con trac ts wi l l  have a p rov i s i on that requ i re s  
t h e  con tra c to r  t o  a voi d o r  reconstruc t stone wal l s .  

B .  Arc h i tec tural Recomme n dati ons 

Recomme n da t i on No . 5 :  Adhere to Structu re Locati ons 

The report recommended that p roposed s truc ture l oc a t i o n s  
p re sente d  t o  t h e  a rc h i tectural hi stori a n s  a t  t h e  time o f  t h e  ori g i n a l  
s urvey be a dhered t o  du ri n g  cons truc ti o n .  Th i s  appl i es t o  structures 
i n  the i mme d i ate v i c i n i ty o f  e l i gi b l e properti es  where se tti n g  is  an 
i mportant factor i n  the i r e l i gi b i l i ty .  

For eac h rel ocate d  struc ture o r  s truc ture tal l er than ori g i na l l y  
a n ti c i pa te d ,  w e  a re rev i ewi ng t h e  p rox i mi ty o f  t h e  s truc ture to 
e l i g i b l e p ropert i e s  where setti n g  i s  a n  i mpo rta n t  e l i g i b i l i ty facto r .  
I f  the rel oca te d  or  tal l er s truc ture i s  proxi mate to such  a property ,  
a n d  i f  a s p ec i fi c  l oc a t i o n  o r  h e i gh t  wa s presente d  to th e 
a rc h i tec tural  h i stor i a n s  a s  part of the ori gi nal  a ss e s smen t ,  the new 
l oc a t i o n  or h e i gh t  wi l l  be revi ewe d by an  a rc h i tec tural h i s tori a n .  

Rec ommen da t i o n  No . 6 :  Acce s s  Roads Wi th C l ea r i n g  Requ i re d  

T h e  report recommen ded tha t ,  when vegeta t i o n  c l eari n g  i s  requi re d 
to construct new access  roads i n  the vi c i n i ty o f  e l i g i b l e propert i e s  
where setti n g  i s  a n  i mpo rtant fac tor i n  t he i r e l i g i b i l i ty ,  an  
a rc h i tectura l  hi sto r i a n  shoul d re v i ew th e e ffec t o f  the c l ea r i n g .  

Cl e ar i n g  on t h e  ri ght-of-way for n ew tran smi s s i on l i nes a n d  
access road s  wa s taken i nto account i n  the ori g i n a l  survey . 
There fore , th i s  recomme n da t i on appl i e s  to the acce s s  roads from publ i c  
way s  t o  t h e  ri gh t-o f-way a s  descri be d  i n  the  d i sc u s s i on o f  
Rec omme n da t i o n  No . 3 ,  Acc e s s  Roads , Subpart ( 1  l above . When we have 
i denti f i e d  such p ro s pec t i ve access roa d l oc a t i on s ,  we wi l l  determ i n e  
whether c l e a r i n g  i s  necessary a n d  whether the  l oc at i o n  i s  near 
e l i gi bl e  prope rti e s  where setti n g  is  an i mporta n t  fac to r .  At th i s  
time , we do not  expect  that new access roa ds w i l l b e  necessary for 
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th i s  p u rpo s e . Neverthel e s s , i f  the i dent i fi e d  roa d  requ i re s  c l eari n g  
a n d  i s  near  such  a property ,  'ile wi l l  have a n  a rc h i tec tural h i s to ri a n  
rev i ew the proposed l oc a ti o n . We expec t t o  c ompl ete th i s  acti v i ty by 
Apri 1 1 , 1 987 . 

Rec ommen da t i o n  No . 7 :  Vegetati ve Sc reens  

The repo rt recommen ded that  we  cons i de r  the  u se o f  vegetati ve 
sc reen s where new s truc ture s  woul d be parti c u l arl y v i s i bl e in the 
v i c i n i ty o f  e l i gi b l e  p ropert i e s  were sett i n g  i s  a n  i mpo rtant fac to r i n  
the i r  el i g i b i l i ty .  

W e  a re p resen ti n g  a l i s t  o f  the appropri a te el i g i bl e p ropert i e s  
t o  our Sy s tem Arbori s t . Co n s i s te n t  wi th c ommi tments made to other 
reg u l a to ry b o di es ,  our- Sys tem Arbori st wi l l  rev i ew l oc a t i o n s  in the 
l i s t  and o the r l oc a t i on s , dete rm i n e  where v i sual  benefi ts are to be 
ga i ne d  by p l a n t i n g  vegetati o n , a n d  pl ant  c omp a ti b l e spec i e s  w h i c h  
prov i de sc reen i ng .  

C .  General Recommenda ti o n s  

Rec omme n da t i o n  No . 8 :  r� i scel l aneous  

The report rec ommended that we i n fo rm t4HC o f  any c hanges in  
p ro j ec t  scope  and  tha t we noti fy MHC when  c o n s truc tion  is  about to 
begi n .  

We wi l l  a dv i se MHC o f  any change s  i n  p roj ect scope . We wi l l  a l so  
noti fy �1HC when con struc t i o n  i s  about to beg i n  so  the rec ommended 
fl a ggi n g  o f  a rc haeol o g i c a l  s i tes can b e  veri f i e d .  

Recomme n da t i o n  No . 9 :  D i sc overy o f  Cul tural Resources  

The report recommended tha t ,  shoul d c u l tura l  resources b e  
d i scovere d  duri n g  p l ann i n g o r  i mpl ementati on , appro p r i a te eval uati o n s  
and  mi ti g a t i v e  meas u re s  b e  u n dertaken a s  requ i red by Federal l aw a n d  
regu l ati ons . 

Shoul d a ny such  d i scoveri es  occu r ,  wo rk w i l l stop a t  these 
l oc a t i o n s  a n d  we w i l l take the rec omme nded fo l l ow-up measures . Ou r 
c o n s truc t i o n  con tracts wi l l  spec i fi c a l l y  requ i re that con trac tors stop 
work and noti fy u s  i mme d i a te l y  upon mak i ng suc h a di scovery .  

Rec ommen da t i o n  No . 1 0 :  D i s s emi nation  o f  Repo rt 

Th e report recommended that we consul t wi th MHC rega rd i n g  
d i s semi n a t i o n  o f  the report . Thi s i s  to protec t the i ntegri ty o f  
c u l tura l resources  i den t i fi e d  i n  t h e  repor t .  

Afte r  mak i n g  m i n o r  c ha n ge s  i n  t h e  text t o  refl ec t t h e  c omments i n  
your Sep tember 23 , 1 986 l ette r ,  we wi l l  p ro v i de the MHC wi th mul ti p l e  
c o p i e s  o f  the repo rt . W e  w i l l refer requests from other parti es  fo r 
the report to you . I n  that manner ,  MHC w i l l c ontrol di ssemi n a t i o n  of  
the report . 

- - - - - ---- - ---- - - - - -- - - - - ---- - - - - -- - -
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We wi l l  report to you peri odical l y on the progress of the acti v i ti e s  
described above . W e  l ook forward to your determination o f  the p roject ' s  
effect ,  i n  response to thi s l etter.  Thank you for you r conti nued coopera t i on 
on the projec t .  

Ve ry truly yours , 

�')J.� 
Bradl ey H .  Spooner 

Manage r ,  Ai r and Envi ronmental Resource Programs 

BHS :gv 
L,. ,  • .: L u  . i \ .  _.. . .  ;..: . Liwll 

Encl osure 

cc : B .  Simon , MHC 

xc ; ACHP 



Advisory 
Council On 
Historic 
Preservation 
The Old Post Office Building 
1100 Pennsylvania Avenue, NW. #809 
Washington, DC 20004 

FEB I 9 1987 
M r . An th on y  J .  C omo 
Coa l and E l e c t r i c i ty D i v i s i on 
O f f i ce o f  Fu e l s  Pr ogr am s 

E-28 

E c on om i c Regu l a to ry Ad m i n i s t r a t i on 
D e pa r t me n t  o f  En e rg y  
Wa sh i n g ton , D C  2 0 58 5 
R E F :  New En g l an d / Hyd r o- Quebe c Ph a s e  I I  T r an s m i s s i on Fa ci l i t i e s 

D e a r  M r . C omo : 

On J a nua r y  2 6 ,  1 9 8 7 , t he Cou n c i l  r e c e i ved your de t e r m i na t i on tha t 
t h e  r e f e re nc e d  p r o j e c t  w ou l d  h a ve no a d v e r se e f f e c t  upon 
p r ope r t i e s i n c luded i n  o r  e l i 9i b l e fo r the Na t i on a l Re g i s t e r o f  
H i s to r i c  P l a c e s .  We ha ve r e v 1 ewed you r sup po r t i ng doc u m e n ta t i o n 
a n d  a g re e w i th y o u r  f i nd i n g ,  p r ov i d e d  tha t the pro j e ct pe r m i t  i s  
cond i t i o n e d  to en s u r e  tha t : 

Mi t i g a t i on mea s u r es o ut l i n ed i n  th e De cemb e r  1 2 ,  1 9 86 ,  
l et t e r  f ro m  B r ad l e y  H .  S po o ne r  t o  Va l e r i e  A .  Ta lmage w i l l  b e  
i mpl e m e n t ed i n  N e w  H a mp sh i r e a s  w e l l a s  Ma s sa ch u s e t t s . 

I f  you a g r e e  w i th th i s  cond i t i on ,  p l ea s e s i g n  o n  the con c u r r e n c e  
l i n e  b el ow , re tu r n  th i s  l et t e r  t o  u s ,  a n d  a l s o s en d  a copy to th e  
Ma s s a ch u s e t t s a n d  N e w  H a mp sh i re S t a t e H i s t o r i c  Pr e se r v a t i o n  
O f f i c e r s .  Th i s  p r ov i s i on w i l l  then b e  i n co r po ra t e d  i n to y o u r  
d e t e r m i na t i on a n d c ompl i a nce w i th S e c t i o n  1 0 6  o f  th e Na t i on a l 
H i s to r i c  P r e s e r va t i o n  Act a n d  t h e  Coun c i l ' s  r eg u la t i on s  w i l l  b e  
c ompl e t e .  

I f  you h a ve a ny q u e s t i ons , p l ea s e c a l l  D r u s c i l la N u l l at 786-0 5 05 . 
Tha n k  you f o r you r coope r a t i on . 

I c on c u r : 

�/.� /ftz , d a t e J  

y-��, 
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APPENDIX F .  COMMENTS ON THE DRAFT 
ENVI RONMENTAL IMPACT STATEMENT AND STAFF RESPONSES 

Cop i e s  of the l e t ters  o f  comment rec e i ved dur i ng the Draf t  Envi ronmental 
Impact S t atement ( DE I S )  rev i ew period are included in  thi s appendi x  to  the 
F i nal Envi ronmental I mpac t  S t a t ement ( FEI S ) . In  some cases  at tachment s  have 
no t been reproduced . In  general , the l e t ters  have been arranged 
chrono l og i ca l l y  in order of rec e i pt . Each l e t t e r  responded to  by the s taff  
has  been a s s i gned a l e t t e r  code , and wi thin  each l e t ter con s ecut i ve numbers 
have been u s ed t o  de s i gnat e  i nd i v i dual comment s  and the corre s pond i ng s t a f f  
re s pons e s . The l e t t e r s  and re s pon ses  a r e  placed s i de b y  s i de to t h e  exten t  
po s s i bl e  so t h e  reader can ea s i l y  l o c a t e  t h e  s pec i f i c  respon se to  a g i ven 
comment . The fo l l ow i ng i ndex l i s t s  the l et t ers  and the code in  the order they 
appear in  the append i x .  

Le t t er 
Code 

CMDFW 

BSGC 
MEB 
PPLC 
WDC 
RK 
FP 
JCB 
PEH 
DAM 
VRF 
DOI 
CD 
BKC 
MH 
ML 
MFD 
LDP 
scs 
EPA 
SB 
COE 

EDF 

Comment i ng Organ i zat i on or Ind ividual 

Nat i onal Sc i ence Foundat i on • • • • • • • • •  

Commonweal th of  Ma s sachus et t s , D i vi s i on o f  F i sher i e s  
and Wi ldl i fe 

Bay S t a t e  Gas Company • • • • • • • 

Mary El l en Barry • • • • • • • • •  

Por t l and P i pe L i ne Corporat i on 
Wi l l i am and Di ane Caron • •  

Ral ph K i r shner 
Frances Provencher 
Jane C .  B l a i s • • •  

Phyl l i s  and Edward H i ckey • • • • •  

Dav i d  A .  Murphy • • • • • • • • • • 

V i v i an R .  F l ecchia 
U . S .  Department of the Interior • • • • • 

Mrs . C .  Dal ey • • • • • • • • • • •  

Serl e ,  Ka s s  & Case • • • • •  

Mr . & Mrs . Maur i c e  Hebert • 

Mr . & Mrs . Maur i ce Lavo i e  • 

Mary F .  Dambach • • • • •  

Loui s e  and Dona ld Pad f i e l d  • • • •  

So i l  Con servat i on Serv i c e  • •  

U . S .  Envi ronmental Pro tec t i on Agency 
Sarah Ba sbas • • • • • 

. . . . 

. . . . . . . . 

. . . . . . . . 

Department of  the Army , New Engl and Divi s i on , Corps 
of Eng ineers • • • • 

Envi ronmental De fense Fund • • • • • • • • • • • • • •  

Page 

F-3 

F-5 
F- 7 
F- 1 1  
F-2 1 
F-25 
F-29 
F-33 
F-35 
F-4 1 
F-45 
F-5 1 
F-5 5 
F-63 
F-65 
F- 7 3  
F-7 7 
F-8 1  
F-85 
F-87 
F-9 1 
F-9 5 

F- 1 0 1  
F - 1 0 5  
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NATI ONAL SCI ENCE FOUNDATI ON 
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OFFICE OF THE ASSISTANT DIRECTOR FOR GEOSCIENCES 

Mr . Anthony J .  Como 

N ATIONAL SCIENCE FOU NDATION 
WASHI NGTON. D.C. 20550 

August 1 8 ,  1986 

U . S .  Department o f  Ene rgy 
Econom i c  Regu l atory Adm i n i s t rat ion 
Room GA- 0 9 3 ,  RG- 2 2  
1 000 Ind ependence Avenu e ,  SW 
Wash ington, DC 20585 

Dear Mr . Como : 

The Nat ional S c i ence Foundat ion has rece ived your Draft Env i ronmen t a l  

Impact Statement ( DE I S) o n  the "New Engl and/Hydro-Quebec � 4 5 0  kv 

Transmi s s ion Line Inte rconnect i on - - Phase I I " .  We have no comment on 

t h i s  DE IS . 

S incere l y ,  

At;; �l:gt::� 
Comm i t t ee on Env i ronment al l·latters 

RESPONSES TO NATIONAL SCI ENCE oOUNDATION 

No response 
'%] I .p. 
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K r .  Aath oay J. Como 
u . s .  D e p ar tment of Eneray 
Ec onomic Rea u l a t o ry Ad m i n i a t r a t i on 
Room CA-0 93 , IC-22 
1 0 00 I n d e p e n d e n c e  Av e n u e , s . v. 
Wa o h iaa t oa , D . C .  2 0 5 85 

I E 1  DOI/EIS-O l 2 9D 

D e a r  K r .  C oa o :  

Auau o t  1 9 ,  1 9 86 

The Ka o o ac h u o e t t o  D i v i o ioa o f  F io h e r i e o  aDd W i l d l i f e  h a l  
c omp le t ed i t a  r ev i ew of the D r a f t !av iroame a t a l  Impac t Report f o r  
the w H ew Eaa laad/ Ryd ro-Quebec ± 4 5 0  k v  Traaam i o o i o a  L i a e  I a t a r
c o nnec t i o n  -- Phaae I I "  •• r e q u e a t e d .  I t  ia o u r  c onc l u a i o n  t h a t  
• o a t  of tha impac t a  t o  f i ah and w i l d l i f e  r e a o u r c e a  v i l l  r e a u l t  
f r o• c on a t ru c t i on ac t i v i t i e a  a n d  v i l l  b e  o f  a b o r t  d u r a t i o n .  
F u r t he r ,  the D E l l  d e o c r ib e o  m e a o u r e o  whic h w e  f e e l  w i l l  h e  
a d e q u a t e  t o  m i t ia a t e  p o t e a t i a l  d i o t u rb a ac aa t o  f i o h  a a d  w i l d l i f e  [p o p u l a t i o a o .  O u r  o n l y  o pec i f ic r e qu e o t  i a  t h a t  f i o hery ex p e r t •  
o f  K D F W  b e  k e p t  i a f o rmed of t h e  oc hed u l e  f o r  c r o o a iac a t r e amo o o  
t h a t  tha m o r e  o aa o i t ive hab i t a t a  m a y  h e  i d e a t i f ied aad p r o t ec t e d .  

Thank y o u  f o r c on a u l t ina v i th tha D iv i a ion c oncern ina t h i a  
p r o j ec t .  P l e a o e  c o a t ac t B o b  Mad ore of my o t a f f  a t  ( 6 1 7 )  
3 6 6 -4 4 7 0 / 4 4 7 9 i f  you h av a  r e q u i r e  add i t i o a a l  iaform a t i o a  or 
a a a i a t anc e .  

S ia c e r e l y ,  

a..t.j a�.-u-17' 
C a r l  s .  P r e a c o t t  

D e p u t y  D ir ec t or o f  F i ald Ope r a t i o a o  

� 

RESPONSES TO COMMONWEALTH OF MASSACHUSETTS , 
DIVIS ION OF FI SHERI ES AND WI LDLIFE 

The reque s t  has been not ed . In Sec t i on 4 . 1 . 1 0 . 4  the S t a f f  has recommendec 
two mit igat i ve measures that add ress t h i s  concern. 

..., I a-
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BAY STATE GAS COMPANY 



BSGC-1 

Mr . An thony J. Como 
U. s. Department of Energy 
Economic Regula tory Administration 
Ro0111 GA-09 3 ,  RG-22 
1000 Independence Avenue , SW 
Washing ton , DC 20585 

Re: IJOE/EIS-0 129 D 

��� 
llay State Gas Compaay 

August 2 5 ,  1986 

Draft Env ironment Impact Sta tement 
Nev Eng land /Hydro-Quebec .:!: 450 KV 

·Transmission Line Interconnec tion -
Phase II 

Dear Sir: 

�'f, l\\UU1GJ1 i'«lltlt. 'I'"' o..•w, ,_ t �O (fie. 
AUG 2 8 1966 ) 

�--... -···""" � ,.. � 

Bay State Gas Company has reviewed the draft Environment Impac t  Statement 
prepared for the New Eng land /Hydro-Quebec ± 450 KV Transmission line and b e l ieves 

.that the sta tement ia deficient in ita treatment of impact on underground pipe
lines. 'nle impact stateraent does indicate (pages 3-19 and 3-20) that the issue of 
increased underground pipeline corrosion is a concem which haa been raised at 
the DOE hearing in Groton, Massachusetts on February 5, 1985, but the issue ia 
not addressed 1n the tex t .  

According t o  a sta tement o n  transmission facilities (page 4-7) pipel ine 
adjacent to the proposed l ine would not be affected because of the dis tant 
location of the DC line ground electrode. Our concern, as pipeline operators, ia 
to what extent an earth path for current retum will be used under unbalanced load ing 
or during fault conditions. If any part of the ground-return current is pi,(:ked up or 
discharged from an underground pipel ine in an uncontrolled manner, the potential for 
corrosion becon1ea sign ifican t .  Where interference prob ltmUJ are anticipated, cathodic 
protection systems should be designed and installed to counter the effects of any faul t 
node current, prior to placing the RVOC System in operation. 

I Local gas d i s tribution networks in the vicinity of the proposed DC l ine will b e  
a f fected a s  wel l as transmission pipelines, b u t  these linea are not even mentioned. 
'nle extremely brief notation that, "Studies indicate routine mitigative measures ara 

1 possib l e ,  but further studies and field testing are plann ed " ,  is insufficient. 

� a local gaa dis tribution utility with a transmission l ine subsid iary, 'Bay 
State Gas feels strongly that the aforementioned studies and field testing should 
be completed and results should be reported be fore the proposed DC l ine ia 

Corporate Office• 

1;:0 Rovaii Stree' 

Canton 

MassachtJsetts 02021 · 1095 
617 828·8650 

R E S PONS ES TO BAY STATE GAS COMPANY 

BSGC-1 

To prevent poten t i a l  impac t s  ( co r ro s i on and coat i n g  d i s band i ng )  t c  

underground p i pe l i ne s  ( and o t he r  1 i n  e a r underg round met a l l i c  s t r u c t u r e s ) ,  

the Ap p l i c ant w i l l  u s e  a n  aboveground d e d i c a t e d  meta l l i c r e t u r n  

conduc tor . Thu s ,  expan s i on o f  the Pha s e  I g r o u n d  e l e c t rode i s  n o  l o n g e r  
pl anned . T e x t  revi s i o n s r e l a t i ng to the d e d i ca t e d  me t a l l i c  r e t u : , 
conduc t o r  have been mad e .  In pa r t i cu l a r , re f e r  to Sec t i o n s  2 . 1 . 4 . 1  ( L i n e  

Spec i f i ca t i on s  and Ded i c a t ed M e t a l l i c R e tu rn Conduc t or ) , 2 . 1 . 4 . 2  ( Ded i c a t ed 
Met a l l i c  Return Conduc t o r ) ,  2 . 2 . 8 . 7  ( wh i c h  d i s c u s s e s  expan s i o n  of t he 
ground e l e c t rode as an a l t e r n a t i ve to th e  ded i c a t ed met a l l i c  r e t u r n  
conduc t o r ) ,  a n d  4 . 1 . 2 . 3  ( Transm i s s i on Ei'ac i l i t i e s ) .  U se  o f  t h e  ded i c a t ed 

me t a l l i c  r e t urn conduct o r  w i l l  e l i m i n a t e  i s sues of concern r e l a t i ve to g a s  

p i pe l ine compa n i e s . See  a l s o  t he r e s p o n s e  t o  Comment PPLC- 1 .  

"%] I 00 



BSGC-1 
(Cont) Upproved. Along with these re1ul t s ,  the routine mitigative studies referred to 

1hould be detailed, along with some recoawendations as to which measures should be 
tak.ea. W'e belii!'Y'e these issues should be addressed 1D a ri!'Y'iaed version of the 
euv ironmental impact statement before the project is allowed to proceed . 

M. /dap 

Q:���� 
Paul v. LaShoto, 
Director, Opera tion• 

See previous response page 
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MARY ELLEN BARRY 



MEB-1 

MEB-2 

MEB-3 

MEB-4 

MEB-5 

23 Foreat Drive 
Bedford, New Hampshin 03102 
September 1, 1986 

Anthony J .  Como 
Department of Energy ""' �-' -.., "�"flo 000<£T!Q �� 
Economic Regulatory Administration 
Office of Fuels Programs (RG-22) 
10000 Independence Ava . , SW 
Washington, D. C. 20S8S 

SEP 5 1986 .,.. ) 
�- -··-·· �·:· .:""lf &  llliJOII""" ' Dear Hr. Como: -

I aa writing in responae to your draft Enviro11111antal Iapact State
ment (New England/Hydro:Ouebec ± 450 1r:v Transmission Line Interconnection 
Phase II  OOE/EIS-0129D)and its assessment of the environmental iapact 
cauoed by the proposed high voltage DC power line. As a reaid-t of 
Bedford , N . H . , a residential area which would be very severely affected 
by the power line, I have the followina comments to offer: 

Affected Environment 

[ 
[ 

[ 
[ 

-AccorQlng to the draft, infomation concerning populat ioa. in the 
affected area of Southern Nev Hampshire va• based on 1980 data. 
How can a study of this magnitude ignore the rapid growth of this area? 
In Bedford , N . H . ,alone the population ha• almost doubled in the 
period from 1976-1986. Surely this shows the haste and inattent ion 
to detail with which information vas gatheredfor this study. Even 
using the 1980 data , the draft states "the average housing unit 
densities for all Hillsborough towns within the project study aru 
are comparatively high • • •  " ( p . 3-8) 

-Bedford , M . H . , also has three eli!D.entary and middle schools all of 
which are in close proxiaity to the proposed power line and one 
�ediately adjacent (Memorial School) . The study does acknowledge 
" • • •  there are mora than 40 athletic fields, S golf courses, and 2 
gymnasiums adjacent to the proposed line in Hillsborough County., 
primarily in the towns of Goffstown, Manches ter, and Bedford 
(Figure 2 . 3) .  " ( p . 3-S) 

-Bedford also baa the busy intersection of Routea 101-ll4 directly 
under the right-of-way. The right-of-way also crossed 114 at one 
point farther vest .  There are also many vell traveled local road a 
that are traversed by the proposed corridor . None of these vere even 
mentioned in the report . 

-In Bedford we are constantly being told of impendina increaaaa in 
our electric utility costa. We are even told by aoae they vill 
double. This proposal they promise will save Nev England a billion in 
energy costa over the nezt ten years . Hov 11.uch vill the citiz.u. 
of Bedford, N . H . , save? We already ltnov ve have the -oat to lose in 
termsof our health and our environ��ent. 

� . .. c ... raft states, "Electric f ields within the right-of-way for tha 
proposed DC transmission line would have intensities within the 

r"'��·" ...... 

range of those reported to elicit physiological response in ezpari
mental animals. " (p.4-26) In tests on mice over a relatively short 
period of time as opposed to the lifetime exposure of people liviq 
under the power line, some 11.i.xed results on blood counts and chemistry 

RESPONSES TO MARY ELLEN BARRY 

MEB- 1 
The dens i t y  of hous ing un i t s  in towns to be t rave r s e d  by t h e  p r o po s e d  

t ransm i s s i o n  l i ne , a s  p r e s en t ed i n  S e c t i on 3 . 2 . 7 ,  i s  b as ed on 1 980 c e n s u s  
d a t a  pub l i shed i n  a 1 9 8 3  d o cument by t he U . S .  Bureau of t he Cen s u s . Tha t 
document i s  con s i dered by the S t a f f  to be a reasona b l e  bas i s  f o r  d i s c u s s i on 

of res i den t i a l  l and u s e  in t he v i c i n i t y  of the p r o p o s ed l i ne . F o r  add i 
t i onal i n fo rma t i on concern i n g  hou s ing un i t s  immed i a t e  t o  t h e  p r o p o s e d  l i ne , 

refer to the revi sed text p r e s e n t e d  in S e c t i on 3 . 2 . 7 .  

MEB-2 
�hoo l s  w i t h i n  300 m ( 1 , 000 f t ) o f  e i t h e r  bound a r y  o f  t he p r o p o s e d  

t ransm i s s i on r i ght-of-way a r e  i d en t i f i ed i n  S ec t i on 3 . 2 . 7 .  

MEB-3 
S t a t e  H i ghways 1 0 1  and 1 1 4 are i d e n t i f i e d  in Sec t i on 3 . 2 . 9 . 1 .  Atld i t i on al 

i n f o rma t i o n  conc e rn i ng t he two h i ghways i s  p r e se n t e d  i n  Sec t i on 3 . 5 . 5 .  

MEB-4 
�d e r  b a s e - c a s e  as sumpt i o n s , t h e  n e t  c o s t  s a v i n g s  t o  t he New Engl and r e g i o n  

i s  e s t ima ted to be $948 m i l l i o n  ( i n 1 9 9 0  d o l l a r s )  o v e r  t he 1 0 - ye a r  p e r i od 

of the Pha s e  I I  cont rac t .  The d i s t r i bu t i o n  o f  t h e s e  s a v i n g s  among t he 

part 1 c 1 pat 1 ng s t a t e s  and , f u r t he r ,  w i t h i n  each s t a t e , i s  n o t  w i t h i n  t he 
j u r i s d i c t i o n  of t he Depar tme n t  of Ene rg y  and is n o t  a s u b j e c t  for t h i s  
E I S .  

MEB-5 
�s i t i o n  no ted . The c onc l u s i on reached t hroughout Sec t i ons 4 . 1 . 8 . 1  ( DC 

e f f e c t s )  and 4 . 1 . 8 . 2  ( AC e f f ec t s ) are that the i n c i d ence of e l e c t r i ca l  

e f fec t s  wou l d  b e  i n t e rm i t t e n t , wou l d  p r i ma r i l y  o c c u r  d u r ing bad wea t he r ,  

and wou l d  p r i ma r i l y  occ u r  d i rec t l y  under t he t ransmi s s i o n  l i ne a t  the p o i n t  

o f  maximum cond u c t o r  s a g .  N o  ind i v i dua l s  wou l d  be exposed t o  s u c h  c o nd i 
t i on s  f o r  e x t ended pe r i o d s  o f  t i me . Add i t i o na l l y ,  c o nd i t i o n s  t ha t  produce 
effec t s  i n  l ab o r a t o r y  a n i ma l s  are mo re i n t e n s e  and o f  a much l onge r 

dura t i on than t he cond i t i o n s to wh i c h  humans wou l d  be expo s e d . 

"'] I ...... N 



See previ ous comment page � ( Con t inued ) 

Furthermo r e ,  the neare s t  i nha b i t an t s  ( re s i de n t s ,  school c h i l d r e n )  woul d  be 

far enough from the l i ne and / o r  wou l d  be exposed to e l eva t e d  l e ve l s  f o r  
only b r i e f  p e r i o d s  o f  t ime such t h at hea l t h  h a z a r d s  o r  a d v e r s e  

phys i o l o g i c a l  e f fe c t s  wou l d  n o t  be c r e a t ed . I t  shou l d  be ke p t  i n  m i nd t h at  

bas i ng a s s e s smen t s  o f  expe c t ed hea l t h  e f f ec t s  t o  humans on l a bora t o r y  
s t u d i e s  va l ue s  t h a t  e l i c i t  a re s po n s e  t o  sma l l  mamma l s  i s  q u i t e  

conserva t i v e .  Laboratory an ima l s  a r e  faced w i t h  s t re s s fu l c ond i t i on s  j u s t  
by be ing i n  t h e  l a b o r a t ory envi ronmen t .  A l s o ,  l i fe s pa n , body s i z e ,  

me tabo l i sm rat e ,  and o t her phys i o l o g i c a l  d i f f e rences b e t ween a l a bor a t o r y  
animal a n d  a human mus t  be c on s i dered when d e t e rm i n i ng l eve l s  o f  e f fec t s  t o  
" free-roaming" peopl e .  I n  summary ( a s  conc l uded t hroughout 
Sec t i on s  4 . 1 . 8 . 1  and 4 . 1 . 8 . 2 ) ,  any e f f e c t s  f r om th e proposed l i ne wou l d  be 

w i t h i n  the range of va r i ab i l i t y  of phys i o l o g i c a l  e f f e c t s  that peo p l e  
expe r i ence 
have been 

permanent 

exposure ) .  

from n a t u r a l  envi ronmen t a l  cond i t i ons . A l s o ,  t he e f fe c t s  tha t 
obs erved ( mo s t l y  under l a bora t o r y  t e s t  c ond i t i on s ) ar e n ot 
( t ran s i ent i n  na t ur � , l a s t i ng o n l y  dur ing t he p e r i o d  of 

The i n forma t i on presented i n  the EIS  is  a b s t ra c t e d  from a ver y l a rge 

l i t e r a t ure source ma i nt a i ned by t h i s S t a f f .  It is n o t  fea s i bl e  to 

thorough l y  d i s c u s s  o r  abs t r a c t  a l l  o f  the l i t e r a t u r e  w i t h i n  the page s of 

the E I S .  Thu s ,  the S t a f f  has p r e s e n t e d  a c on s e rvat i ve a pproach by 
( 1 )  a b s t rac t i ng s c i ent i f i ca l l y  val i d  s t u d i e s  t ha t  report t he l ow e s t  l e ve l s  
f o r  whi c h  e f f e c t s  o c c u r  ( e . g . , lowe s t  concen t r a t i o n  o f  a i r  i o n s  r e p o r t e d  t o  
cause a phys i o l o g i c a l  e f fe c t ) ,  a n d  ( 2 )  s t a t i n g  t h e  maximum v a l u e s  expe c t ed 

from the proposed Pha s e  II opera t i o n s  ( genera l l y  at p o i n t  of ma x i mum 
conduc t o r  sag and at the edge of t he r i ght-o f-way ) .  I n  a l l  c a s e s , the 
conc l u s i on s  reached from t h i s  conserva t i ve a p proach are that no d e l e t e r i ou s 
hea l t h  e f f e c t s  wou l d  o c c u r .  Rathe r ,  a t  mo s t  o n l y  t ra n s i e n t , revers i b l e  

e f f ec t s  w i t h i n  t h e  range o f  n a t u r a l  va r i a b i l i t y  wou l d  o c c ur under a s e l e c t  
s e t  o f  c i rcumstanc e s .  A l evel o f  exposure a t  wh i c h  hazardous e f f e c t s  m i g h t  

o ccur have not been demons t ra t ed . Add i t i o na l l y ,  t h e  ava i l a b l e  d a t a  do n o t  
demon s t ra t e  a dose-respon se or  a t i me- c our se r e l a t i on s h i p .  

revi sed text Sec t i on 4 . 1 . 8 . 1  ( El e c t r i c  F i e l d  E f f ec t s ) .  

