
Section 2: Summary of Background Information

water dependent uses in the coastaJ area. Some areas addressed by the program include:
public access, harbor management, coastal habitat restoration, coastal pennitting,
municipal development, urban waterfront revitalization, and protecting the pubJic trust.
As a result of the CoastaJ Management Program, over 13.9 miles of pubJic access have
been added and 1,600 acres of tidal wetland have been restored.

}

Other Long Island Sound management programs include the LISS and the CCMP
referenced earlier. Active participants include federal, New York and Connecticut
government officials, researchers, user groups and other concerned organizations and
individuals. The partners recently signed the Long Island Sound 2003 Agreement
pledging their continued commitment to goals of the CCMP and the conservation and
management of Long Island Sound.

2.3 REGIONAL ENERGY NEEDS AND INFRASTRUCTURE

h1 general terms, P A No. 02-95 requires the Task Force to examine approaches for
avoiding or minimizing construction of new energy and telecommunications infrastructure
across Long Island Sound, and evaluating the reliability and operational impacts to the
state and region attributable to such limitations on new cross-Sound infrastructure. To
address these issues, it is imperative to first understand the energy needs and existing
infrastructure within Connecticut and the region. h1 the context of protecting Long Island
Sound, the "region" specifically includes both Connecticut and Long Island. As an island,
nearly all of Long Island's fuel portfolio used for heating, transportation, industrial
production, and electrical generation must be imported by tanker, barge, truck, or pipeline
across the surrounding bodies of water. Long Island's indigenous energy supplies are at
present, limited to solar power, solid waste and landfill gas, wind, and other potential
renewable energy sources, which can meet only a small percentage of Long Island's
energy requirements. Long Island also relies on electric cable interconnections with
Connecticut and New York City across Long Island Sound and the East River,
respectively. For these reasons, an evaluation of alternatives or limitations to new Long
Island Sound energy infrastructure crossings must be based in part on an understanding of
Long Island's energy demand, generation capacity, fuel sources, imports, and the electric
and gas transmission infrastructure serving Long Island, and to a certain extent, the
adjacent New York City boroughs of Queens and Brooklyn.

In the Assessment Report Part I, the energy infrastructure and reliability of SWCT was
discussed in the context of the state's resources within the New England electric grid,
operated by New England's Independent System Operator (ISO-NE). This section of the
Assessment Report Part II, which summarizes the Connecticut infonnation previously
presented in Part I, presents equivalent infonnation for Long Island, and focuses on the
electric and gas intercoll..T1ections between Connecticut and New York.

41



tV

~~d~:>~Jled '100d'.3:N I! ~O{1 s~ l~{lM.O ~:>~rold ;}~ ;}ldqM (lM.oqs S~ IdP[OH ~:>I!.I:lUO:) A11!~d 88

.~soq ,(q ;}~!S-UO pdSn S~ UO~~l!ld{1;}a ({e ;}ldqM S~!UlllO M.W ~ ue~ SSdI ~!Ull
;}pnp~ ~OU SdOa fOOl I!1dy 'J.LodiJ~ ([73;:» u01S5".1!USUO.l.l ,DUO po07 tta'.l3U3 .<1.1:Jvdo;:> fOOl '::IN-OS I L8

.lOOl 'S;J.J.LnasiJ~ puv

spv07/0 s-tso:JiJ.lo;:/ .lViJA -UiJ.l ,Sa.ll!l!Jn :JJ.lJ:JaI3 1n.J!J:Jauuo;:> al{l/o ,"-".l/L3H 'I~:>{1no:) 8~~~S 1n:>~~:>;}(nIO:) 98

(

-~ ---

ZOOZ/I/~ o..Ja -seD L£Z 3WDd (..([a~ll~")[) £ peo~ g){e'1
IOOZ/£/[I Oda seD [£Z 3WDd ('([2~1l~")[) Z peot{ g){e'1
IOOZ/[/L Oda seD £Zl 3WDd (..([~~ll~")[) I peot{ g){e'1

896 I/I/[ I Ignd ~g[ 9 I DtlL'J: (uo}8~o.L) 0 I gA~a U~[){Ueld
vI6I/I/1 OlpAH 01 ":)UJ I.':dlgU31:)g[gS (ueeue:» ga'eI[~A S[[ed
166I/[/ZI Oda Sgl~.L 9Z ON (3~[laJS) 19l9X3
066III/S" Oda seD 8£ ON (S"){:>O'110Sp~!t\.) 19lXga

8S"6I/I/[ DN Odtl LOI D"HN (pIOJ[IW)8 UOAga
9~6I/III DN Odtl LOI " D"HN (ploJ[~W)L UOAga

9661/1/01 Oda seD O£ D"HN (pIoJ[~W)vl UOAgO
9661/1/01 Oda seD ££ D"HN (ploJ[~W)£1 UOAga
9661/1/01 Oda seD O£ D"HN (ploJ[~W)'lI UOAgo
966 I/I/O I OdO seD O£ D"HN (plOJ[~w) I I UOAgo
686 II I/£ OlpAH L ON (uo}[aqs) urea AqjgO
696I/I/I Ignd ~gf 91 D"HN (q:>~uaaID) 'lI qo:) so:)
696 III/I Ign& l~f 8 I D"HN (q:>~ua~ID) I I qo:) so:)
69611116 Ign& l~f 81 D"HN (q:>~uaaID) Ol qo:) so:)
886 I/I/I I Oda seD ~~ I.':dl~u3 ~treq:)jgW osed 13 (P.IoweH) V:):)3a:)
£06 I/I/1 OlpAH 8 ":)UJ A~~U3: 1:)g[~S (p.I°J[~W MaN) ~a'P!.lg slIng
886 I/1/~ O&a M.SW £ I ON ([O}S~a) ~S11Jat{ Io~s~g

886 I/1lv M.SW 6S" ill (}lo~8p~g) O:)Sa"M 110~~p~g
L96I/I/01 I~n& ~~[ OI D3Sd (}loda8p~g) v loqIeH 110~~P!.lH
8961/118 O&tl Ieo~ ZL£ D3Sd (}loda8p~g) £ loqIeH 110~~P~H
I 96 I/U8 Odtl v£ D3Sd (}lo~8p~g) Z loqIeH 110~~P!.lg
8661/1/8 seD 8vv I.':dlau3: g)[llQ (}loda8p~g) I A~lgU3: 110~~P!.lg
696I/I/1 [an.1 ~~f 91 D"HN (p.IoJUBle) 01 P1OJtrelg
686I/IflI O&a leo~ 181 ON (all~uow) SgureIU S3V

UO!JU.l3 0 33.1808 33.1808 88.13P(OH JJ8.[J1I03 UO!J8301) 3wuN 1I0!JuJ8
18!~.l3WWO:) ~.l311:!1 ~.l3U:!I A:J!Uqudu:) A.lUW!.ld .10 .I~UMO

JIV A.l8W!.ld .I~ww88

LsA:JJ;)udU3 uoJ}U.l;}U;}~ ;)J.I};);}I~ S,}D;JJ};);}UUO3 -S ;}lqu.L

.s~U~}ell~lliWns
UO p~seq MW_L£O'L sIe}o} f..pU~l.In:) f..}~:)ed~:) ~U~}el~U~~ :)~:)~[~ p~[[e}SU! S,}n:)~~uuoJ

S3:J.lnOS3J[ UO.l]lJ.l3U3[)

98" I IOZ
U! qft\f) V9Q'9£ o~ '% I" { ]0 ~~~l ~0.tJ ~3'~l~A~ {~nmrn ~ ~~ M.o.tJ O} p~}~rold ~m

W~!}~~Ut\°;) U! S}u~w~l!nb~l I..}!~!l}~l~ le}o~ 's~~lnos~'?I p~ sP~O'1]O ~S~~l°.1 [~~uno;)

uO!teWJoj,ul punoJ6)f:>ea .J° AJewwns :z u°!'4:>f)S



tItI

L£OL
9

LI
91

IR'l°l
ili~ (plOJ3~UB Jti\) ;)StlJ;)~ P1OJ~U~I{t! M

':)UJ A~l;)U:3: ~J;)I;)S (uo~S;}l<l) 0 I Iguunl
9~"J: (uo~U!liol)

Ot {~U~UUgl uo~u!llOl
':)UJ A~1';)U3: 'l:)g{gs (aomow) UOSUgAg~S

fiN (Pl°WPoH) 9 MOPR;)W .0s
fiN (Pl°WPoH) ~ MOPRgW 'oS

°'JUJ A~lgU3: ~'Jg{~S (Pl°WPoH) V I MOPR;)W 'oS
°'JUJ A~l~U3: ~'Jg{gs (Pl°WPoH) £ I MOPRgW 'oS
-'JUI A~lgU3: ~:)gIgS (Pl°WPOH) 'l I MOP~gW .0s
"JUJ J;:31';)u3: }'J'dIgS (pl°Jll'BH) I I MOPRgW 'os
"JUJ A~lgU3: 1,'JgIgS (A.mqq~nos) ~n~dgt[s

flN UO1,Sgld-VlnIJS
':)UJ A~lgU3: 1,'JgIgS (PIOJI~W MaN) 19A~~ 4:)o~

fiN 10SPU~M MOqU~~
'1dd ~ ~~Un P10J~U~I{t! M
'1dd V }~Un P10J~U~II~ M
'1dd £ 1,~Un P10J~U~II~ M
'1dd 'l1,!Un P10J~U!I{t! M
'1dd I 1,!Un plOfiU!II~ M

J3:3:WJ (q:>~oN) 1,gr t[:)!AUON
D~ (:>{{~A\loN) 'lloq.mH ){IRAUON
D~ (:>{{~A\loN) I 10qIeH ){It!AUON

D3:Sd (uaABH M;}N) 10q.mH WARH MgN
D~ (a[~uow) 9 gII!A1.UOW
D~ (~U!~uow) ~ gII!A1.UOW
D~ (~U!~uow) I I ~ 0 I gII!A1.UOW