Refer  t o  

� I 
,_. 
c.w 



MEB-5 (cont) 

MEB-6 

MEB-7 

MEB-8 

MEB-9 

MEB-10 

MEB- 1 1  

MEB-12 

l 

[ 

[ 
[ 

van found to uiat. "Fiachar (1973) found a 1000% iDcr .. aa iD 
apla- plaque production, a 17% iDcr .. ae iD aplean wai&ht , a S8% 
iDcreaaa iD aplaeD cell count, and a 264% incr .. aa iD heaaglutina• 
tion. " ( p . 4-26) If teat reaulu dona ov.r thaaa abort periods of 
tiaa can affect 11ice aa atated iD the draft what lli&ht ha the affect 
on people who muat live under or n-r tbeaa linea for y-rat Can 
va riak the conaequencu? 

-"Reaidanu adjacant to the transaiaaion liDea ahould ha iDformed 
of the poaaihility of iDduced ahock and of the fact that tha 
utilitiea would around their aquip���ent upon requeat. Paceaakar 
patient• abould ba eapecially inforaad . " ( p . 4-4S) Thia cannot and 
ahould not ba paaaed off li&htly. The body doea not axparieDca the 
paiD of electrical a bock iD a healthy anviron��ant . 

•Conatant audible noiaa vill alao ba the fate of thoaa who l ive 
under and near the power line with the peek tiaaa occurin& durin& 
fair weather (when people are aoat likely to ba outdoora) , snowfall, 
or early raiDfall .  "Thua audible noiae would be expected to be 
at or ab.,va normal bacqround don& the ri&ht-of-vay . "  ( p .  4-3S) 
The report aaya tba noiae level falla off aa tba diatanca fr011 the 
line increaaaa, but fail a to ••ntion bow far one muat be to no longer 
hear it 7. Are any atudiea available on tbe affecu of conatant 
exposure to auch noise? 

-The Vermont Electric Power COIIpany(in thair review of Phaaa I) 
ucognized the danaer and spent an extra $ 1 .  S 11illion to rout a 
the liDa around aanaitiva wildlife areaa <•·&• , a dear yard) . Are 
dear and other wUdlifa iD Vermont 1a0re iaportant that people iD 
Bedford , II . B . ,  or other Soutbaru llev H .. pahira tOVD87 

Human !nvirDnlleDt [ -Tovera to ba conatructad vill ba 75-llS feat hi&h• Thia ia •ch taller 
than ezistin& liD .. and definitely wUl detract froa the b .. uty of the 
C:ountryaida. RunniD& throu&h reaidential nei&hborhoocla theaa atructuraa 
will look particulary out of place and will not ba able to be c&JaOufla&ed 
by traea aa the present atructuraa are. (I know of no treaa in thia aru 
that au llS feet tall . )  [ -Eroaion i a  aleo a probl- that 11uat b a  dealt vith. lla already have 
a011e areas of at�-.e aroaion under aiatin& power linea auch aa the 
aullay area near the Routaa 101-ll4 iDtaraection in Bedford and the . 
"sand pita" alon& Back l.iver Road in Bedford . What aaauranc:a do va 
have that in the future theaa probl-• vill be dealt with in an environ
ll.entally sound fashion ao aa to prevent destructive eroaion (eapecially 
by wiDd) and ita unaightly effecta. [ -The at110aph.re will alao be affected . "DuriD& corona , photon• e��&natiD& 
fra the conductor aurface .. y atrike neutral ataa in the air. Thue 
energized at011a ru.y than loae electron•, which vban accelerated in the 
local electric field, uy collide with nautral ozyaen JaOleculea causin& 
diosociation and r .. aaociation iDto ozona 11oleculea (Bill at al. 1977) . "  
( p . 4-22) What are the effacu o f  thia iDcreaaa in the ozone layer? 
Were any atudiea don•! 

Historic Landmark& 
-J.nsux:I icient evidence 1a ahOVD to prove that hi•toric structure• 

situated in proxiaity to tile proposed riaht-of-way will not be adveraaly 
affected. I feel the final draft of thia report ahould not be !LOde untU 
theae atudiea have been completed. To aay effects are unlikely to r -

HEB-6 
As di scus sed in Sec t i on 4 . 1 . 8 . 1 ( Proximity Effec t s ) ,  the pot en t i a l  to 
receive a carpe t - l i ke shock would on l y  occur under an unusual set o f  
c i rcums tance s .  Thu s ,  even peop l e  working d i re c t l y  under t h e  proposed 
transmi s s i on l ine would probably not experience such mi ld shocks . Peo ple 
l iving and working at the edge of,  and beyond , the right-of-way would not 
experience t ransmi s s ion l i ne-rela ted shocks . 

Mh-7 
The reference to aud i b l e  noise in the conment relates to the proposed AC 
right-of-way,  which wi l l  not be bu i l t  in New Hampshire . The sect ion app l i
cable to the proposed DC right-of-way, Sec t i on 4 . 1 . 8 . 1 .  ( Exposure t o  
Audible No i s e  and Ozone ) ,  states that t h e  max imum conductor no i se leve l s  
d i rec t l y  under the po int of maximum conductor sag would b e  4 2  d B  and 3 6  d B  
a t  the edge of the r i ght-of-way. These values compare to the EPA s t andard 
of 5 5  dB as the l evel of outdoor no i se ident i f ied to provide a marg i n  o f  
safet y .  Refer to the abovemen t i oned sect ion f o r  a text add i t ion concern ing 
noise at tenuation wi th d i s t ance. Also, see revi sed text in Sect i on 4 . 1 . 8 . 2  
( Exposure t o  Aud ible No i se and Ozone) for a d i scuss ion o f  no i s e  leve l s  at .  
the edge of the right-o f-way for the proposed AC system .  Noise l evel s  
would be a t  or only s l ight l y  above ambient . 

HEB-8 
The rerout ing of the Phase I transmi s s ion l i ne around a deer yard in 
Vermont was done to keep an important winter ing hab i t a t  for deer from being 
destroyed by the cons t ruct ion o f  the l ine . The rerouting was not done due 
to any expected phys iological effec t s  that w i l d l i fe would expe rience f rom 
the operation of the l i ne . Because the proposed Phase II l ine would be 
located within exi s t ing right s-of-way, no construc t i on-related impa c t s  to a 
deer yard would occur . Since Phase I construc t i on was for a new right-of
way, rerouting (whi l e  more co s t l y )  could be more read i l y  accomp l i shed w i t h
out causing any incrementa l  increases in impac t s .  Howeve r ,  Phase II con
s truc t i on would be within e x i s t ing rights-of-way. Rerout ing a po rt ion of 
the proposed l ine would neces s i tate construct ion of a new right-o f-way 
area . Thi s  would cause an incremental increase in impac t s ,  rather than 
a l leviate any impac t s .  

HEB-9 

Pos i t ion noted . Two po i n t s  are per t i nen-t . F i r s t , the s t ructures for the 
New Hampshire segment of the proposed t ransmi s s ion l ine wou ld mos t l y  range 
from 2 2 . 9  to 3 5 . 0  m ( 7 5  to 1 1 5 f t )  in height . Howeve r ,  a st ructure of 
4 1 . 1  m ( 1 3 5  f t ) and a struc t ure of 38 . 1  m ( 1 2 5  ft)  would be located in the 

'Zl I ..� 



See previoua comment page � ( Continued ) 

Bedford area to span the Route 1 14 / 10 1  i nterchange and Bowman Brook and i t s  
assoc i a ted wet l and area , respect i v e l y .  Otherw i s e ,  s t ructure height wou l d  
typi cal l y  b e  about 2 7  m ( 9 0  f t )  ( ER ,  Vol . 3--p . 34 ) .  I n  the Bedford area , 
the proposed s t ruc tures would be l ocated between the two ex i s t ing trans
m i s s i on l i nes supported on 18-m ( 60-ft ) s t ructures , thus c reat ing 
inc remental v i sual impac t s .  Secon d l y ,  the v i sual impacts rel ated to the 
proposed l i ne i n  southern New Hamp shi re ( i nc luding Bed for d )  are des c r i bed 
in Sect i on 4 . 1 . 6 . 2  ( Segment C ) .  Accord i ng l y ,  only 4 out of 1 5 1  observa t i on 

poi n t s  were ident i f i ed as subject to rat i ng s  as h i gh as modera t e-high 
v i sua l impac t s .  The v i sual e f fects o f  the e x i s t �ng t ransm i s s ion l i nes , the 
scatte red larger res ident i a l  and comme rc i a l  s t ructure s ,  the fragmen t e d  
patt erns of vegeta t i on,  a n d  t h e  gener a l l y  l ow qua l i t y  of local land scapes 
tend to render the inc remental v i sual impac t s  a t t r i buted t o  the proposed 
l i ne of minor consequences . 

HEB-10 
M i t i gat i ve measures proposed by the App l i cant to minimize erosion are pre
sented i n  Sec t ion 2 . 1 . 5 . 2 .  A l s o ,  refer to the response to Comment SCS- 1 .  

HEB- 1 1  
Sections 4 . 1 . 1  and 4 . 1 . 8 . 1 ( Exposure to Aud i bl e  No i s e and Ozone ) adequa t e l y  
d i scuss t h e  inc rease i n  ozone produc t i on t h a t  woul d  resu l t  f rom operat i on 
of the proposed Phase II t ransmi s s ion l i nes . As s t ated , concent rations 
would i ncrease l e s s  than a few par t s  per bi 11  ion ( ppb) whereas ambient  
leve l s  are on the ord�r of 1 0  to 100 ppb,  and hea l th e f f e c t s  occur from 
exposure to 100 to 1 000 ppb. Thus , there wou ld be no health ha zard 
as soc i ated wi th ozone produc t i on . 

HEB- 1 2  
The cul tural resources review process has been comp l e t ed . The resul t s  o f  
t h e  study a r e  that t h e  impac t s  of t h e  proposed action wou ld not cons t i t u t e  
s ign i f i cant adverse e f f e c t s  to h i s t o r i c  s truc ture s .  

..., I 
....... VI 



MEB-12 
(Cont) 

l exceed those of the edatin& ri&ht-of-way sums to ianore tbe fact that 
these nev towers are approximately twice as tall and that they radiate 
a buzz ing noise not assoc iated with the existing structures. 

Alternatives 
No Action Alternative 

HEB-l l 
In fact the draft states, "Currently, no new nuc lear plants are under 

[ -Seabrook I and II (in New Hampshire) seemed to have been totally ignored . 

construction-license consideration by the U . S .  Nuclear Regulatory 
C0111111isaion. " (.p . 2-25) The No Action Alternative would a till leave 110 
with this alternative nuclear energy proj ect .  

MEB-14 

Underground Tranmiaaion Line 
-"Installing the tranmiaaion lines underground is a technically feasible 

alternative to construction of the proposed overhead tranAIIIisaion lines . "  
(p.2-37) A s  stated in t b e  draf t , "Placement o f  the line underground 

would eliminate potential air quality changes that could occur witb 
overhead transmission line operation { e . g .  ozone increases) . "(p . 4-4S) 
In addition the draft atatea, "Potential impacts .:t.aaociated with 
opera tion of overhead transmission linea { e . g . , electric field , air ions) 
would be reduced or eliminated with - an underground syo t em . " ( p . 4-49) 
This alternative aeeaasto eliminate moat of the potentially danaeroua 
health effects. "Faulty or dirty insulators and loose conductor 
fittings may also contribute to radio and television interference. 
Neither the alternative DC nor AC underground system would influence 
radio or t elevision reception • • •  " ( p . 4-SO) Aa far as the effects on the 
environment a trench " l . :Z..(4f t . )  wide and 1 . 5(Sft) deep" (p. 2-37) seems 
more desirable than 7 5-ll5ft towers and suspended wires. Taking all the 
above points into coaaiderat ionthia alternative appears to be the IIOSt 
environmentally preferrabla alternative. 

Alternative Routes 

MEB-15 [ -The proposed routes appear to offer no viable alternatives to pasain& 
directly throuah Bedford , N.H. Other routes bypassing this hiably 
residential community ouaht to be addressed in the final EIS. 

� I feel that the above c011111enta show that fuJ:ther consideration 11USt be 
MEB-14 iven to the underground transmission line for the town of Bedford, N . H . , and 
(cont) ther densely populated Southern New Hampshire communities. I think I have 

resented evidence that if this power line must exist this is the moat 
environmentally preferrable alternative. The coat of people ' s  health and 

afety cannot be estimated and therefore any additional coat for this alterna
ive must not enter into the consideration process. [ With many questions about the safety �nd desirability of the proposed 

power line still unanswered and the availability of an envirotu�.entally 
preferrable alt ernative, I ask that a public hearing to seek public comment 

MEB-16 be held in the town of Bedford, New Hampshire, at a time preferrably in tbe 
eveping to accomodate working people. This hearing should alao be publicized 
in a manor that the majority of Bedford residents will be make aware of it so 
that they too can express their concerns . r I also would like to lodae a formal complaint about the failure of the 
draft to give the exact date of the end of the comment period. Until aoae 

MEB-l 7 specific date has been set and the involved cit izens have been i?for���ed of 
it with ample time to c0111111ent , this period should not end . Very little 
information seems to have filtered down to the victims of this power line 

MEB-13 
----:n;; fuel use f i gures i n  Table 1 . 5  and 

assume the i n g t a l l a t i on of Seabrook I .  
canc e l l e d .  

MEB-14 

the rese rve margin i n  Table 1 . 6 
Seabrook II i s  a s s umed to be 

Whi l e  con s t ruct ing the proposed l ine underground i s  a techn i c a l l y  feas i b l e  
alterna t i ve ,  i t  would have a number of envi ronmental a n d  economic d i !advan
tage s .  Bene f i t s  to be derived by underground i ng ( e . g . , no inc remental 
increa s e s  i n  aud i b l e  noi s e ,  v i sual impact s ,  e l e c t r i c  f i e l d ! , a i r  i on s ,  
et c . , a l l  con c l uded t o  be mi nima l  and not a hea l t h  hazard ) do n o t  j u s t i f y  
the d i sadvantage s .  Thes e  d i sadvantages i nc l ude increased ero s i on , greater 
impa c t s  to wi ld l i fe ,  increased land acqui s i t i on , grea ter po t en t i a l  t o  
impact surface a n d  groundwa ter resources , i ncreased r i ght-of-way ma i n t e
nance ( e . g . ,  increased use of herbi c i des ) ,  and greater impa c t s  to we t l and s .  
For more d i s c u s s ion refer t o  revi sed S ec t ions 2 . 2 . 8 . 5 ,  2 . 3 . 2 . 2 ,  2 . 3 . 2 . 3 ,  
and 2 . 3 . 2 . 4 .  From an economic s tandpo i nt , the cost  for an underground 
system wou l d  be about $460 mi l l ion more than for the overhead sys t em .  
Al s o ,  annual opera t i on and ma i ntenance cos t s  would b e  $40 , 000 t o  $4 5 , 000 
per m i l e  per year for the underground system compared to on l y  $ 5 , 000 per 
mi le per year for the overhead system ( E R ,  Vol . 4 ) .  

MEB- 15 
Comment noted . Refer to Sec t ion 2 . 1 . 2  for d i s c u s s ion of route sele c t i on 

c r i t e r i a .  The a l t erna t i ve routes were a l s o  selec ted with the same 
c r i te r i a . Therefore , the lack of ava i labi l i t y of other su i t able ex i s t i ng 
ut i l i t y  r i ghts-of-way prec ludes a l terna t i ve routes that bypa s s  Bedford . 

MEB- 16 
During the comment per i o d ,  no new i n forma t ion was pre s ented . The publ i c  
has had adequate opportun i t y  t o  expre s s  the i r  concerns throughout the 
comment per i o d .  In add i t i on , DOE has obtained copies of the t ransc r i p t s  of 
the adjudi catory and i nforma t i ona l hear ings he l d  throughout New Hamp shire 
and Ma s sachuse t t s . Several reques t s  for pu b l i c  hearings were den i ed i n  the 
response let ters ma i l ed by DOE on October 23 , 1986 . 

MEB- 1 7  
Ex i s t i ng procedures pre c l ude the des i gnat ion o f  the comment period w i t h i n  
the d r a f t  EI S .  Howeve r ,  a Federal Reg i s t er no t i c e  was pub l i shed on 
August 2 2 ,  1 9 8 6 ,  announ c i ng the start and c l os e  of the comment period . I n  
add i t i o n ,  l ega l no t i ces were pl aced in 1 0  l o c a l  newspaper s .  

'"'l I ..... 0\ 



(Cont) MEB-17l 

page 4 

either consciously or unconsc iously and I think an effort should be made to 
see that ample time and adequate study go into a project whose consequences 
are so far reaching. I know I may be only one citizen but I stand for many 
who are unfamiliar with the intricacies of these studies and do not want to 
see a high voltage power line run through Bedford when there exist other more 
desirable alternatives. 

Sincerely, 7>?7 0� � 
Mary Ellen Barry 

cc : R. Stearn, Office of Environmental Guidanc e ,  Waab. D . C  .. 
E. Higgins , EPA, Region 1, Boston, KA 
C. Becket t ,  USFWS , Concord, NB 
K. Jackson USACOE, Waltham, IIA 
R. BeHmer USACOE, Waltham, IIA 

See previous response page 
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larry 
Paae 2 � In additon to the above serious concem, the aepentation of this project, 

allowina NEPOOL to have nearly c011pleted conatruct1.on of Phase I in Venoont MEB-1 9 while tha EIS process of Phase II is in proar•••, ae- to be a direct contradiction 
of tha NEPA process and recent federal court decisions concerning the "piece 
... una" or "sapentina" of projects. 11lia would appear to add undo pressure to 
your decision--kina process since millions of dollars have alraady bUD spent 

IEB-20 

on construction of Pbaaa I .  

Also not t o  b e  overlooked ia tha follovina quota from t ha  Sept.,.ber 1 9  
Union Leadar article: ''n.a (Attorney General ' •  laaal) brief says PSHR' s  
power requir.,.ents undv an aare•ent with the region-vide a ... Ensland Power 
Pool can be •et without the Quebec power durin& the 1990's.  Other supplia, 
includina power fr011 tha Saabrook Unit 1 nuclaar plant and from small producers 
will fill the requireiD8nt, the brief says" Since the aareement signed by Hydro 
Quebec end NEPOOL also u:tanda throush tha 1990 ' s ,  there ••- to be .!!2. 
d-stration !£. !!,!!!! for this poverlina to be constructed alons the 121 mila 
corridor throuah the center of a ... B811pshire fal'Oiland, forestland, and its den .. ly 
populated southam tiar. 

Considarina the sariousnas of tha above charga , I would vary much appreciate 
your immediate attention to this matter. Vould you also kaap ma informed of 
any action your office takas to rapond to 11)' concerna. 

cc: 1. Stearns, Off. Eaviron . Guid . ,  DOE 
S .  l!arrill, HR Attomay General 

Sincaraly, 

=:z:::;;� 
B-•r in Iedford, HR 

HEB- 1 9  
The Phase I and Phase I I  projects  are  not  considered to be  segmented 
projects . See the response to Comment DO I - 1 0 .  

HEB-20 
�t ion 2 . 2  has been extens ively revi sed to more adequately describe the 

need for Phase II of the interconnection .  

""] I 
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Power Line Protesters Comp_romise 

Merri l l :  Hydr@ 
Pact Bad Dea � 

B:r JOHN DISTASO 
Union Leader Staff 

CONCORD - The New Hampshire Attorney General's Office said yesterday the 
proposed second phase of a powerline project to tap New England Into Quebec's vast 
electricity reserves is a bad deal for New Hampshire ratepayers. 

AI the same time. a group 
which has fought the project 
for about a year over hcillth 
and environmental· concerns 
withdrew all of its objections 
after winning commitments 
from the builder to study and 
monitor the line once it is ener
gized. 

The state Bulk Facility Site 

Evaluation Committee b 
scheduled to rule on the 121-
mile, $GOO million project by 
Oct. 8, and the Public Utilities 
Commission. by Dee. 8. Months 
of hearings on the plan ended 
last montb. 

In a !mal brief filed ycsler· 
day at the PUC, the Attorney 

General•a Uttlce asks the pro-
ject be approved only If the 
deal be restructured more fa· 
vorably to New Hampshire ra· 
tepaycrs and other conditions 
are met. 

The brief says the builder, 
New Enc:land Hydro-Transmis-
11\'DIIO l'oge 8 

Hydro 
line 
dispute 
resolved 

Hydropower dispute ---------

By STEVE SAKSON 
Telegraph Stall 

CONCORD - Plans by New Eas
land uUIUies to impon hydropower 
from Quebec moved a major step 
forward Wednesday with the settle
ment of a yearlona dispute over 
construction of a high-voltage line 
to carry the electricily through New 
Hampshire. 

The Powerline Awareness C&m· 
pa1gn - a cHizens group tbat has 
m.a1ntained tbe Une would damage 
tbe healtb of those near it-aareed 
to drop us opposition. 

In exchinge. the New England 
Electric Co. - which wants to build 
tbe line - promised to spend up to 
11.25 million on two preUmmary 
scudies related to its health Impact 

The tlrststudy w111 detenmne the 
prec1se measurements ot the static 
electric. magnetic and atr ion fields 
along the power-line route - both 
before and after u oper.ates. 

Tbe second Wtll determme the 
feastbllity or domg a tull·blown, 
long-term examination ot the line's 
health etrects. 

The settlement does not require 
the company to actually perform 

1IYDROPOWER 

tbe examlo&UOA. even li lt 1s teas&· 
bte; 

That examia.aUoa will remain a 
major. u.nmet goal or tbe 150-mem
ber Powerllne Awareness C&m· 
paip. 

Campalp CC>Cbalrmao Hal 
Lynde ol Pelham sa'id lUI nl&bltbot 
tbe settlement lett bim with ""Very 
mixed emotions. •• 

"It's a cenain amouotof reUef to 
bave won some ot the tbJnp we 
wanted to wm. There's also a cer· 
tain amount of dlsappointment ln 
that we would have Uked to achieve 
more." 

New England Electt1c anomey 
Richard Couser called the settle
ment Ha major breakthrough.'" 

"We're pleased to be able to ay 
we are leawtng this shaktna bands 
rather than wuh our backs turned to 
each ocher," Couser said. 

The settlement doesn't Ba\IBIIY 

auarantee that the line wm bi 'built 
through New Hampshire. 

That decision still rests wltb tbe 
state Bulk Power Supply Site Ewalu· 
arion Committee and tbe Public 
Utilities Commission. 

Both sides agreed, however. that 
the absence of concened opposi· 
Uon to the line will be a major factor 
in the declSion of the state rl!gula· 
tors. 

New Hampshire Ia the lase of 
three New England stoues that muse 
pass judgment on the 450,000-volt 
line. 

' Construclloa ol tile Vermont pot· 
t1on ts neartna completion and 
MassocbuseiiS lw pven lbe 110' 
abead for its porttoD. 

In New Hampsblre. tbe line ta 
planned. lor tbe most pan. alona 
exl.stin& power company rtgbts-of· 
way. 

It would run 121 miles from Moo
f")e In northern Grafton County to 
Hudson. ts estimated to cost 1541 
million and lsdue tor compleUon la 
1990. 

Tbe power It Is deslped to corry 
ts supposed to be sl&niflcantly 
cheaper tban that aenerated by oil
and coal-burntnc power plants, on 
whicb New England 1s beavlly de
pendenL 

During sil moftthl of Ute bear
ings. witnesses for New England 
Electrtc contended tbat the line re
mains economical even thou&h the 
pnce of oU has plummeted in re
cent yean. 

Tbey also insisted thai Ulere ls no 
proof of anytu effects of such Unes. 

C&mpa1p memben cited cases 
In Minnesota in whicll people who 
live near a simalar line suffered 
nausea. headacbes and lrrttabUity 
and their farm animals experi· 
enced spontaneous abonions. 

A turnmg point In the dispute OC· 
curred ln mid-July wllen a scaentist 
blred by the state tesufied that. 
whale no 11lheaUb etfeclS have been 
proven. the vast ma)onty of the 
studies done on the subject so far 
are scientifically flawed. 

In mid-August. just before the 

bear!Dp coacluded, lbe campatp 
and the company quietly bepn the 
settlement neaotlations Ut.at ended 
Wednesday. 

Campa1111.lawyer Michael Walk· 
er said be thinks that. even thougb 
New Ea&land Electric Isn't ollllpt· 
ed to fully examine the nne's bealtb 
effects. tbc company or some ocber 
utility group wtll do so iftbat exami
nauon is feasible. 

'"Tbe utili()' industry in ceneral 
would be interested ill seein& It 
done. Tbey want tbe confidence of 
people.'" Walker said. 

Walker also noted tbat New Ens
land Electric acreed in the settle
ment to a series of enVironmental 
restrtcttons. lncludin& limitations 
on herbiCide spraying necessary to 
keep the line free of vegetation: a 
prom1se to plant Shrubs and trees tn 
block the view of the line from near· 
by bomes; and a promise to restore 
land dlllurbed by the construcuon. 

.. rm impresseQ by what they 
did," Walker satd. 

Also Included in the settlement ls 
a complaint procedure under 
whlch New EngJand Electric musL 
fof five yean. repon all complaints 
about tbe line to the state, along 
wub how they were handled. 

The setUement leaves one re
matnlng issue unresolved. 

Tbe state attorney general's off· 
ice, Which has panicipated in the 
power-line c35e as a neutral pany, 
hilS reserved the nght to daspute 
some of New Eng!Jnd Electric's 
contentions on the economtc bene· 
fits of the line. 
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PPLC-1 

w.au.Aca 1111. Mc••EW 

September 5, 1986 

llr. Anthony J • Co1110 

PORTLAND PIPE LINE CORPORATION 
P. o . .ax ueo 

SOUTH Poi'ITL.AND. MAlHI: 04108 

U. S. Depart..,nt of Energy 
Economic: Regulatory Administration 
Room CA-Q93, RG-22 
1000 Independence Avenue, S. W. 
Washington, D. C. 20585 

RE: Hew England/Hydro-Quebec :t 450 lev Transmission Line 
Interconnection - Phase II, Draft Environmental 
Impact Statement , Publication Number DOE/EIS-01290, 
Auguat 1986 

Daar Hr. Co110: 

TD.I:PMOM• 
107 'N7-D:ft'-04 20 

Tbe following comments and proposed mit igation conditions are hereby submitted iD 
the referenced matter by Portland Pipe Line Corporation ( ''Portland") . 1/ On July 
15, 1985, Port land submitted a letter to you expressing its concern reiarding the 
significant impact that the high voltage direct current transmission lines here 
involved will have upon the corrosion control of its underground pipelines. A copy 
of that letter is enclosed as Appendix A (omitt ing the four reference materials, 
discussed on p. 2 of that letter, which were enclosed therewith) . 

By way of historical background as to Portland, ita construction came about after its 
designation as a Nat ional Defense Pipe Line by Proclamation of President Franklin D. 

Roosevelt on October 1 ,  1941 (Proc. No. 2517, 6 F . R. 5081, 55 Stat. 1691) , �nder 
paver granted to the President by the Act of July 30, 1941, Public Law 197-77, 77th 
Congress , 0\apter 333, known as the Cole Act . Portland is subject to the Agreement 
between the United States of America and Canada: Transit Pipelines , signed on January 
28, 1977, and entered into force October 1, 1977 (T . I . A . S .  8720 (1977) ) .  

nte referenced draft Environmental Impact Statement nowhere mentions o r  otherwise 
discusses the Portland concerns expressed in the July 15, 1985, letter and is, thus, 
defective in this respect .  See, Lathan v. Volpa , 455 F2d 1111 (9th Circ. 1971) and 
tbe regulations of the Council on Environmental Quality ("CEQ") , 40 CFR I 1503 . 4 .  It 
is Portland ' s  position that the Final Environmental Impact Statement- (FEIS) should 
reference and discuss Portland ' s  concerns as set forth in its July 15, 1985, comments. 
nte FEIS should also consider, in this connection, a binding and enforceable contract 
betwetm Portland and New England Electric Transmission Corporation ( "NEET") which 
meets Portland ' s  concerns . A copy of that contrac t ,  taking the form of a letter 
agreement (with three appendices) from the undersigned, as President and on behalf of 
Portland , counters igned and attested under seal by the President of NEET, is enclosed 
hereto as Appendix B. That letter agreement may be summarized as providing for the 

1/ Comments are due on or before September 29, 1986, as stated at 51 Federal Register 
at 30107, Friday, August 2 2 ,  1986. 

RESPONSES TO THE PORTLAND PIPE LINE CORPORATION 

PPLC-1 
Concerns noted . See the response to Comment BSGC-1 relative to the use of 
an overhead dedi cated meta l l i c  return conductor instead of an expans ion of 
the Phase I ground electrode .  Add i t i onal l y ,  the Portland/NEE! agreement 
wi l l  be enacted . Thi s  inc l udes NEET ' s  commitment to purchase and install  a 
rec t i f ier system and a cathodic protect ion moni toring and maintenance 
system. Thi s  agreement wi l l  be in  effect during the interim period while  
the dedi cated metal l i c  return conductor is  being installed ( when the 
Phase I ground elect rode system has to be u t i l i zed ) .  

"'] I N N 



PPLC-1 (cont) 

Hr •• Anthony Como 
U. s. Department of Energy 
September 5, 1986 
Pa&e 2 

payment by MEET of the costa of purchase and inatallation of an underground rectifier 
system, the payment by MEET of tha cost and installation of a cathodic protection 
monitoring and maintenance system, and the establishment of a system of responsibility 
for claims arising from the effects of the hi&h voltage transmission line. ntis letter 
agreement was reached with MEET becauae it OW118 and operates tha facilities in Mev 
Hampshire where the ground electrode is located. 

Since the Portland/NEE! Agreement addresses the serious environmental concerns raised 
by Portland in its July 1 5 ,  1985 comments, Portland believes that it should be 
incorporated by referao.ce and im:poaed aa a mitiaating condition by OOE to the issuance 
of au amendment to Presidential Permit PP-76. Imposition of this condition would thus 
satisfy OOE ' s  mandate under the National Environmental Policy Act and the OOE ' s  
regulation• thereunder .  .!!!., 810 CFR I 1021 . 2 ,  incorporating b y  reference the regulations 
of the CEQ, including 40 CFR s 1502. 16(h) concerning mitigation. 