°'JUJ (pIOJl~~BJti\) £ 1,U!Od gUO1,SII!W
, lJ .mgI'JnN UO!U!illOQ

'~UJ (pIOJl~~BJti\) £: }U!Od ~UO1,SII!W
, .LJ .mgl'JnN U°!U!illOQ

°'JUI (pIOJl~~~M.) £ 1,U!Od ~UO1,SII!W

'.LJ .m~I'JnN U°!U!ill°Q
°'JUI (pIOJl~~~.l'I:\) 'l }U!Od ~UO1,SII~W

, .LJ .mg{'JnN U°!U!illOQ

£L6I/119 Od'M: OOv D~ (UMo~a[pp~w) V UMO1,gIPP!W
v961lII1 DN Od'M: 9£'l D~ (UMo~a[PP!w) £ UMO:j.g{PP!W
8~6 IIIII DN Od'M: L I I D~ (UMo~aIPp~w) 'l UMO1,gIPP!W
996 I/III {gnd 1,~f L I D~ (UMo~aIPP!W) 0 I UMO1,gIPP!W
9661/I/1 MSW £1 flN (uoqs~'1)

A1gAO'Jg~ g'Jmosg~ uoqS!'1
UOpB.lCJ 0 CJ3.1nOS CJ3.180S 88.1CJPIOH ~3B.I~UO~ UOIJU301 CJWBN UOpB:JS
"3.1CJWWOJ ~.lCJU:iI ~.lCJU:iI A:J!UqBdBJ A..IBm!.ld .10 .lCJUMO

JIV A..IBW!.Id .lCJillwns

OdGN\.SW
{dUd ~df
{dUd ~d[

6861/il£
696 l/l/l
L961/{/8

olPI..H
fASW
fASW

land ~af
land ~af
land ~af
land ~af
OlPI..H
fASW
O.IPI..H

O.IPI..H

seD
seD
seD
seD
seD

OdG
O~
O~
O~
O~
O~
OdG

.Ieal~nN

9£6l/l/l
L86 l/l/l 1
L86 IIIll 1
OL6 l/l/8
OL6 l/l/8
OL6l/1/8
OL61/1/8
~~61/1/1
'l66£/I/l
6'l6I1I11
086IIIII
lOOm £1 L
loom £1 L
loom £1 L
lOO'l/l £1 L
IOO'l/l £1 L
~L6 1/1/6
£961/1/1
09611I1I
SL6I1I18
IL6I/liL
t~6I/I/1
L96I/I/I
986I/I/t

8l
Ll

9l
L£
8£
8£
9£
lv
9I
6l
8
Iv
lv
9v
Iv
~17
~I
89I
19I
1917
LO17

I8
~

L~OI

OdG

DN

ON

986III/tlP.~[:>nN02

986I/I/vm~I:)nNvS

S"L61/I/Z I1e;}[:)nN'lL8

uo!-.eWJoJul punoJ6>t~e8 Jo AJewwns :z u°!'4~es



~v

-fOOZ 'I A[n[ ~.I°J~q 10 UO 3U!llll~3~q
S1~~A (V) .mOJ O~ (Z) O~ JO pO~;)d ~ 10J, ~~ 3U~~1~U;)g p~nJ-S~3 ~[:)-.(:) ~[dm~s 0OO9Wi (~) ~'\!J
~q~ JO (V) .mOJ ~J~A~~Je;)p A[~.IOdmgJ OJ ~~)[~~S 3:N-OSI qJ~ S~~I!J ;)pmu A[JU;);)~l P10J~~[[eA\ ldd 68

-~3 p~ -I!O Jo MW 60Z;'Z; f..I~}~lli!X01dd~ S! ~1~~ 'UO!1!PP~ tq .p~ly-~3 S! UO!}:Jlli}SUO:J
l:dpun 10 666 I ~:JU!S }n:J~}:J~UUO;) U~ pg[[~}SU~ f..}!:J~d~:J UO!}~l:dug3 M.~U [[~ f..[[~n}l!A

'U09~}S qs~[3UH prO ~q} Jo }U~rnqS!q1nJ~1 S,f..31~uH 3~~d!:tlll~no JO UO~~~:JX~ ~q} q}!M

il :}l~!d)
:}JS~N\. P!IOS rue l:}MOdolpAl{ lliOlj p:}A!l:}P S! %S' A[:}J~UI!XOldd~ rue 'S}!UU m:}I:)uu £# rue

l# :}uoJsII!W lliOlj p:}A!l:}P S! %8l A[:}JUlli!XOlddu 'S[:}tlj I!SSO] lliOlj pgA~p S! Ju:)!}:):}uuoJ
u~ p:}}u:)O[ AIIU:)!l{du~o:}g A}!:)l?dl?:) UO!}~l:}U:}g :)!1J:):}I:} pgII1?}SU! :}l{}]0 %L9 '}ugs:}ld JV

.UO~l~l~do I~~~l~unuO~
:t.rnlS Ol I~AOldd~ 'aN-OSI p~A~~:)gl lOll ~q l~un S!ql 'l~A~MOH .ZOOZ l:}qUl~AoN
u~ I!~unoJ 3'U!:J~S ~ql Aq P~l~:)Y!:J1~:) S~M l~~rOld s~ .MW Ol~ 3'U~I~lOl

s~u~qlm ~I:)A:) P~U!qUlo:) pglY-~3' OMl Jo SlS!suo:) q:)~qM 'Sm~lsAS A3'l~Utl ~~I){

rI.

"fOOl q:)lP.W u~ ~pU~:)Sal S~M I~Aoldde ',3N-OSI 'laAOalOW "UO~}e~!:J~[ O} anp

UO~}~n11SUO:) ~:)uaUIUIO~ }aA }OU suq }nq 'IeAOldde 1~:)unoJ ~U~}~S ~A~~l}~rOld
PlOJXO a~ "A\W 9fS" ~U~I~}O} sau~qlm uo~~snqUIO:) pa1!J-su~ a[:)A~ paq!qWO:)
OM} JO S1:S!SUO:) q~~M '(A~laU3: ~!:JImM°.L SU O} panaJal osle) laMOd PlOJXO

"[~;)unOJ 3u~1~S
~q:J UlO.Ij uo~suaJX~ ue P~A~~;)~l suq 1nq 'A;)JdtlD{£mq IB~U A[~}10d:;>l. s~ 1:>afOld

~~ "~A~J;)RU~ s~ 1;)~fOld U~P!1~W ~Q1 1e UO~J;)n.I1SUOJ "(i\\W lRJO} OLv) S1!Un
gU~q1m ~[;)A;) ~U~qUlO;) i\\W S£Z ~l1j su3 OM} Jo S1S~SUO;) q:)~M. 'l~M.°d U~P~W

(

'£OOl U!
~}:)~dx~ S! UO!}Ul~dO IU!:)l:JUIIUO;) 'UU}O} It\W OL) SlO}Ul~U~~ ~U!qro} ~}S M.W
Sf o~ Jo ~U!}S!SUO~ A}!I!~UJ ~u!)[U~d P~lIJ-I!O ue su }! ~}el~do pue 'u~AeH M.~N U!

uo~}e}s qs~I3u3: P;;>}UA~}:)U~p AP~UUOJ ~q} qS~q1nJ~l O} SPU~}U! A~l~U3: ~u~d~uu~n()

.pUOA'dq U'dA'd 10 tOOl 'd~~{
O~ p'dA~{'dp ';}q p[no:) uo~~~l';}do re~:)1'dUill10:) 's~nss~ re~~{ pIm rem:)~~uo:) o~ ~np }nq

'~~'d[dlliO:) A{Ie~U s~ uo~~:)rutsuoJ i~U~~~11~urumS) s~~un ,;}u~q1n~ ';}I:)A:J p~U!qlliO:J

(MW I~~o~ 9£S-) MW 89l pgI£j-se~ o~ Jo S~S~guo:J q:)~h\ 'l~h\Od P10JI!W
{

:~u!pn[:)u!
'UO!lel~do [e!:u~{U{Uo:) Un3'~q }~A ~OU ~Aeq lnq '}U:}WdO[~A~P U! ~m S}:)~rold :I';}qJO

[el~A~S .puersI ~polffi U! P~}:)~UUO:)I~}U! ~q O} ~l~P!SUO,;) S! }! Aue';)!l}:)~[~ '~n:)!}~UUO;)
ll! ~~e~O[ Aue:)!SAqd S! A}!(!:)eJ UO!}el';}U~g peo~ ~~'1 ~qJ I(anoqJ(V .lOOl U! uo!}eI~do
Ie~,;)1Q{uwo~ ueg~q q~~M. '(A\.W l6U AI~U!U!)lll! AJ!{!:)eJ p~°'M ~~'1 ~qJ pue 6S(A\W OS:V
PIOJ~U!I[~M }e ~ll!qm:t. ~~ M.~U ~qJ wo.y MW lVO' ( s~pn(:)u~ A}~~ede:> p~uelsu~ (elOl ~tU

uo!\eWJ°.Jul punoJ6')f:>ea .J° f..Jewwng :z u°!t:>ag



917

"lOOl s;):)mos;)~ pue spe°'1Jo ~Se:);)l°.1 r~:)unO;) 3'u~~S ~n:)~:);)UUO;) :;):)mos 16
.~Odgl- 4~r~qede3-m~eI:)-IeuosB;)SfU10:)";)U-oS~" MMA\/ /:~q :~e ;)[Y I;):)x3: fOOl

,{gw (or "d uo uo~eUlioJU~ AlBUnImS) fO/IO/<; JO se 1-Iodg~ (;);)s) 4~[~qgdeJ p;)m~g[;) [gUOS~;)S 3:N-OSI06

llid~SAS !\JI Si7f dq~ '~n'J!~'JdUUOJ Ie~ud'J-q:Jjou UJ .~Sed dq~ O~ UdA~H MdN U! rue q:Jjou
dq~ o~ UA\Ol-IdiEM rue 'uo~u~nos '{~q}~8: U! lli~~SAS A)[ .s:v£ ~q} ~!M }'J~UUO'Jjg~U! }eq~
S~U![ AJI SIr Aq p~A1~S S! .lJi\\S '{ l-IEd U! p~ssn;)s!p sY ..lJi\\S O}U! pu,;)}X~ ~OU op }nq
'}n:)~'J,;)uuoJ Iel}U~:) ~SjgAe~ osre S1U';)U!2';)s A)[ .s:vf 1S,;)M-}se~ ~3'enoA-q3'!H .1n'J~;),;)uuoJ
re~u,;)'J-~nos 0:). ~U~W Ie:).seo'J lliOlJ 3'U!pu';)~x~ 'p!i3' Pue{3'UH M~N ~~ Jo ';)uoq)['Jeq
~q} S! lli~}SAS A)[ .s:v£ ~q.r .~Aoqe rue (A){) SnOAOI!)[ 69 p~}el S~U!{ jgModJo S~I!lli .s:u'g
jgAO Jo 3'U!:).S!suo'J 'p!i3' UO!SS!llisue~ ~3'e~[OA q3'!l{ 'lOOdtlN ~~ Jo :Jjed ,;)l'p, S~U!{ ~s~q.r

.9 a[qe.L pm £ am3'!.1 U!
liMoqs s~ sau!l Uo!ss!1llsm.I:J. Jo d!qSlaliMO 1;:J,![!~n s ,~n;)9~uuo;) .~n;)!~~uuo;) u~~!M sau!I
UO!SS!WSml} JO sa[!w ~!n;)l!;) LOg' [ Jo re~O} e liMO (rn.) gu!~eU!WnIU paJ~n pm dW'1;)

:J.ln]:J1UJSV.ljU/ UO.lSS.lUlSUV.lL

%Ba~1fa&Yal ill

OJpAq .
[fO~ 0

{t!OO m

JJ?a(:x1U m

stta/[!O 0

o/09Z

%Lv

rrotZOOl

16X!W laD.!! 4!Judu.:) J!.lJJal':i S,JDJpJaUUo.:) -l a.lD~!.!!

il ~m'2!,!I) 1n~!1~~UUOJ U! ~di(1 A3'0{Ouq~~1 UO!1e~U~3'
111eU!UI°pa1d ~q~ ~UIO~~q U!A\ 'A1!I!qede~ I!O I~UJ dill{~eq 1nOq}!A\ 10 q}!A\ 'S1UUld
P~lY Se3' JO 1~~[J A\~U ~q1 'leA01dde I!~unOJ 3'U!1!S P~A!~~~l seq 1~q} A~!~ede~ UO!~el~~3'

3'U!U!l:1UI~l ~q1 JO UO!1eZ!le!J1~UIUIO~ uodn 'PUUI3'Ug: A\~N ~nOq'3nolt{1 UO~1e1~U~3' A\~U 10J
~J!oqJ JO I~UJ ~q~ ~UIO~~q seq se3' [eln1eU 'SU°!1':>~S~l SUO~SS!W~ ~1U~UIU01!A~ 1U~3'U~S
AI3'U!Se~l~U~ pile 'epeuuJ ~!~lleI~V WOlj s~,:>mos Alddns A\~U 'S1U~~A01dUI~ A3'°IOuq:)g1
~U!q1m p~nU~1UO~ 'S0661 ~q1. JO J[eq pUO~S ~q} U! se3' lem1eU 1S0~ A\01 O~ ~SUOds~l UI

J

"p°!.I~d peal :){e~d
fOOl l~ununs gt{1. 10J lJMS 10J uo~}el:Ju~~ reu°!1!ppe Jo MW 08 O'J dn ~U!){~gS sdd"M OM],

pgllSS~ dW'1J 'fOOl Jo ~u!lds ~q1. UI "l:JMS .1°J A'J~r~q~de:) ~SUOdS~l pmUI~p A.relodUIg}
]0 M.W 08 p~dOrgAgp pm dd"M m pgnss~ 3N-OSI 'ZOOl 10d 'q3~~ds~p 3~UIOU03gun
.Igpun g'Jelgdo o~ P~~lOJ Ugyo ~m 'J~q~ 06Pue~U3: MgN U! s~!tln ~u!1.ejgug~ :l.Ie1.s-:){3~nb P~lY