�P-:tt:ted, 

v. R. McGrew 
President . 
Portland Pipe Line Corporation 

WRM : paj 
Enclosures 
cc: Vernon R. Walker, Esquire 

Svidler & BerU.D 
Council for Appl icant Vermont Electric Transmission 

Company 

lt. L. Ramsauer, Esquire 
New England Electric Transmission Company 
c/o Nev England Power Service Company 
25 Research Drive 
Westborough, HA 01582-oo99 

w/encloaurea 

See pre v i o u s  response page 
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WDC-1 

�-2 [ 

I«JC-3 r 

-�· 15, J 9Yt. 

w�l/)'1(; • au� CM.n<J 
61 � � 

.../3.u1�. ),.If . t 3 ;<�.fiitJZ (t�'*''" ··-�CKETE� �� 
J.J�tvv }fu A.._, � SEP 1 7 1916 i\ 

v� � � " ') 
b) ,tf./)10 ;,U�� lqpfU' �ElllBI\1{ � 

A 

. 
(j _,l A. - if� {XU .J;i 

t:.k, 11 .e .  f.l.tdvJ · U Juu � p.·x.w-J 
lA.� M.L.- fi -tr � 

4 · , qf_1� u cC  � -fi.-).£- � t:.R.Mv 
H..l_ 'AJ_.u 1 M-Ix � � � 

&�� n .u.-. 
r:.P ,l.!.h � J/, -IL-u:;£ � 

� �I j;L_,t � t-M.JL 
"i "-1 f·� Crv.J& '(, "iFJ__ G 
� tL ..0(_ �la.J. Lt.,� ' 4-t... � 

J a.J..,._; .,U..1L-�OJ_cJ._/ t:J.v:_ � 
tVu....-- � a.1u<.UJ ft � }.v"J<-U 
� tl4.- (.lA. t1J._ ;t-'� � . � 'r� +-*- P,_l_� {PJtju._J �(At.� 
'='-6 � � � M -�� 
�6) � * lA-- . u�l'YM-,.X... 

RESPONSES TO WILLIAM AND DIANNE CARON 

WDC-1 
Concern noted . See the responses to Comments HEB-5 through HEB-7 and 
HEB-1 1 .  

WDC-2 
See the response to Comment HEB- 14 .  

WDC-3 
See the response to Comment HEB-8 . 
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RALPH KIRSHNER 



RK-1 

Ralph Kirchnnr 
�.14 WhortlebeiTD Island - -):1;'� "'·.,. Star Rte. 62 Box 4878 �,;,/\. Centre Harbor, n.H. 03226 

603-559-1517 

1·1r . Ant'>�nv J. Como 
!J :. C·e;·�rtrr:;:nt r.·f Ener71 
E·:c·"',:•rn 1� �·t:-·W -�.:t�ory Aomm1strat10n 
;: ,:.(··,· :;.:-(>?3 ,  �3-22 
\ 1:·t)1) I r�::r:�'"'rJe!'l':'� Avenue 
'�·..,·cr::n: r,9;_G; I ,  [J(. 20565 
)t?-:r r-1 : c QrrtQ· 

1 2  September 1 986 

SEP 1 9 1986 

� IVPFt r & REUABI\!Y - . 

.... ;.:�. h:t:er .:;f .:.J.ilrncr.t oertJins to tJ1e Dr Jft E I S  for t!"le �le·u Er-g1J:ij/H':'��rc-O�e�.;: :t 450 
• v T ·- .;·-: o·. J�.:.Ion Lme l nrercor.r.ectwn-->·nase I I ,  publ ication rourr:ber D0EIE :S- 0 1 29D. Hoe 
:;:·o:� t i.S  C;)i",t.jins �.e:- ious error; !:Jru:! om issions which renoor it mJ;.l&ading ,:r;� in�;:.ol icat�1e. in 
o:·�·- ·:·�··· \l'e': : �j;1�9 tne environmerotal impact of \h.? proposed Droject. 

""��. :.:- � :;-. . 3� ,· �ro� �C:i1 is t�.a f:211��re to co:-,sidsr the envlror.mer.�ol effects Gf t�.c ;;1c.!c�t 3s 3 
� ···:'� · �,·e.;J . n 'ocr� at tM (.on,truction of the transm 1s·;ion l ine 3S if it were 3 self-(o:,ram�d 
:.- (.; � : � .  (.vr.;lst:n-; 0f a r.-o lc:dle wltt1 no ends. I do not know of unconnected transm i5sloro faci1Jtie5 
;·· �· .· . .. .;·�e 1 �. t�.ti e:�·;e ,  as �n c-tt'ier� . . the prcJe:t prcpcses power p:"oCuct�on f�ci l � t  1e� �t c·v; er:d 
.;-· ) c,:. , , .- .;orosun·:fr> at tn� otMr. The envir onmental eifects of troiS production and consumption 
;:·\0 c:-, : r,:�·r ;;: ;.;,· t ;,� tr:e project aroj must be considered along w mo tr,.; effects of the l ine itself. 
C·· ·�' w''�- ��,, Dr�•t EIS is >.s useful as th� epocry�hal 1 9th �ntury EIS of the eleph3nt by the 
�L< ,,::nd mer.. Jl.n analysis of the elephant's trunk or tall tells you very little about the nature of 
•.toe b.;a:.!_ , ;o it i:; NJtr, tnis Draft EIS and its ar.al-ysis of just the transmission line. 

For uc,m�1e,  tM Draa [ I S  concludes In Sections 3- 1 7  ( 3 4.4 .2) and 4- 1 7( 4. 1 .4 .4) mat 
•_: ,·· e !: 2 �:� :�al e����ts Dn ttore1tened ond end�ngered spec1es, since tnev are only trans1ent 
,_: : f ' '· o:J t.n� cc.rr l(l)r It Wally iiJnores the effect�. of power oroduct10n m the q<"r>eratmg 
�-;:. : : !tle.;· -:,600 so,;,;re m 1 le v. ,;tershW ( laro;;er than Great Bntai n ) ,  wher'e water level 
f' ;·: t.';jt,i':J�$. '!rcs!cn ��d $ediment�tlon, �nd other environmental ct)3ng�s hcve alre;j·:f',' 1ncrea�ed · ·· ;; ;acrwc r;-,ercury conce�tratJons to ov�r four t imes allowable l i m its. Smce many of tnese 
::p�::s; cr� migratory, fer ezarrople [ilgles, Osprt?,-5, and Common Loons, it C.:lcroot be concluded 
• r .Jt ('.J<·�dw. envlrQrm��1al changes have no im pact on AmeriC.:ln wildl ife. While the Canadian 
'.;c. : i itl&:. mrr-1 be out·:. lde of DOE's jurisdiction, the wildl ife does not recognize pol itiC.:ll 
��J�:�r ies DOE is ctl l igated by law , in any case, to anal·1ze the envi ronmental impact of the 
Am�r ic�ro portion of the line on endangered species. It is inadmissible to conclude this project 
AG.ld �rave a m i nimal im pact simply because ttoe effect of AmeriC.:ln construction mi1-{ be felt up 
·�� lt�e in ('a�!i'J�, with the species later returning to the U.S. Hydropower g<:neration , for 
�,,,.,1o ls .  wrll result :n gre:;ter unnatural dJscnarge patterns irom the dams, as a result of U.S. 
: � �' �:�:·,�r�·1 c:;c.�.;; �,:;;_ lr�� �re�:.;l1tr�ce O'.Jer climatologic cycle:5, n·.e,;e di3ch;:;rgs tJ;;�terns may 
;�r : :  ;: "; -:1'·:-'upt haW�t' , b�hevior , brf':ding, foo'.l avJi labil ity and qo.1ality, and other f�ctors 
:.r w;:.;l •.o tr.� '·",. 11val of 6rodan'Jlr 6c1 and thre,;tened spectes. 

RESPONSES TO RALPH KIRSHNER 

RK-l 
See Section 4 . 1 . 4 . 5  for added d i scuss ion of NEPA requ i r ement s for 
cons idering internat ional environmental impact s .  Al so ,  refer to 
Sect ion 4 . 1 . 4 . 5  and , part icularly,  Append i x  C for informat ion on the impact 
of  the proposed project on migratory bird s .  ">:1 I w 0 



RK-2 

RK-3 

RK-4 

RK-5 

p, 2 

Tne DOE ;;ppar antly want� to ignore the environmental effects of lt1e generatior, foci l i lies by 
1c,ok:ng only �t tt1e tqnsmis>lon l 1nes. Th1s is �s diShOnest as a hangm�n Ignoring tt1e results at 
n,e ;:r,,1 of tns l i ne ;;no e.(am10mg only the rope S1m 1 lar ly , DOE shOuld exam10e tt1e U.S 
"''v ; r c'''''aw,: dfo,;ts uf making larger Quantities of electrical power availaule, rwucing tt1e 
n�;,,j for c��servation. TtJe Draft E I S  considers neilt>er prll>:luction nor consumption, and is 
tt,,� ;'(H- iatal'v f lowed ana r,ot m comp l 1ance w1tt1 NE�A ·we do not al low tt>a l(n�'or taoon of 
:·: 0·lJCt:; c:� ;;r.co: . ;;;red s�&cies fr om C;na�a. wtry should we al low t�e 1 m portation of a �roduct 
•:.;:';;'j tT�:tr J c : t.\· prco1uced to the det.r'ifr,�nt of tho� species, and possibly ourselves? 

The ('r �:t E I S  �!:tJ 1':'1�J .. es unsupportable concl u>ions t>aze� on quest10nable as:,umptwns and 
;.;i;;.:nv� u':e oi �val i;;�le 1:1Cta. For· example, 11 says 10 Section 2-45 ( 2.3  2 8 )  ". TM 1e·;�l5 of 
.; ;r  10r.;, ,;.:,.n�. ;,,..,J!ble no;�. �ladrlcal fields, and rn"'Jnttic f;t;lds . . . 8re wi\rnn levtls tt,.;t t;a;e 
c o�� ;r.,;,·. r to �., . .-e l1tt!� or ( more often) no biomedical or bet1avioral effects on anunels and 
''"'�'.;ns . .. l'o ·,uGh ·;r,o., 1119 Ms t1een ma.Je, ai t:1ough NEPOOL would l i l,e the puohc to beheve so. 
-::�::; '�:;· t�1e :;�;c:1\1fic controversy e>:l�\5 on lt;e:;e poi nt� .  wtlich is unlikely to be re:;c.l'ved for 
:' l�<;;t te� y�3rs. !t 1s a]�ln di�M�est of DOE to mak:.e such statement" un less it wa�t� to leod the 
C•o�;;: t.o beiie<e H,at an i r,cestuous r elatiorMiip exis\5 wi tt1 lhe �ppi icant. 

Tne [<r aft E IS  alsiJ rna� es unsupportab le econom ic a'lsumptlons about alternative energy 
co;';  it ).j:c:; in ;ec\lon 1 -5: " ... lr1e pr c•.i<ct.;,J pr ice of fossi l  fuel:; rnu�t drop 60% frorn tt>e 
:· ::? ·;c:l ue; before the Phese I I  pro) ect becomes a cue5110nable eco�'om ic choice . . . . [ tr>is]would 
<a·.t·"'" 1.0 .i 1 1  /Dar rei 011 and $33/ton coal pr1c� in 1 990 . . .  " S1nce this is very close to current 
�r c;E-:•:;1 1 990 �·rices, tt,e conclusion can be drawn that the Droft EIS is based on mfloted 
?c•:•"(•mu: proi�C!trms. I n IQ:lilion, 11 st.ates in s&clion 1 -S that us;ng th€se ba�.€ prices coupled 
. , . ; r, � 2')'\: COlt overr un In construction, not unus1Jal I n  pro)Kts of tt1is magnitude. would 
' t-;�!1 in � �:&t. cost ( �ot g.�in) to con3umers of olrno:;t a quarter b1 1 l 1cn dollars. Such f1g�res 
r "a•JJ r·e � cio,er exarntnatlon of alter n;;llve ener-gy sources lt1en is pre·:.ent in the Draft EIS 

1 \  11smioses H1e pc''i b i J ity of alterneliv€ energy sources w1t� erroneous stJt.erne�ts l ire 
;r,.;t i·i<Jfl(J 1n sewon .2- 26: "11ernbers of NEPOOL are actlvely pursuing th� develc,prnent. of 
.;::o� r:.;t i ·<�; ;<:ne�atior1 �ource5 . . .  " H1e b iggest rnern�er of NEPOOL in New Harnp5hire, tt>e Public 
:.:,, .,,,e Co cf N.H. , wh�re the mapr port ton of this projeo:t would b€ bu1lt ,  recently went. te'ore 
·�.;; '; ri : <J:Ji!,; !)!1 l i t : :; ;  ·:.<::r� :r1 1ss1on to oct1vely �� elternet.ive gener·at1on. P.S.C. , C1tlng 
•>:: ;:'�'\:�1 of over 500 Meg.�·.vJits of alter native power potential 10 New Horn ;Jshire alone, 
v, r,: ·:n it. wQ'Jld t,�ve to P'Jra1ase at PURPA r;;tes , ask eo for rellef from tt1e,.� requ i rements smce 
it ... ould create fi nanciol ,Jifflculties in sel l 1ng power from the Seabrook nucleC�r plant. Wt;en 
'''" ql�e·;•tc·n �e<:Orn€s econorn ic rather than environmental, NEPA is very clear on priorities, a�d 
: rw, "'r ait E 1Z;  iat ls to iollow them . 

A r�lot�.:J orniss,on per tams to the e>:Dnomirs of the Canadian-U S. agreement on the rnce of 
,,.>, fr it is now peg)ed to a percentage of the cost of power produced by fossi l  fuels, rather than 
"' ccst cf ;lroduction and transmission plus a reasonable profit. I I  should be noted IMI 
-1\''Jro-Ouenec ha>. excess generat ing capacity available. because it purchases hydropower from 
'�'" C�;urcl1 i ! l  Fall$ project at a few tentt1s of a cent a l d lowatl,  a�.d has uet:n unw i l l ing to 
"Sr,��c,ti�te 1ts lo�g-term contract with Labrador , which w ishes to incre.�se it,revenues. 
�·,.G�o-u,�ecec w 1 l l  be seil:ng th1s power to the U.S. at a markup of several hundrea or tr>ousand 
;;;;�cent , a r.ico d;;,;! for u,em , but questior,able for approval of a Presidential Permit. 

RK-2 

Sect ion 2 . 2  contains a di scuss ion of al ternat ives to the proposed act ion ,  
inc luding the  o pportun i t ies for  conservat ion . 

RK-3 
See the responses to Comment s HEB-5 through HEB-7 and HEB- 1 1 .  

RK-4 
--Alt ernative generat ion sources are being act i vely  pursued by NEPOOL. 

Sect ion 2 . 2  ( in part icular Sect ion 2 . 2 . 2 . 5 )  has been revised to better 
reflect  this  act ion by NEPOOL. Fue l price projec t ions and project cap i ta l  
costs have been reviewed by  the  appl icant s ince preparat ion of  the  draft  
EIS .  The revi sed cost /benef i t  analysis  in Sect ion 1 . 3  reflects  these 
changes • 

� 
DOE does not have an economic criterion for i s suing a Pres ident ia l  
permi t .  I n  add i t ion , DO E  does not regul ate the importat ion o f  e lectric 
energy and , consequent l y ,  does not  approve or otherwise pass judgment on 
the terms of the commercial arrangement . 

'%l I w ...... 



RK-6 

RK-7 

RK-8 

RK-9 

p 3 

7�.e D�oft EIS similarly omits massive amounts of public input concer mng this proJ ect 
n·�'�iy ��·:�·J'e 11. w�: not. presented to your agency. Section 3- 1 9  ( 3 5.6) dism1sses m 1 2  
i Jr,;:s 1 �•8 'ery c�.,l conr;;;rns of the publ1c, whother justHled or not. The New H�mpshire Bulk 
Powe' su,p'y s�te Facility Evaluation Committee. which includes the P.U.C . .  has heard wee�s of 
t%t1mOn\' from nundred�, of people on this project. I t  is incredible tnat tne DOE �ssume-; 1 t  ooes 
r.c,t '" :;t ;irnph becaus.; tM DOE cho:.<: not to be present. DOE arrooance lando: 1t in :.<:r ious 
�r o:;t !e ' " New 1-'err.psr:ire recently over high- le';el nuclear waste - d;es it real ly w�nt a repeat 
8e'formo,�c;( Wt•y not oo the jOb right in tne first place. rather than attempt a whitewash l ire 

_ tn\s [': aft E IS? [ Simi lar incredible conclusions can be round throughout the E IS. For e> arr.ple, it frequently 
;t;�:r, tr:;: ;:�·� neptive healtr. effects w 1 l l  be min imal si nce exposure times wi l l  be lim ited. The 
prcQ0��1 corr•dor is the most heav i ly populated of any high-voJt.,g� DC l ine yet buill On what 
i:; \�l is C(••K1usio:.c. t•o'<ed . ther efore? n.e E I S  ignore:; tM presenco or sc�11XJls and s lmi l.;r pub

.

l ic 
'�: . l ;  tie: '1':: acent ��. t�e I i ne. and assumes that si nee labor a tory effects on average have not been 
·:�:r : "'"r.t�l to healthy experimental anim.Jls, t�.;re w1 l l  be no detrimental effects on r·o�s:oly 
[ c��to:;l:;rly sus:eptible ;;�dividv.Jis such as children. the elderly , or the infirm. Also. i t ,,;,· .. ;r �·; tr,o •.:n·J,:pu\ect r.�allh effect> of the �roject on \he native p('()ples of Ca'•c•iJ , again 

cc,�s:1e· mg t�;e tra:-.sn·, ;ssion l ine as ,J c:,.u.r.ne.cteJ entity. Ful'\her comments on ttlis issue are 
::-.:�' :�e1 '� a co,.,. of rn·,- letter of 7 O�tc�er 1 9S5 to the �le·,·; ·!O.;:nps�.ire eu lk  Power S"pply 
S.1 t6 Fa.; l i lty Evaluation Com mittee, enclosed. 

· �:•>-.oe e.��mp!� of sele�tive use of !J)ta comes in various dissussions of herbicide use on the 
n;"•t-o;J-w.:-v . such as 1n sectiOn 2- 1 8. Whether or not r ight-of-way aop lications wou id oe any 
d'"'e-�·· f�:-:-. pressnt ;.r actices, it is not i Jstifia�le to conclude there are no adverse effects. 
5·c�� ''""' �.Jn10>�'re and �1:�Ssac�uo.�t!s, a•xordi�q t.o table B- 1 in Ap�endix B .  perm 1t cut stump 
cc·:, : � ·: ;:;.:.ns of Kr"nite v. ithin wetlands; invol'iabiy some of 1t wi l l  enter the water cycle and food 
C".a:n. The Draft E I S  also concludes that since the U.S. For est �-ervice permits 2 ,4-D 
c�·o : ' '>;\IOns on USI'S land, there are no problems wm, this  chemical. I t  neglects to  men !.ion that 
:c.e ' : .;t ::.:·.;; Pork Ser v ice in t�.e Deoartri'.ont of the Interior �;a' t•anned n.e use of 2 ,4-D on r;PS 
la�.ds' •f fed':ral �g��cies differ , �.ow can the public h�·1e a�y co�fide�ce? Few of \�.:roe 
cr:e�;cc:s nove o Jf•r been properly testea; the EPA is perm1ttmg them to re;nam re;mered 
·-;. r.;�e a ;-et�.sts a few a ye:ar , ar.d anticipates the te;tir.g process w11 l  t�ke at le;:,st ar�ot��er 20 
yeors P.y then , it mav �e too late. 

H:e Dr�ft E I S  assum� t�•al ony problems creoted by the construction of this project can be 
resolvfoJ thro•;·J� t�e m'li}IC of "mi\IQ6\Ion." M 1t1g:,tion consi>.ts of puttmg Hum pty Dumpty 
tc�e:r,.;r .J96:n. As a w i ldl ife biologist . I am all too awore of how little we know abc:ut the 
���ct':n��� �f �etura1 ��s•.ems,  and tre effe·�ts of human interference with these systems. It Is 
".e uit lmate in  feOOrdl arrogance to assume tnese are simple engmeer1ng proolems. where 
(.(instr•;�:ic�, is no rr.ore difficult than de?truclion. We have beer, proved wrong ti;;,;; after Ume. 
Wo•;!�n·t H t>e a�propr iate to proce�·J with a little more C(iution for a change? 

!n conclusion , the Draft E IS  cannot mCBI the requirements of NEPA without n';;jor revision, 
d•;e to errors of omiSSIOn and unj uStified conclusions. 1 hope the DOE w i l l  make ��� effort to oo 
tr•e jc.b r iyr1l befo1·o a f;r,al E IS  is issued. and save everyone a lot of legol hassles ar;d expense. 
ThJn¥ ·;o•; for '/C:.!' atte�tion to these matters. 

Si ncerely yours, # � 
Kt:�lr.t1 K i r s��ncr 

RK-6 
DOE has the ava i lable t ranscript s  from the hear ings and a copy of the 
favorable dec i s ion of the New Hampshire Bulk Power Supply Site  Evaluat ion 
Commi ttee.  

RK-7 
See the responses to Comments HEB-5 through HEB-7 and HEB- 1 1 .  

RK-8 

See res ponse to Comment RK- 1 .  

RK-9 
--As stated in Sect ion 4 . 1 . 8 . 4 ,  only herbicides registered by the 

U . S .  Environmental Protec t ion Agency and the states of Ne101 Hampshire and 
Massachuset t s  would be used . Add i t ional ly ,  the herbicides would be l imited 
to those approved for rights-of-way management .  Appl icat ion would be in 
accordance with label d irect ions and state l imitations ( the latter 
summarized in Table B . l ) .  As di scus sed in Sec t i on 4 . 1 . 8 . 4 ,  a large safety 
margin exi sts  between reported chronic toxicity levels  and exposure l evel s  
t o  the public  or workers . Lack o f  injuries t o  workers from herbicide use , 
as contrasted to injuries from mechanical means of vegetat ion management ,  
attests  t o  the safety o f  current ly  designated herbic ides when appropr i ately  
used . 

The Nat ional Park Service (NPS)  has not banned the use of 2 , 4-D on NPS 
lands .  All pes t i c ides for use on NPS lands are reviewed on an annua l 
bas i s .  Currently,  2 , 4-D i s  approved for u s e  o n  a l imi ted case bas i s .  

"%] I w N 
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S e p t • • b e r  1 � ,  1 98G 

� r .  Anthony J. C o•o 
O�p�r tment at E ne r �y 
E c o n o • i c  � e g y l a t o r y  A�• l n i s t r � t i on 
G f f t c •  ot F u e l  P r o g r �•• < RG- 2 2 >  

1 000 l n d e p P n d e n c e  Avenue 
w a � n i n g t o n .  D . C .  2 0 5 8 �  

..,.. ijiuUlliRflii,-6: ft� DOc:Knao '-\, 
SEP 1 9 1986 

• ) � �r' RDJAIIlll � 

k E :  N�w En9 l � n d / H y d r o-0Y•bec � 450 KV t r � n 5 M l S , i o n  L 1 n• 
l n t e r eonnee t l on--Ph� s e  l l  D O E / E l 5 - 0 1 29D 

lJ4:f.1r f"'r . C o 11 o : 

A� � r � 5 t de n t  of Bedf o r d ,  New H � • p 5 h i r &  who l t v e s  1bout l / 8 or 1 m t l e  
t r o• �h@ p r o p o 9 e d  pow•r l i ne , 1 � •  c o hc e r nv d .  

T h � r e  s e e M s  t o  b e  s o  m a n y  un 1 n s w e r e d  h e � l t h  t s su•s � b o u t  t h •  p r o po s • �  
l t n@ .  I h � v •  b • • n  f o l l o w t n g t h •  p r o g r •s s  o f  t h e  p r o p o s e d  l t n@ a n d  � e c � � �  
1 nc r e 1 s 1 n � l y  c o n c e r ned wnen I r e �d t h � t  t h e  V e r • o n t  E l e c t r 1 c  P o w � r  ( o m p�rry 
s p � n t  � extr� S l . �  • t l l i on to r e r o � t •  t h e  l t ne � r ound s en s t t t v @  w t l d l ! f e .  
S h ou l �n ' t  hua�n b e 1 n1s b e  3 1 v • n  th• � � •e c o n $ t d • r �t i o n s ?  l �n�� r � t � n �  
t uch a l i ne h � s  n • v e r  b•�n r u n  t h r ou g h  s u c h  � p o pu l a t � d  � r e � .  W h y  do 
w P  h�v• t o  po s s t b l y  r t s k  our h e a l th f o r  t h w  s 1k e  o f  e l •c � r t c i t y ?  Such • 
� h t ngs as i nd u c e d  shock , h a t r  s t a n d i �g on end , aud t b l •  n o t s e  l eve l s ,  
1 n c r e 1 5 e  1 n  o z o n e  l e v e l s  t o  � � Y  n o t h t n g  o t  t h •  r ep o r t s  f r o• t h e  M t n n � s o t �  

f 1r me r s  o f  tne e f f • c t s  t h •  l t ne o u t  t h • r e  h � s  h � d  o n  t h e t r  l 1 ve 5 t o c k  1 n d  
t � � m � e l ve s  r e• a t n  unanswe r e d .  I n  s o • e  a r • �• whe r •  t h e  l t ne i s  p r o po s � � ,  
c n t l d r en g e t  o n  and o t t  t h e  s c h o o l  bui � n d e r  the f i ne . W t l l  i t  t � � e  � 
s e r t o us a c c t de n t  b e t o r e  o t h e r  � l t e r n � t i v • s  � r •  cons t d & r e d ?  

To M@ , t h e s e  � r •  l S SYes w h i c h  ne@d t o  bv s t u d t ed �nd � n s w e r e d  t o  t h e  
� � � t s f a c t t o n  a t  t h o s e  p e o p l e  who l i ve n e � r  t h e  p r o p o sed r o u t e  a t  t h •  
l t n e .  I woy l d  l i k• t o  r �q u e s t  � pub l i c h e � r i n g  t o  be h e l d  h e r •  i n  

� e df o r d  < t he • o 5 t  p o p u l a t e d  � r e a t h •  p r �p o 5 e d  l i ne t o  t o  p a s t  t h r o u g h ) 
so t h e  r e� t de n t s  c a n  v o i c e  the t r  c o n c e r ns . 

t h � n �  y o �  t o r  your c o n s i d e r � t i o n .  

S t nc • r • l y ,  

/r� �� 
f r an c � �  P r o v e n c h • r  
2 4  fJ.l'J 1 t k o .'3 d  
B e dt o r � ,  N , H ,  03 1 U2 

RESPONSES TO FRANCES PROVENCHER 

FP- 1 
Concerns noted. See the res ponses to Comments HEB-5 
HEB- 1 1  re lative to health  and safety i s sue s ,  Also refer 
Comment HEB-8 in rela tion to rout ing of Phase I around a 

through HEB-7 and 
to the response to 
deer yard . 

l'%l I w � 



F-35 

JANE C .  BLAI S 



JCB-1 

(["J.:LLO..� j· . en.� 

.... c � J!l. .  &f;;d )7 'jJ c?II•..J.. J � I • 

� ., ,.,(,... v ��� 1'1&'(.. 

v�r·th.ou ,..� 1 ��'-dtt . . . . �c-r .... e.• _£1''(.-':'J � .. t ... c .J'.c. , t;.-..,� �iPIU11111T� tJ..{j•"-_j 1\..,L d:(�r" .,,. ,_ J  (RG'-.2� V DOCXI.TID �� 
ltrrt! l ;ui.L/It'���� U.1�. Sw ( SEP 22 1986 ) 

q , -t... A. J.)«..d.--r:..,... [). c .  ::zl.) s ?s '"""��, . .  a.•d -• 

,( I . ,  1\ 
U.<4-4.J i1t./IJ. 1.. ... � } . 

.J co. •. ,._ u.Y-�:.!t:i..-1 � �f-� � -r� t'.t.< .... �� -.J� 
....J,�.d: -�•JVJ·....C b�4f,.lt_-u. A��'A..nu.-1--r::._. J�....J 
f ·�/ ,.;._Ji-<.o - �Ia k (..J :!" 'I �c k II T.t.,._JV4.-+ ... t .......... u-,._ L1� 
J:.,/e-u:.._"'IA-I.� _-p h�L<J�.. = !>C C./ � .Z:S - 0 I Z q J) • 

{(�:'j- -/o � c£�1 -��-d-4..- c.Jy�-�t:: it• 

+tt. ��""":"' � �/........U... � �<:-<--nuL.Jl j fi-L fe<L� .... t.;_� ."b -�·�t� '>J.J...�.I!. � .  --/-J.,,_;t; �_L�. _:. tJ?rJ� 
<b� � .111..._..._,/:J-.t_� .'£L�..._, /._.Z.�u_._;(7 ., t.?lk'_._.,P-4-.J.J.�i r· . - · -. ' (/ u. '· · u . · f'·� �t:� _:.(;; f?-t!:4.t:u.. .... ;�t..J-'';1. � �·-t�·<'-<.·.1� ..-L-it)..-'·-�-- · �t.. '!.-fft.�.-<J... -tu....�} ck.� .1U� �-·�' .h .. k a . L  .... o�j- .e. .,_.·,�� ,._ . 

/i·•<..l.� +J. b..a.. _ e., .. ,..'-."J. CJ_j_r.2....x- k.· . .J) ez_,._, co- b·j<· ·--5 
h ·.fl . ..1-�-"<-.CU..t: -v ·:: . .. )!; • .--,�-.l<..J .�l.i.� �t-f...,..,.) /tu � "- . ,.,..,.k,.. _j,_-c-,-0 -1-I.A.- ..t y.wft---1: f!-�'-� h-i.L . ..J o-l!..!.c . ...-,,'-'<-"-C 0 . ft'"'� (T /J. . • '}0 .�<J 'H..U.t..:-V...l.A(.,U..J o.C .-KJ.C ._t;:. · /.  �'-<�-i.J �� .. � a_ �)" J!)� '-11...-:.r.- /V4-�u � <A.';_t.L ..._f_4.. ff.w_., .... � c... Cc:.� � 
......((. f.._ ..J. l<-e..lv ..�<.4-t..b �VI•<.t.. •-1 :iJ -<.vp.44.u ·H.u..( ..1' .... ...... -4-J l " .:/ tt.V�o -�'-� 7·t.- . '"'�- d..�- -<.<.-�d : fa�> "- j-'{1. "''' "-tLh.�J , 
--j[J.. v .�w fl-u-'<.() •. &,�.A. -<-L-- d.L/<·�-<-�4 <j()<. :4 f-c. k� c- ·-r...J . . " � I I tl" ...t.i-t.(..e-t (}-....., nur a ... � . 

RESPONSES TO JANE C .  BLAIS 

JCB-1 
See the response to Conunent HEB-6 relative to shock effec t s .  Al so ,  as 
stated in Sec t ion 4 . 1 . 8 . 1  ( Card iac Pacemakers ) ,  the maximum DC electric  
fie lds would be  100 t imes lower than neces sary to affect  pacemakers . 
Cautionary concern exists  for pacemaker patients relative to the AC l ines 
( see Sec t ion 4 . 1 . 8 . 2  [ Cardiac Pacemakers ] ) .  However ,  risk to pacemaker 
patients would be ext remely smal l  and then only to those who would be 
wi thin the right-of-way. The Staff has proposed a mit igat ive measure 
(Section 4 . 1 . 10 . 6 )  relat ive to pacemaker concerns .  
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JCB-2 
See the response to Comment MEB-7 . 

JCB-3 
See the response to Comment MEB- 1 1 .  

JCB-4 
See the response to Comment MEB-9. 

JCB-5 
See the response to Comment MEB- 10 • 

JCB-6 
Schools within 300 m ( 1 ,000 ft)  of  e i ther boundary of the proposed 
t ransmis s ion l ine r i ght -of-way are ident i f ied in Sect ion 3 . 2 . 7 .  The 
McKelvie and the Ke llog-Peter Woodbury schoo l s  are located 1 . 2  km ( 0 . 75 mi ) 
and 0 ,4  km ( 0 , 2 5  mi ) from the proposed ri ght-of-way, respec t ively .  Even 
the c losest  schoo l s  are far enough removed from the proposed l i ne that 
school chi ldren would  not be exposed to cond i t i ons that have been found to 
produce effec t s  in laborat ory anima l s .  Al s o ,  the durat ion of exposure to 
chi ldren would not approach that to which laboratory animals  have been 
exposed . Also see response to  Comment MEB-5 • 
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JCB-7 ---
A
-study has been conducted for the Appl icant by a New Hampshire real estate 

broker (Lamprey 1986 ) .  The study conc luded that the exi s t ing power l ines 
have not affected nearby properties,  al though they may have influenced 
market depth. The study also conc luded that the addi t ion of the proposed 
DC t ransmi s s ion l ine would not adversely affect local property values [ see 
Sec t i on 4 . 1 . 5 . ]  The DC l ine would be an incremental add it ion to an 
exis t ing right-of-way. 'Therefore, property values would have al ready been 
impac ted by exist ing l ines .  