UOneWJoJul puno.J6)f:>ea ~o i\Jewwns :z u°!l:>as



Lv

"[!:JunoJ 3U!~~S dql OJ dWlJ .(q p;)~!U1qns B~Bp tIO p;)Seq '3:S1 :;);)lnOS l6

!.~~?_?~~~Fil-' --

~~~~ -"'"".,...,'" , '

"".,. 1/ .-""
",-N v I

PlJe~l , /' f \ ---" ,.I I

Y 1 ,.J
\I l I -

{'I /,""'--~.
/ I

;z .'"'\ v---< .

...L f
":;I t-L~-1i

I
"'4-..

(

r

(
{
\

: l.

'.-.;/."""\ I

~:"'" C" I

~

--r',.,

"1'
""~

(

~

r

r'~

"

+"

{

Z6duW UO!SS!WSUU.l.L J!.lJ~~I';I Jn~!J~3UUO;) -£ ~.ln~!.i

'P!i3' 'lOOd3N ~q~ Jo t-red ogle ~le P~[SI ;)POlffi

ptre S"~snq3essew ~!A\ SUO~1.:J~UUO:Jl~~U! A){ ~ 1 [l;)q1.Q .Pue[SI ~po~ u~ P!i3' 'lOOd3N
~q~ Jo u°!1lod p~UA\O-P!-ID [~uo~~eN ~~ ~~M. s~'J~uuo:Jla~u~ ~n3~~~uuoJ u~ UIa~sAs

uo~ss!Wsue.q A){ ~v£ ~q1. ~se~ ~q1. °L .su~snq3essew 'M.o[pn'} u~ 'A~dUIOJ 3!l~3~[a
su~snq~essew w~~s~ 1\\ 'AJ,~(~Jn ~~e!(YJe S1c~ 01c fJ.o~!J.lg1c ~3~S d~;) g~ S~";)gUUO~l~1.U!

.
{

UO!teWlOjUI punol6~:>e8 j.o AJewwns :z uo!t:>as



8v

"'JlqEI~A~ 'Jl'JM1-~ J~ 'P~IsI 3'uo! UIOlJ l'JMod 1-l0dUI~ PIlla:>
~n:>~~:>'JuuOJ 'sp°!1~d p~UI'Jp )[e'Jd P~ A:>U'J~l'JUI'J 3'u!1np 'dlOJ~l'Jq} ~'Jlq~IIOl1-UO:> rue
I~UO~~:>'Jl~p~q s~ 'Jlq~J punOS-SSOlJ 'Jq~ UO Moll l'JMOd dq~ "JIqE:> JG ~Iq~II°1l.UO:> ~ sY
"UO~~~z!.I°q~ne o~ 1-:>'Jfqns 'pu~IsI ~uO'J 01- 3:1\I -OSI UIOlJ Anueu~UIop~ld Moli o~ p~~:>~dx'J
s~ 'JIq~J punos-ssolJ uo l'JMOd 'Ull~~ tloqs ~q~ ur "uo~~~l~do Ie~:>l~UIUIO:> p'J:>U~UIUIO:> ~ou

s~q 'J[qe:> s~q~ 'I "9"Z uo~~:>~S u~ p'Jssn:>s~p sy ")(10 A M~N 'u~Aeq)[oolH ~e Pue[SI 3'UOi uo
UI'J~SAS A){ 8El ~q~ q}~M u~A~H M~N u~ UI'J~SAS A){ ~v£ ~q} '3u~~:>'Juuo:> ~u~I UO~SS~UIsuel}
~~q:>l'JUI bGAm ~U'Jlln:> }:>~l~p ~'3~}IOA q3'~q MW OE£ ~ s~ ~Iq~J punOS-SS01J

'(V dI'l) A~~Oq}nv l:}M.°d PtmISI ~UO'l :}q~ pUt3 flN Aq P:}UJ\:\O A[~U~Or S~ :}U~'l
~8£{:}q.L '(:}u~'l ~8£{) :)[lOA M.:}N 'tlodq1loN ptm 10qIeH ){IUM.l°N U:}:}i\\l.:}q punos Ptm[SI
~u°'l SSOl:)U :}Iqu~ JV A:)[ 8£{ U Aq p:}}:):}UUO~ :}l'P. SU:}l'P. I°l}UO~ Oi\\l. :}qt 'q}nos :}q} 0.1

186£ :}U~'l flN) U!U}lin°W ~UO'J ~U :}~~U~ A:)[ ~v£ U Aq p~ IOOd l;}M.°d ){10 A M.:}N :}q} °t

p:}~~:}uuo:) s~ p~ ptm(3u3: M.:}N :}q} '~n:)~}:):}uuoJ IUltU:}~-~s:}M. UI '){10 A M.:}N ptm ptm[~u3:
M.:}N U:}:}i\\l.:}q StlOdlli~ ptm stlodx:} 10J M.°I~ suo~~~:}uuo:) UO~SS~lIIstmlt Jo l:}qwnU V

.M.W DOL ~t? p~~t?l .I~MOd
:>{~!MSUn.I8: M~N q:J!M "){u~1 :JV ue pUB MW ~zz ~t? p:}~t?I ~:}q:}no o.IpAH q~!M. WOUU~A
o~ ")(U!I :JG t? s~ :}1:}q:J 'qJlou :}q:J o~ oslV .sn:}snq~t?sst?W 'l:}AV ~ UO~}t?~sqns PUOd ApueS

A:>{ SP£ ~q:J O}U~ A}~I~qt?dt?~ l';}jSUBj:J jO i\:\W OO~I -DOlI s:}p!Aold ~:}q:}no O.IpAH q:J!M

~U!I :JG II :}St?qd ~I{.l .~:}q:}n() o.IpAH q}!M SUO!~~~UUO~ :}~t?'JIOA t(3~q :JG pUB ':>{~~MSUn.I8:

M~N pUB :>{10}.. M~N q:J~M S~~1-I~1-U! :JV l:{1-oqjO ~s~suo~ S:}~~~~ s,PueI~uH M~N '~!1~qg~S
~~t?}IOA pUB ~~I~qt?!I:}l p~ u~t?}u!t?w O'J ~u!dl:}q ~I~M A'Bl';}U:) ~SO~ MOl O~ SS~~~t? ~p~AOld
St?~lP. I°j:JUO~ ~U!.Ioqt(3!:}U U;J~M.'J~q S~!ll~~~ UO!SS~WSUBj:J;J1:f.L .St?~lP. IO~UO~ ~U!punO.I.mS

q:J!M. SUO~~~;JUUO~l~~U~ UO!SS!Wsuej:J ~UB1-IOdW! ~U~U!'Bw AI[t?~!.l°1-S~ St?q Pug~UH M;JN

.s'3.l1.l31U[ puvl:3u:il MaN

"3N-OSI f..q pa~:).S~U!"Ul~ pue ;)'M:3:d
f..q paAOldde SJJ~:). UO~SS~UlSuel:). a:>~AlaS "){lOM:t.aU reUO~al ~no.Iq:J. S~UMO UO~SS!UlStm.q
aq:J. f..q pa~AO:>al alU s~~sse d.Ld gU~W!1!Ul pue gU!"puedx~ Jo S:).So:> a{{J. "'100d3N
Jo SlaqUIaUl l~UMO UO~SS~UlStm.q ~q:J. f..q p~U!1!~U!1!Ul pue p~UMO alU ~nq '3N-OSI
f..q pa~elado alU dld aqJ. "sa:>~Alas f..~~I~q~~I~l pue UO~SS~UlSue1:J I~Uo~al gu~P!AOld '(d.Ld)
sa~:).~I~:>~d UO!SS~UlSuell Iood alU saU!I UO~SS~UlSue1:J age:).IoA ~!q s,PueIgU:3: MaNJo ~soW

L °889' I
v:96Z'1

0
f"'l6£
0

(~£'g
6O6"'S
(817

69L'(
'l6(

1.611
(fffi
0
1"9

0

{e}°.L
A~8£I ~ t;I I '69

A~ o£z
A~ t;t7£

~U!{ ;)QAH

PUUI~U::!l:
MaN

SaU!:f.U1{ aau:Jlo A If!dW~;)

(s~l!m) S~U!'1 UO!SS!WSUB.ll. ;)!.IJ;)~I::tI: In;)!J;)~UUO;:) pUB PUBI~U::tI: M.~N -9 ~lqBJ.

uoIJeWJOJUI punoJ6')f~e8 Jo AJewwns :"l uoH~es



617

!\\~N '"){Jme~neN 'dOlUOW 'Pl0jI~W 'ArnqdIPP!W 'UdP!ldW 'udpw'eH 'udABH ~~3 'AqldQ '.{mqUBQ

';)l~qSdl:O 'p[dgJ[OOlt! 'ld~BMd3P!1t! '[d~~t! '.\tIBqldt! 'SUB.:! UO:Jedt! 'PI0JUt!1t! 'e!li°SUY 'UO~[!M. ~O~SdM.

'trOISd,"£\. 'pl0JUl'e'1,S 'p{dya3p~ '3illpPJ}1 '"){{e,\\10N 'UeeUBJ M;)N 'q:J~U~dlD 'P[d~B.:! 'uO~SB3: 'ua!1t!Q

'~Odd3P!lt! 'pIOjuelt! :Sd9~[Bd!J!liRUI PUg $u.'t\O~ l~ 3'U!M°UOJ d~ JO ~S!SUO:J .L:)M.S :(;)Jqd8l3~3)
1.JA\S (z) ~Bdle-qns d31.1l ue '~nJqJ~lLUoJ U1aJSdM~nOS :1.JA\S ({) :SB OSI Aq PdillJdP J;:)M.S 96

.P.lq[ ~6

SO#[U11Q"XdPU! IS ;)~pmS rsJU.JUIn:>op rs d:)!A1aS jUlO:J' OS~U' A\N..Mj I: duq

adS .lOOl {!ldy '3'U!ladU!3'U3 pue SUOgelado OSIAN '~oddll a:JuBUllopad UO!$S~SUBIL TOOl OSIAN ~

lOd3:.L'?:I-aN-OSI E6

Pue[gU3 h\;}N U!q}!h\ A1-!:)~~;}[;} JO l;}JSuel};}q.L 'e;}1e 96.L:JMS ;}q} U! A1-![!qe![;}l U~JU!eUI

O} d~:J sd[;}q rue S}u;}~l~nb;}l peo[ )fe;}d S1-~ }a;}UI V dIi sd[;}q ;}U![ s~q.r '~pa;}u
}SOUI S! J! ;}laqh\ 01- h\0)J O} lah\od ~~h\Oue Aq UO!1-:)aUUO:)la1-ll! aq} JO ;}P!S laq}!;} UO

A~u;}~U!JUO~ e O} puodsal ue:) J~ 1-eq1- OS S[;}A;}[ lah\od lah\O[ 1-e p;}}elado S! ;}U!i S'8£ I aq.r

°(17 g1n2!d) ~n~!~~gmro;) O~U! PtrnISI
~uO'l mol] pgMO(J J:;}Mod ugqM p10~1 JO tpuom q:)~g A(IegU U! srnoq uggq gA~q gJ:;}q~

}nq 'P~[SI ~U01 o~ Jn~~~~gmro;) WOl] A(~trnu!wop:}1d uggq A(re~!1°JS!q ~q gU!l ~8£I gtp
uo Mold "OOOl U! gruJ ~M gJ~soddo gq..L .IOOl ptrn '666 I '866 I ~u!JnP smoq Jo AJ!1°f~w
gtp 10J 86£ ~U!l uo P~(~UH MgN OJ ~10 A MgN wol] pgMOg 19MOd 'P10~gl Jo po~d
gq:J 19AO .s~seq A(tpUOW e uo AI~trn~Y~~!S pg~A seq MOg Jo UO!J:Jg1!P pue gpn}!~ew