JCB-8 
See the response to Comment HEB-8 .  

JCB-9 
See the response to Comment HEB- 14 .  
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RESPONSES TO PHYLLIS AND EDWARD HICKEY 

� 
See the response to Comment MEB-1 . 

PEH-2 
See the res ponse to Comment MEB-8 . 
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PEH-3 
See the response to Comment HEB- 14 .  

PEH-4 
See the response to Comment s HEB-5 through HEB-7 ,  HEB-1 1 ,  and JCB- 1 .  

PEH-5 
See the response to Comment HEB-9 .  

PEH-6 
The Staff bel ieves tha t the add i t ion of the proposed DC l i ne is unl i kely to 
have any s ign i f i cant adverse effect on nearby property value s .  Lamprey 
( 1986 ) reports that properties  located along the exi st ing transmiss ion 
l ines con s i s tently sell for prices comparable to those of properties  
located away from the right-of-way. Al though sample s i ze was smal l ,  the 
same study found no s i gni f i cant d ifferences in val ues for properties  
located a long an exi s t ing r ight-of-way before and after  the  addi t i on of a 
new transmi s s ion l ine . See a l so  revised Sec t ion 4 . 1 . 5 .  
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RESPONSES TO DAVID A .  MURPHY 

DAH-l 
See the res ponse to Comment HEB-9 in regards to aesthet i c s .  Al so ,  refer to  
Sec t ion 4 . 1 . 6 . 2  ( New Hampshire - Segment A )  for d i scus s i on o f  vi sual 
impacts  related to the proposed transmi ss ion l ine in the Bath area . 

DAH-2 
See response to Comment PEH-6 . 
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See re s ponse to Comme n t  MEB- 1 4 .  
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VIVIAN R .  FLECCHIA 



� u"QUllllt ,_,� � DOCICETm iff� 
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Vivian R. Flecchio 
9 Hazen Rood 
Bedford. NH 03102 
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RESPONSES TO VIVIAN R .  FLECCHIA 

VRF-l 
See the responses to Comments HEB-5,  HEB-6, and JCB- 1 • 

1'%3 I 
'-" N 



Send letter t o :  Anthony J ,  como 
Department of Ener51 

Concerning : 

Economic Regulat ory Administrat i o  
Office of Puel Programs ( RG-22 ) 
1000 Ind• pendence Ave . , �Y 
Washingt on D . C .  ?.0585 

Issuer 1 'rhe draft stat e s  thu.t electri c  fi elds within the rie;ht-of-wa:r 
· will have intens i t i e s  within the ran�e reported t o  e l i c it 

VRF-1 phys iological response :  in experimental tonimal s .  Con wo just 
ignore these results? 

- Ac c ording to the draft , residents adjacent to the trr.ns� 
mission lines should be informed o f  the nossi bility of 
induc e d  shock and that ut i li t i e s  would p,round their equip
ment upon request . Pace:n.�lcer rc t i ents it states should be 
esnec iall;r informe d .  Is t h i s  n b.c.::!.JJih.y environment ? 

VRF-2 r Audible noi:Je at or above t h e  normal bo cl:p,round level ''rill 
• exist al ong the right-o f-way . \Yh� t stud i e s  hnve been d one 

on such c onstnnt exposure to n o i s e ?  

VRF 3 [-:- Incrense in t h e  ozone level . \1h"t effp c t s  wil:l this increase -
in the ozone level hav e '! Have P.ny stud i e s  been done ? C- Towers will detract from the beauty of the countryside , ris-

VRF-4 ing 75-115 feet �igh .  These will not be nble to be c n m ou-
flaged by trees like current structures are . [- Erosion ( prima�ily by wind ) alrec d:r is a problem undrr s ome 

VRF-5 exist ing '!lOWer lines ( e . r, .  �lley near Route lC'l-114 inter-
s e ct i on Bedford , N . H . , sand pit BackRivl'r R o., d 1 lledford , N . H . ). 

Rf 
Whlilt st eps are being tnltcn t o  prevent this in the future? 

V -6 [- Memorial School a d j a c ent t o  pro posed pOI'.<er l ine . 

VRF 7 c- Effect on Historic Lll.ndraarks not adequately studied , An in -
d e pth stud:r should be done in t h i s  area of c oncern before 
the final EIS i s  publ ished , [- The potenti;olly d�peerous he:o�lth affe c t s  c ombined witlJ  t l, c  
75-115 ft , t O\VP.rs will d e finit ely .a ffect t !> e  )lrO'Pert�: v.,lues 

VRF-8 in t owns such n s  Bedford , N . H .  which is a r:'lpidly gra.� in.� 
re sid ential community with no henvy industry ,  A com�rchen
sive study done by �n indt! pendent real e ot � t e  c omnlln�· s " ould 
be done before the !innl EIS i s  submitt e d .  The draft s'1ows 
no evidence of any previous study being done . [- The Vermont Electric Power Comran.l' ( in their review of 

VRF-9 Pha se ! )rec ogni zed the dant:ter and spent en e xtra !1 . 5  m i l l i on 
to route the line around sensitive wildl i fe are::o s .  .� re t h e  
wildlife in Vermont more im�ortont than the peonle in Bedford , 
N . H . ? 

VRF-1 for exam�le el iminat e s  most of the pot entially d:·nr;rrous health 
t-- CthP.r alternat ives do exist . The undE'rto:round t rc·ns::!iss i on line 

e ffects and is a feasible altE>rnntive a c c ording to t h E'  drP. ft . 
Trenches opnroxirimt el.l' 4 ft . wi d e  by 5 ft . de en also s eem 
�..iUlY.J'..r.11,ferahl e t o  75-115 ft . t ov•r-rs r.nd S U 3 -
pended wire s ,  

VRF-2 
See tne r e s ponse to Comment HEB- 7 • 

VRF-3 
See tne response to Comment HEB- 1 1 .  

VRF-4 
See tne response to Comment HEB- 9 .  

VRF-5 
See tne r e s ponse to Comment HEB- 1 0 . 

VRF-6 
Ref e r  to rev i sed text in Sec t i on 3 . 2 . 7 .  

� 
See tne r e s ponse to Comment HEB- 1 2 .  

VRF-8 
See tne r e s ponse to Comment JCB- 7 .  

VRF-9 
See tne r e s ponse to Comment HEB-8 . 

VRF- 10 
See tne response to Comment HEB- 1 4 .  
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DEPARTMENT OF THE INTERIOR 



United States Department of the Interior 
OFFICE OF THE SECRET ARV 

Office ol Environmental Project Review 
1500 Custom House 

�IBLY--10 165 State St ... t 
Boston Massachusetts 02109 

ER 8 6 / 1 074 

Anthony J. Como 
Deportment of E.-gy 

September 26, 1986 

Economic Regulatory Administration 
Office of Fuels Programs (RG-22) 
1000 Independence Avenue, SW 

Washington, D.C. 20585 

Dear Mr. Como: 

i\fo ,�o.,,,,ll r,� OOC:I<� � 
SEP 2 9 19e6 

.,
..) 

�- __ ..... 1'1· "'-:-' �r'l!_!-.•' 

This is in reply to your request for this Department's review comments on the draft 
environmental impoc:t statement for the New England/Hydro Quebec+ * 450 kv 
Transmission Line Interconnection Phose II. 

Due to the nature of this proposal, the preporotion of our comments on it wil l  toke longer 
than the ollowed review time. For this reason we ore reques ling o time extension 
sufficient to permit our comments to reoch you by mid-October. This request is bosed on 
our belief tho! certoln ospects of the proposal may merit additional ottention. 

Thank you for your consideration of this request. 

Sincerely,- . /1-

�� 
WHilom Patterson 
Regional Environmental Officer 

RESPONSES TO THE DEPARTMENT OF THE INTERIOR 

No respon s e .  
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United States Department of the Interior 
OFACE OF THE SECRETARY 

,. Olfil:a ol Emriron���ental Pro;act RNaw 
1500 C:U.tom Hau. 

lt .... Y ... 10 165 Scala Stlftl 
Boston MauachUMIII 02109 

ER 8'/1 074 

Mr. Anthony J. Como 
Deportment of Energy 
Economic Regulatory Administration 
Office of Fuels Programs (RG-22) 
1 000 Independence Avenue, SW 
Washington, DC 20585 

Dear Mr. Comcx 

October 9, 1986 

""" ifjUUTORT ADiiitlr.tt ft� DOCJcETED �) 
;. ocr 1 6  t986 .. 1 
� �r' IB.IAIIIJ\ -.......:..:. 

Thi1 is in r.sponse to your re�st for o Deportment of the Interior review of the draft 
envirorvnentol statement f« the New England/Hydro Quebec * 450 kv Transmission Line 
Interconnection Phase II CER 86/1 074). 

In general the environmental statement identifies many of the Issues and environmental 
Impacts associated with the proposed project. However, the analysis of these issues and 
effects is generic in nature as opposed to being site specific and to that extent detracts 
from the document's ability to accurately define the exact nature and degree of impacts 
which the project may generote. 

[ In addition there arises the �stion of the use of the EIS to justify prior decisions. The 
EIS note. that NEPOO( has signed a ten year contract with Hydro-Quebec. This was 
done shOf'tly after Phose I was opproved in I 984 and project design began in I 985. 
Apparently, o number of significant actions affecting the �vironment hove been token 
pri« to the completion of the NEPA process. If this is not the case then the FEIS should 
Include 10me clarification of this situation. 

DOI-2 [ The no action olternatiw (page 2-24) is based on the Applicant maintaining the status 
quo. An adequate no action analysis would need to include reasonably foreseeable 
actions of others, not limited only to the Applicant, during the period of analysis. 

DOI-3 

On page 2-24, the EIS provides a generic discussion of the conventional central station 
generation facility alternative which could be either nuclear or cool. The discussion of 
environmental effects associated with these alternatives is summarily dismissed on page 
2-25 because these Impacts would be highly site- and design-specific. However, on I - l l ,  
the EIS states that NEPOOL plans call for the installation o f  2,300 m w  of nuclear 
capacity, the conversion of 1 , 1 00  mw of oil-fired capacity to cool-fired operation and the 
dewlopment of 1,000 mw of cogeneration capacity. This strongly sugg�ts that NEPOOL 
has identified specific sites for the development of future generating capacity. If this is 
the case, then the generic discussion should be replaced or supplemented with site 
specific information. 

DOI·l 

---c;n t ract a c t i on s  taken by NEPOOL and Hyd ro-Quebec were ac t i on s  taken 
independent of those governed by t he NEPA proc e s s .  Howeve r ,  c o n t r a c t  
s t i pu l a t i on s  made a l l owances f o r  dec i s i o n s  t ha t  c o u l d  b e  made d u r i ng t h e  
NEPA proce s s  a n d  o t he r  permi t t ing a c t i o n s  t ha t  cou l d  have a bea r i ng o n  t he 
pro jec t . For i n s t a nc e ,  t he con t rac t c o n t a i n s  a c l au s e  t hat s t a t e s  that the 
contract becomes nu l l  and vo i d  if e i t her NEPOOL o r  Hydro-Quebec f a i l s  t o  

obt a i n  requi red perm i t s  ( federa l ,  s t a t e , o r  p r o v i nc i a l ) .  Al s o ,  DOE does 

not eva l u a t e  o r  app rove t he c o n t r ac t .  Thu s ,  t he c o n t r a c t  is  n o t  pa r t  of  
the ma j o r  fede ral a c t ion be i n g  eva l ua t ed i n  the EI S .  

DOI-2 

Sec t i on 2 . 2 . 2  has been rev i s ed to in c l ude reasona b l y  f o re s eeab le a c t i on s  o f  
o t he r s . 

DOI-3 
--rhe capac i t y  add i t i o n s  

cons t r uc t i on b y  the N e w  
nuc l ea r  p l ant wou l d  b e  
These a l t e rna t i ve s  a l s o  

referred t o  i n  t he comment a r e  a l ready under 
England u t i l i t i e s .  A l t er n at i ves such a s  a c o a l  o r  
i n  add i t i on t o  t ho s e  add i t i o n s  a l ready me n t i oned . 
wou l d  need t o  be l o c a t ed at s i t e s  o t h e r  t han t he 

ones men t i oned i n  the commen t . S i n c e New England has no p l a n s  f o r  coa l and 
nuc l ear capac i ty beyond t ho s e  a l ready i den t i f i ed , n o  s i t e - s pe c i f i c  data ar e 
ava i l ab l e  because no add i t i on al s i t e s  have b een  i d en t i f i ed .  A l s o , new  c oal 

and nuc l e a r  a l t e rna t i ve s  were d i sm i s sed p r i ma r i l y  because o f  c ost and 
t im i n g  c on s i d e ra t i on s . Sec t i on 2 . 2 . 2  has been rev i s ed , and i n c lu des more 
d e t a i led i n f o rmat i on on c on s t ru c t ion and o p e ra t i on o f  a new , conven t i on a l  
fac i l i t y  ( Se c t i on 2 . 2 . 2 . 1 ) ,  re f�rbi shment o f  o l der gene ra t i ng "n i t s  
( Sec t i on 2 . 2 . 2 . 2 ) ,  and d e c e n t ra l i zed energy sou r c es ( Sec t i on 2 . 2 . 2 . 5 ) ,  

l'%j I 
VI 
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001-6 [ 
DOI-7 

On page 2-30, the EIS states that the T-ksbury Terminal would require construction in a 
floodplain and wetland area. However, the document does nat proYide any supporting 
data ta substantiate this conclusianary statement. The tone af the discussion tends ta 
Indicate that the evaluation only considered lands currently awned by NEPOOL 
affiliates. We believe the analysis should alsa include uplands adjacent ta this site even 
though they may nat currently be awned by the Applicant at this time. This analysis ia 
Important because the T-ksbury alternative appears fa have the least overall impact on 
fish and wildlife resources. It has about 1 60 acres less forest clearing, including forested 
wetlands, than the proposed route (page 2-43). Wetland and floodplain displacement is 
slightly greater for the Tewksbury alternative only becouse the terminal location has 
been sited in a floodplain/wetland area. We believe a reanalysis of this site specific 
terminal location is necessary ta determine If it Is possible to site the facility adjacent 
ta the existing substation but substantially out of the floodplain. Alternatively, siting in 
the floodplain/wetland should be studied ta determine If It Is possible to develop the 
terminal without requiring substantial filling of these areas. 

With respect ta vegetation clearing and other construction and maintenance activities, 
we recommend that precautions such as time-of-year restrictions be included ta protect 
migratory bird resources. All migratory birds, their parts, nests or eggs, are protected 
under the Migratory Bird Treaty Act 1 6  USC 703. Migratory birds are vulnerable to 
timber harvesting operations during their breeding season. Therefore; timber harvesting 
and ather vegetation clearing ar control practices should be prohibited during the 
primary bird nesting season of May-July. In addition, since same species such as raptors 
nest early In the spring, we recommend that areas proposed for clearing during this 
period be surveyed far raptor nests. 

On page 4-14, the EIS discusses bird lasses due to collisions with overhead wires. While 
most published studies may indicate (EIS page 4- 14) that these losses are not biologically 
significant, it still could be construed as a "taking" as defined in the Migratory Bird 
Treaty Act. Therefore, we recommend that all reasoqable attempts be made to design 
the transmission facilities to minimize the potential for migratory bird-overhead wire 
collisions. This appears fa be especially significant In sections of Massachusetts whe.re a 
large number of wires are present at different levels. 

The discussion of Impacts to the aquatic and wetland systems for the proposed project is 
generic In nature. Ta the extent that this differs from the site specific information 
needed to conduct an adequate environmental analysis, the EIS is deficient. This 
difference may well be appreciable and while making the EIS's adequacy questionable will 
probably, also, cause problems in any future interrelated permit applications. Data is nat 
available, for instance, on the number of streams that would be forded, crossed vio 
temporary bridges and culverts or permanent · crossing structures. Site spec:.i,ic 
information is alsa lacking for access road and atl)er construction activities in wetlands. 

DOI -4 
The Tewksbury al terna t i ve s i t e  was chosen as the mo g t  s u i t a b l e  of n i ne 

s i tes in the Tewksbury area . The text in Sec t i on 2 . 2 . 8 . 1  has been revi sed 

to more c l ea r l y  exp l a i n  t h i s fac t .  

DOI-5 

Comment noted . Add i t i onal ma t e r i a l  has been added to Sec t ion 4 . 1 . 4  
concerning the Mi gratory B i rd Treaty Ac t .  Al s o ,  sugge s t ed m i t i gat ive 

measures have been added to Sec t i on 4 . 1 . 10 . 4  whi c h ,  if adopted , would 

ensure comp l i ance wi th the Ac t and provi d e  add i t i onal pro t ec t i on for 
raptor s . 

DOI-6 

---:;u-1 precau t i on s  po s s i bl e  have been taken to m i n imize b i rd l o s s e s  due to 
c o l l i s i ons w i t h  w i res . Ho s t  n o t a b l y ,  wire heights would be l ower than the 

height at whi c h  migrat ory spec i e s  genera l l y  f l y ;  the proposed t ransm i s s i on 
l ines would be s i ted w i t hin ex i s t ing r i ghts-o f-way { m i n i m i z i , g  the 

inc remental hazard that wou l d  resu l t  f rom i so l a ted ri ght s-o f-way ) ;  and 
proposed s t ruc tures would be cons truc t ed i n  l i ne w i t h  ex i s t i ng s t ru c t ures 
where prac t i c a l  { re s u l t ing i n  wi re he i gh t s  w i t h i n  a s  c l o se a range as 

pos s i bl e ) . 

DOI-7 

The purpose o f  the EIS is to conduct an environmental a n a l y s i s .  Thi s  
analys i s ,  i n  part , i s  ba sed on d e t a i l e d  i n f o rma t i on i n  the App l i cant ' s  

Envi ronmen t a l  Report . On l y  informa t i o n  deemed nece s s ary to support the 
Staf f ' s  conc l us ions is inc luded in the E I S . Whi l e  the Appl i c ant has n o t  
f i na l i zed t h e  exact number o f  s t reams to b e  forded , c ro s sed via temporary 

bridge s ,  and so f o r t h ,  the m 1 t 1 ga t i ve measures commi t t ed to by the 

Appl i ca n t  and recommended by the S t a f f  wou l d  be appl i c a b l e  in a l l  
i n s tance s .  Several o f  the m i t i g a t ive measures wou l d  a p p l y  to s pec i f i c  
cond i t ions { e . g . ,  trout s t ream) and wou ld b e  enacted o n  a ca se-by-case 

ba s i s .  General conc l u s i on s  reached by the S t a f f  are based on conserva t ive 
est i ma t e s  presented in the ER. Ac tua l numbers o f  s t reams and wet l a n d s  to 
be affected by crossings wou l d  be l e s s  than e s t i ma t ed , and thus projected 

impac t s  would be quan t i t a t i ve l y  l es s .  See the response to Comment EPA-1 i n  

regard to we t l and compen s a t i o n .  

1'23 I VI 00 



DOI-7 
(COnt) 
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DOI-9 

l While the EIS Indicates that wetland Impacts would be GYOided whenever possible, there 
Is no data to substantiate that this Is, In fact, the cose. The EIS olso foils to provide any 
disc:uuion on compensation for the " acres of -tlands to be used In project 
construction. During any sutisequent permit review process the FWS will determine of 
the wetland losses ore unovoldovle. If FWS concurs that they ore unavoidable losses, 
they will most likely recom�Mt'�d that the Applicant provide replacement wetlands of the 
- type and wlue o.e., forested wetland for forested wetland). If the wetland losses 
ore determined to be GYOidoble, FWS will most likely recom�Mt'�d that the Applicant 
redesl� or relocate the structures to avoid the wetlands impact. We recommend that 
coordination be mointolned with the Field Supervisor, FWS, P. 0. Box 1 5 1 8,  Concord, 
New Hampshire 03301 ,  during any subsequent NEPA planning process. 

Electric field effects ore discussed but dismissed os Insignificant on poge 4-27 lorgely 
becouH the specific study species (livestock and people) ore not continuously exposed to 
electric fields. However, the EIS foils to ewluate electric field effects on wildlife 
species that might be continuously exposed for long periods of time. We believe the 
onolysis should be expanded to Include nesting birds including eggs and flightless young 
birds, smoll mamrnols with restricted hame ranges (such os voles) and certoin amphibians 
and reptiles that hove confined home ranges for part or oil of their life cycle. In addition 
to determining the physiologlcol, behavioral, and other effects associated woth electric 
fields on these wildlife species/groups, the EIS should olso evoluate the Impact on habitat 
corrylng copocity, If any, for the 110rious cover types in the transmission line ROW based 
on whatever information is currently owiloble. 

On poges 4-37 to 4-4 1 ,  herbicide use is discussed In relotion to hurnon health effects and 
concluded to be environmentally sofe. However, the discussion foils -to provide any 
onolysls of the effects of herbicide use on resident wildlife species using the transmission 
line ROW. We believe the EIS should anolyze the chronic and acute effects of the 
wrious herbicides used for ROW vegetation monogement on resident wildlife species. 
This should include site specific studies on o. wriety of species and life stoges to verify 
the conclusions that existing herbicide practices ore Indeed not causing ocute or chronic 
toxicity effects or causing biooccumulotlon of the herbicides or breolcdown products and 
contorninonts. Unless and until this dato con be provided, we connot concur with the 
DOE conclusion that herbicide is not cousing or likely to CQUH significant environmental 
effects. Simply referencing studies conducted elsewhere is not sufficient unless it is 
possible to demonstrate very close similarities between vegetation, wildlife species, 
actual application proeedures, time-of-year applied, study porometers, quolity control, 
etc. 

001-10 1 
During the scoping process, we recommend that future expansion of this system that ore 
reasonably foreseeable be identified o o secondary Impact ossocioted with Phoses I and 
II. However, with the exception of o statement on poge 1-7 indlcotlng that such future 
exponsions would be possible, the EIS is silent regarding this potential segmentation 
issue. The Phase II project will import obout 700 mw of electricity power, However, the 

OOI-8 

Field s t ud i e s on the elec t r i c  effec t s  t o  s ma l l  and/or sedentary groups o f  
anima l s  a r e  l a rge l y  lacking . Howeve r ,  i t  i s  the S t a f f ' s  o p i n i on t h a t  

impac t s  d u e  t o  e l e c t r i c  e f f ec t s  wou l d  not d i f fer s i g n i f i can t l y  from t h o s e  
expe r i enced by smal l laboratory anima l s .  Leve l s  of exposure t h a t  cause 
e f fec t s  to l a boratory anima l s  are genera l l y  a t  conc E> � t r a t i o n s  much h i ghe r 
than would occur w i t hi n  .the proposed r i ght-o f-way ( s ee Sec t i on 4 , 1 . 8 ) ,  
Thu s , the S t a f f  does not be l i eve that impa c t s  would occur t o  these groups 
of anima l s .  

A s  d i s cu s sed i n  Sect i on 4 . 1 . 4 . 1 ,  elect r i c  e f fec t s  wou l d  not have 

apprec i a b l e  adverse impac t s  to vege t a t i ve resources . Thu s ,  e l e c t r i c  f i e l d s  

would n o t  impact the hab i t a t  carry ing capa c i t y  f o r  sma l l  mamma l s , cert a i n  
rept i l e s  a n d  amph i b i ans , nest ing b i rd s ,  a n d  o t her wi l d l i f e  that have 
res t r i c ted home ranges . I n i t i a l  r i ght-of-way c l e a r i ng (where req u i r e d )  and 
rout ine r i ght-o f-way maintenance would there f o re have a much greater impact 
on such w i l d l i fe than wou ld e l e c t r i c  f i e l d  e f fect s .  Expected impac t s  f rom 

c l earing and ma i n t enance are d i scus sed e l s ewhere in Sec t i on 4 . 1 . 4 and i n  
Append i x  B .  

DOI-9 
Di s c u s s i o n  o f  her b i c ide u s e  on r e s i d en t  wi l d l i fe is i nc l uded in 
Sec t i on 4 . 1 . 4 . 1 .  Herbic ide use f o r  Phase I I  wou l d  be an inc reme n t a l  

add i t ion ( a rea-wi s e )  t o  that current l y  prac t i ce d  w i t h i n  the ex i s t i ng 
t ransmi s s i on l ine r i ght s-of-way. As exi s t i ng herb i c i d e  use has not been 

found t o  cause s i gn i f i cant envi ronmen t a l  e f f ec t s ,  it can be concluded t h a t  
no s i gn i f i cant env i ronmen t a l  e f f e c t s  would r e s u l t  f r o m  t h e  p e r i o d i c  u s e  o f  

herbi c i de s  to manage vege t a t i on w i t h i n  t h e  Pha s e  I I  port i on o f  the r i gh t s 
o f-way . 

DOI - 1 0  
S e e  t h e  a t t ached l e t t er f r o m  t h e  appl i cant a t t e s t ing t o  t h e  fact that no 
further expan s i on o f  this project i s  planned . A l s o , Phase I was 
economi cal l y  ju s t i f i ab l e  even wi thout Phase I I .  

'2j I 
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lcorwwter termlhal ls being constructed with an Initial capacity of 1 ,800 rnw. Given the 
fact that the Phase I and II projects are essentially segments of the same project, we 
bellew that the DE IS should discuss the future elq)CIIISions such as Phase Ill, IV, etc. 

001-10 Section 1 502.4 of the CEQ Regulations requires that proposals or parts of proposals that 
(Cont) ewe related to each ather closely enough to be, In effect, a single course of oc:tion shall 

be waluated In a single impoc:t statement. 

In summary the nature of the above noted deficiencies strongly recommends the 
consideration of Issuing a supplementc.-y environmental impoc:t statement. We hope that 
tt- comments will be of assistance to )'Ou in the preparation of it. 

Sinc-ly, 

�� 
William Patterson 
Regi-1 Environmental Officer 

See previous r e s ponse page 

f'Zj I (1\ 0 



· :\) New England Hydro-Transmission 
John W. Newsham 
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Anthony J .  Como 
Off ice of Coa l and Elect r i c i ty 
Economic Regu l a tory Admi n i s t r a t ion 
Dep a r tment of Energy 
1000 I ndependence Avenue , s . w .  
Room GA0 9 8  
Was h i ng t o n , D . C .  2 0 5 8 5  

Re : Docket No . PP-76A 

Dea r  Mr . Como : 

New England H)'dro--Tl'llnlmluion 
Electric Comp1ny, Inc. 
25 AeNercft Dri-. 

Wntborougl\, MIIS8Chusens 01$82 
Tel. (117) 3116·1101 1 

February 2 6 ,  1 9 8 7  

,.-::::/f.;,,�iJ. 
FEB 2 G 1987 ) 

��'--- . 
In connection w i th DOE ' s  p repa r a t ion of responses to pu b l ic 

comments on the draft env i r�nment a 1  impact s t a tement i n  the 
re fe renced docke t ,  you have a s ked �hether there is any p l a n  to 
seek a no t he r  amendment to PP- 7 6  to increase the perm i t t ed level 
of energy t ransfer above the nomi n a l  powe r leve l of 
approx ima t e ly 2 000 MW being requested i n  PP-76A. Your i nqu i ry ,  
you have conf i rmed , i s  not w i t h  regard t o  any other 
Pres i den t i a l  permi ts that might be sought in connection w i t h  
hew i nte rnat iona l t ransmi s s i o n  l i nes , but s o l e l y  w i t h  rega rd t o  
f u t u r e  amendment% o f  Pres i dent i a l  Pe rmi t PP-76 . 

As Pr o j ect Manager for the l a s t  t h ree yea r s  f o r  both 
Phase I and Phase II of the· New Eng l a nd/Hydro-Quebec 
Inte rconnect i o n ,  I can a s s u re you that I am not awa re of any 
p l a n s  or p ropo s a l s  to seek any such f u r the r amendment to PP- 7 6 . 

As you know, in connec t i on w i t h  the •Phase I •  p r o j ec t ,  DOE 
i s s ued P r e s i den t i a l  Permi t PP- 7 6  on Apr i l  5 ,  1 9 8 4 . The Phase I 
p ro j ec t  w a s  a comp l ete, • s t and -a lone • p r o j ect , which was not 
dependent for its usefu lness or va lue upon any subsequent 
amendme n t s  to PP-76 or upon a subsequent Phase I I .  Phase I was 
j u s t i f i ed ,  funded , and app roved independently o f  whether any 
Phase I I  wou ld come about . At the t ime that Phase I was be i ng 
des i gned , howeve r ,  it was recognized that the Phase I 
t r ansmi s s i o n  fac i l it ies at the bo rder might be ut i l i zed i n  
connec t i on w i t h  another i ndependent ly j u s t i f i ed p r o j ec t . For 
examp l e ,  DOE was info rmed that the des i g n  capaci ty of the 
Phase I conduc t o r s  was 2 000 MW, even though a pe rmi t for only 

A New EnglanCI E1ectt1C System company 

Anthony J .  Como 
February 2 6 ,  1987 
Page 2 

6 9 0  MW was then requested ( see the Phase I Env i ronmen t a l  
Repo r t ,  Vo lume 3 , Exh i b i t  3-5 ,  and DOE ' s  F i na l  Env i ronment a l  
Impact Sta tement , p .  1 - 1  and Table 2 . 1 ) . In recogn i t ion of the 
f act that this add i t iona l t r ansm i s s i o n  capac i ty would ex i s t ,  
DOE assessed the envi ronment a l  impacts o f  ope r a t ion o f  the 
Phase I f aci l i t i es a t  t he i r  f u l l  des ign l im i t s ,  r a ther than at 
the lowe r . opera t i ona l level DOE autho r i z ed i n  PP-76 ( see 
Pres ident i a l  Pe rmi t PP- 7 6 ,  A r t i c l e  12 ) .  Moreove r ,  DOE 
spec i f i c a l ly provided that i f  add i t iona l faci l i t ies would be 
requ i red in the future for an increase i n  the ope r a t i ona l level 
of the l i ne ,  DOE wou ld conduct· 1 fur the r envi ronment a l  rev i ew .  

Subsequent t o  the i s suance o f  Pres i den t i a l  Pe rmit PP-7 6 ,  
the New England Power Pool concluded that addi t io n a l  purchases 
o f  energy f rom Hydro-Quebec would be des i r a b l e ,  a nd the pend i ng 
a p p l i c a t i o n  was f i led w i t h  DOE request i ng amendment of PP- 7 6  to 
a l low a n  energy t r ans fer o f  up to 2000 MW ( nomi na l ) . The new 
f ac i l i t i es proposed in the pend i ng app l i c a t ion have been 
subj ect to a thorough envi ronment a l  rev i ew .  We have made every 
e f fo r t  to provide to DOE , through the Phase I and Phase I I  
Env i ronment a l  Repo r t s , a comp rehens ive v i ew o f  the 
env i ronment a l  impacts o f  both proj ects . 

I t  may help i n  answe r i ng you r  inqu i ry to con t r a s t  the 
present s i tuat ion w i t h  that ex i s t ing a t  the t i me  that a 
President i a l  pe rmi t was sought f o r  Phase I .  At the t i me the 
permi t was sought for Phase I ,  we were awa re that a Pha se I I  
proj ect was pos s i bl e ,  we i n  ce r t a i n  ways a l lowed f o r  that 
pos s i bi l i ty i n  o u r  des i g n  o f  Phase I f ac i l i t i es ,  and we kept 
DOE i nformed of such a poss i b i l i t y .  At the present t ime , by 
cont r a s t ,  I am aware of no p l ans or propo s a l s  what soeve r , 
beyond the one c u r rent ly be i ng requested f rom DOE , to seek any 
further increases in the energy t r ans f e r  level permi tted by 
PP- 7 6 . 

I understand that you a re not a s k ing me to s pec u l a t e  about 
what might poss i b ly occur in the f u tu re ,  and it wou l d  se rve no 
purpose for me to so specu l a t e .  But I c a n  a n d  d o  g i ve you now 
the a s s u r ances I have expressed above , and hope that these 
a s s u r ances adequ a tely respond to your i nqu i ry .  