gq.r S"6"SMog 19MOd (~UO~~:Jgl!P-~q pg~ug!1gdxg Al(e~!1°~s~q gA~q qJoq (gU!l ~8£I) 10qleH

)((eAUoN o~ PtrnlSI ~uO'l 'llodq1-ION wol] pue (86£ gU~l) )(10 A MgN OJ ~n~!~:JgUUO;) (~l:Icug:J
-}SgM WOl] Sg~llg}U! gq:J UO SMO(J g:)~JlgJU! gqJ 'OSIAN Aq pgI!dwo~ ~}~P O} ~U!P10:J~V

(

.plm[~Ua MaN :j.noq'a'nonp
aU!I-Uo awo~ o~ sanu!~uo~ A:j.~~~~~ u°!:J.~1;}ua~ pal1J-~~ Mau ~ laq:J.InJ a~al~ap
I:..ew plm 666 r a~u!s pa~al~p I:..[~q'a'![s ~q a~e}U:}~1;}d s!qJ. .pue[~Ua MaN U! seale an[BA

laq'a'!t{ O} ")[10 A M..aN UJa}SaM rue a}e}sdn wo.IJ uo!}e1;}ua~ pal1J-[Bo~ plm 1;}Modolpl:..q

pa~!ld laMO[ Jo 1:..~!I!q~I!11AU aq} }~[Jal I:..I[Blaua~ pueI~ua MaN O~U! SMO[J 1;}MOd
.leal:.. aq}Jo %L8 }noqe '")[loA MaN WOlJ pue(3'ua MaN O}U! ~M MO[J I:..~laua }au alp 'fOOl

UI P6'plmI~Ua h\aN O} lah\odJo 1;}:j.lodxa }au u uaaq ~q )[lOA MaN 'fOOl O} 666r wold

(Mw) }{.l0 j\ M;}N OJ PUUI~U'.I M;}N .\:J!I!qudu:) .I;}JSUU.lJ. -L ;}lqu.L

"(L ~rqe.L) AI~A!~:)~ds~l
'l~~U!M p~ l~ltIWnS ~~ U! MW S'L9'1 o~ MW OOO'I wo.I] S~8uel '}{lOA M~N o~ pue(8u'a
M~N lliO.I] I..~!(~qede:) l~JSue1J, ~q.L £6'l..r~A~~~ds~1 'l~}U~M p~ l~UIUItlS ~~ U~ M.W OOL'I
o~ MW OOP'[ lliOlj S~8uel pue(8ug: M~N pue '}{lOA M~N ~~A\}~q suoq:)~uuo:)l:;}~U~ ~q~Jo

([U Jo I..~~[~qude:) l~JSuel} }~U ~q.r .}UOlli1~ A o~ '}{10 A M~N ~~u~sdn lliO.I] S~U~( A'}{ S'I I ~~~
pue 's}}~snq:)essew U! uo~~u~sqns dumMS Ie~a O} ~u~I A'}{ O£'l e 'su~snq:)essew ~~s~A\. u~
uoqe~sqns ~l~qS'}{J;}a ~~ o~ ){lOA A\.~N U! uo!}e~sqns sdrv ~~ wo.I] ~u~I A'}{ ~P£ e Aq e~1-e

ro~uo:) ~o A M~N ~~ O} p~~:)~uuo:> os{e S! p~ pueraug: A\.~N ~~ '~n~~~:)~uuoJ ~P!s}~O

f

UO!JeWJ°,Jul punoJ6')f:>ea Jo AJeWWns :Z UO!J:>as



o~

"S1-U!od R1-ep A[~UOUl ~~ JO 1.;}pU~etU~l ~~ WO.IJ (:J~Ut!l
d{~1.leUbld~U~ d~ SdW~ ;;" I) sawa.qXd a~ d~e1.t!~S Sld:J{~A\ a~ uo s:J{1.t!W :J{J~:Jq.[ "ue~p:Jw [eJ~s~R1-s

:Jq1c s~ xoq d~ Jo a[pp~ ~~ U! .mq dq.[ "an s:JU{eA R1-ep a~ Jo %0;; q:)~qA\ U! 'a3Ut!1 :J[~1.l1mbld~U! :J~
~U;)Sa.I~1 S1.t!q pal;}1:f.L "1:puow q:)ea 10J s;}u{e,\ umw~~ pue WUUl~X\3W aq~ uaaMj,aq ueds ;)~ 1-U:;)sal~.I

(S.I;):J{s~qA\) S;)u~[ [g:)~aA;}q.[ "pUt!{3U3: A\;)N o~ :J{.IO A A\aN wo.IJ 1.;}Jsue.q ~dU s';)g~~s ;)u[e.\ ;}i\~1e3,;)u
V ":J{IO}.. A\';)N o~ pUe{3u3: A\aN wolJ q~uow q:)e';) pana]sue.q !t\W s~uas:Jl~l ~o{d "S.I';):J{s~qA\ pu-e xoq"

S~~JO s~xe-A ';)u "lOOl {~dV '1.l0~~ ~:)ueUUOJ.I:Jd uo~ss~suel.L IOOl 'gu~,;),;)u~U3 suo~~t!l,;)do aSIAN L6

.u~AeH M~N pue 'uo~~nos 'uM.o1-I~~eM. '[~q~~ff ~ s~ssnq
A)[ !;"I I mol a~ Aq paAJas eaIl? aq]. :({e:)~:)a[a) J.:JA\S (£) pue ~!...mqpooM. pue 'a3'p~qpo°A'l. 'u~AeH
~saA'l. 'UM.o1-Ia~eM. '!...mqIa~eM. 'PIoJ~tl![[eM. '[[nqwtU.L 'plope~s '!...mq~nos 'uo~[aqs 'mowAas '!...mqxO"M
l:JadsoId 'PlOJXQ 'a~ueIQ 'uaAeH ~oN 'pIOjuelff q:l.I°N 'uM.o~aN 'uaAeH MaN 'pIOj[~W MaN 'p[ag:1!eiJ.

SU~Jelli ~A1~S~l S~1.'elli~1.S~ tS'e:J~10J s,I~:JunoJ g~~s ~q.L .suo~1.:Je 1.U~~geuelli peO{ pue

'f..1.~I!qede:J t10dlli~ UO~SS~lliSuel1. 'S1.ualli~l!.~I pue SUO~1.!ppe !..J,!:Jede:J p~1.ed!:J~1.ue 'At!:Jede:J
P~U'e~SU~ S~pn[:JU! !..J,!IIqe{~Ae ~:JlnOS~I JO A101.U~AU'! S~ .UOZ!1°q gu~{d Je~A-U~1.
e l~AO ~n:JIt,;)~uuOJ UI S~:J1nOS~"M pue speO'J JO 1.S'e:JaIOd e S~p~AOld II:JunoJ gu9~S ~q.L

if5vnfjapva:J.lnooS'a?[

~A/HmOW

z
~111
~

~
~

~I
r-0
::I
QQ

~
§" 0-

~

)

-
L631IJ~ S8EI

.loq.luH '>IluM.loN 0) ).Iodq).loN Mol;il 33UP3)UI 3~U.l3AV (~'.lO)S!H -Ii ~.ln~!.!I

J
's~ugurgl~nbal ~![!qg~S pue '~a'e~[OA 'A~~[~qe![~

~~UI Q~ p~U ~q, pue 'S~:JIOJ ~~"){mUI UO p~sgq ug~q seq seam [Ol1.ll0:J .Iaq1-0 aq1- oJ pue

u°!4eWJOlUI punoJ6)f:>ea 1° AJewwns :Z Uo!l:>as



rg

"SUld!S,(S uo~nqr.qSrp A!~[r.n dpn[;)U~ j.OU
S~P pUB 'S!~SSg 1I0rSS~SU~ pU~ 1I0~!~1;)u~~ JO p;lS~durO;) 'w;)!S,(S 1;)A\00 )[[nq dt{1 O! S1~Jd1 UO~~~~;) S~ 66

"SUOr~JU dsuods~1 pUe(rI;)p
pU~ A!~r~q~de;) !10dUI! 1I0rSSrurSUBD, ~pnr:>~ OSr~ sd:>mOS;)l ;)!etS po1!Bllir!Sa "r [Ol ,(q P;j~~1 ~q [[~
l~P[O p~ Sl~;),( OfT S!!1Jn U~ !e1:{! S;)WnSS~ UO~\1rn;)re;) O~;):>S ur~lWl ;)JU~S~l ~t{.L "lOOl 'S~:>lnOS;)~ pUB

Sp~O'l JO S!S~;);)l°:I m~A -U~.L ,S;I~~r~fl :>~:>;lI3: !n;)~:>;)UUo:) ;}t{1 JO A\;I~Ad~ 'rr;)unO:) ~U~rs j.n:>~:>;}UUo:) 86

PueIgU3: M.~N u~ S~SO'J UO~}S~guo'J p~}'J~ro1d ~q} ~~q} P~}~UI~~S~ ~q :;IN-OSI 'PueIgu3:
M.~N Jo U~ SSOl'J~ paz~~~'JOS aq 1aguol ou U~M. pue '~UO~ S1~UIO}Sn'J }n'J~~~uuoJ Aq .1°J

p~d ~q U~M. ~ale-qns P10Jum~S-)[I~h\lON ~q} gu!pnl'Ju~ .LJM.S 10J S~~leq'J uo~~s~gUO'J ~q~
'tOOl 'I q'JleW Jo s~ 's~lill (aws) ug~s~a ~~)[leW pmpue~s s,:;IN-OSI l~pUn .sagmq'J

UO!~s~guo'J Jo WlOJ ~q~ U!" slaUIo~sn'J Aq p~d s~ "laplo ~!.JaUI Jo ~no" uo~1~laUa3' aA~suadxa
a10lli urn O} S}sO'J I~UO~!PP~ ~~ .P~oI ~'J°I ~Jti:,JS o~ p~}1odsuel1 aq ~OU ue'J ~~)['Jod

P~O[ aq} Jo ap~s~no UO~~~1aU~g 'J!"-I}'J~I~ ~A~s~dx~ ss~l ~sn~~q S~U~UI~l!nb~l P~ol )[e~d
pue ~~~1apOlli ~a~UI o~ UO~~~l~uag 1~'J°I aA~suadx~ ~10UI Jo uo~~~1ado ~~ ~l~n~l s~~)['Jod
P~O[ ~~~'J!J~a .s~u~suo'J UO~SS~UISuel} o~ ~np ~~)['Jod P~ol }U~!'JY:~p ~ ~ '~~m-qns
~ON alp gU!"pnI'Ju~ 'lJM.S pa~~~!S~p ~q :;IN-OSI 'SUO!~~puo'J 3'u!~~lado ~ualln'J 1apUn

(

.:}IqeI~eAe grno:):}q ~ou op Sg:)1nOSg1 uo~ss~rnsue.I:1:
l:}q~O 10 UOge1gu:}~ 19q}O J! Sle:}A jg~eI u~ s{Ug[q01d A~~I~qe~[gl gAeq II!M ~gle-qns ~ON

:}q} AIIe~:)gdsg pue ,l;)A\S '~u!~ejgdo SU~~gq ~:)gf01d l:}MOd PloJI!W gq} J~ UgAg: 'uO!~~1';}do
It!~:)jgUIUIO:) :}Ao~:)e o~ SI!t!J '1.:JOf01d lOMOd P10JI!W :}~ 'eOle :}~ U! g:)lnos Uo~~e1';}ug~
gI~U~S ~Sg~leI g~ J! 17002: U! ~U!UU~gq Srnglq01d A~!I~qe~Ig1 glgAgS gAeq II!M '(~oN) eOle
-qns P10Jllm1S-")[IeA\.I°N g~ Alleln:)~}led pue ',l;)A\S ~~~ pgpnI:)uo:) SlOuueld UO!SS!llisue.I:1:
HN-OSI '(~odg~ lOd3:.lm llodg~ Imld Uo!suedxg: UO!SS!WSue1,l reUO~g~ lOOl g~ ur

.Spueill~p J:;}illO~Sn:> {Unsnun SU U~h\ SU 'S~~SSU UO!SS!:UlS1:mj:J pue UO!~~~~3' ~oq

]0 S~3'U~no (~:J10]10) p~Inpgq:Jsun pug ~:Jue~~U!Ulli ~lnpgq:Js 3'll!~~IJ~l '(Ug~sAS 1:;}h\od

){Inq ~~]O uo~ul~do ~qJ 3'~UInUI!s Aq HIOi u su pg~uJn:JJU:J AIJU:>!tS!I!quqOld S! uo~~!l:>
s~ 66.sm~A U~~ A1~A~ ~:>UO ueq} ~lOill puoI ~~~UI °t I!U] ~ou pJnoqs (UgtSAS l~h\od

){Jnq ~q} ~Uq} U°!l~~!l:> AJ;!I!qU![~l ~~ UO ~suq S! ueId uo!suedx~ UO!SS!illSugj:J s,3N-OSI

's~lnpg:)Old 3'u!UUUId s, iOOd3N U! q}J0] ~~s ~~t!l:> 3'u!~~l~dofiill!llueId UO!SS!UISuej:J

q}!h\ A{dUIO:> 1:utff pug 'pue(Ugp p~.~rold 1:~~UI °t s~:JmOS~l 3'U~.~l~~3' ]0 A:>~nb~p~

q}oq ss~lpp~ ~utff ~!l~~!l:J o. (UgtSAS l~h\od ){Jnq Pug[3'UH h\~N ~q} s~}u1:;}do pug sue{d

3N-OSI '1:1~1 s~t]O (OZ.Z UO~t~S u! pue I 1JeiI 1J0~'"?I }~illSS~SSY ~tff U! p~ssn:>s!p sy
°3N -OSI Aq S!suq I~UO~~l U uo pa~:Jnpuo:J ~Ie 3'U!llueId pue S!SAI~ug A:J~nb~p~ ~:Jmos~'"?I
° A}!:J~du:J UO!SS!illStmJ:J su ll~h\ su s~:JmOS~l UO!.~l~~3' q1:oq Aq p~l!nOOl ~q }SnUI A}!{!qU!{~l

UI~}SAS }~~ 1::>~] ~q1: s~m:>sqo ~UO[U }n:>~~:J~uuoJ 10j U.I3'IeUI :}Al~S~l]O UO!JuJn:>Iu:J :}q.L

(

,,'U°!2~l ~q1. U!"q:J!M.
s~:)mOS~l ~1.~nb~puu! p~ UO!SS!WS~l:J ~u~!:)YJnsU! O} ~np S~IqOld A}~I~qe~sU! ~~~}IOA pIm

S:}~3U~~:)g~p Alddns q}~M. P~~1.~~1q} ~.rn 1-n'J~1.~uuoJ ~~M.q1.nos se q'Jns Suo~~lqns ~WOs
'lgA~M.°H '~sn gu~nu~~uo'J 10J ~Iqe[~A~ U~UIal HN-OSI ~q} 01. P~~1.~WUIO:) S10}~laU~g

~A!~:)~ U~ ~p~AOld 'po~~d ~se3~10J ~qt ~u~np pIm~p 1.~~UI 01. ~1.enOOpe ~q O~ p~~~d~3~~Im
~1'B s~:)mOS~l A[ddns s,~~e~s ~q.r" '~~q~ s~pnI:)uo:) 1.I0~1 I!:)uuoJ gu~1.!S ~q~ 'su!2.rnw

~AlaS~l p'~J~UI~~Sa ~q} uo p~seg g6'A(~A!~3~d~1 '{lOG PIm-vOOl .I°J %If p~ %S'v Jo

f

UO!teWJOjUI punoJ6>1~e8 jO AJewwns :z uo!t~es



l~

.S;!{Iu M;!U ;!S;jq! O~ ~;)~fqns ";)le UA\O~~{PP~W
pile ';}[{~UOW '~odd'Jp~g '){leA\loN 'u;}AeH A\~N 'ploJI~W ~ uO~el~U;}~ Jo MW OOL 'l /i.{{e~u;}~Od .WOl
Jo pU"d ~q~ Aq SIO}\U;}U~a P;!llj-[~O l~P[O uo S}!lli~[ uo~ss!lli~ :;)p~XO!P ffiJ[nS s~sodw~ q:>!q,"t\ '\79-l0 .oN }:>Y

:>![q~ Jo S}U;)UI;}If;nb~l ;)l{} {{!~M A[dmO:> o~ ~Iqe ~ I[~M ~u~Id I[e }eq} S~umSSB /i.1o.u~,\~ ;I:)mOS:Jl ;}qJ. tOI

.~o@~ {~iI .900l puJZ fOOl UI~}S/i.S ;)~;);)I3: ){[ng s,}n:>~.:>~uuoJ ~.Bl;!do i.[q!?~{~~ o. p;}1J!.1b~~
s;!~mos~~ g~!?l;lU;)O ;)qt Jo ~U;!UISS~SSY {!?;)~:>~.L .fOOl '6l /i.1en~f .3U!UU1:!Id W;!~si.S 'aN-OSI 101

~od~~ lOda..L~ 001

.paJ:;}p~suo:) °!lCua:Js a~e~no pa:)lOJ pue pueUI~p aq~ uo ~u~puadap , MW

00£ o~ OL I Jo a~ue1 e o~ pa:)npa1 s~ [reWoqs s~ '900l f..q ~u~~e1ado s~~un P1oJI~W

~oq q}~M 'UIa~Sf..S ~u~~s~xa aq} ~uaUIalddns O} papaau aq [[~M sa:)lnosa1 Mau
Jo M.W 0817 }noqe 'p'd1ap~SUOJ 'dIe S'dse:J pueUIap q2~q 10 a:JU;}1:JJ;}l 900l a~ U'd%

.O!JeUg:)s g'ae1:no pg:)lOJ g'aejgAe m jgpun pgpggU gq II~1:S PlnoA\
A\W OPI 'pg1:eA~1::)egp gJe 8 pm L S1:!Ull UOAga rue uo~elgdo Ie!:)lgmmo:) gAg~q:)U
S1:~un 'au!Jejg1Jg'a 19i\\Od PloJI!W i\\gU ~oq 'aU!UInSSY .Sg:)1nOSgl UO!JUlgUg'a
'au~S~Xg g~ J1Jgwglddns o~ lJA\S U! pgpggU gJe Sg:)1nOSgl i\\gU Jo A\W 00£ ~noqe
'°!JeUg~S g'ae~no pg:)lOj g'aejgAe pm sp°!1gd PUO[ puemgp q2!l[ fOOl g~ ~ggW oj,

oggfBgp JgSSg{ e o}
}nq 'S}ygugq gp!A°ld os{e PlnoA\ .LJA\S U! glgqA\gS{g pg:>e{d sg:>rnOSgl Jeuo~!pPV
o~gm-qns "MaN gq} U! pg:>e{d]! gnJeA }sg}egfB gq~ gp!AOld U!A\ sg:>rnosg.r gSgIlL
og:>!J\J:dS]O A}!{!qe!{gl gq} grnsug o~ .LJft\S U! pgpggU gm sg:>rnosgj A\gU Ieuo!}!PPV

'~puw ~m S}~wgAO1dw~ UO~SS~U'el} 10 papp~ ~m s~~mOS~l M.~U ss~Iun
'~~~S JO ~~I!q~~I~l ~ms~ OJ p~l~nOOl S~ ~n~~}~~UUOJ U~ UO~}ro~~~ ~U!tS~X~ IIV

:suo!snI~UO~ Ag){ ~U!M.OUOJ gq} pgU!'e1.UO~ :JjO@l S!T.{.L

'lOI"(~~~~d~~ J:;}UITIInS) A\W 8£ {'9 s~ 1-n~~~~~uuoJ li! A1-!'J~d~~
P~I[~}sli! ~[q~I~~A~ ~qJ 'S~SAI~1:m s~ uo p~sea "~1-~J:;}do o~ S~~~ug~l~~ u~ uo p~n~~

ugqM. :Jm1-S 01- P~I~j A[[~~~O1-S~q seq }~qJ UO~el~ug3' jO }unoum ~~~w~xoldde ~q1- S! s~
}~qJ ~~ua~dxa s, 3N -OSI uo p~s~q , A\W 60 { }noqe ln~!}'JauuoJ U! A1-!'J~d~'J ~u~~ad :Jm1-S

~~!Ub ~qJjO p1~qJ-~UO p~pn['Jx~ oS[e aN-OSI 'u09~PP~ UI '~~m-qns dti.L"M P1:m[SI !dpotffi

~I{J U! Alre~~}~[~ s~ ~! ~sne:)~q 'p~O[ ~n'JH:)~uuoJ ~Al~S A[1-~l!P o~ a[q~[~A~ s~~mOS~l
UO~}e1aUa3' aq1- 3'uoum A}~[~'Jej 3'U~~e1~~~ 1-n~!1-'J~uuoJ 'A[~U~n~ 'P~°"M ~~'1 aq~ ~pn[:)u!

~ou saop ApmS s~ 's~sod1nd 3'u!illm[d 10,1 IOI"900l t(3nol"qJ A~~I!qe~[~l W~~SAS ss~sse

o~ S[OO1- .Ie~!~Ig1:m l~qJO 01- uo~~~ppe U! poqJaw ti'10'1 ~qJ P~z~[!~n ~n~~~~~uuoJ U! s~~lnoS~l

~UHgJ:;}u~~ aqJ JO ~u~WSS~SS~ ~ug~~l S,3N-OSI ln~H~~uuoJ li! ~~{~qg!Ial :)~~a[a uo

pasn:)Oj sa!pmS :fU~~l {eJ:;}A~s pamd;;)ld seq tiN-OSI '1.I0d;;)"M lOdti.L"M ~q~ O~ U09~Ppe ur

to .L;)M.S 01- ~{q~1-nq~1-~
s~so:) QS~q~ JO ~SOW ~~A\ 'fOOl u~ uo~U!W OOf$ 0). OS$ wo.y Q~1ml p{n03 aws IQpun

UO!4eWJoj,ul punoJ6~:>e8 !O !.Jewwns :~ UO!I:>QS



£~

OOloV.{l.q P;)S\?;)lJ;)P ~~S p[oq;)Snoq ;)3el:dAB ;)qJ JBq~ ~:>eJ ;)qJ ;)J~ds;)p
%~.81 Jo dumf B -ZOOZ ~ qJUOUlI;)d q,\\){ 8lL OJ 0661 u~ q1.uow l;)d (~){) smoq J:!BMOI~){ ~I9 wo.1J asn

:>~J;)[~ p[oq~snoq u~ ;)SB;)I:>U~ UB p;)JelnJ[BJ OS[B I.;)AmS ;)qJ 'I.IJUBJjodwI .1.;)AmS {OOZ s, V dII ~ P;)JjO~l
~UlnU ~qJ I;)AO (%9.0) suosI;)d LL8'9 I Jo ;)SB:J1J~ UB -:J[do;)d uo~n~ 8U SB.~ UO~3;)1 ~oJJns-nBSSBN;)qJ

Jo uo~B[ndod IB~oJ ;)qJ 'lOOl 'I I.lBnuBf Jo SB JBq~ S;)~~S;) f..:JAmS uo~JBlndod PUB[SI 3uOi ZOOZ ;)q.[ 90 I

.~-{ .d 'ZOOZ' LI l;)qO~;)O 'UBld 1.31:JUg 1jBIQ VdII ~Ol

.Z-£ -d 'zooz 'LI I~O~:)O 'UB[d 1.31:JUg 1jBIQ VdII tOl
.8 .d 'ZOOZ 'L I l;)qO~JO 'UB[d 1.31;)Ug 1jB1Q V <lI1 EOI

"Ieuuou" uo paseq s! '~AaMoq 'aJeUI!JSa S!~ 901°,(JTmO;) )[IoJJns U! ,(Ixe[n~!t-Ied
'SMOf}, uo~~e[ndod p1:rn sasea1~U! A~~S~~U! A~la~ se 'xeaA lad MW 06 AIaJeUI!X01dde Jo
a~e1 e Jg Mof}, II~M PUBIsI ~UO'l uo A~~~!lJ~a[a 10J pUBwap Ignuue aqJ ~e~ saJeUI~~sa V ill'l

PUV1.s'I :3uo7 uo pvo7 .1.uJ.1tJI3

'){10 A Mg N 'sug~nb

u~ 1UR(d uo~1el~Ug~ POOMSUgAe~ JAW OOZ'Z :}q1 g1elgdo pile :}seg[ 'UMO 1eIp s:}!.Je~p~sqns

sgpnr~U~ osre uedsAg){ 'suggnb u~ ~rnsu!u:}d AeMe){,:>o~ ~Ip pue S:}~1unOJ ){{ollns
pile n~ss~N u~ ~1e~Or s1~un ~u~:){e:}d [:}s:}!P pile s:}u~qlll:l. se3 Zv pile s1uerd peoI-:}seq :}AY

mol] A1~~!l1~:}[~ JO JAW OOO'v 1noq~ S! A1!~~d~~ UO!1eJ:d~~ ':>!.Q~:}[:} puers1-uo s,uedsA:}){
'SJ:dm01Sn~

S1~ o}. A1~~!.Q~gr:} :}p~AO.Id o}. V dI'1 MOr~ 1eq1 sg~~.ugS A.rer[~~ue pue UO!SlgAUO~ A~J:d~

T.{1.!M VdI'1 Arddns pue 'm:}~sAs UO~1llq!.I:J.S!P pile UO~SS!Ulsue.I1. ~!.I:J.~r:} s, VdI'1 g}.~J:ddo 1~Ip

sg!.ffi~p~sqns seq (stl){) 1~~:}S s:}~~s ~!-I1.~r:} s,uedsA:}){ 's:}s!ldI:}}ua UJ:d~sea Arq~}.OU
}.sow '}~ql.I°N ~q1 }no~nollp S}:}SS'B UO~~~J:d~~ pue u°!1nq!-I1.s~p se~ J:dT.{1.0 ~u!l!nb~~ Aq

~puedx~ ~~u~s seq uedSAg)I ':}lnt~n.qs Aoodwoo ~U~P(oq s, OOdSA~)I J:dPUfl 'uedSA~)I Aq

pgUMO AIIoqM s~!.ffi~p~sqns ~U!}~J:ddo O~ {Ilg}.sAS se~ pue uo~}.eJ:d~~ ~!l}~r~ puers1-uo S}~

~llgJsue.I1. osr~ OJ'11'1 's:}!~uno~ )(I°JJllS pUB n~sseN U! s:}!1.!I!~eJ u°!1el:}~~ ~!l}~I:} ~T.{1.
pUB poorS1 ~uO"J uo ss:}U!suq uo!~nq!l}s!p se~ ~m}eu s,OJ'11'1 pg~~;}l AUBdmo~ ~~J:dm

:}{{.L 'uedSA:})l UlIOj O} OJ'11'1 T.{1.!M ~~J:dm seD u°!llfl uAr){Oolg '~m!}. :}UIeS :}q~ W

(

'>01 %OZ JO SUO~}~np~l ~}~ d~~l';)A~ U~ pd}InS~l O;)'1I'1Jo Uo~}~s~nb~ s. V ~'1
..puersl ~UO'l uo Sl~WO}sn~ ~!l:J~~I~ ~U~Al~S 10J dlq!SUOdS~l ~we~dq pug 1~Ssg f..l0}~1n2~1
weq~lOqS S}! pue 1~Id Ie~I~nu Z }U!°d ~I!W ~U!N U! "S~l~}U~ S~! 'W~~SAS UO!~nq!l:JS!p

pug UO!SS!Wsuej} S,O;)'1I'1 pdtnnSsg Aq~l';)1:p pue '(0;)'1n) AuedWO;) ~U!~~~'1
PueIsI ~uO'J ~Ip Jo "){~o~s ~q~ p~l!nb~~ V ~'1 '866 I A~W ur .puuIsI 2uO'1 uo Sl';)wo~sn~
10J S~1~1 A1!I!tn l~MOI "){ddS Ot pug (weqdlOqS) 1ueld 1dMOd Iedl~nN weqdlOqS ~1:p ldAO
ASldA011UO~ dIp dAIOSd1 °t 9861 U! pdl~~Ud UO~t~IS~dr "){1°A. MdN Aq pdl~~l~ sgM V~'1

{

t'Ol'S1~UIo~sn:J re~~uap~s~l 000'096 A[~~'elli~x01dde ~q} 01-
~1~M. %917 ~[~qM. 's~1li01sn:J [e~:JldUIUIo:J pne [e!11.snpu~ 000'£01 A[~1-elli~X01dde ~q} 01- ~1~M.

s~[es p~Z~[eUIlouJo %'l~ '100'l ur £o.[.SI~llio~sn:J UOq[~lli {'{ 01, ~:J~A1~S :J!11.:J~{~ ~u~P!A°1d

10J ~{q~suods~1 s~ VdIl V<Ill Aq ~P!A01d A{!Jelli!Jd s~ ~:J~AJ:.}S {e:J!11.:J~{~ s,pne{sI guorr

{

no!~alI "}{.lO i\ MaN 3q) pmJ pnulsI ~no'1 no A)!1!QU!lalI ~!.I)~al:lr£"z

.
uo!\eWJO~UI punoJ6>t:>ea ~o AJewwns :z uo!\:>es



!7~

"PJq/ 011
"V cII'1 ,(q pap~AOld no~~~°JUf: pa~~pdfl 601

"lOOl 'I I ann( 'UO~[~H noi3~unH '~nga~g latIIO~snJ ~lIno:):)V lofew I sre~:)YJO ~ualliWaAof) V dI'1 801
.po~d Iea,(-o£ lo~d ;)~ ldAO "s,(ep ;);)fF,;)P"

5~ pal1!1Ul~~~p '5~U~Uial~nb;)1 3'~[OOJ P~ ~~~~aq a~elaAe a~ s~ pa~ernJ[t!:) ,([[elaua~ s~ la~eaA\ [eUll°N LOI

~SUOdS~l p~UI~p S, Villi Jo ~d s~ p~}~l~do ~l:)M s}~n A:JU~'31~UI~:)qj, °l:)UlUIns
}~I S!~q I:..IelodUI~} ~ uo P~II~}SU! osI~ :)l:)M }~~ S10}e1:)U~'3 A:Jua'31;}UI~ p:)}unOUI-:){~n.I1.

~q}~1J :)Iqe1-Iod Jo MW OOl :)pnI~u! }OU s:)op 8 ;}Iq~1. U! P;}}S!I A1r~I!q~d~:J I~}O};}qj, '~:)d
lOOll~ununs :)q} 10J UO!}~le~ld u~ s~~q ){:J~11--}S~J e uo (sOO09Wi) S~U!qln1- uO~1-SnqUIo:J
M;}U Jo MW 8017 II~}SU~ O} ~qoID idd pue }uaUIdoI~A;}a J;:31~u3 uedSf..~)l 'A'3~U3

'1dd '~u~d~J q}~M S}uaUId~1'3~ O~U! p:)~~ua Villi 'pueUI:)p ~UIo~sn:J 3U~MO1'3 SS~lpp~ 01.

"/tAW vL9'I
Aq A\.~i3 peoI ){e~d 'po!.l~d ~urns ~Ip jgAO "S~!Un (J;.'i,jgU~-O~-~~seA\.) A1~AO;)~l ~;)mOS~l pue

~[;)A;) P~U!qUIO;) l~ueUIS JO ~~uel e pue '~ueld mL\Id. "W pIeq;)~ /tAW Sv Is, V dAN '~ueId
jgA~ ~u!pe/tA /tAW ISl ~Ip ~pn[;)u! S~!~![!;)eJ ~s~q,L "PueIsI ~uol uo ~U!I uo ~~nolq
seA\. ~!;)ede;) UO!~e1~~~ ;)~~I~ A\.~uJo A\W OS9 AI~~eUI!XOldde 'IOOl pue LL61 ~~~~a

'(8 ~[qu..L) M.W v8L [~:t.o:t. s~:)mOS~l ~suq:)md
1I)!t\od ~s~q..L 'P~[SI ~q:t. JJo P~ uo S1I):)np01d 1I)!t\od ~~p~~pu~ p~ y dAN q:t.~!t\

S}~~~i3~ ~suq:)md 1:}!t\od [eJ:}A~S suq p~ }~[d m~[:)nu Z :t.u~od ~[~W ~u~N u~ ~mqs %8 I
~ SUA\O OS[~ Y dI'l 'U09U1:}u~8 ~dSA~)l ~q:t. O} u09~PP~ UI 's:t.!Ull ~dsA~){ ~q:t. Jo }nd:t.no

P~ A:t.~';)~d~:) I~:t.O} ~q:t. o~ }q8!l {Ull1';)U.I:t.uo:) ~q1 suq Y dI'l '(8 ~Iq~..L) ~dSA~){ Aq pgU!t\o
S~U!q1n:J u09snqwo:) P~ S:t.!Ull um~}S I~ssoJ 8u.£8~ ~m s~9~I~:)~J ~~q:t. JO A:t.!l°[uw ~q..L
'(8u9ro 1:}{UUIns) M.W ~88'v AI~~~w~X01dd~ Jo A:t.!:)~de';) UffiUl!xum ~ p~q ZOOZ 10J P~IsI
8uO'] uo pa:t.u:)°I s~~:t.~I~';)~J U09~1~tIaD 's~:)mOS~l U09~1:}~8 P~Is~-uO uodn AI!A~~q AI~l

°:t. p~q suq P~IsI 8uq'] '1:}!t\od :J.Iodm! °:t. A:t.!I~q~d~:) UO!ss!illS~.Q p~:t.~m!I q:t.~!t\ P~IS! ~ sY

S3:J.lnO5'3N UOlIV.l3U3D

.1gMOl 10 l:;}t[3!q gq p[no:J ~M0.r3 P~O[ ~gd [~m:J~ 'mgA
.,fBUllOU" ~ U~ 1~~ g)[~[un gm A1W~umq plm }~gqJI OII.l:;}y~gl:;}q-. %L'l plm fOOl10J %6.{
JO qVt:\OId plmWgp ~ pg1:Jgf01d V ill! 'fOOl /Jenlmf U{ .SlP.gA Ol 1XgU gq1 19AO 'g3~l:;}A~ uo
~mgA 19d % 19.( plm 'SlP.gA ~oq U~ l:;}~~gM [~UllOU 3u~wnss-e 'fOOl O} lOOl UIOlj %~8' {
MOId O} pg1:Jgdxg s-eM P~oI ~gd s. V ill! ')[oog PloD lOOl aSIAN g~ O} 3U!P10:J~V

l~S ~M A\W Lvv'vJO pImUIap "){e~dJo plO~al pU~)[aaM
601

MaU e 'lOOl ~sn'3ny '3u~na °IOOl Alnf ueqJ Jaq'3~q %LI 'q}.AW UO~II~UI 68"(;"l aJaM

s~~UIa.r~nbal y dI'I !;}~ 'lOOl Alnf JO ~UOUI !;}l~~~ ~q~ .roa °lOOl JO JaUIUffiS aq~ '3U!.Inp
1.!;}S aJaM Sp.rO~l a8esn AImUI '~~eJ ur gOI 0 A\W. SLL'v JO peal "){e~d p~1.se~a.roj !;}~~u!paa~x~