I f  I can b e  o f  any fu rther a s s i s tance i n  t h i s ma t t e r ,  
p lease let me know . cti nce}e l y ,  ,..../ / 

.....-{. w</ ?f"'--
hn W. New�ham 

I'Zl I 0\ ..... 



F-62 



F-63 

MRS . C .  DALEY 



CD-1 

CD-2 

� s,\iiU'IIIRHDI'ilf:r.. �" X ' �'i \ �';,'lo ��'t)l DOCKETED �')\""-'f\l.� 
SEP 2 9 1986 I 1 '7  6�-.c c:,'...·'./;c,u 7t / ;  " . �.1'1'"�- - --· ···"�: 1' (!. .::�!r::,?;J/ ,V . /1. 

t�· u ' YC ?.,.; GJa� � . '(�:· "I 
. 

n , � �j. ,l �{J��-� o..o a.. �� -� · u· 
�I ...,_, � J...'. \\ !.n&�''l', � \t�l,.. � � ,��� . F-� .:;..o.VI- � 11 

u ./ 
� c �- � " r. � . � :th. ''�-.) lJ "iJ. !'Ut'-� � \.N... ��l4i1'r-� \) - . . �+ �No<�� 4- LJ.S'O )'\ \) TNrNJJ"'"A-� �"""-' ' 

� ��,;t0_ k� G� � h"� ����-V!Y' 
\Y-��� � \wN�� �\ -t:J� �1',r�eo..�'· 

� · � , 'l::_h �u'\���\ ���>��, � -'p, � '\\;.. "-""� � � � '. � i">k 1:t ��v • ��� -\k &�� h._� �� � -th_ �'iS-�-� �l.� u...l_ � at��� clruo�--\,"J-�� �'-'-�- � (l�� \n� �, "'-� � hr��� � \;·�-1'._ �\. � �� 4� � �� il'(. 
� ��� �\. � �-� . . ��� ��� :t\,..._ f'�1\o Cl.� � 

"\ > .... • .  �- . \. tNu..l (j· L..,rtu.\. � � �""""' \� � .l..�v , ,  '-� � tdz!: f�� (Y�-> w� � 't..\'�� � -� � - � ...- LJ\-t� N\\. �� - \ � 

RESPONSES TO MRS . C. DALEY 

CD-I 
See the res pon ses t o  Commen t s  MEB-5 through MEB-7 and MEB-1 1 .  

� 
See the response to Comment s  HEB-5 through HEB-7 and HEB- 1 4 .  
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BICC-1 

VIA FEDERAL EXPRESS 

United States Department of Energy 
Economic Regulatory Administration 
Office of Fuels Programs (RG•22)  
1 0 0 0  Independence Avenue , SW 
Washington , D . C .  2 0 5 8 5  

ATTN : Mr . Anthony J .  Como 

RE s  Statement o f  BERLE , KASS & CASE o n  beha l f  
of the National Audubon Society Concerning �� 
the New England/Hydro-Quebec + 4 5 0  kv 
Transmission Line Interconnection 
-- Phase II DRAFT ENVIRONMENTAL IMPACT 
STATEMENT (EH-2 3 )  

-

The fol lowing comments on the above-referenced 
DEIS are hereby submitted on behalf of the National 
Audubon Society, 9 5 0  Third Avenue , New York , New York 
10022 . The National Audubon Society is a national 
organi zation of about 5 5 0 , 0 0 0  members , committed to the 
conservation of the natural environment with a particular 
interest in bird populations . 

I The DEIS is fundamenta lly flawed in several 
vary serious respects . It fai l s  to acknowledge that the 
proposed action would trigger changes in the operation of 
existing hydro- facil ities and/or the development of 

RESPONSES TO SERLE, KASS & CASE 

BKC-1 

The propo sed act i o n  wou l d  not a l ter the operat i on s  o f  e x i s t ing 
hydro e l e c t r i c  fac i l i t i e s .  Con s t ruc t i on o f  one proposed hydroe l e c t r i c  
project wou l d  b e  a c c e l e r a t ed by three years . However ,  t h i s  would not 
adver s e l y  a f f e c t  the envi ronment o f  the Un i t ed S t a t e s  and the James Bay 
region o f  Canad a .  Refer t o  Append i x  C f o r  a thorough d i s cus s i on o f  t h i s  
subje c t . 
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Geveral hydro-electric projects in and around James Bay, 
BKC-1 Canada , which may well have a significant adverse effect 
(Cont) on the environment of the United States and the James Bay 

egion . The DEIS fai l s  to consider the effect this �roposed action may have on the migratory bird popula
tions of the United States and Canada that currently use 
James Bay as a major staging area for their transconti-

BKC-2 nental migrations . There exists a very real possibility 
that these populations would be destroyed by tho proposed 
James Bay hydro-electric developments that wi ll be built 
or modi fied to provide the power that will be carried on 
the upgraded or extended transmission l ines . In addi-

Gion , the DEIS fails to consider any of the adverse envi
BKC-3 onmental consequences this action could cause in and 

round James Bay itse l f .  

BKC-4 

BKC-5 

As a result of these deficiencies , the DEIS as 
written cannot possibly serve as an adequate decision
making tool . The public , moreover, is denied the oppor
tunity to comment on the analysis of the above-mentioned 
impacts since no such analysis now exists . The DEIS 
therefore does not qualify as a "draft" environmental 
impact statement . I t  should be withdrawn and redrafted . 
The new DEIS must carefully analyze the above-mentioned 
environmental consequences , and the public must be 
afforded an opportunity .to comment ,  both at a hearing and 
in writing, on these issues . 

The federal action that is the subject of this 
DEIS is a proposed amendment o f  Presidential Permit 
PP- 7 6 . The proposed amendment would permit the interna
tional power connection therein authorized to operate at 
greater power leve l s , and would also permit the con
struction of new transmission lines to distribute this 
power . A document published by Hydro-Quebec , a copy of 
which is attached hereto as Exhibit "A" ,  indicates that 
the additional power would be supplied by Hydro-Quebec , a 
Canadian concern , from proposed hydro-electric modifica
tion or installations in and around James Bay and the [rivers and streams that feed the Bay . I f  the proposed 
actions goes forward ( 1 )  either existing hydro-facil ities 
would be operated more in the winte r ,  causing increased 
flows of fresh water into the Bay during the winter ,  or 
( 2 )  new facilities would be buil t ,  also increasing the 

winter flows . In either case , the impact on the wild l i fe 
that relies on James Bay could be disastrous , as is 
discussed in greater detail below. 

- 2 -

BKC-2 
--g;e Append ix C for a thorough di scussi on of h i s torical and pro jec ted 

impac ts  to migratory birds related to hydroelectric development in the 
James Bay region. In summary, no s ign if icant adverse impact s  have occurred 
or are projected to occur. 

BKC::} 
Changes ( physicochemical and biological ) to James Bay related to 
hydroelectric deve lopment are thoroughly d i scus sed in Append i x  C.  

BKC-4 
�ivate c i t i zens and concerned groups ( both from Canada and the Uni ted 

State s )  are afforded the opportuni ty  for comment on proposed hydroelectric  
developments  within Canada .  Append i x  C thoroughly di scusses the 
environmental review proces s ,  including publ ic inputs , establ ished in 
Canada .  

BKC-5 
Impact s  related to increased flows of fresh water to James By during winter 
operat ions are d i scussed in Append ix  c.  The resul tant effect to James Bay 
would be minimal , and that attributable to the proposed Phase  II project  
would be neg l igibl e .  

'z:l I (1\ ...... 



BKC-6 

BKC-7 
G The DEIS fails completely to recognize or 

ddress this concern . It fails to disc lose at a l l  the 
ource of the additional power that wil l f l ow through the 
xpanded transmission facil ities . Nor does the DEIS 

a iscuss the reliability implications of the expanded 
fac i l i t ies for the u . s . -canada e l ectricity system . I t  
h a s  been brought t o  our attention that the ability to 
temporarily reroute power along the proposed transmission 
fac i l it ies during a system emergency may a l l ow more power 
to be brought down from James Bay for users other than 
those located at the end of the transmission l ine . 
( Personal communication with Alex Karas , Director , 

Electric Power Branch , Nationa l Energy Board , Ottawa , 
ntario , KlA OE5 . )  

Despite the failure of the DEIS to d i sc lose the 
source of the power that would f l ow over the new or 
expanded tran smission l ines , either on a regular or 

BKC-8 1 emergency basis , it nonetheless appears t"rom the enclosed 
in formation that the power would be generated either in 
existing James Bay hydro-fac i l ities or in three hydro
electric plants which would be bui l t  in or around James 
Bay -- La Grande-Phase I I ,  Grande-Bal eine , and the 
Nottaway-Broadback-Rupert (NBR) Complex . ( Hydro-Quebec 
Development Plan 1 9 8 6 - 1 9 8 8 ,  Horizon 1 9 9 5  at 4 5 . )  

The enclosed information acknowledges that 
Hydro-Quebec could not supply enough power for the 
proposed increased capacity transmiss ion l ine without 

BKC-9 1 going ahead with these hydro-electric plants . Moreove r ,  
without the prospect o f  the export market t o  b e  made 
avai l able by amendment of the perm i t ,  Hydro-Quebec wou ld 
neither chan�e the operation o f  existing hydr�- fac i l ities 
nor construct the three new hydro-electric pl ants . Thus , 
although the DEIS fails to d isc lose t.h is crucial fact , it 
appears that the James Bay hydro-electric plants would 
not be built but for the amendment of this permit so as 

�o provide a market for the additional energy . 

BKC-10 o f  Hydro-Quebec ' s  overall p l a n ,  for which the present 
expansion is a first step , then a Programmatic Impact 
Statement wou ld be cal led for . The envi ronmental 

[ 

I f  additional transmission fac i l ities are part 

consequences that may flow from construction of these 
facil ities are detailed below .  

- 3 -

BKC-6 

Hydroe l e c t r i c  s o u r c e s  f o r  t he p r o p o s e d  p r o j e c t  a r e  
Appen d i x  C .  

B K C - 7  

T h e  re l i a b i l i t y  i mpac t o f  t h e  p r o p o s e d  a c t i on i s  a s e p a r a t e  
t h e  NEPA p r o c e s s  f o r  i s s u i n g  a Pr e s i d e n t i a l  P e r m i t .  Th i s  
a d d r e s s e d  i n  a n  E I S .  

BKC-8 

See the re s p o n s e  to Comment BKC-6 . 

BKC-9 

d i_ s c u s  sed i n  

c r i t e r i o n  f -r om 

a s p e c t.  i s  nc':. 

Al l hyd r o e l e c t r i c  d e v e l o pme n t s  p r o p o s ed by Hyd r o -Quebec �a u l d  be u n d e r t a ke� 
rega rd l e s s  of the p r o p o s e d  Pha s e  II p r o j ec t .  The on l y  a l t e r a t i o n  �au l d  be 
an ea r l i e r  sched u l i n g , b y  t h r e e  ye a r s , of o n e  p r o p o s e d  hyd r o e l e c t r i c  
f a c i l i t y .  Th i s  i s  d i s c u s s ed i n  A p pend i x  C .  

BKC- 1 0  

Envi ronme n t a l  a n a l y s e s  a n d  r e v i ews r e q u i r e d  by C a n a d a  f o r  ma j o r  p r o j e c t :;  
w i t h i n  t h a t  c o un c ry a r e  d i s c u s s e d  i n  Append i x  C .  

"'] 
I 
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BKC·l l  

Migratory Birds 

The brie f  discussion on the project ' s  e f fect on 
migratory birds concentrates entirely on the destruction 
of the natural habitat along the right-of-way, and the 
possibility that the £irds might col l ide with transmis
sion poles and lines . This important but hope l es s l y  
myopic discussion completely ignores a potential ly devas
tating environmental consequence -- name ly, that the con
struction of the James Bay developments may destroy 
several migratory bird populations of the United ,states 
and Canada . ' 

The construction of hydro-electric power plants 
along the rivers and streams feeding James Bay could have 
disastrous e ffects upon m i l l ions of migratory shore 
birds and water fowl , which use James Bay as a maj or 
North American staging area . The Bay provides critical 
habitat for these birds . The staging area is where these 
birds feed for weeks before commenc ing their 1 5 , 000 mile 
migration . Many need to double their body weights during 
this time in order to survive the migration. James Bay 
is crucia l  to this activity because it is rich in 
nutrients and abundant in food . Few other areas have the 
necessary biological richness . Many of these birds would 
l ikely face extinction if their2 staginq area were damaged 
or destroyed by these projects . 

1 see DEI S  at 4-1 2 through 4 - 1 3 . 
2

A l i st of some of the species which use the area as 
a staging ground includes : Common Loon , Snow and Canada 
geese ,  Brant , Black Scoter , Rough-legged Hawk , Peregrine 
Falcon , Sandhi l l  Crane , B l ack-be l l ied Plove r ,  Lesser 
Golden-P l ove r ,  Semipa lmated P lover,  Ruddy Turnstone , 
Greater and Lesser yel l owlegs , Whimbrel ,  Marbled and 
Hudsonian godwits ; Red Knot , Sanderling, Semipa lmated 
Sandpipe r ,  Least Sandpiper , Common Snipe , Lapland 
Longspur and the Snow Bunting. Duck species involved 
include : Green-winged Tea l , American B lack Ducks ,  
Ma l lard , Pinta i l s , American Wigeon, Scaup . I n  addition , 
a number of endangered species use the area , including 
the critically endangered Eskimo Curlew, last s ighted on 

(Footnote Continued) 

- 4 -

BKC- 1 1  

E f fe c t s  o f  hydroelec t r i c  deve l o pment o n  migrat ory b i rd s  i n  the James Bay 
reg i on are t horough l y  d i scus s ed i n  Append i x  C .  

'-.:1 
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BKC-11 
(cont) 

BICC-12 

These developments would severely and perma
nently alter the ecosystem of the James Bay area . Among 
other effects, the developments would cause changes in 
sal inity , nutrient availability, and the ice-melting pat
terns of the Bay. These changes could have very serious 
effects on the migratory bird populations,  which , since 
they do not recognize international boundarie s ,  are a 
part of the United States ' ecosystem as much as Canada ' s .  

I f  these populations are affected by the hydro
electric projects made necessary by the subject permit 
amendment , it will have a significant effect on the envi
ronment of the United States . The DEIS must consider 
these environmental consequences , al though it now fails 
to do so . 

James Bay 

In addition to affecting �dversely the environ
ment of the United States , this proposed amendment would 
create significant environmental consequences in and 
around James Bay . 

The impact on James Bay would l ikely be 
enormous . The dams that must be built across the Bay ' s  
feeder rivers and streams , the outright diversion of 
water, and the changes in water flows into the Bay would 
all contribute to a fundamental and permanent altering of 
the ecosystem of the Bay . As previously discussed, these 
activities would affect the sal inity of the water , which 
is a major physical variable defining the James Bay 
ecosystem . Among other effects , changes in the salinity 
of the water, nutrient availabil ity , and ice flows could 
seriously disrupt the food chain . These effects must be 
discussed in the DEI S .  

(Footnote Continued) 
the James Bay shore . 

Upwards of 85\ of the marbled and Hudsonian 
godwits stage there , and over 50\ of the smal l  peep 
sandpipers that breed in North America stage there before 
heading south . Without the James Bay staging area s ,  this 
extraordinary array of wildlife would be seriously at 
risk . 

- 5 -

� 
See the response to Comment BKC-3. 
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BICC-13 

These environmental effects would be caused by 
the federal action that is the subject of this DEI S .  
The National Environmental Policy Act (NEPAl does not 
excuse compl iance with its mandate simply because the 
e f fects of the action will be felt in Canada . To the 
contrary , the statute expressly provides a  

[All agencies o f  the Federal Government sha l l )  
recognize the worldwide and long-range charac
ter of environmental problems and , where con
sistent with the foreign policy of the United 
State s ,  lend appropriate support to initia
tives , resolutions , and programs designed to 
maximize international cooperation in antici
pating and preventing a decline in the qual ity 
of mankind ' s  world environment . 

42 u . s .c .  S 4 3 3 2 ( 2 )  (F) . NEPA thus requires the federal 
agency to consider the extraterritorial environmental 
impacts of its major action s .  S e e  Lake Erie Al l iance v .  
u . s .  Army Corls of Engineers , S�F . Supp. io63 , l077-78_ 
(W . O .  Pa. l98 ) ,  aff1d mem . , 7 0 7  F . 21 1 3 9 2  ( 3d Cir. ) ,  

cert . denied, 104 s .  Ct. 2 7 7  ( 1 9 83 ) . There particularly 
can be no excusing the failure to comply with the re
quirements of NEPA where , as here , the foreign environ
mental impact (on James Bay) would also seriously affect 
the United States environment (migratory birds ) .  

CONCLUSION 

For the foregoing reasons , the DEIS should be 
withdrawn . Any DEI S  or FEIS on this proposed permit 
amendment must cdntain an appropriate discussion of the 
effect of the action on James Bay , and on the migratory 
bird population that utilizes the Bay before flying south 
to the United States and beyond . 

As background information, a draft paper 
entitled , "Long-Term Threats to Canada ' s  James Bay from 
Human Development , • has been attached as Exhibit "B " .  

3other cases have as sumed NEPA ' s  applicabil ity to 
extraterritorial environmental impacts .  See , �· 
Sierra Club v. Adams , 5 7 8  F . 2d 3 8 9 ,  3 9 1  n:T6 ( D . C .  Cir. 
1 9 78 ) . 

- 6 -

BKC- 1 3  

�i s c u s s ion o f  NEPA compl iance , a s  i t  relates to deve l o pmen t s  out s id e  the 
Un i t ed Stat e s ,  has been added to Sec t i o n  4 . 1 . 4 . 5 .  A l s o ,  see Append i x  C for 

a d i sc u s s ion of the envi ronmental review pro c e s s  i n  Canada. 

"'l I ...., 
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Al thouqh this paper is presently out for review, and will 
no doubt be chanqed fol lowinq comments from Hydro-Quebec 
and others , it can serve in its present form as an 
introduction to the environmental risks that are present 
at James Bay. 

The concerns raised in this draft paper by 
staff members o f  the National Audubon Society were not 
recoqnized until the beqinninq of 1 9 8 6 ,  subsequent to the 
pre-DEIS public scopinq meetinqs that were held in June 
of 1 9 8 5 .  

Respect fully submitted , 

BY 1 

CC I Dr . Robert J .  Stern 

[ 1 005 : 0 0 1 ]  

N o  response . 
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MR . & MRS . MAURICE HERBERT 
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RESPONSES TO HR . & MRS. MAURICE LAVO I E  

.!!!:.:.! 
See the responses to Comment s HEB�5 through HEB-7 and HEB- 1 1 .  

HL�2 

A l t e rna t i ve routes were con s i dered in the E I S .  Refer in part i c u l a r  t o  
Sec t i on s  2 . 2 . 8 . 3 ,  2 . 2 . 8 . 6 ,  and 2 . 3 . 2 .  
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MARY F .  DAMBACH 
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RESPONSES TO MARY F. DAMBACH 

MFD-1 

---g;hoo l s  iden t i f ied as be ing in c l o s e  proximi t y  to the proposed t ransmi s s i on 

l i ne i n  the town o f  Bedford have been noted . See the response to 
Comment JCB-6 . A l s o ,  refer t o  the response t o  Comment MEB-5 . 
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LOUISE AND DONALD PADFI ELD 



0 .., .., 
� ... 0 ..: 0.. 
0 .., ..: z 8 
0 � 
.., "' � ::::> 0 .., 
g 
"' .., "' :z 
� "' .., "' 

F-86 

:! I "' .., X 
... c "' � 0 u 
0 ... 
"' .. c 0 Q. .. "' ... 
., 
'5 
., -r I Ill 0.. 0 .., 

" '-:- $ � �� . ;)\ . � 

l � \ � � •\ � . 

�" 1 _j 
� ]� � \ • • \ � � !  � 

� � �' ----� � � -, >J,�� 



F-8 7 

SOI L  CONSERVATION SERVI CE 



• United Statea 
1 Department ot Agriculture 

Sell Conservation Service 
Federal BuildiD& 
Durham, New Hampahira 03824 

SCS-1 

SCS-2 

SCS-3 

SCS-4 

SCS-5 

Septamhar 29, 1986 

Mr. Anthony J .  C0100 
u . s .  Department of Energy 
lconamic Regulatory Administration 
loam GA-093 ,  RG-22 
1000 Indapandanca Avanua , S.W. 
Waahiaaton, DC 20585 

Dear Mr. Como: 

Thia provides the Haw Uampahira and Haaaachusatta Soil Conservation Service 
responaa to your notice of Auguat 7, 1986 for the Department of Energy 
draft EIS publication number DOE/EIS•0129D, the New England/Hydro-Quebec 
450 kv Tranamisaion Lina Interconnection -- Phaaa II. 

Wa find tha aubjact of eroaion and sediment control to ba addressed in 
broad tara. only and aak that aoaa specific& ba added to the document at 
these locationa : 

[ 

[ 
[ 
[ [ 

2. 1 . 5 . 2  - Land Faaturaa and Usa - Wa auggeat using existing aoils mapa 
to inventory the tranamiasion line route to identify potential 
erosion araaa. AD erosion and aadiment control plan should ba 
davalopad for each aroaiva work araa. Theaa plans should addraaa 
erosion and sediment control , road maintenance and futur• 
controla (gataa, ate . )  for off road vahiclaa. 

2 . 1 .5 . 3 - Hydrology, Water Quality, and Water Uaa - Transmission lina 
work in or near watlanda, atraama, or other water bodiea hava 
particularly important water quality considerations. Eroaion and 
aadimant control plana ahould ba davalopad for each of thaaa 
aitaa vhara water impact& ara probable. 

4 . 1 . 1 . 1  - Soil& - Soma parts of tha route, especially the northern 
and , contain a considerable amount of ataep elopes with a high 
potential for erosion vhan disturbed . Tha environmental 
consaquancaa could ba significant if sediment and erosion control 
plana are not technically aound !2! implamantad. 

Tabla 4 . 1  - Apparently, this tabla diaplaya tha vorat-caaa acanario . 
Wa auggaat the tabla ba raviaad to also show the environmental 
consequences of adequately installed erosion and sadimant 
control plana. 

4 . 1 . 4 . 1  - The procasa of revegatating diaturbed areas .should ba 
discussed to include recommended grasa spaciea, fertilization and 
vegetation management. 

(j TN SoU eo.. .. rwaiiOrl SeMce 
Ia .,. •oene., at the \\:;? Untied StiiH Department of AcptculluM � •u..L ca.---• ,., ... ,"' on ... , ,.,..,.." .. �'"'71 

RESPONSES TO THE SOI L  CONSERVATION SERVICE 

SCS-1 
S i te-spec i f i c  det a i l s  for eros i on and sedimen t a t ion control plans a re not 

f i n a l i z e d .  Refer t o  revi sed t e x t  re l a t i ve to recommended m i t i ga t i ve 
measures pre sented in Sect ion 4 . 1 . 1 0 .  

SCS-2 
See the response to Comment SCS- 1 .  

� 
See the response to Comment SCS- 1 .  

SCS-4 
Table 4 . 1  o f  the draft EIS has been deleted from Sec t i on 4 . 1 . 2 . 2  o f  the 

f i n a l  E I S .  Refer to rev i s ed text in Sec t i on 4 . 1 . 2 . 2 .  

scs-5 
Revege tat ion procedures wou l d  vary depend ing upon s i te - s pec i f i c  

charac t e r i s t i c s ,  inc l ud i ng s o i l  t y pe , s l o pe , amount o f  d i s turbanc e ,  and 

hab i tat t ype . Appropr i a t e  gra s s  s pec i e s , fer t i l i z a t i o n ,  and vege tat i on 
management would have to be determined on a case-by-case bas i s .  Th i s  i s  
beyond the s c o pe o f  t he E I S .  Con s t ruct ion o f  t he Pha se I I  t ransmi s s ion 

l i nes w i t h i n  e s tabl i shed r i gh t s-of-way would grea t l y  reduce the amount of 
d i s turbance to vege t a t i on . Thu s ,  areas t ha t  would a c t ua l l y  req u i re 
revege t a t i on wou l d  be mi. n imi zed . In mos t  i n s t a nces , only t rees and l a rge 
shrubs wou l d  be removed , w i t h  low-growing shrubs and herbaceous vege t a t ion 

left und i s t urbed . Ho s t  areas would be left �a revege t a t e  on t he i r  own 

( w i t h  o n l y  eros ion-control  measures appl i ed as neces sary ) .  Management 
and/or reve g e t a t ion procedures for Phase II wou l d  bas i c a l l y  invo l ve an 
expan s i on of the r i gh t s-of-way management prac t i c es cu rrent l y  emp l o yed 
wi t h i n  the ex i s t i ng t ransmi s s ion l i ne corr ido r s .  

'2] I 
co 
co 



!lr. Anthony J. C01110 2 

Assistance with aroaion and sediment control planning is available through 
the Conservation District offices in each county along the transmission 
line route. Thank you for giving us the opportunity to comment. 

Sincerely, 

� ;4.� ��� I �� J--¢.-
oavid L. lluasulman 
State Conservationist 

c c :  Rex Tracy, STC, Amhers t ,  KA 

No regpo n g e . 

"2] I 00 \0 
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U . S .  ENVIRONMENTAL PROTECTION AGENCY 



EPA-1 

,... ... ,, (��} .... ;:? UNITED ITATEI INVIRONMENTAL PROTECTION AGENCY 
�EQION I 

J. '· KENNEDY 'EDEAAI. BUILDINQ, BOSTON, MASSACHUSETTS OZ2al 

September 29 , 1 9 8 6  

Hr . Anthony J .  Como 
u . s .  Depa rtment of Energy 
Economic Regulatory Adm i n i s trat ion 
Room GA-09 3 ,  ( RG-2 2 )  
1 0 0 0  I ndependence Avenue , s . w .  
Wash ington , D . C .  2 0 5 8 5  

Re : D-ERA-B- 0 8 0 0 2-00 

Dear Hr . Como : 

� ftlQ!UlGiil Aillltllf� "\fl. DOCKETED �) 
OCT 6 19SO 1 

� � & REUABI2 .. 
·' 

In accordance with our respon s i b i l i t ies under the National Envi ron
mental Po l icy Act and Sect ion 309 of the Clean Air Ac t ,  we have 
rev iewed the Dra f t  Env i ronmental Impact Sta tement ( DE I S )  for the 
proposed New England/Hydro-Quebec ±so kV Transm iss ion Line 
I n terconnec tion Phase I I ,  located in the S tates of New Hamps h i re 
and Massachuse t t s . 

This EIS addresses the �nv i ronmental impacts ot a proposed DOE 
ac t ion to i ssue an amendment to Pre s idential Perm i t  PP-76 to the 
Vermont Elec t r i c  Transm i s s ion Company ( VELCO ) to operate the i nter
nat ional i n terconnection at power leve l s  above those s t i pulated i n  
PP-76 , and t o  construct new t ransmiss ion tac i l i t i es t o  d i s t r i bute 
this powe r .  The proposed transm i ss ion fac i l i t ies con s i s t  o f  three 
pr i n c i pa l  elements : f i rs t ,  the extens i on ot the Phase I ±kv DC 
transm i s s ion l i ne between the town of Monroe , NH and the town of 
Groton , HA ( 1 3 3 . 2  m i les l 1 second , the construction of an 1 8 0 0-HW 
DC/AC conve rter terminal at the terminus o f  the proposed DC l i ne : 
and th i rd , the construction of two new 3 4 5-kV AC transm i s s ion l i nes 
w i th a comb i ned length of 51 . 8  m i l e s ,  term i n a t i ng a t  an ex i s t i ng 
substation at We s t  Medway, Massachuse tts . 

From the standpo i n t  of EPA ' s areas of j ur i sd i c t ion and expe rt i se ,  
we do not object to the proposed pro j ec t .  We d o ,  however , have one 
concern regard i ng wetland loss which should be g i ven cons ide r a t i o n  
during further plann i ng f o r  the pro j ect . Wh i l e  many of t h e  2 1 7  
wetlands w i thin the 185 m i l e  transm i s s ion l i ne a l i g nment w i l l  be 
traversed overhead , placement of support s tructures w i th i n  wetlands 

may not be e n t i re l y  avoidabl e .  Support s tructures located i n  wet
l ands may be d i rectly embedded w i th i n  a 3 to 7 foot d i ameter excava
t i on , at tached to concre te founda t ions , or at tached to p i les d r iven 
i n to the ground . The DEIS i nd icates that the long- term we tland loss 
from new s t ructures and access roads would be a t  mos t ,  1 9  acres 
( page B-5 ) . EPA Region I pol i cy is that unavo idable impacts to 
spec i a l  aqua t i c  s i tes should be m i t igated on at least a 1 : 1  v a l ue 
bas is . M i t i g a t ion of unavoidable wetland losses through creat ion 

RESPONSES TO THE U . S .  ENVI RONMENTAL PROTECTI•)N AGENCY 

EPA-1 
The S t a f f  acknowledges EPA Reg ion I po l i c y  on mi t i ga t ing we t l and impa c t s  on 
at l ea s t  a 1 : 1  va l ue bas i s .  The App l i cant ha s comm i t t ed to cond i t i o n s  
s t i pu l a ted in t h e  Corps o f  Engineers General Perm i t ,  as we l l  a s  t h o s e  o f  
s t a t e  a n d  l o c a l  regu l a t i on s  r e l a t e d  to a l l  work i n  we t l a nd s .  Some compen

s a t i on wou l d  r e s u l t  from the removal o f  a number of exi s t ing t o wer s .  Al s o ,  
the e s t i ma t e  o f  1 9  acres o f  we t l and l o s t  i s  a conser v a t i ve e s t ima t e .  A c t u a l  
acreage o f  we t l and l o s s  wi l l  b e  somewhat l e s s  a s  des ign mod i f i ca t i ons and 

s i t ing w i t h i n  the corr i dor is r e f i ned . For examp l e ,  a h i gher than normal 

tower s t ruc ture w i l t  be l oca ted near the town of Bedford to a l l ow a we t l and 
area to be spanned ( see the response to Comment HEB-9 ) .  

"'] I \0 N 



EPA· I 
(Cont) 

- '2 -lot we tlands and enhancement of e x i s t ing degraded wetland - wi t h i n  the 
transm i ss ion l i ne r i Qhts-of-way or creat ion .of wetland offs i te 
should be explored , Due to the l im i ted s i z e· of wetland impacts at 
indiv idual wetlands , i t  may be more approp r i a te to consider several 
laroe m i t ig a t ion areas , 

F i na l l y ,  we would l ike to commend the ERA on the h igh qual i t y  of 
the DEIS ,  EPA ' s concerns raised on the Phase I portion of the New 
Enoland/Rydro-Quebec project are thorouohly addressed in the DEIS , 
and the app l i cant has comm i tted to a broad spectrum of m i t igat ive 
measures to reduce the impact of construct ion , operation and ma i n
tenance of the proposed project . 

In accordance w i th our nat ional rat i no system ( see enclosed explan
a t i on ) , we have rated this E I S  LO, lack of obj ect ions . Please 
contact Donald Cooke of my staff at 617/565- 3 4 2 6  ( or FTS 8 3 5- 3 4 2 6 ) 
should you have any quest ions reoarding our comments , 

S i ncere l y ,  

����Ass i stant Director 
for Env i ronmental Review 

Office of Government Relations and 
Environmental Rev iew 

Enclosure 

cc s Gene Crouch , Reoulatory Branch , CO! 
Vern Lang , US FWS 
Steve Dav i s ,  Actino D i rector , HEPA U n i t  
George Mol l ineaux , Office of t h e  Governor , N R  

See previous response page 
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i-'Gl.!.C.i A:\D PRCCZ::·�·;::;s 

S��.;.RY OF UTISC D£1IlllTIC:IS 
AN� FO�LO:J•l:P ACTIO:; 

E:\Viro:t�•�t a l  ::�act of tl'lt M: t ion 

LC--Lack of Objectioae 
the IPA revi.ev haa not iden t i fied a:ty poten.: i al tr.·:iron:ef\tal icf)a: : a  
requi ri:tE •��ltL"'ltive chan1e1 to the pr:�poaal . nee review c a y  have d i l�loaed 
opport�n i t itl for api)licat io:t of c i t i cation. w:eae�r•• t�at caul� be 
acco:i" l i ahad vith no :ore thaft •iaor chencea to tht propoaal . 

tc-t.�v i rc:-:.=e:::al Cone era• 
the tPA rcv�tv haa i�e::.ti!ied anvironaer.tal i::r&ctl th&: should �� a·:c ��t:! in. 
cr::er :c !u!. : y  protec: : t'.e t:tvi:cn:ent . Ccr:e: t £ •:t �•••:.:res 'r:&y re�:.:ire 
c�&:t&•• :o tht preferred at uraative or ai)pl i c atioa o !  r.::i t i cati.en :t�lures 
that c a:t.  rtc!::ct tha enviror.cental ici)ac t .  EPA vou.ld l i ke to work torith the 
lead acen:y to re�uce the•• iapae t e .  

£0-•!.::.vi.::r..�•�tal Object ioa.a 
'::-:t �?.; re"·icv has i<!e�:i !ie� sj.c�i f�:a:.t 1�\· ir�r.:c�t&l i::-£c :s t�c.: ::-:.:r: bt 
a\·� i�•d i:t �:(ei'' to ;tro,•idt a�e��&:e pr::a:: ic:t for :he er.-.·i":":�=•n: .  
Correc:: i.\."e ::.eatur .. a =•Y req�:ire eu�s.: antial c!':.c.ncu t o  the p:-efu·r•' & l tt r:ta
t ive .ir ce�tidt:a: i:�n of lOCI ot:O:.tr rroject a:.:t::o:ative ( inelu, ir.z the no 
a: : ion .r.! :e:�a:ive or 1 nev al ter:\&!ive ) .  !?1. i:tttndt to work wi th t!\e tea� 
a,ency tc rec!u.ct these icpa: t a .  

t::·-�::.vi.rcn:o:t::.t a!.l y t':\ tlt i t  he tory 
:":tt !PA re.,d.ew l'la1 ide� : i f ied ac!\·erse envirc::.::•ntal ic.i"a. : : s  th&t a.:e c f  
auf!icien: :a;:ti.tude that :he,.· a:e :.:::.a&tia�ac:::y !rc::. :he a:an::;::::�iDt o! 
p�bl i.e haa: :h or vel �are or ecvir.:::.:;er. tal qua l i t y .  tPA intendt tc w:rk vi ttl 
the lea:! •1e::.cy to re�uct theee i:i)a : t a .  I f  the·  potertti&! uruatil �&:tery 
i:o:;.a c t a  are not corrected u the !inal tiS nace. th�s ';'rc;toeal v i l l  be 
recor:enc!td. f�r re !trral t., the CEQ. 

�tauacv of the I�Dact hatt!leftt 

Ca:ecory I ·•Adeq ... ta 
EPA btl ievee the �raft !IS adequate l y  11t1 forth the envi roftlt.lfttal is,ae t ( t )  
o f  t h e  preferred alteraative and tho•• o f  t h e  a l t errrativ•• rueonably avail• 
able to the project or actioa. Ko further anal y 1 i 1  or c!ata colleet ioa it 
neceaaary, but tile reviewer DIY euc&••t tt".e a.:lditioa of c l ari fyinc l a:tau•c• or 
in for.at ioa. 

Cate1ory 2·-l�uufficieat lDfor=:atin 
ne tratt EIS dell ftOt COI'Itlift l w f f i c ient iftfcr�atic.n for tPA. to !�u, &SSIII 
e:tvironr.::e:ttal ic;tacte tl'lat ahould be avoided in or(er to ful l y  protect t!\1 
environoent ,  or the !PA reviewer haa ident i !iec! r.tv reaso:tabl)' availab!e 
a l t t rr.ativeJ that are vit!\ia the epectr'.ID of alterr.ativea analyzed in. the 
draft E l S ,  "'t'l i.:h c::�uld re:!u:e the e:tviron::en:al i:?&cta of :ha ac t ion . ':he 
ident i fiec! .r.d�itic�al in!or:atioa, data, a:t&lyae a ,  or c! i acuaeion should he 
incluc!e� i:t :!".1 final III. 

Catecory 3--:nadequate 
t?.A. dOll :.o: �11 ieve that the draft tiS at!equa:ely aaaeatel pottn t ia l l J  
ti&ni fican: e:\viror,:;,ea.tal icpac tl o f  t h e  c c t i o n. ,  c:- t h e  EPA reviewar h11 
i.�t:t t i fie� r.ev, reasonably a'·ai.la�le al ternative• that are out t i e! e  ;, f  the 
a;tectrua of alternatives lftal yaed ill the draft !IS,  wh i.ctl·. ahoul� .�e anal)'lld 
i:t order to rtduce the potentially ai.&nifica:tt environ�tntal icf).acte . EP4 
bel ievtl :�at the i.c!entifi.td adc! i t i ond i.ftfor:atio:t, d a : a ,  analyse s ,  or 
d iJ .: u s r icr.l art Of SUCh a eiC:tituc1e that the!' lh:lluld ho1v1 full fO.:�lic revi.ev 
a t  1 (raf: t t .aze . EPA. do41 not b�l i eve that ct:e �raft EIS is adec;:·.J.:ate !:r the 
F�r;t: u . u  .:f :!'it !-"!PA. .end/or $,;tction 309 red .• .,., &n� thu1 sl".oul� te !or:.1 t l y  
rev i s '. �  ar.: c: & ( e  &\•ailable for public c��nt i.!1 & tu;tpl e-oc:tt&l c r  revised 
�re!: !!S. 0:\ t'\e ��1i1 o f  tt:t potefttial t i �., i H :.c:tt io;tac'!l ir.voh·f'd , thit 
proi"osal cou!( �e a can.c!id.ate f�r referral to the CEQ. 

Fi :"".J:"C 4-! 

N o  response 
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DEPARTMENT O F  THE ARMY , NEW ENGLAND DIVI SION ,  CORPS OF ENGI NEERS 



COE-1 

COE-2 

COE-3 

COE-4 

COE-5 

DEPARTMENT OF THE ARMY 
�EW E�GLAND DIVISION. CORPS OF ENGINEERS 

424 TRAPELO ROAD 

WALTHAM. MASSACHUSETTS 0225+9149 

...... lV 
AftUII'Ot QII 

Regul atory Branch 
NEDOD-R 

Septemb.r 30 , 1986 

U . S .  Department of Enervy 
Econo•i c Revul atory Adm i n i atrat i on  
Attno Mr . Anthony J .  Como 
Room GA-093, RG-22 
1 000 I ndependence Avenue , s . w .  
Waah i ngton , DC 20�8� 

Dear Mr . C011101 

..... ijiiUloal •••.�t:t. '41'\'i(/lt �.nco "'\. 
OCT 14 1986 ·' ) 

��I A aB.ll:!!!' '1 .· 

Th••• coMment s  are i n  r•f•rence to your Draft Envi ronmental 
Impact Statement for the New Eng l and/Hydro-Quebec 4�0 KV 
Transm i ss i on L i n• lnt•rcannac t i an - Phase I I .  

1 )  I t  i a  atated on Page 4-� that 1 ••• than 0 . 067. of the 
for••t l ands Ni l l  be r•mov.a fro• Massachusetts and New 
Hampsh i r• towns tr ansv.rs•d by the propos� transmi ssi on l i n••· 
Howev.r , the d i scus•i on of the eM i •t i nv wi l dl i f e r•sourc•• i n  
Sections C .  4 ,  c .  �· i n  ER Vol umes 2 and 3 appears very g•neral . 
Thi s makes i t  d i f f i cul t for the reader to ace••• the degree of 
impact to wi l d l i f e habi tat. In l i eu  of a hab i t at based 
•v• l u•t i on of the i mpact•d ar•a the r•port shou l d  d i scuss th• 
qual i t y  of th• i mpact•d ar•a r•l ati ve to th• surroun d i nv 
hab i ta t .  Th i s  wi l l  v i v• the r •ad•r a fe•l for th• d•gra• of 
i mpact on a l ocal and revi onal basi s. · The r•port shoul d 
i dent i f y  And d•sc r i b• speci f i c  uni que or produc t i v• ar••• that 
may occur wi th i n  or adj acent to the affected corr i dor < • • V •  
produc t i ve deer wi nter i nv hab i tat or waterfowl area l . [ 2> The sc i en t i f i c  names of spec i es menti oned could be 
i nc l udad in an •asi l y  access i b l e  part of the tex t .  [ 3) S•cti on 4. 1 3  shoul d d i scuss i n  mar• d•t ai l the d i rect 
•nd l anQ-term i mpacts t o  dr i nk i nQ wat•r supp l y from th• pr oposed 
project. [ 4> I t  is stated on PV • 4-9 that h•rb i c i de contami nat i on of 
qraundNater Nou l d  be •inor i f  project structur•s ar• car•ful l y  
ai t•d. A mar• d•tai l •d d i scussi on of th• structur•s us•d and 
the area of p l ac•ment •houl d be descr i b•d. 

r- �� Sect i on  4 . 1 . 8 . 2  d i scusses h•a l t h  and safety •f f •cts of J AC l i nes and concl ud•s that no heal th or safety canc•rns wou l d  

RESPONSES TO THE CORPS O F  ENGINEERS 

COE-1 
It i s  beyond the scope o f  the EIS to exten s i ve l y  eva l uate the impac ted a rea 
rel a t i ve to the surround ing hab i t at , o t her than what has been done in the 
EIS (a more genera l i zed d i s c u s s i on o f  poten t i a l  con s t r uc t i on- and 
opera t i ona l-re l a t ed impac t s ) .  As t he proposed t ransm i s s i on l i nes wo u l d  be 
routed w i t h i n  ex i s t ing r i ght s-of-wa y ,  no uni que ha b i t a t s  ( s uch as deer 
yard s )  would be impac ted , 

COE-2 
The spec i e s  ment i oned in t he EIS are mo s t l y  condensed from l onger l i s t s  i n  
t h e  App l i c ant ' s  ER or from various f i e l d  guide s .  Thu s ,  mo s t  s pec i e s  l i s t ed 
are t he ones that mo s t  readers wou l d  be fami l i a r  w i t h .  L i s t ing s c i ent i f i c  
names for these more common l y  known s pe c i e s  wou l d  not be over l y  i n f o rma
t i ve . Howeve r ,  the S t a f f  does acknowledge the importance o f  l i s t i ng 
sc ient i f i c  name s for threatened and endangered spec i e s  and o t her s pe c i e s  o f  

spe c i a l  concern ( e . g . ,  important s a l mon i d  spec i e s ) .  The s c i e n t i f i c  names 
o f  t hese spec i e s  are pro v i ded in Tab l e s  A. 7 t hrough A . 9 .  

� 
Con s t ruc t i on and ma i n t enance act i vi t i es cou l d  tempora r i l y  impa c c  the 
qual i t y  o f  pota ble surface wa ter suppl i e s . A l s o ,  excava t i on for projec t 
s t ruct ure founda t i on s  c o u l d  have very l o ca l i zed e f f e c t s  on t he produc t i on 

of we l l s  w i t hdrawing wa ter from s ha l l ow a q u i f e r s .  Because o f  the 
m i t i ga t i ve measures that wou l d  be enforced during const ruc t i on , s u c h  
impa c t s  wou l d  primar i l y  b e  con f i ned t o  i n c reased s e d i ment i npu t s  ( rather 

than chem i c a l  input s ) ,  w h i c h  wou l d  be short- term and nonde t r imen t a l . 
Howeve r ,  i t  i s  very un l i ke l y  that t he i mp l emen t a t ion of the proposed 
project wou l d  re s u l t  i n  s i g n i f icant d i rect and l ong-term impac t s  on 
substant i ve po table water resource s .  For examp l e ,  buffer zones wou ld be 
req u i red in order to prevent pe s t i c i de app l i ca t i on i n t o  pot a b l e  s u r f ace 

wa ters or we l l s  ( s ee Append i x  B, Table B . l ) .  

� 
Da ta on spec i f i c  p l acement of s t ru c t ures i s  current l y  unava i l a b l e .  The 

text of Sec t i on 4 . 1 . 3 . 2  have been rev i sed to more appropr i a t e l y  add r e s s  
concerns regard i n g  herb i c i de contamina t i on o f  groundwa t e r .  

COE-5 
The va l ue s  expected from elec t r i c a l  e f f ec t s  a s s o c i a ted w i t h  the proposed 
345-kV AC l i nes i n c l ude the cont r i bu t i on s  from the e x i s t i ng l i ne s .  A m i nor 

text add i t ion t o  ref l e c t  t h i s has been added t o  the beg i n n i n g  o f  

Sec t i on 4 . 1 . 8 .  

'X] I ..... 0 N 



COE-5 (Cont) 

COE-6 

COE-7 

l resu l t from the oper A t i on of a 345 kv-AC l i ne .  How.v•r , the 
construct i on of the neN AC l i ne i n  a current r i ght-of-way wou l d  
para l l el other ex i at i ng A C  l i nea. A cumu l at i ve effect of 
••var a l  AC l i nes i n  the ••m• corri dor shoul d  b• d i scussed. [ 6 )  Di scussion of the pos•i b l e  benef i c i a l  i mpacts of the 
proposed project on dear wi ntering h ab i tat and other species of 
open habi tat cou l d  be added. 

7 )  Th i s  pro ject wi l l  requ i r e  author i z at i on under Sec t i on 
404 of the Cl ean Water Act ,  for the f i l l •  p l aced for ace••• 
road s ,  stream crossings and structura suppor t s .  However , the 
l evel of dat•i l supp l i •d i s  i nsuf f i c i ent for our ev a l uat i on .  We 
need mora s i te spec i f i c  i n f or�at i on ,  i n c l ud i ng i nd i v i dual s i te 
p l ans , cub i c  yards of f i l l ,  and area to be f i l l ed for each 
wetl and l oc a t i on that woul d be i mpacted. Th i s  i n f ormat i on 
shoul d  be supp l i ed aa part of a p&rmit app l i cat i on .  Appropr i ate 
forms �nd i nf ormation are Bncl os•d to ass i s t  you. A Corp• 
parmi·t i • not reQu.i rad for pow•r 1 in•s that wi 1 1  span 
non-n�v i gab l •  w•tl ands and streams, provi ded th•r• wi l l  b• no 
f i l l i nQ .  

I f  you hav• qu•stians or naad �dd i t i onal i nf ormat i on p l a¥s• 
contact Dav i d  H. Ki l l ey at 6 1 7-647-6490. 

Si nc•r• l y ,  

�- �-
Chi ef , Regul atory Branch 
Op•rations Di v i ai on  

COE-6 
The S t a f f  b r i e f l y  d i scusses the pos s i b l e  bene f i c i a l  e f fec t s  of c l ear i ng and 
r i ght-of-way management on w i l d l i fe in Sec t i on 4 . 1 . 4 . 1 .  However , un l i ke 

Phase I ,  wh i c h  invo l ved new r i ght-o f-way con s t ruc t i o n ,  Phase I I  wou l d  be 
located within exi s t ing r i ghts-o f-way . Thu s ,  on l y  m i n i ma l  add i t i onal 

benef i t s  to wi l d l i fe would be expec t e d .  A text add i t i on t o  r e f l e c t  t h i s 
has been added to Sec t i on 4 . 1 . 4 . 1 .  

COE-7 

G;mment noted . The S t a f f  has forwarded the l e t ter to the App l i can t ,  along 

with the enc l o s ed forms and in forma t ion . 
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ENVIRO:t\TMENTAL DEFENSE FUND 
� l';ut Avenue Soutll 
:'(cw Y.>rk, :0.')' 10016 
(�1:) 61!1>-1191 
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EDF-1 

1616 r su·c01. :o;w 
W:.:-htn!!h,n. DC 10036 
(�0�) 3�7·3'00 

1-'0.5 Aro�pahoc A\-enue 
Boul�<r. CO 80302 
(303) .140-4901 

:!h06 D-. i�ht Way 
lkrl..cll:y. C,\ �704 
(41�1 :148·8906 

IJ South 12th Street: 
R�e·hmon�. VA !3219 
(�0>) 780·1297 

or.:>•• 

October 1 5 ,  1 9 8 6  

The Un i ted States Department of Energy 
Economic Regulatory Admi n i s t ration 
O f f i ce of Fue l s  Programs (RG- 2 2 )  
1000 Independence Avenue S . W. 
Washi ngton , D .  C .  2 0 5 8 5  

Atten t i on :  Mr . Anthony J .  Como 

RE: New England/Hydro-Quebec + 450 KV 
Transm i s s ion Line Interconnect ion 
Phase II Dra f t  Environmental Impact 
Statement (EH -23) 

Gentlemen : 

The watersheds of James Bay and Hudson Bay 
con s t i tute one of the few great rema ining 
wi lderness areas of the world . The cons truc t i on 
of add i t i onal dams and rela ted hydroelectric 
fac i l i ties wi thin these watersheds on tributary 
rivers could have far reaching and perhaps 
deva s tating impacts on the a f fected ecosystems . 

Act i ons taken by the United States to increase 
imports of power wi l l · have major secondary 
consequences in terms of increasing the l i k e l i hood 
that add i t i onal fac i l i t ies wi l l  be bui l t .  

We �ave read the sta tement dated September 
26 , 1 986 prepared by Berl e , Kass & Case on 
beha l f  of the National Audubon Soc i ety to 
you. We concur ful l y  in the comments in 
tha t l etter about the far-reaching d e f i c i encies 
of the dra f t  EI S .  

We woul d  request tha t we be included on your 
service l i s t  to rece ive cop ies of any add i t ional 
notices , draft or supplemental EISa or other 
mate r i a l s  wh ich you c i rculate for pub l i c  
comment o r  for pub l ic informa t i on .  

Yours very
. 

truly� �"-<G�c--z:· T 
T . B .  Tr ipp t 1 

ED<-1 
Concerns noted . 

RESPONSES TO THE ENVI RONMENTAL DEoENSE oUND 

See the r e s po n s e s  to comme n t s  by B e r l e ,  Ka s s  & Case . 

"%] I to a-
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APPENDIX G .  DI STRIBUTION L I ST 



Envi ronmental Law Counc i l  of NH 
2 Whi t e  St . 
Concord , NH 0 3 3 0 1  

Envi ronmental Qual i t y D i v .  MDC 
20 Somerset St . 
Bo s t on , MA 0 1 8 24 

E s sex Conservat i on Di s t r i c t  
82 Ea s t ern Avenue 
E s s ex ,  MA 0 1 929  

Garden Club Federat i on of Ma s s . ,  
Inc . 

300 Ma s s achuset t s  Avenue 
Bo s t on , MA 0 1450 

New Hampshire Wi l d l i fe Federat ion , 
Inc . 

Ea s t  Barr ington , NH 0 3 8 2 5  

The Envi ronmental Coal i t i on 
Box 7 5 7  
Concord , NH 0 3 3 0 1  

Douglas Zook 
Learning Cent er for the Envi ronmen t 
5 7  Arborough Road 
Bos ton , MA 0 2 1 30 

St ephan K .  R i c e  
Appalachian Mountain Club 
Pinkham Not ch Camp 
Gorham , NH 0 3 5 8 1  

Beaver Brook Va l l ey Pre serve 
The Na ture Con servancy 
69  Depot Road 
Foxborough , MA 0 1 7 1 9  

France s Brocke l y  
Soc i e t y  for t h e  Pro t e c t i on o f  

N H  Fore s t s  
5 4  Por t smouth S t reet 
Concord , NH 0 3 3 0 1  

N H  As s o c i a t i on of Conserva t i on 
Commi s s i ons  

54 Por t smouth Street 
Concord , NH 0 3 3 0 1  
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New Hampshi re Re s ource Recovery 
As s oc . 

P . 0 .  Box 7 2 1  
Concord , NH 0 3 3 0 1  

Ins t . o f  Na tural and Envi ronment al 
Re s ource s  

Un iver s i t y  o f  New Hamp s h i re 
Durham , NH 03824 

Dinah Bear 
Ac t i ng Gen . Counsel  
Counc i l  on Envi ronmental Qual i t y  
7 2 2  Jackson Pl ace , NW 
Wa shington , DC 20006 

Gordon E .  Becke t t  
Supervi sor , N E  Area 
U . S .  Dept . of Interior 
P . O .  Box 1 5 1 8 
Concord , NH 0 3 3 0 1  

Bruce Blanchard 
D i r . , Envi ronmental Pro j e c t  Rev i ew 
Department o f  Interior ( Room 4258 ) 
18th  & C St s . ,  NW 
Washing t on , DC 20240 

Kenneth M .  Jackson 
Regulat ory Branch 
U . S .  Army , Corps of Engineers 
424 Trapelo Rd . 
Wa l tham , MA 0225 4-9 149 

R i chard Brown 
Department of HUD ( Room 5 1 3 6 ) 
45 1 7 t h  St . ,  SW 
Wa shington , DC 204 1 0  

R i chard Brozen 
Budge t Examiner 
Of f i ce o f  Management & Budge t 

( NEOB #8222 ) 
726 Jacks on Place , NW 
Wa shing t on , DC 20503  

John Car ley 
Genera l Counsel  
Federal Trade Commi s s i on ( Room 5 6 8 ) 
6th S t . & Penn . Ave . , NW 
Wa shi ngton , DC 20580 



Robert Copel and 
U . S .  Department of Labor 

( Room S-2 1 2 1 )  
200 Cons t i tut i on Ave . ,  NW 
Wa shington , DC 202 10 

Charl e s  Cu s t ard 
Di r . , Envi ronmental Affa i r s  
Dept . o f  Hea l t h  & Human Servi c e s  

( Room 5 3 7 F )  
200 Independence Ave . , SW 
Washington , DC 2020 1 

Anne Cyr 
NEPA L i a i son 
Occupa t i onal Safety & Heal th Admin .  

( Room 3 6 5 7 )  
200 Cons t i tut i on Ave . , NW 
Wa shington , DC 2 0 2 1 0  

Duane D .  Day 
Publ i c  Aff a i r s  O f f i cer 
U . S .  Dept . o f  Energy 
1 5 0  Causeway St . 
Bo s t on ,  MA 0 2 1 14 

Wi l l i am D i rcks 
Exec . Dir . o f  Operat ions 
Nuc l ear Regulatory Commi s s i on 
Washi ngton , DC 2 0 5 5 5  

Quen t i n  Edson 
Di r . , Envi ronmental Analys i s  
Federal Energy Regulatory Commi s s i on 
825 North Cap i t o l  S t . 
Washington , DC 20460 

Dr . Donald K. Emig 
Direc tor , Envi ronmenta l  Po l i cy 
DASD (MRA&L ) I 
The Pentagon 
Washington , DC 2 0 3 10  

Don L.  Ki lma 
Chi e f , Ea s t ern D i v .  o f  Pro j e c t  

Rev i ew 
Advi sory Coun c i l  on H i s t .  

Pre s ervat i on 
1 100 Penn s yl van i a  Ave . , N . W .  
Washing t on , DC 20004 
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Irene Fr iedrichs 
Envi ronmental and Hea l t h  Af f a i r s  
Department o f  State ( Room 7820 ) 
220 1 C St . ,  NW 
Washington , DC 20520  

Orin Han son 
Dep . Di r . , Agr i c .  S t ab . & 

Conservat i on 
Department o f  Agr icul ture 
14th & Independence Ave . ,  SW , #360 
Washington , DC 200 1 3  

Bet sy Higgins  
Env . Revi ew Coord inator 
U . S .  EPA 
2203 JFK Bui l d i ng 
Bo s ton , MA 0 2 2 0 3  

Al l an H i r s ch 
Di r . , O f f i c e  o f  Federal Ac t i v i t i e s  
U . S .  Envi ronmental Pro t e c t ion Agency 
401 M S t . ,  SW 
Wa shington , DC 20460 

Jo seph I gnaz i o  
Chi e f , Pl anning D i v i s i on 
U . S .  Army , Corps o f  Eng ineers 
424 Trapelo Rd . 
Wal t ham , MA 02 254-9 149 

Jame s Jo rdon 
Fore s t  Supervi sor 
Nat i ona l Fore s t  Service 
Box 6 38 , Federal Bldg . 7 19 Ma in St . 
Lacon i a , NH 0 3 246 

Raphael Ka s par 
Nat i onal Academy o f  Sc i ence 

( Room JH804 ) 
2 10 1  Con s t i tut i on Ave . , NW 
Wa shing t on , DC 204 18  

David Ke t cham 
Fore s t  Servi ce 
Department of Agr i cul ture 

( Room 3208 ) 
14 & Indep . Ave . , South Bui l d i ng 
Wa shing t on , DC 200 1 3  



Mi chael K i t sok 
Reg i onal Repre s en t a t i ve 
Department o f  Tran s portat i on 

( Room 1000 ) 
434 Wal nut S t . 
Phi l ade l phi a ,  PA 1 9 10 6  

Howard N .  Lar s en 
Di r . , Bos ton Reg i onal Of f i c e  
U . S .  F i s h  & W i l d l i fe Serv i c e  
One Gat eway Court , Sui t e  7 0 0  
Newton Corner , MA 02 1 58 

Leon Lar son 
D i rector o f  Envi ronmental Po l i cy 
Federal H i ghway Admi n i s t rat i on 
400 7 t h  S t . ,  SW , HEV- 1 
Was hi ngton , DC 2 0 5 9 0  

Corporal John Lawt on 
Deput y As s i s tant D i rec t o r , OJARS 
Department of Jus t i c e  ( Room 1 10 9 ) 
633  Indi ana Ave . , NW 
Wa s hi ng t on , DC 2 0 5 3 1  

Margaret Love 
O f f i c e  of Legal Coun c i l  
Department of Ju s t i c e  ( Room 5 2 3 8 ) 
l O t h  S t . & Con s t i tut i on Ave . , NW 
Wa shi ngt on , DC 20 5 3 0  

Lt . Col . Thoma s Magne s s , I I I  
U . S .  Army Corp s  o f  Eng i neer s , HGDA 
20 Mas s .  Ave . , NW 
Wa shington , DC 2 0 3 14 

John Mat he s on 
Envi ronmental Impact S t a f f  
Food & Drug Admi n i s t rat ion 
5 60 0  F i shers Lane , HFV-3 1 0  
Rockvi l l e ,  MD 208 5 7  

Joseph Napo l i tano 
Appalachi an Regi onal Commi s s i on 
1666 Connec t i cut Ave . , NW 
Washington , DC 2 0 2 3 5  

Thoma s Novak 
As s i s tant D i rec t o r , L i c en s ing 
O f f i c e  o f  Nuc l ear Reac t o r  Reg . 
Nuc l ear Regulat o ry Commi s s i on 
Washington , DC 2 0 5 5 5  
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Paul Regan 
Direc tor , Reg s . Of f i c e  
Food , Safe t y  & I n s . 
Departmen t of Agr i cul ture-So . B l dg . 

( Room 2 940 ) 
Washing t on ,  DC 2 0 2 5 0  

Terry Savage 
Office of t he Reg i onal Director 
Nat i onal Park Servi c e  
1 5  State St reet 
Boston , MA 02 1 0 9  

John Sche i bel , Es q .  
As s i s tant Gen . Coun s e l  
Federal Emergency Management Agency 
5 00 C St . ,  SW , #840 
Washington , DC 2 04 7 2  

Mat thew S c i c ozza 
As s t . Sec . for Po l i cy & 

Int erna t i onal 
Department of Tran s port at i on ,  P-30 
400 7 th S t . ,  SW 
Washington , DC 2 0 5 9 0  

Pat r i c i a  S i l vey 
Ac t i ng Director 
Mine Safe t y  & Hea l t h  Admi n i s t rat i on 
4 0 1 5  Wi l son Boul evard , #625 
Arl i ngton , VA 2 22 0 3  

John E .  E s l e r  
Di r . , Envi r .  & Energy O f f i c e  
Federal Av iat i on Admi n i s t rat ion , 

AEE-1 
800  I ndependence Ave . , SW , Rm 432C 
Washington , DC 2 0 5 9 1  

Joyce Wood 
Di r . , O f f i c e  of Ecol ogy & 
Cons e rvat i on 
NOAA , U . S .  Department o f  Commerce 
14th & Cons t i tut ion Ave . , NW 
Wa shington , DC 2 0 2 3 0  

Jo seph Zo l l er 
A s s t . Admini s t ra t or , REA 
Department of Agri cul ture 
14th  & Independence Ave . , SW , #405 6  
Wa shington , D C  2 0 2 5 0  



Dav i d  L .  Mus s ulman 
State Cons ervat i on i s t  
U . S .  Department o f  Agr i cu l t ure 

· Federal Bui l d i ng 
Durham , NH 0 3824 

U . S .  F i sh and W i l d l i fe Serv i c e  
Ecolog i ca l  Serv i c e s  
5 5  Pleasant St reet 
Concord , NH 0330 1 

Carl Pre s c o t t  
Deputy D i rec tor , F i e l d  Operat ions 
Div.  of  F i sh and W i l dl i fe 
U . S .  Dept . of the Interior  
Route 135  
We s t boro , MA 0 1 5 8 1  

Ms . Maryl i n  W .  Kl e in 
Federal Rad i l road Admi n i s t rat i on 
Department of Tran s portat i on 

( Room 5 1 00 ) 
400 7 t h  S t ree t , SW 
Wa sh i ng t on , DC 2 0 5 9 0  

Ms . Ada i r  F .  Montgomery 
Nat i onal Sc i ence Foundat i on 

( Room 64 1 )  
As tron . , Atmo s . ,  Eart h  and Ocean 

Sc i ences 
1800 G S t reet , NW 
Washing t on , DC 2 0 5 5 0  

Anthony M .  Corb i s i ero 
As soc . Regional Director  
Nat i onal Park Serv i c e  
1 4 3  S o u t h  Thi rd St reet 
Phi l ade l ph i a ,  PA 1 9 106 

Honorabl e  John H.  Sununu 
Governo r  of New Hamps h i re 
State House 
Concord , NH 0 3 3 0 1  

Honorabl e  Mi chael S .  Dukaki s  
Governor o f  Ma s s ac hus et t s  
State House 
Bos ton , MA 0 2 1 3 3  

Honorabl e  Jam i e  L .  Whi t ten 
Cha i rman , Commi t t ee on 

Appro pr i at i ons  
House of  Repre s ent at ives  
Was hi ng t on , DC 2 0 5 1 5  
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Honorabl e S i l v i o  0 .  Cont e  
Ranking Mino r i t y  Member 
Commi t t ee on Appropr i a t i ons  
House of  Repre s ent a t i ve s  
Washing t on , D C  2 0 5 15  

Honorabl e  S i dney R.  Yat e s  
Cha i rman , Subcommi t tee o n  Interior 

and Rel ated Agenc i e s  
Comm i t t e e  on Appropr i a t i ons  
Hous e  of  Repre s ent a t i ve s  
Washi ngton , D C  2 0 5 1 5  

Honorabl e  Ral ph S .  Regul a  
Ranki ng Minor i ty Member 
Subcommi t t ee on Inter i or and Re l a ted 

Agenc i e s  
Comm i t tee o n  Appropr i a t ions 
House of Repre s entat ives 
Washing t on , DC 205 1 5  

Honorabl e  John D .  Dinge l l  
Cha i rman , Commi t t ee o n  Energy and 

Commerce 
Hous e  of  Repre s entat ives 
Was h i ng t on , DC 205 15 

Honorabl e Jame s T.  Broyh i l l  
Ranking Minor i ty Member 
Commi t t ee on Energy and Commerce 
House of Repre sent at ives 
Wa s hi ng t on , DC 205 1 5  

Honorabl e  Don F i qua 
Cha i rman , Comm i t tee on Sc i ence and 

Techno l ogy 
Hous e  of Repre sent atives 
Was h i ngton , DC 205 1 5  

Honorabl e  Manuel Lu j an , Jr . 
Ranki ng Mino r i t y  Member 
Commi t t ee on S c i ence and Techno l ogy 
Hous e  of  Repre s entat i ve s  
Wa s hi ng t on , D C  205 15 

Honorab l e  Barbara B .  Kennel ly 
Hous e  of  Representat ives 
Was hi ng t on , DC 2 0 5 1 5  

Honorabl e  Samuel Gejdenson 
Hou s e  of  Repre s entat i ve s  
Was hington , D C  2 0 5 1 5  



Honorabl e  Bruce A .  Morri son 
Hous e  of Repre sentat i ve s  
Washing t on , DC 205 1 5  

Honorabl e  S t ewart  B .  McKinney 
House of Repre sentat i ve s  
Was hi ng t on , D C  205 15  

Honorabl e  John G.  Rowland 
House of Represent at i ve s  
Wash i ng t on , DC 2 0 5 1 5  

Honorabl e  Nancy L .  John son 
Hous e  of Repre sentat i ve s  
Washington , D C  205 1 5  

Honorabl e  John R .  McKernan , Jr . 
Hous e  o f  Repre s ent a t i ve s  
Wa s hi ngton , D C  2 0 5 15  

Honorabl e  Olympia J.  Snowe 
Hous e  of Repre s entat i ve s  
Was hingt on , DC 205 1 5  

Honorabl e  Edward P .  Boland 
Hou se o f  Repre sentat i ve s  
Was hington , D C  205 1 5  

Honorable Jos eph D .  Ear l y  
Hous e  o f  Repre s en ta t i ve s  
Was hi ng t on , D C  2 0 5 1 5  

Honorable Barney Frank 
Hous e  of Repre s en ta t i ve s  
Was hingt on ,  DC 2 0 5 15  

Honorabl e  Che s t e r  G.  Atki n s  
Hous e  o f  Repres en t a t ives 
Was hington , DC 205 15  

Honorabl e  Ni cho l a s  Mavroul e s  
House o f  Repre s en ta t i ve s  
Was hi ngton , D C  2 0 5 15  

Honorabl e  Edward J.  Markey 
Hous e  of Repres en ta t i ve s  
Washington , D C  2 0 5 15  

Honorabl e  Thoma s P .  O ' Ne i l l , Jr . 
House o f  Repres en t a t i ve s  
Was hington , DC 2 0 5 1 5  
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Honorabl e  Joe Moakl ey 
House of Repre s en ta t i ve s  
Wa shi ngton , D C  205 1 5  

Honorabl e  Gerry E .  S tudd s  
House o f  Repre s entat i ve s  
Washi ngton , DC 205 1 5  

Honorabl e  Brian Donnel ly 
House of Representat i ve s  
Wash i ngton , D C  205 15  

Honorabl e  Fernand J.  S t . Germa i n  
House of Repre s ent at i ve s  
Wa shi ngt on , DC 205 15  

Honorabl e  Claud ine Schne ider 
House o f  Repres ent a t i ve s  
Was hi ngton , DC 205 1 5  

Honorabl e  Jame s M .  Jefford s 
House of Repre s entat i ve s  
Was hington , DC 2 0 5 1 5  

Honorabl e  Robert  C .  Smi t h  
House of Repre s ent a t i ve s  
Wa s hington , D C  2 0 5 1 5  

Honorable Judd Gregg 
House of Repre s entat i ve s  
Wa s hi ngton , D C  2 0 5 1 5  

Andover Pub l i c  Li brary 
Andover ,  NH 0 3 2 1 6  

Beaman Memo r i a l  Publ i c  Li brary 
8 Newton S t reet 
We s t  Boy l s t on ,  MA 0 1 5 8 3  

Bedford Publ i c  Li brary 
3 Mee t inghou s e  Road 
Bedford , NH 0 3 102  

Groton Publ i c  Li brary 
99 Ma i n  S t reet 
Gro t on , MA 0 14 5 0  

Leach Li brary 
Mammot h  Road 
Londonderry , NH 0 3 0 5 3  

L i t t l eton Publ i c  L i brary 
Ma in Street 
L i t t l et on , NH 0 3 5 7 6  



Medway Publ i c  Li brary 
26 H i gh Street 
Medway , MA 0 2 0 5 3  

Mi l l bury Publ i c  Li brary 
128  Elm Street 
Mi l l bury , MA 0 1 5 2 7  

Wood svi l l e  Publ i c  Library 
School S t reet 
Wood svi l l e ,  NH 03 7 8 5  

Amy Joan Burri l l  
Monroe Free Publ i c  Li brary 
P . O .  Box 6 7  
Monroe , NH 0 3 7 7 1  

Mary Lynch 
Col ebrook Publ i c  Li brary 
Ma in Street 
Col ebrook , NH 0 3 5 7 6  

New Hamp shire State Library 
20  Park Street 
Concord , NH 0 3 3 0 1  

League o f  Women Vo ters o f  Bo s ton 
8 Wi nter S t reet 
B o s t on , MA 0 2 1 0 8  

Ma s sachuse t t s  Consumer Counc i l  
100 Cambri dge S t . 
Cambri dge , MA 02202  

Mas s achuse t t s  Lung As s oc i a t i on 
3 8 5  El l iot  S t . 
Newt on Upper Fal l s ,  MA 0 2 1 64 

New Hamp shire Lung As s o c i a t i on 
456  Beech St . 
Manche s ter , NH 0 3 103 

Northeas t  Tran sporta t i on Coal i t i on 
Kel l y  Road 
C/O S toke s 
Al s t ead , NH 0 3 6 0 2  

B o b  Downing 
Mas s .  A s s oc . o f  B i o l og i cal Farme rs & 

Gardner s  
P . O .  Box 1 9 1  
Hopki nton , MA 0 1 748 
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Peter Brown , E s q . 
Energy Law I n s t i tute 
Frankl in Pi erce Law Ct r .  
2 Whi t e St . 
Concord , NH 033 0 1  

Ms . Cynthia M . W .  Cl ark 
Ra iche & C l ark , At tys . at Law 
8 14 Elm St . 
:(/:200 
Manches ter , NH 03 1 0 1  

Nancy Col l i er 
Du Bo i s  & King , Inc . 
Box 1463 
Concord , NH 0 3 3 0 1  

Paul W .  La shota 
Bay State Gas Co . 
1 2 0  Roya l l  S t . 
Canton , MA 02021  

Haro l d  Li t t l e  
Con sol idat i on Coal Co . 
1800 Wa shington Rd . 
P i t t sburgh , PA 1 5 24 1  

Loui s Carve l l  i 
Ameri can Lung As s o c iat i on o f  B o s ton 
5 1  S l eeper St . 
Boston , MA 0220 1 

Davi d  Mar sha l l  
Orr & Reno , P . A .  
P . O .  Box 7 0 9  
Concord , NH 0 3 3 0 1  

Peter M i l ler 
Di r .  o f  Marke t i ng 
Normandeau As soc i a te s ,  Inc . 
2 5  Na shua Rd . 
Bedford , NH 03 102 

Harvey Solgo 
Solgo and Lee 
l l4 State S t reet 
B o s ton , MA 0 2 1 0 9  

Peter Brown 
El i Corporat i on 
2 1  Green St reet 
Concord , NH 0 3 3 0 1  



NH Cooperat i ve Exten s i on Serv i c e  
Tayl or Hal l  
Un ive r s i ty o f  New Hamp s h i re 
Durham , NH 0 3 8 24 

Col l ege of L i f e , Sc i ence and 
Agr i cul ture 

Tayl or Hall  
Un i ve r s i ty of New Hamp s h i re 
Durham , NH 0 3 8 24 

New Hamp s h i re Timber l and Owner s 
As soc . 

54  Port smout h  S t reet 
Concord , NH 0 3 3 0 1  

League of Women Voters  o f  
New Hampshi re 

Room #3 
3 Plea s an t  S t reet 
Concord , NH 0 3 3 0 1  

New Hamp s hi re Mun i c i pal A s s oc i a t i on 
105 Loudon Road , B l dg . #3 
Concord , NH 0 3 3 0 1  

Re source Deve l o pment Cen t er 
Uni ve r s i ty o f  New Hamp s h i re 
Durham , NH 0 3 8 24 

Water Re s ourc e s  Res earch Center 
Unive r s i t y  o f  New Hamp s h i re 
Durham , NH 0 3 8 24 

Re source Po l i cy Center 
Dartmouth Co l l ege 
Hanover , NH 0 3 7 5 5  

Casazza , Shu l t z  & As soc . 
1 90 1  N .  Fort Myer Dr . 
Ar l ington , VA 22209  

Wal lace R.  McGrew 
Pre s i dent 
Por t l and P i pe Line Cor p .  
P . O .  Box 2590  
South Por t l and , ME 0 4 1 0 6  

Env i ronmental Law Soc i e t y  
B o s t on Un i ver s i ty Law School 
765 Commonweal t h  Ave . 
Bo s t on , MA 0 2 2 1 5  
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Fund for Pre s . of W i l d l i fe & Na tural 
Areas 

One Bo s ton Place 
Bos ton , MA 0 2 1 0 6  

Habi tat I n s t i tute f o r  the 
Envi ronment 

10 Jun i per Road 
Box 136  
Belmont , MA 0 2 1 7 8  

Mas sachu s et t s  Audubon Soc i e t y  
South Great Pond Road 
Lincol n ,  MA 0 1 7 7 3  

S i erra Club , New Engl and Chapter 
Three Joy S t reet 
Bos ton , MA 0 3 108 

Natural Res ource s  Defence Coun c i l  
1 3 5 0  New York Ave . NW 
Sui t e  300  
Washing t on , DC 20005 

Env i ronment a l  Ac t i on ,  Inc . 
1 5 2 5  New Hamp s h i re Ave . , NW 
Washington , DC 2 0 0 3 6  

S i erra C l ub Rad ioact ive Wa s t e  
Campa i gn 

625  Broadway , 2nd f l . 
New York , NY 1 0 0 1 2  

Envi ronmental Po l i cy I n s t i tute 
2 18 D S t reet , SE 
Wa shing t on , DC 20003 

L i t t l e ton Cour i er 
146 Un i on S t reet 
L i t t l eton , NH 0 3 5 1 6  

The Berl in Reporter 
15 1 Ma in S t reet 
Ber l i n ,  NH 0 3 5 7 0  

The Coo s County Democrat  
7 9  Ma in S t re e t  
Lanca s t e r , N H  0 3 584 

The Record C i t i zen 
1 1 1  Mai n  S t reet 
Plymouth ,  NH 03264 



Don Bacher 
Box 5 1 3 
L i t t l et on , NH 0 3 5 6 1  

Robert A .  Backus , E s q . 
P . O .  Box 5 1 6  
Manche s t er ,  NH 03 1 05 

Robert Banks , MPH , PE 
Robert S .  Banks & As s o c i a t e s  
8 0 0  Wa shing t on Ave . , S E  
11 1 0 5  
Minneapol i s ,  MN 5 54 14-3035  

Norman Boucher 
1 4 7 0  Beacon S t reet , #43 
Brookl ine , MA 02 146 

Mr . & Mr s .  S .  Bri nker 
RFD 1 
Wood svi l l e ,  NH 0 3 7 8 5  

Jona than Charry , Ph . D .  
Environmental Re search Info . , Inc . 
2500  John son Ave . 
Riverda l e ,  NY 1 0463 

Dr . & Mr s .  David E .  Corb i t  
Locu s t  Hi l l  Rd . 
Goff s t own ,  NH 03045 

Mr . & Mrs . R. Fabr i z i o  
North Haverhi l l ,  NH 0 3 7 7 4  

Earl F .  Gat e ,  E s q . 
P . O .  Box 9 7 , 1 7 9 Cole St . 
Berl i n ,  NH 0 3 5 7 0  

Mr . & Mr s .  Hughs 
Raccoon Hi l l  Rd . 
Sal i sbury , NH 

Dr . & Mrs . J .  Jaffe 
Locu s t  H i l l  Rd . 
Go f f s t own , NH 03045 

Cl eve Kapal a  
RFD 1 ,  Box 23  
Cant erbury , NH 03224 

Mary Sue Kel l y  
RFD 2 
Li t t l e ton , NH 0 3 5 6 1  
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Dona l d  Kol l i s c h ,  MD 
Monroe Cl i n i c  
Monroe , N H  03 7 7 1  

Vernon Lang 
Box 1 5 1 8 ,  5 5  P l easan t  St . 
Conc ord , NH 0 3 3 0 1  

Mr . & Mrs . W .  Lindsey 
RFD 1 ,  Box 49 
Wood s vi l l e , NH 0 3 7 8 5  

Mr . Harold V .  Lynde , Jr . 
Mercury Lane 
Pelham , NH 0 3 0 7 6  

Mr . Arthur S .  Minot 
RFD 1 ,  Box 54 
Wood svi l l e ,  NH 0 3 7 8 5  

David A .  Murphy 
RFD 1 ,  Box 42 
Wood s vi l l e , NH 0 3 7 8 5  

Mr . & Mr s .  P .  McDonne l l  
Route 1 ,  Pe t tyboro Rd . 
Bath , NH 03 7 85 - 9 7 0 6  

Michael McMahon , E s q . 
1 1 00 C i t i zens Bldg . 
850  Euc l i d  Ave . 
Cl eve l and , OH 44 1 1 4 

Jean Page 
Bra i r  H i l l  
North Have rh i l l , N H  0 3 7 7 4  

Ms . R ina Pe t i t  
1 3 2 Page Rd . 
L i t chf i e l d , NH 03 0 5 1  

Robert  Pet ro f sky 
P . O .  Box 1 3 6  
Colebrook , N H  0 3 5 7 6  

Con s t ance Rinden 
RFD 1 ,  Box 4 3 7  
Concord , NH 0 3 3 0 1  

Raymond Robb i n s  
Raccoon Hi l l  Rd . 
Sal i sbury , NH 0 3 2 6 8  



Susan Rowley 
P . O .  Box 134 
Bat h ,  NH 03740  

Mr . R .  Alan Rutherford 
RFD 1 
Wood s vi l l e ,  NH 0 3 7 8 5  

Robert Sche i rer 
Box 1 5 1 8 ,  5 5  Plea s ant S t . 
Concord , NH 0 3 3 0 1  

Ms . Sandee S tewart 
RFD 1 ,  Box 48 
Wood s vi l l e ,  NH 0 3 7 85 

Ms . Charl ene Take s i an 
13 Nancy Ave . 
Pelham , NH 0 3 0 7 6  

Mr . Warren J .  Vincent 
RFD 1 ,  Wes t  Bath Rd . 
Wood s vi l l e ,  NH 0 3 785  

Mr . Ri chard V i rdone 
RFD 1 
Li t t l e ton , NH 0 3 5 6 1  

Mr s .  H .  Whi t ney Woods 
Rte 1 ,  Box 63 
Wood svi l l e ,  NH 0 3 7 85 

Mr . & Mr s .  T .  Wood s 
RFD 1 ,  Box 5 5  
Wood svi l l e ,  NH 0 3 7 8 5  

Harry B .  Wood s 
RFD 1 ,  Box 6 2 , We s t  Bath Rd . 
Wood s vi l l e , NH 0 3 7 8 5  

Mr . & Mrs . Bruce W .  Young , Jr . 
C/0 Mr . & Mrs . Dav id Murphy 
RFD 1 ,  We s t  Bath Rd . 
Wood sv i l l e ,  NH 0 3 7 8 5  

Raymond Hol l and 
Laf aye t t e  Road 
Francon i a ,  NH 0 3 5 8 0  

Mr s .  Shi r l ey McKean 
Rt 1 ,  Box 2 1 6 , Ai rport Rd . 
North Haverh i l l , NH 0 3 7 74 
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Pat  Janel l e  
7 1  Rund l e t t  H i l l  Rd . 
Bedford , NH 0 3 1 0 3  

Mike Wa lker 
Brown , Ol s on & Wi l s on 
2 1  Green S t reet 
Concord , NH 0330 1 

David Schwartz 
Sul l i van & Worce s t er 
1025  Connec t i cut Ave . , N . W .  
Wa shington , DC 20036  

Board of Selec tmen 
Town Hal l  
Tyngs borough , MA 0 1 8 7 0  

Board of Selec tmen 
Town Hal l 
Dun s tabl e ,  MA 0 1 8 2 7  

Board o f  Selec tmen 
Town Hal l  
Gro t on , MA 0 1450 

Board o f  Selec tmen 
Town Hal l  
Ayer , MA 0 1432  

Board o f  Selec tmen 
Town Hal l 
Shi r l ey ,  MA 0 1464 

Board of Selec tmen 
Town Hal l  
Lanca s t er , MA 0 1 5 2 3  

Board of Selec tmen 
Town Hal l  
Sterl ing , MA 0 1 564 

Board of Selec tmen 
Town Hal l 
W .  Boyl s t on ,  MA 0 1 5 8 3  

Board o f  Selec tmen 
Town Hal l 
Boyl s ton , MA 0 1 5 0 5  

Board of S e l e ctmen 
Town Hal l  
Shrews bury , MA 0 1 545 



Board of Sel ec tmen 
Town Hal l  
Graf ton , MA 0 1 5 1 9 

Board of Sel ec tmen 
Town Hal l  
M i l l bury , MA 0 1 5 2 7  

Board of Sel ec tmen 
Town Hal l  
Sut ton , MA 0 1 5 27  

Board of Selec tmen 
Town Hal l  
Upton , MA 0 1 5 68  

Board of S�l et tmen 
Town Ha l l  
M i l ford , MA 0 1 7 5 7  

Board o f  Selectmen 
Town Ha l l  
Medway , MA 0 2 0 5 3  

Board of Sel ec tmen 
Town of Andover , RFD 1 
Andover , NH 0 3 2 1 6  

Board of Selec tmen 
Town of Al exandr i a ,  RFD 1 
Bri s tol , NH 03222  

Board o f  Sel ec tmen 
Town Ha l l  
Bath , NH 0 3 7 4 0  

Board of Sel ec tmen 
18 North Amherst  Rd . 
Bedford , NH 03 1 0 2 

Board of Selectmen 
Benton Town O f f i c e , RFD 2 
Wood svi l l e ,  NH 0 3 7 8 5  

Board of Selec tmen 
Town of Bo s cawen , P . O .  Box B 
Penacook , NH 0 3 3 0 1  

Board o f  Selectmen 
Town of Dunbarton , RFD 2 
Concord , NH 0 3 3 0 1  
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Board of Selec tmen 
Town of Go f f s town ,  RFD 1 
Gof f s t own , NH 03045 

Board of Selec tmen 
Town of Gro ton 
Gro ton , NH 0 3 2 4 1  

Board of Selec tmen 
Town of Hebron 
Hebron , NH 0 3 2 4 1  

Board of Selec tmen 
Town of H i l l  
H i l l , NH 03243 

Board of Selec tmen 
Town of L i s bon 
School St . 
Li sbon , NH 0 3 5 8 5  

Board of Sel e c tmen 
Town of Lyman 
Lyman , NH 0 3 5 8 5  

Board of Selectmen 
Town of Monroe 
P . O .  Box 3 
Monroe , NH 0 3 7 7 1  

Board o f  Selec tmen 
Town of Pelham 
Gage Hi l l  Road 
Pel ham , NH 0 3 0 7 6  

Board of Selec tmen 
Town of Rumney 
Rumney , NH 0 3 2 6 6  

Board of Selectmen 
Town of Sal i s bury 
Sal i s bury , NH 03268 

Board of Selec tmen 
Town of Webs t er 
Webs ter , NH 

Board of Selec tmen 
Town of Warren 
Warren , NH 0 3 2 7 9  

Board o f  Selec tmen 
Town of Wentworth 
Wen tworth , NH 03282 



C i t y Manager 
41 Green S t . 
Concord , NH 0 3 3 0 1  

Mayor of Leomi n s t e r  
C i t y Hal l  
Leomi n s t er , MA 0 1 4 5 3  

Town Manager 
P . O .  Box 9 3 0  
Merrimack , NH 03054  

Board of Selec tmen 
Town of Haverhi l l  
3 5  Court S t . 
Wood svi l l e ,  NH 0 3 7 8 5 

Board of Selec tmen 
Town of Hopkinton 
P . O .  Box 1 24A , RFD 1 
Hopkinton , NH 0 3 3 0 1  

Board o f  Selec tmen 
Town of L i t chfield  
255  Char l e s  Bancroft Hwy . 
L i t chf i e l d , NH 03 0 5 1  

Honorable Wi l l i am A .  John son 
New Hamp s h i re Sena t e  
State Hou se 
Concord , NH 0 3 3 0 1  

Honorab l e  Wi l l i am M .  Bulger 
Pre s i dent of the Senate of the 

State o f  Ma s sachu s e t t s  
State Hous e  
Bo s ton , MA 0 2 1 3 3  

Lawrence C .  Freder i ck 
Publ i c  Service Company o f  

New Hamp s h i re 
1000 Elm S t reet 
Manche s ter , NH 0 3 1 0 5  

Thoma s K i ng 
Gran i t e  S t a t e  E l e c t r i c  Co . 
9 Lowe l l  Road 
Salem , NH 0 3 0 7 9  

Andrew N i chol s 
Por t l and P i pe l ine Cor p .  
P . O .  Box 2 5 9 0  
S .  Por t l and , M E  0 1406 
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John Rogone s e  
Gran i t e  S t a t e  E l e c t r i c  
Lebanon , NH 0 3 7 6 6  

Den i s  Ro s s i  
Bos ton Gas Co . 
2 0 1  Ri vermard St . 
Bos ton , MA 0 2 1 3 2  

George Laga s s a 
Gran i t e  State Hydropower As soc i a t i on 
Ma in St ream As soc i a t e s  
86  Lafaye t t e  Road , P . O .  Box 9 4 7  
North Hampton , NH 03862  

Honorable Ve s t a M.  Roy 
Pre s i dent of the Senate of the 

State of New Hamp shi re 
State Hou s e  
Concord , NH 0 3 3 0 1  

Honorabl e  Mark Houn s e l l 
New Hampshi re Senate 
State Hou s e  
Concord , N H  0 3 3 0 1  

Honorab l e  Ralph Degnan Hough 
New Hamp s h i re Senate 
State Hou s e  
Concord , N H  0 3 3 0 1  

Honorab l e  John P . H .  Chand l er , Jr . 
New Hamp s h i re Sena t e  
S t a t e  Hous e  
Concord , N H  0 3 3 0 1  

Honorab l e  She i l a  Roberge 
New Hamp s h i re Senate 
S t a t e  Hous e  
Concord , NH 0330 1 

Honorable Rhona M .  Charbonneau 
New Hamp s h i re Senate 
S t a t e  Hous e  
Concord , NH 0 3 3 0 1 

Honorabl e  Susan McLane 
New Hamp s h i re Sena t e  
S t a t e  Hous e  
Concord , NH 0 3 3 0 1  



Honorable Eleanor P .  Pod l e s  
New Hamp s h i re Senat e  
S t a t e  Hous e  
Concord , NH 0 3 3 0 1  

Honorab l e  John B .  Tucker 
Speaker of the Hou se of 

Repre s entat ive s o f  the State 
of New Hamp s h i re 

State Hou se 
Concord , NH 0 3 3 0 1  

Honorab l e  Mary L .  Padula 
Ma s s achu s e t t s  Sena t e  
S t a t e  Hous e  
Bo ston , MA 0 2 1 3 3  

Honorable Gerard D ' Am i c o  
Ma s sachus e t t s  Senate 
State Hou s e  
Bo s t on , MA 0 2 1 3 3  

Honorable Loui s P .  Bertonazz i 
Ma s s achu s e t t s  Senate 
State Hou s e  
Bo s ton , MA 0 2 1 3 3  

Honorable Paul J .  Sheehy 
Ma s sachus e t t s  Senate 
State Hou s e  
Bo s t on , MA 0 2 1 3 3  

Honorab l e  Carol C .  Ami ck 
Ma s sachu s e t t s  Sena t e  
S t a t e  Hous e  
Bo s ton , MA 0 2 1 3 3  

Honorabl e John P .  Hou s t on 
Ma s sachu s et t s  Senate 
State Hou se 
Bo s t on , MA 0 2 1 3 3  

Honorab l e  Edward L .  Burke 
Ma s sachu s e t t s  Sena t e  
S t a t e  Hou se 
Bo s t on , MA 0 2 1 3 3  

Honorab l e  Mi chae l E .  Jones  
New Hamp sh i re House o f  

Repre s enta t i ves 
P . O .  Box 3 9 7  
Pelham , NH 0 3 0 7 6  
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Hono rable Wi l l i am P .  Boucher 
New Hamp shire House of 
Repre sentat ives 
P . O .  243 
Londonderry , NH 0 3 0 5 3  

Honorable Robert H .  Day 
New Hamp s h i re Hou se of 

Repre sentat i ve s  
P . O .  6 5  
Londonderry , NH 0 3 0 5 3  

Honorabl e  Be t sy McKinney 
New Hamp s h i re Hous e  o f  

Repre s entat i ve s  
RFD fHO , Box 4 0 1  
Manche s t e r , NH 03 1 0 3  

Honorable Rowl and H .  Schm i d t chen 
New Hamp s h i re Hous e  of 

Repre sentat i ve s  
P . O .  1 9 7  
Londonderry , NH 0 3 0 5 3  

Honorab l e  Mat thew M .  Sochal ski 
New Hamp s h i re Hous e  of 

Represent at ives 
1 1  V i c t o r i a  Drive 
Londonderry , NH 0 3 0 5 3  

Honorab l e  Vicki  Lynn Stachowske 
New Hamp s h i re Hous e  of 

Repre sentat i ve s  
P . O .  Box 1 2 6  
Londonderry , NH 0 3 0 5 3  

Honorable George Kever i an 
Speaker of the Hous e  of 

Repre s entat ives o f  the State 
o f  Ma s s achu s e t t s  

State Hou se 
Bo s t on ,  MA 0 2 1 3 3  

Honorabl e L i onel R .  Boucher 
New Hamp s h i re Hou se of 
Represent at ives 
8 No t t ingham S t reet 
Hud s on , NH 0305 1 

Honorabl e Dor i s R .  Ducharme 
New Hamp s h i re Hous e  of 

Repre sentat ives 
7 6  R i ver Road 
Hud s on , NH 0305 1 



Honorable Shawn N .  Jas per 
New Hamp shire House of 

Repre s enta t i ve s  
83 O l d  Derry Road 
Hud son , NH 0 30 5 1  

Honorable 0 .  Ph i l i p  Rogers 
New Hamp s h i re Hous e  of 

Repre sentat i ve s  
1 5  Li nd say S t reet 
Hudson , NH 0305 1 

Honorable Leonard A .  Smi th 
New Hamp s h i re Hou s e  of 

Repre sentat i ve s  
3 Le s l i e Street 
Hud s on , NH 0 3 0 5 1 

Honorab l e  Joan A .  Wagner 
New Hamp s h i re House of 

Repre s entat i ve s  
1 5 0  Rob i n s on Road 
Hud s on , NH 0 3 0 5 1 

Honorable Robert B l anchet te , Jr . 
New Hamp s h i re Hou s e  of 

Repre sentat i ve s  
P . O .  1 5 7  
Pel ham , NH 0 3 0 76 

Honorable Ral ph S .  Boutwe l l  
New Hamp shi re Hou s e  o f  
Repre s ent a t i ve s  
P . O .  1 5 7  
Pelham , NH 0 3 0 7 6  

Honorab l e  Denn i s H .  F i el d s  
New Hampshi re House o f  

Repre s en t at i ve s  
5 Derry S t reet 
Merrima c k ,  NH 0 3 0 5 4  

Honorab l e  Robert  N .  Ke l l ey 
New Hamp s h i re Hous e  o f  

Repre s entat i ve s  
Box 6 1  
Merrima c k ,  NH 0 3 0 5 4  

Honorab l e  Charl e s  M .  Nut e  
New Hamp s h i re Hous e  o f  

Repre s entat ive s  
Box 2 5  
Merrima c k ,  NH 0 3 0 5 4  
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Honorabl e E l l en-Ann Robi nson 
New Hampshire House o f  

Representa t i ve s  
2 3 4  Charl e s  Bancroft Hwy . 
Li tchf i e l d , NH 0305 1 

Honorabl e  Gerald i ne Wat s on 
New Hampshire Hou s e  of 

Representat ive s  
1 3 0  Amher s t  Road 
Merr imack ,  NH 0 3 0 5 4  

Honorable Harold W .  Wa t s on 
New Hampshire House of 

Representat i ve s  
1 3 0  Amher s t  Road 
Merr i mack ,  NH 03054 

Honorable Nancy c .  Hendrick 
New Hamp shi re House o f  

Representat i ve s  
Ri verde l l , RFD 3 
Manche s t e r ,  NH 0 3 1 0 3  

Honorable George A .  Arr i s  
New Hamp s h i re Hou s e  of 

Repre sentat i ve s  
5 Te s s i er S t reet 
Hud s on , NH 0 3 0 5 1 

Honorabl e  Al i c e  T i rrel l Kn i ght  
New Hamp s h i re Hous e o f  

Representat i ve s  
4 We s t  Un i on S t reet 
Gof f s t own , NH 03045 

Honorabl e  Marc el J .  Mar t i n  
New Hamp s hi re Hous e  o f  

Repre sentat i ves 
RFD #2 , Dan i s  Park 
Gof f s t own , NH 03045 

Honorable Aime H.  Parad i s  
New Hamp s h i re House of 

Repre s entat i ve s  
RFD #2 , Moo s e  C l ub Park 
Gof f s t own , NH 03045 

Honorable A.  Le s l i e Burns 
New Hampshire Hou s e  of 

Repres ent at i ve s  
86  Fore s t  Dr i ve 
Bedford , NH 0 3 1 0 2 



Honorab l e  Mary J .  Shr i ber 
New Hamp s h i re Hou s e  of 

Repre sentat i ve s  
62 MeRdowcre s t  Drive 
Bedford , NH 0 3 1 0 2  

Honorab l e  Richard C .  St onner 
New Hamp s h i re Hou s e  of 

Repre sentat ives 
36 Sout h H i l l  Dr i ve 
Bedford , NH 0 3 1 0 2  

Honorabl e  Anna S .  VanLoan 
New Hampshire Hou s e  of 

Repre sentat i ve s  
3 1 6  Wal lace Road 
Bedford , NH 0 3 1 02 

Honorab l e  Frederick E .  Ahren s 
New Hamp s h i re Hou s e  of 

Repre s entat ive s  
25 Cathy S t reet 
Merr i mack , NH 0 3 0 5 4  

Honorabl e  Mary Jane Wal lner 
New Hamp s h i re Hou s e  of 

Repre sentat i ve s  
2 7  Carter St reet 
Conc ord , NH 0 3 30 1 

Honorab l e  George M .  We s t  
New Hampshire Hou s e  o f  

Repre sentat i ve s  
4 Gl en S t reet 
Conc ord , NH 0 3 3 0 1  

Honorabl e C .  Wi l l i am John s on 
New Hamp s h i re Hou s e  of 

Repre sentat i ve s  
3 1  Jonathan Lane 
Bow , NH 0 3 30 1 

Honorab l e  Mary Ann Lewi s 
New Hamp s h i re Hou s e  of 

Repre sentat i ve s  
Cedar St reet 
Contooc ook , NH 0 3 2 2 9  

Honorab l e  I rene J .  Shepard 
New Hampshire Hou se of 

Repre sentat i ve s  
Gage H i l l  Road , Box 1 7 7 , Rout e  1 
Conc ord , NH 0330 1 

G- 1 5  

Honorabl e  Peter M .  S t i o  
New Hamp shire Hou s e  of 

Repre senta t i ve s  
1 Jun i per Lane 
Bow , NH 0 3 3 0 1  

Honorable Paul R .  Augu s t  
New Hamp shire Hou s e  of 

Repre s entat i ve s  
Ti bbet t s  H i l l  Road 
Gof f s t own , NH 03045 

Honorab l e  George F .  Jone s  
New Hamp shire Hou s e  o f  

Repre s entat i ve s  
7 7 6  Mas t  Road 
Gof f s town , NH 03045 

Honorabl e Mi l t on A.  Cate 
New Hamp shi re Hou s e  o f  

Repre s ent at i ve s  
40 Char l e s  St reet 
Penac ook , NH 0 3 3 0 3  

Honorabl e  Jame s A .  Chand l e r  
New Hamp sh i re Hou s e  of 

Repre s ent at i ve s  
36  Hi ghl and St reet 
Concord , NH 0 3 3 0 1  

Honorabl e  E l i zabeth Hager 
New Hamp s h i re Hou se o f  

Repre s entat i ve s  
5 Auburn S t reet 
Concord , NH 0 3 30 1 

Honorable Robert C .  Haye s 
New Hamp s h i re House o f  

Repre s entat ives 
1 4  Ri dge Road 
Conc ord , NH 0 3 3 0 1  

Honorab l e  Mary C .  Holme s  
New Hamp s h i re Hou se o f  

Repre sent a t i ve s  
42  Spring S t reet 
Penac ook , NH 03303  

Honorab l e  F ranci s D.  Jel l ey 
New Hamp sh i re Hou s e  o f  

Repre s entat ives 
1 Thomp son S t reet 
Concord , NH 0 3 3 0 1  



Honorable Jame s I .  Ki nhan 
New Hamp s h i re Hou s e  of 

Repre sen tat ives 
5 Edgemont S t reet 
Concord , NH 0 3 3 0 1  

Honorab l e  Gera l d  R .  Smi th 
New Hampsh i re House of 

Repre s en tat ive s 
285 Port smouth S t reet 
Concord , NH 0 3 3 0 1  

Honorab l e  C .  Dana Chr i s t y  
New Hampsh i re Hous e  o f  

Repre s entat i ve s  
Route 3 ,  Box 3 2  
Wes t  Canaan , NH 0 3 7 4 1  

Honorable Robert L .  E a s t on 
New Hampsh i re Hous e  of 

Repre s entat i ve s  
King H i l l  Road 
Canaan , NH 0 3 7 4 1  

Honorab l e  Dav i d  M .  Scanlan 
New Hampsh i re House o f  

Repre s entat i ve s  
RD # 1 , Box 4 7 A ,  Canaan St reet 
Canaan , NH 03 7 4 1  

Honorabl e  El i zabeth S .  Bard s l ey 
New Hampsh i re Hou s e  o f  

Repre s en t a t ives 
RFD # 1  
Andover , NH 032 1 6  

Honorab le Jame s D .  Phe l ps 
New Hampsh i re Hous e  o f  

Represen t a t i ve s  
Ragged Moun t a i n  Road 
Danbury , NH 0 3 2 3 0  

Honorab l e  Joseph B .  Bowe s 
New Hamp s h i re House o f  

Repre s entat ives  
RFD # 1 1 ,  Upper Queen St reet 
Boscawen , NH 0 3 3 0 3  

Honorabl e  R i c hard A .  Barbar i a  
New Hampshi re Hou s e  o f  

Repre s entat ives  
78 We s t  Ma i n  S t reet 
Penac ook , NH 0 3 3 0 3  
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Honorabl e  Lee Ann Ca i l l er 
New Hamp s h i re House o f  

Repre sent a t i ve s  
3 4  Pre s c o t t  S t reet 
Concord , NH 0 3 3 0 1  

Honorab l e  Paul I .  LaMot t  
New Hampsh i re Hou se o f  

Repre sentat ives 
Court S t reet Ext . ,  Box 56 
Haverh i l l ,  NH 0 3 7 6 5  

Honorabl e Ezra B .  Mann , I I  
New Hamp s h i re House o f  

Repre s entat ives  
1 6  P ine S t reet 
Wood sv i l l e ,  NH 0 3 785 

Honorable Edward Densmo re 
New Hampsh i re Hous e  of 

Repre sen t at ives 
P . O .  Box 1 1 1  
Franc on ia , NH 0 3 5 8 0  

Honorab l e  Wayne D .  King 
New Hamp s h i re House of 

Repre sent at ives 
Box 500  
Rumney , NH 0 3 2 6 6  

Honorable B e t t y  Jo Taffe 
New Hampsh i re House of 

Repre sentat i ve s  
Quincy Road 
Rumney ,  NH 0 3 2 2 6  

Honorable W .  Ri chard s on B l a i r  
New Hamp s h i re Hous e  o f  

Repre s ent a t i ve s  
P . O .  Box 0 
Hol derne s s ,  NH 03245 

Honorable Wi l l iam J.  Dr i s c o l l  
New Hamp s h i re House o f  

Repre s ent a t i ve s  
2 Rando l ph S t reet 
Pl ymout h ,  NH 03264 

Honorab l e  V.  Mi chael Hutchings 
New Hampshi re Hous e  of 

Repre sentat i ve s  
2 2  Merr i l l  S t reet 
Pl ymou t h , NH 0 3 2 6 4  



Honorable John R .  Dr i s co l l  
Ma s s achu set t s  Hou s e  o f  

Representat i ve s  
S t a t e  Hou s e  
Bo s t on , MA 0 2 1 3 3  

Honorabl e Angelo Pi cucc i 
Ma s s achu s e-ft s .Hous e  o f · 

Repre s ent a t ives 
State House 
Bo s ton , MA 0 2 1 3 3  

Honorab l e  Mar i e  J .  Parent e  
Ma s s achus et t s  Hou s e  o f  

Repre s ent a t i ve s  
Stat e Hous e  
Bo s t on , MA 0 2 1 3 3  

Honorab l e  Paul Kol l i o s  
Ma s s achus et t s  Hou s e  o f  

Repre s ent a t i ve s  
State  Hous e  
Bo s t on ,  MA 02 1 3 3  

Honorab l e  Roberta A .  Gol dman 
Ma s s achus et t s  Hou s e  of 

Repre s en t a t i ve s  
S t at e Hou s e  
Bo s t on ,  MA 0 2 1 3 3  

Honorab l e  Ri chard T .  Moore 
Ma s sachus e t t s  House of 

Repre sent a t i ve s  
S t a t e  Hou s e  
Bo s t on ,  MA 0 2 1 3 3  

Honorabl e Bruce N .  Freeman 
Ma s s achu s e t t s  House o f  

Repre s entat i ve s  
S t a t e  Hou se 
Bo s t on ,  MA 0 2 1 3 3  

Honorabl e  Phi l i p  J .  Weymouth 
New Hampshi re Hous e  o f  

Repre senta t i ve s  
1 9  Arms t rong Ave . 
L i s bon , NH 0 3 5 8 5  

Honorab l e  Pa t r i ck J .  Leahy 
Uni t ed S t a t e s  Sena te 
Wa shington , DC  2 0 5 1 0  
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Honorabl e Gordon J .  Humphrey 
Un i t ed States  Senate 
Washington , DC 2 0 5 1 0  

Honorable Warren B .  Rudman 
Un i t ed S t a t e s  Senate 
Washington , DC 2 0 5 10 

Honorabl e J .  Benne t t  John s ton 
Ranking M i nor i t y  Member 
Subcomm i t t ee on Energy and Wat er 

Deve lopment 
Commi t t ee on Appropr i a t ions 
Un i t ed Stat e s  Senate 
Washington , DC 2 2 0 5 10  

Honorable Jame s A McCl ure 
Cha i rman , Subcommi t t ee on Interior 

and Rel a ted Agenc i e s  
Commi t t ee o n  Appropr i a t ions 
Uni t ed Stat e s  Senate 
Washingt on , DC  205 10  

Honorable John F.  MacGovern 
Ma s s achus e t t s  Hou s e  of 

Repre sentat ives 
State Hou s e  
Bo s t on ,  MA 0 2 1 3 3  

Honorabl e Wi l l iam Cons tant i no ,  Jr . 
Ma s sachu s e t t s  Hous e  o f  

Repre s entat ives 
S t a t e  Hou s e  
B o s t on ,  MA 0 2 1 3 3  

Honorab l e  Augu s t a  Hornbl ower 
Mas sachu s et t s  Hou s e  of 

Repre sentat ives 
S t a t e  Hou s e  
Bo s t on , MA 0 2 1 3 3  

Honorabl e  John H .  Chafee 
Cha i rman , Subcomm i t tee on 

Envi ronmental  Pol lut i on 
Commi t t ee on Envi ronment and 

Publ i c  Works 
Un i ted S t a t e s  Senate 
Wa shington , DC  2 0 5 1 0  



Honorable George J .  M i t che l l  
Ranking Minor i t y  Member 
Subcommi t tee on Envi ronmental 

Po l l u t i on 
Commi t t ee on Envi ronment and 

Publ i c  Works 
Un i t ed States  Sena t e  
Wa shington , DC 205 10  

Honorable Lowe l l  P.  We i c kler , Jr . 
Un i ted States  Sena t e  
Wa shington , D C  205 10  

Honorable Chr i s topher J.  Dodd 
Un i ted States  Sena t e  
Wa shington , D C  205 10  

Honorable Wi l l i am S .  Cohen 
Un i t ed States  Senate 
Wa shing t on ,  DC 205 10  

Honorab l e  Edward M .  Kennedy 
Uni t ed States  Sena te 
Wa shington , DC  205 10  

Honorab l e  John F.  Kerry 
Uni t ed S t a t e s  Senat e  
Wa shington , D C  205 1 0  

Honorab l e  Clai bo rne Pe l l  
Un-i ted States  Senate 
Wa shington , DC 205 10  

Honorabl e  J.  Benne t t  John s t on 
Ranki ng Minor i t y  Member 
Commi t t ee on Energy and Na tural 

Re s ource s 
Un i t ed S t a t e s  Senate 
Wa shi ngton , DC 205 10  

Honorab l e  Jame s A .  McClure 
Chai rman , Commi t tee on Energy and 

Na tural Re sourc e s  
Un i t ed S t a t e s  Senat e  
Wa sh ington , D C  205 10  

Hnonrable Robert C.  Byrd 
Ranking Minori t y  Member 
Subcomm i t t ee on Interior and Re l a t ed 

Agen c i e s  
Comm i t tee o n  Appropr i a t i on s  
Un i t ed S t a t e s  Senat e  
Wa sh ington , D C  205 10  
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Honorable John W .  Warner 
Cha i rman , Subcommi t t ee on Na tural 

Re source s  Development and 
Produc t i on 

Commi t t ee on Ene rgy and Na tura l 
Re sourc e s  

Un i ted States  Sena t e  
Wa shington , DC 2 0 5 10  

Honorable John Mel cher 
Ranking Mino r i t y  Member 
Subcommi t t ee on Na tural Resources 

Development and Produc t i on 
Uni t ed States  Senate 
Wa sh ington , DC 2 0 5 10  

Honorabl e  Robert T.  S t a f ford 
Cha i rman , Commi t t ee on Envi ronmen t  

and Pub l i c  Works 
Un i t ed States  Sena t e  
Wa shington , D C  205 1 0  

Honorabl e  Ll oyd Bent sen 
Ranki ng Minori t y  Member 
Commi t t ee on Env i ronment and 

Publ i c  Works 
Uni t ed States  Sena t e  
Wa shington , D C  205 10  

Honorabl e  George I .  W i gg i n s  
Cha i rman , Commi t t ee o n  Deve lopment , 

Recreat i on & Env i ronmen t  
New Hamp s h i re Sena t e  
State House 
Concord , NH 0 3 3 0 1  

Honorabl e  Susan Mc Lane 
Cha i rperson , Commi t t ee on Publ i c  

In s t i tu t i ons  Hea l th & Wel fare 
New Hamp s h i re Senat e  
S t a t e  House 
Concord , NH 0 3 3 0 1  

Honorable El i zabe th A .  Green 
Cha i rperson , Commi t tee on 

Env i ronment and Agr i cul ture 
New Hamps h i re Hou s e  of 

Repre sentat ives 
State Hou se 
Concord , NH 0 3 3 0 1  



Hono rabl e  Do r i s  J .  Ri l ey 
Chai rperson , Commi t t ee on F i s h  and 

Game 
New Hamp s h i re Hou se of 

Repre sentat i ves  
S t a t e  Hou se 
Conco rd , NH 0 3 3 0 1  

Honorab l e  Ma t t hew M .  Sochal s ki 
Cha i rman , Comm i t tee on Hea l t h  and 

Human Servi c e s  
New Hamp s h i re Hou s e  o f  

Representat i ves  
State  Hou s e  
Concord , NH 0 3 3 0 1  

Hono rabl e  Jame s A .  Chand l er 
Cha i rman , Comm i t tee on Leg i s l a t i ve 

Admin i s t ra t i on 
New Hamp shire  Hou se of 

Re pre sen t a t i ves  
Stat e Hou s e  
Concord , NH 0 3 3 0 1  

Hono rabl e  Mark 0 .  Hat f i e l d  
Cha i rman , Subcommi t t ee on Energy 

and Water Development 
Commi t t ee on Appropr i a t i o n s  
Un i t ed S t a t e s  Sena t e  
Wa s h i ngton , D C  2 0 5 1 0 

Lake s Reg i onal Pl ann i ng Commi s s i on 
Humi s t on Bu i l d i ng 
Mered i t h ,  NH 0 3 2 5 3  

Whi t e  Moun t a i n  Na t i onal Fore s t  
7 1 9  N .  Ma i n  St . ,  P . O .  Box 6 3 8  
Lacon i a ,  NH 0 3 246 

Brad Ku s t er 
Of f i c e  of the A t t o rney Genera l 
S t a t e  of New Hamp shire  
S t a t e  House  Annex ,  25 Cap i tal  S t . 
Concord , NH 0 3 3 0 1  

Jim B i eber 
New Hampshire  S t a t e  Cl ear i nghouse 
Off i c e  of State  Pl ann ing 
2 1 / 2 Beacon S t reet 
Conc ord , NH 0 3 3 0 1  
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Beverly Boyl e 
Ma s s .  State  Clearinghous e 
Exec . Of f i ce of Commun i t i es  & 

Deve l o pmen t  
1 0 0  Camb r i dge S t reet 
Room 904 
Bo s t on , MA 0 2 2 0 2  

Joanne Mi chaud 
Ma s s .  Natural Her i t age Program 
Divi s ion of F i s h  and W i l d l ife  
1 00 Cambridge S t reet 
Bos ton , MA 0 2 2 0 2  

Gary W .  Hume 
New Hamp s h i re H i s t o r i c  Pre servat i on 

Of f i c e  
De pt . of Re sour c e s  & Ec onomic  

Deve lopmen t 
Box 8 5 6  
Concord , NH 0 3 3 0 1  

Va lerie  A .  Ta lmage 
State H i s t o r i c  Pre s e rvat ion Of f i cer 
Ma s s achu s e t t s  H i s t o r i c a l  Commi s s i on 
80 Boyl s t on S t reet 
Bo s t on , MA 02 1 1 6 

Belknap County Con s e rva t ion Di s t r i c t  
7 1 9  N .  Ma in S t reet 
Room 2 0 3  
Lacon i a , NH 0 3 246 

Coo s Coun t y  Con s e rvat i on D i s t r i c t  
9 7  Ma i n  S t reet 
Lanca s t er , NH 0 3 5 84 

H i l l s borough Coun t y  Con serva t i on 
D i s t r i c t  

Elm S t reet 
Mi l ford , NH 0 3 0 5 5  

Ro cki ngham County Con s e rvat i on 
D i s t r i c t  

3 2  Front S t reet 
Exeter , NH 0 3 8 3 3  

Sul l ivan County Con s ervat i on 
D i s t r i c t  

2 5  Mu lberry S t reet 
C l aremon t ,  NH 0 3 74 3  



Grafton County Con s erva t i on Di s t r i c t  
3 1  Court S t reet 
Woodsvi l l e ,  NH 0 3 7 8 5  

Mer r i mack Coun ty Con serva t i on 
Di s t r i c t  

RFD 2 ,  Route 1 3  
Concord , NH 0 3 3 0 1  

Carro l l  County Con s erva t i on 
Di s t r i c t  

Ma in S t reeet 
Conway,  NH 038 1 8  

Che s h i re County Cons ervat i on 
Di s t r i c t  

Federal Bui l d ing 
Keene , NH 0343 1 

New Hamp s h i re Water Re s ources Board 
37 Plea sant Street 
Concord , NH 0330 1 

New Hamp s h i re Water Supp l y  and 
Po l lu t i on Con t ro l  Commi s s i on 

Hazen Dr i ve 
Concord , NH 0 3 3 0 1  

New Hamp s h i re We t l and s Board 
37 Pl easant S t reet 
Conc ord , NH 0 3 3 0 1  

New Hamp s hi re Dept . o f  Pub . Works & 
H i ghways 

John 0 .  Morton B l dg . , Hazen Dr . 
Concord , NH 0 3 3 0 1  

New Hamp s hi re Publ i c  Ut i l i t i e s  
Commi s s ion 

Eight Ol d Suncook Road 
Concord , NH 0 3 3 0 1  

New Hamp s h i re O f f i ce o f  State 
Pl ann ing 

2 1 / 2  Beacon Stree t , 2nd Fl oor 
Concord , NH 0 3 3 0 1  

NH Dept . o f  Re sourc e s  and Econom i c  
Development 

D i v i s i on of Economic Deve l o pment 
Pre s c o t t  Park , 1 0 5  Loudon Rd . 
Bldg . 112 
Concord , NH 0 3 3 0 1  
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NH Dept . of Res ourc e s  and Econom i c  
Devel o pmen t 

Divi s i on of Fore s t s  and Land s 
Pre s c o t t  Park , 1 0 5  Loudon Rd . 
Bldg . 112 
Concord , NH 0 3 3 0 1  

N H  Dept . of Res ource s  and Economi c 
Deve l o pment 

Divi s i on o f  Parks and Recrea t i on 
Pre s c o t t  Park , 1 0 5  Loudon Rd . 
B l dg . 112 
Concord , NH 0 3 3 0 1  

Jonathan O sgood 
Dep . D i rector 
Governor ' s  Energy Of f i ce 
2 1 / 2  Beacon St . 
Concord , NH 03 3 0 1  

Pre s ident 
Mas s .  As s o c i a t ion o f  Con s erva t i on 

Commi s s i on s  
Tuf t s  Un i ve r s i t y  
Lincoln F i l ene Cent er , MA 02 1 5 5  

Jo s e ph Qu i nn 
NH Dept . o f  Re s ource s  & Econom i c  

Deve l o pment 
P . O .  Box 8 5 6  
Concord , NH 0 3 3 0 1  

Brian S t rohm , Ph . D .  
D i v .  o f  Pub . Heal th Servi c e s  
Hazen Dr i ve 
Conc ord , NH 0 3 3 0 1  

John R .  Appeney 
D i rector of Aeronau t i c s  
New Hamp s h i re Aeronaut i c s  Commi s s i on 
Concord Mun .  Ai rport , Ai rport Rd . 
Concord , NH 0 3 3 0 1  

Thomas Towl e ,  P . E .  
NH Dep t . o f  Pub . Works & Hwy s . 
J . O .  Morton Bui l d ing 
Concord , NH 0330 1 

Sara Wagner 
Secretary 
NH Governor ' s  Energy O f f i c e  
2 1 / 2  Londonderry 
Mammot h  Road 
Londonderry , NH 0 3 0 5 3  



Haro ld P .  Nevers 
Fed . Aid & Endangered Spec i e s  Coord . 
NH F i sh & Game Dept . 
34 Bridge St . 
Concord , NH 0330 1 

Board o f  Selectmen 
Town of Bethl ehem 
P . O .  Box 424 , Town Of f i c e  
Bethlehem , NH 0 3 5 7 4 

Board o f  Selec tmen 
Town O f f i ce , Twi n  Mt . 
Town of Carro l l  
P . O .  Box 1 4 6  
Carro l l , ,  N H  0 3 5 9 5  

Board o f  Selectmen 
Town of Pi t t s burg 
Town Off i c e ,  RFD 1 
Pi t t sburgh , NH 0 3 5 9 2  

Board of Selec tmen 
Town Of f i c e  
Town o f  Col ebrook 
10 Bridge St . 
Col ebrook , NH 0 3 5 76  

Board o f  Selec tmen 
Town of Columb i a  
Columb ia Town Off i c e , RFD 1 
Columbi a ,  NH 0 3 5 7 6  

Board o f  Selec tmen 
Town of Da l t on 
Town Of f i c e ,  RFD 2 
Dal ton , NH 0 3 5 9 8  

Board of Selec tmen 
Town of Jefferson 
Town Of f i c e  
Jef ferson , N H  0 3 5 8 3  

Board of Selec tmen 
Town of Lanca s t er 
Town Of f i ce , 2 5  Ma in S t reet 
Lanca s t e r , NH 0 3 584 

Board o f  Selec tmen 
Town of Li t t l e t on 
Town O f f i c e ,  1 Un i on S t . 
Li t t l e t on , NH 0 3 5 6 1  
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Board of Selec tmen 
Town of Lyman 
Town Of f i c e ,  RFD 1 
Lyman , NH 0 3 5 8 5  

Board of Selec tmen 
Town of Monroe 
Town Off i ce , Ma in S t . 
P . O .  Box 6 3  
Monroe , N H  03 7 7 1  

Board o f  Selec tmen 
Town of Northumberl and 
Town Offi ce , S t a t e  S t reet 
Northumberland , NH 0 3 5 8 2  

Board o f  Selec tmen 
Town of Odel l 
Ode l l  Town O f f i c e  
Odel l ,  N H  0 3 5 9 0  

Board o f  Selec tmen 
Town of S t ark 
Town Off i ce 
S tark , NH 03582  

Board o f  Selectmen 
Town of S t ewar t s t own 
Town Of f i ce 
We s t  S t ewart s town , NH 0 3 5 9 7  

Board o f  Selec tmen 
Town of S t rat ford 
Town Of f i ce 
Nort h  S t rat ford , NH 0 3 5 9 0  

Board o f  Selectmen 
Town of Whi te f i e l d 
Town Of f i ce 
Whi t e f i e ld , NH 0 3 5 9 8  

Coo s County Commi s s ioners 
Coo s County Cour thou s e  
148  Ma in S t . 
Lanc a s t e r , NH 0 3 5 84 

Gra f t on County Commi s s i oner s 
Gra f t on Count y  Court house 
North Haverh i l l ,  NH 0 3 744 

North Count ry Coun c i l  
P . O .  Box 40 
Francon i a ,  NH 0 3 5 8 0  



Upper Val ley-Lake Sunapee Counc i l  
3 1 4  Nat i onal Bank Bui ld ing 
Lebanon , NH 03 7 6 6  

Central N H  Reg i onal Planning Counc i l  
43 South State St reet 
Concord , NH 0 3 3 0 1  

Na shua Reg ional Planning Commi s s i on 
1 1 5 Ma in St reet , P . O .  Box 847 
Nashua , NH 0306 1 

Southwe s t ern NH Reg i onal Pl ann ing 
Commi s s i on 

28 Mechan i c  S t reet 
Room 220  
Keene , NH 0343 1 

Staf ford Reg i onal Pl anni ng 
Commi s s i on 

County Farm Road 
Dover , NH 03820  

Rockingham Planning Commi s s i on 
One Water Street 
Exe t er , NH 0 3 8 3 3  

Concord Planning Department 
Green St reet 
C i t y  Hal l  
Concord , NH 0 3 3 0 1  

Loon Pre s ervat i on Comm i t t e e  
Hum i s t on Bui l d i ng 
Mered i t h ,  NH 0 3 2 5 3  

Connec t i cut  R iver Water shed 
Coun c i l  

4 7 9  Mai n  S t reet 
Greenf i e l d , MA 0 1 3 0 1  

Southern NH Plann ing Commi s s i on 
8 1 5  Elm S t reet 
Manche s t e r , NH 0 3 1 0 3 

Mas s .  Department of Publ i c  Works 
100 Na s hua S t . 
Bos ton , MA 02202  

Ma s s .  Envi ronment a l  Hea l t h  
As soc i a t i on 

P . O .  Box 1 1 6 
North Read ing , MA 0 1 8 6 4  
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Wynn E .  Arnold 
NH Publ i c  Ut i l i ty Comm i s s i on 
8 Old Suncook Rd . 
Bldg . 1 
Concord , NH 0 3 3 0 1  

Edward Burke 
Chai rman 
Energy Coord ina t i ng Counc i l  
1 00 Orange St . 
Providence , RI 0 29 0 3  

Edward L .  Cros s ,  Jr . 
As s t . At torney General 
Office  of the NH At torney General 
State Hou s e  Annex , 25 Ma in St . 
Concord , NH 0 3 3 0 1  

Bruce E l l sworth 
NH Publ i c  Ut i l i t i e s  Commi s s i on 
8 Old Suncook Rd . 
Concord , NH 0 3 3 0 1  

W i l l i am Febi ger 
Energy Fac i l i t i e s  S i t ing Counc i l  
100 Cambri dge S t . 
Rm .  2 1 09 
Bos ton , MA 02202  

Geroge Gelman 
Comm i s s ioner 
Dept . of Res ource s & Econom i c  

Devel opment 
Chr i s t i an Mut ual Bui ld i ng 
Concord , NH 0 3 3 0 1  

Wi l l i am Healy 
D i rector 
Water Suppl y  

Commi s s i on 
P . O .  Box 9 5 , 
Concord , NH 

& Po l l ut i on Con t ro l  

Hazen Dr i ve 
0 3 3 0 1  

V i ncent J .  Iacopino 
Execut i ve Director & Secretary 
New Hampshire  Pub l i c  Ut i l i t i e s  

Commi s s i on 
8 Old Suncook Road - Bldg . One 
Concord , NH 0330 1 

Pat r i c i a  Harr ing t on 
NYS Energy O f f i c e  
2 Rockefel ler Plaza 
Al bany , NY 1 2 2 2 3  



Karen Jurkowski 
Arent , Fox 
1 0 5 0  Connec t i cut Avenue , N . W .  
Wa shington Square B l dg . 
Wa shington , D . C .  200 36-5 3 3 9  

B o b  Anderson 
Envi ronmental Affa i r s  
Wa shington Wat e r  Power Sys t em 
P . 0 .  Box 3 7 2 7  
Spokane , WA 99220 

Anne Frene t t e  
Quebec Government Hou s e  
5 3  S t a t e  S t . 
Exchange Place , 1 9 t h  F l oor 
B o s t on , MA 0 2 1 0 9  

Nelda J .  St anl ey 
S r .  Envi ronmental Anal ys t /  

Informa t i on Manager 
Middle South Servi c e s , Inc . 
Box 6 1 000 
New Orl ean s , LA 7 0 1 6 1  

Ann K .  Norman-Burke 
Whi t e  Mountain Land Co . 
486 Un i on Ave . 
Lacon i a , NH 0 3 246 

S . A .  Mi l l an 
360 Jef f . Ave . 
Met . ,  LA 70005  

Jim Campbel l  
1 2 0 1  Penn sylvan i a  Ave . , NW 
Sui t e  8 2 1  
Washington , D . C .  20004 

New York State Dept . o f  
Publ i c  Serv i c e  

3 Emp i re State Pl aza 
Albany , NY 1 2 2 2 3  

Peter Dna lek 
Head-Sy s t ems Stud i e s  Sec t i on 
Harza Eng ineer i ng Co . 
1 5 0  South Wacker Dr i ve 
Chi cago , I L  60606-4288 

Sue S t rehl 
CRS /CRD 
LM 2 1 5  
Li brary o f  Congre s s  
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Erro l C .  Briggs 
Aquatec Inc . ,  Envi ronmental 

Serv i c e s  
7 5  Green Mountain Drive 
South Burl ington , VT 0 5 4 0 1  

Arthur B .  Kemp 
P . 0 .  Box 32 
Auburn , MA 0 1 5 0 1  

Phi l i p  C .  Mart i n ,  D . D . S .  
9 South S t reet 
Concord , NH 0 3 3 0 1  

Joe Magruder 
API 
Box 1296  
Concord , NH 0 3 3 0 1  

Ms . Wi l son 
P . O .  Box 1 4 7 5  
Concord , NH 0 3 3 0 1  

John and Lou i s e  Cal angel o  
P . 0 .  Box 1 4  
Eas t Andover , N H  0 32 3 1  

Sharon G .  Rook 
13 R i s ing Wood Dr . 
Bow , NH 0330 1 

Martha Re i chho l d  
R . W .  Beck and A s s oc . 
Eng s . and Cons l t s .  
40 Grove St reet 
P . O .  Box B 
Wel l e s ley , MA 02 1 8 1  

Nancy C .  Fro s t  
RFD /12 Bow Rd 
Concord , NH 0 3 3 0 1 

L i s a  Bergemann 
Box 1 0 1 2 
Concord , MA 0 1 742 

Paul J.  Shread , Sr . 
8 Orchard St reet 
Concord , NH 0 3 3 0 1  

Fred Yo s t  
Ut i l i ty Data I n s t i tue 
20 1 1  Eye S t ree t , NW 
Su i t e  700 
Wa shington , D . C .  20006 



Thoma s A .  Line l l  
46 R i p  Road 
Hanover , NH 0 3 7 5 5  

Donald Cooke 
USEPA Reg i on 1 
Ma i l  Code RGR-2203 
JFK Federal Bldg . 
B o s t on , MA 02203 

Garl and H .  Hunt , P . E .  
As sociate 
604 Stat l er B l dg . 
20  Park Pl aza 
Boston , MA 02 1 16 

Jame s G .  Dedes 
Sen ior B i ologi s t  
4 5 0  Summer S t reet 
Boston , MA 022 10 

John LaPo int  
Golf Servi ces  Unl imi ted , I n c . 
P . O .  Box 3 8 6  
North Grafton , MA 0 1 5 3 6  

Warren B .  King 
North Groton Road 
Rumney , NH 03266  

Nat i onal Audubon Soc i e t y  
8 0 1  Penn sylvan i a  Ave . ,  S E  
Sui te 3 0 1  
Wa shington , D . C .  2 0 0 0 3  

Mary El l en Barry 
23 Fore s t  Dr i ve 
Bedford , NH 0 3 102  

W i l l i am & Di anne Caron 
5 1  Whi ppoorwi l l  Lane 
Bedford , NH 0 3 1 0 2  

Ralph K i r s hner 
S tar Rt . 6 2 , Box 4 8 7A 
Centre Harbor , NH 0 3 2 2 6  

Frances  Provencher 
24 Gau l t  Road 
Bedford , NH 0 3 102  

Jane C.  B l a i s 
220  Fore s t  Drive 
Bedford , NH 03 102  
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Phyl l i s  & Edward H i c key 
SO John Goffe Dr i ve 
Bedford , NH 0 3 102  

Vi vian R.  Fl ecchia 
9 Hazen Road 
Bedford , NH 0 3 102  

W i l l iam Pat terson 
Regi onal Envi ronmental O f f i cer 
U . S .  Departmen t of the I n t e r i or 
1500  Cu s t om Hou s e  
165  State S t reet 
B o s t on , MA 0 2 1 09 

Mrs .  C .  Da l ey 
1 7  Brookv i ew Terrace 
Bedford , NH 0 3 1 02 

Berl e , Ka s s  & Ca se  
At torneys for Na t i ona l 
Audubon Soc i e t y  
45 Rocke f e l l e r  Plaza 
New Yo rk , NY 1 0 1 1 1  

Mr . and Mr s .  Maurice  Hebert 
88 Fore s t  Dr i ve , Rt . 9 
Bedford , NH 0 3 1 0 2  

Mr . and Mr s .  Mauri ce Lavo i e  
9 6  Fore s t  Drive 
Bedford , NH 0 3 102  

Mr s .  Mary F.  Damba ch 
1 8  Ho ri zon Dri ve 
Bedford , NH 0 3 102  

Loui s e  and Dona l d  Pad f i e l d  
6 Roo seve l t  Dr i ve 
Bedford , NH 0 3 1 0 2  

E l i zabeth A .  H i gg i n s  
U . S .  Envi ronmental Prot ec t i on 

Agency , Reg i on 1 
J . F .  Kennedy Federal Bui l d i ng 
Bos ton , MA 0 2 2 0 3  

Sarah Ba sbas 
10  Fore s t  Drive 
Bedford , NH 0 3 1 0 2  



Wi l l i am F .  Lawl e s s  
Corp s o f  Engineers 
New Eng l and D i v i s i on 
424 Trape l o  Road 
Wa l t ham , MA 0 2 2 54-9 149 

Jame s T . B .  Tr i pp 
Envi ronmental De fen se Fund 
444 Park Avenue South 
New York , NY 100 1 6  
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