'maA lo~d ~~ .raAO ~Seal~U! %L"l e '3U~~~s~ldal '(A\W 9£ Ala~eUI!"X°ldde 'Y <L\N

Aq P~!lddns 1.°U peal led!~!unw s~pnl~xa) A\W 6S0'S o~ MW O£I ue~ alOUIjO peal ){e~d

~ aseal~U! ue pasne~ Ja~eaM 1.0T.{ Ala{U!;}.I1-x~ 'lOOl JO l:}ununS ~~ ~u~na LOI °la~eaM

uo"eWJoj,UI punoJ6)f:>eg ,1° /i.Jewwng :z UO":>8g



ss

'fOOl Jo PU;} ;}q~~"e S;}il;dx;} ~u~Id l;}A\Od l"e;}(:)i1.U ){:>~~dZ1,~.:I ;}q1

mol] (1;}urumS) A\.W v'll 10J VdAN q1~ .:>~~Uo:> ;}q~ ';}[d!uBX;} 10.f 'S;}~BP U09~il;dx;} .:>~Uo:> sno~~I\ 'VII

'SUO~~B:>O[ sno~BI\ £!I
'uB[d A31~u3 1JBlQ V dli ZII

'lOOl 'LI 1~0~:>O '17 ~B AlBWWns ;}A~n:>;}x3: '~[d A31;)U3: YBlQ VdIilll

v66t
I~O '~OuuA(d V d}..N Sv[

~((s~U;}~;}:ffiv l~M.°d ;}s-eq~md

II
9
9

re~o~qns
v-l )(ne~uow

UO~dUIeH ~se3
uo.lIsnqmo.) /vlu31uI

1961
1961

[!O
[!O

698' I113~o~qns

(
[IISOOO9Wi

~:)~1J.. :t.sud

UO[Aq~g :t.S~ M

1 p[oqq:t.nos
1 uo:t.dumqq:t.nos

ureq~lOqS
1-9 uo~JJ~r :J.l°d

1-9 :J.lodq:t.lON
0 I -[ ~U~As:t.[OH

£-1 POOM.~[9
I uo:t.dureH }SUH

J;}A~ ~~~ 1\:\
ZI -I ualmg .d"H

sau!q.ln.r UOpsnqUl°.:J

2002
IL61
v961
f961

IL61 '9961
9961
L961

~L6I-vL61
ZL6I-L961

OL61
6861

IL6I-OL61

~D
Iro
Iro
Iro
I!O
I!O
I!O
Iro
Iro
I~O
I!O

I~ '~D

80t?

8t?

t?I
01
S'9

S'I

S'I
OLS'

III
II
IS'l

O££

(

(

lrrS3J.lnOS3H UOp8.13U3~ pu81s1 ~uo'1- 8 ~lq8.L
(
~

111"~~U UO p~seq ~qt I.O{~~l O~ I.~!{~qe ~qt SU~e~~l V dI'1 ~nq "lOO'l Jo J;}UIUmS aqt
~U~MO{[OJ ~:>!..u~S WOlJ p~AO~l ~l~M S1.~Un ~s~tU "S"S"l uo~~:>~S u~ ~ssn:>s!p 'we.ti,Old

uo!teWJOIUI punoJ6)t~e8 10 AJewwns :z UO!t~8S

P£9'z I~}o~qns
0961 '8~61 I!O's-eD m P"£ uo~JJ~f pod
LL61 -L961 I!O 's~D OZ~' { P -11-lodqpoN
P~61 'Z~61 s-eD 6ZZ ..~ 'P POOA\U~ID

£~6 I s-eD 0 I I 17 A~A\~){:JO"N Ied
£961 '9~61 I!O 's~D 68£ Z '{ u~nea "d"g:

sau!q.Ln.r lUvalS



9S

EOOl' S; AJ.Bn1q~.1 '~Si?~I~~ SS~.Id UBdSA~)l SII

~[[.S-OOl Aq IBUO!~e1~do ~q p[no::> ~UBld MgU g~ ~Bq~ s~Jgdx~

uedSAg)l 1::>~rO1d gq~ 10J p~l!nb~l {BA01ddB [BUY g~ S! S!~ .A~![!::>BJ 8U!~B1~Ug8
J~~~[g ~[::>A::>-pgU!qlliO~ MW-OS-l B ~le1~do pUB ~::>tUlSUO~ O~ (X g[::>!l:IV)

pg~N ~!Iqnd rue A~~[~q!~BdlliOJ [B~U~uru01!AU3: JO ~~e::>Y~:JlgJ e UBdSAg)l p~~UBtjj
~U~UIU01!AU3: ~~ .pue 8u~~~S UO~~~lgU~f) ::>~::>~[3: UO pmog ~~e~s :>(10 A M~N ~~
'tOOl '9 Aew uD :>(loA M~N 'A~unoJ )[[oJJns 'uo}8U!~unH u~ l~~UgJ A'31~U3: pBo~
!Iou8BdS gq~ SB o~ pglJ.gJ~l ~UB[d ~IJA::> pgU~qlliO::> MW OS-Z p!d1Y-SB8 Ie.ImBU B 10J

lOOl f..IenUBf U! (pmog ~U!~~S :>(loA MgN) ~uguruo~u3: g~ pUB 8u!~!S UO~~BjgUgf)
J~::>g[3: uo pmog :>(10 A MgN gq~ O~ UO~~B::>~IddB UB pg~~!lliqns A8jgu3: uedSAg)l

:~um.IJ ~W!} ~ooz aq}
10J PUBIsl ~uol uo p~SOdOld ua~q aAuq S~~~~I!:)uJ laMOd 1,uuq:)laW M~U aalq} 'UO!~!PPU Ul

"£00(; aunf s~ ~3arOld S~ .1°J a~~p a3~A.IaS-U~ pa~~d~3~~ue a~ "a[q~[~A~
a(ll03aq sa~[ddns uaqM s~~ [em:jceu asn p[n03 ~nq '[~O [at\] (; 'oN uo a~~lado

U~M aufqm:jc a~ 'SA~Me){30"}:I a~ o~ auf[ A[ddns se~ [~m:jceu a~ uf SUOf}~}fW~[
01. ana '~f3!.I1-3a[a JO A\W ~~ a1.elaUa~ p[nOM q3~M 'Aa-laug: '1dtlAq pa1.3n.I1.SU03
aq O} aufqm:jc uO!1.Snqw03 UO~SS!UIa-MO[ 'a[3A3-aldWfs AaU1.fqA\ ~ ueld Y

"£OO'llaWWllS Aq a3fA.Ias u~ aq o~ pa1.3adxa
s~ ~I 'UOWWO;) [eqoI9 q:J~M pa~e~o~~u seq V ill'1 ~e~ 1.uawaaiBy aseq3111d
J:dMOd e JO SUlIa1. aq:J lapun V ill'1 01. PIOS aq O~ laMod ap!AOld II!M 1.fUn Mau ~~

'1-Ioduaa1Q JO a~eII~A ~q} U~fA\ UOWWO;) IeqoI9 Aq P~1.3n.I1.SU03 aq 01. 101.elaUa~
au!q.In:} UO!SS!UIa MO[ 'a[3A3 a[dw!s '3ed-YfMS AaU1.!% ~ u~ MW ~~ V

'~u!dIUJ qt!A\ }U~UI~:}fj,U :}1-UmmS U Japun sndure:) ~q1.
I..q p:}sn 1-°U l:}MOd IUUO!}!PPU I..ue :}suq:)md II!A\ V dI! .ANnS Jo sndure:) ){OOlg
I..UO}S :}q} uo P~1-u:)°I UO!}UIOmOJ :}u!d{eJ I..q p:}dOI:}A~P ~!I!:)UJ MW 6'6L V

:~pnI~U! S~!:t!I!~~J
~s~~ .MW 68 I 2u!I~:to:t fOOl Jo l~UIUIns ~qJ Aq PueIsI 2uO'] uo s:tueld 2u!){U~d ~:t~J;,do
pue 'liMO 'pl!nq °:t sJ;,dOI~A~P l~A\od qJ!A\ s:tu~~~i3~ A\~U p~~unouue ApU~~~l V <II'}

t78LI~!°..L qns

UO!leWJoJul punoJ6~~e8 Jo AJewwns :z uo!t~as

l'P.~I3nu
Pfl'P.olpAH tIt (z) Pfl'P.ISI-JJO VdAN
suB IIYPueI

Pfl'P.'MSW
'suD '3u!pnI3u!

~ 'sn°!.n"!A ~Z;"l (r r) Pfl'P.ISI-UQ l~q}O



L~

V dll .{q pd~Epdn 'S--£ ~E ~[d A~ldUa yelQ V dI'1 911

.UO~~~~S 'eJ~~UI~f S!~ O} 0<;- AJO uo~llod S,UOS!pa UO;) l~A~I~P
OJ p~sn dlT? £06 p~ 106 s~u~l '}uam~~ut1llT? I~n~:)t1l:1.uo:) l~pufl 'uos~pa UO;) p~ V dl'I

U;)d~dq ;)[qt1:) p~UMO AnU~Or ~ s~ 0<;- A;)!U .MW 009 Al~}~W~XOldd~ Jo A}!:)~d~:) P;)}~l
It1UIlOU ~ ~At1q q:)~~ s~u~I uo~SS~WS~l} 0<;- A pue 6v- A;)q.L ip~o'M ;)lOqS o~ ;)!pOoMuna

lliOlj 0<;- A ;)U~'I pUB A~!J U;)PlT?D ~s~a O} ){OOlqU~~ldS wolj 6v- A ~U!'I) PUB[SI ~uO'J
O} 'panos PUB[SI ~uO'J Jo uo~llod }SOWUld~S;)M dq:t q}t1~U;)q 'A~unOJ l;)}S~q:)~sd M lliOlj
S~U~[ A){ <;17£Jo l!~d ~ p~ '(£06 pUB 106 S;)U!'I) P~[SI ~uO'J o~ su~~nO U! UO~}~}S ~:>~~llit1f

S,UOS!pa UOJ UIOlj S;)U~[ UO~SS~UISUBl~ A){ 8£1 Jo l!~d ~ :(S d.m~~d) S;)U!I UO~SS~UISUBl:I.
lnoJ ~~A P.u'3 Iood l~MOd ){10 J.. M;)N ;)q} Jo l~PU!~urgl ~q:t O} ~}:>~uuo:) s~ PUBIsI
3'uO'J In:)~}:)~uuoJ wolj pUB A}~J )(10 A M;)N moll SUO~}:>;)UUO~l~}U~ [~~~~;)I;) P~}~lli~[
~q:t Aq p~U~~l:I.SUO:J S! S~!}unO;) ){[oJJns pUB n~ss~N ~p~s}no molj A}~~~}~[~ ~U!U!~}qO

--_L-

Z8Z'I SvZ L£O'I 18:).0.1
-~

II 981 8v 8£1 £'l
9l ~6 £ l6 f£
vOl 9179 9L OLS 69
£8£ L17£ OIl L£l 8fl
099 8 8 0 Sf7f

-~. ~~IIT"T lu,n T S31!W S31JW (A~
A:J!38d83 J!DJi!3 S31!W 18JoL pUDOJ~.l3pUa p83q~3AO laA313~~JIOA

(

S}3SSY UO!SSfWSUU.I.L puulsI ~UO, -6 3lquJ.

9[[O[gAg[
g~~~[OA f.q S~gSSR gSgq} ~no S~glq 6 g[q~.L °Wg~sf.s :)~-;)g[g s~~ U! suo~~~sqns :)!.I:J-;)g[g ~L I
o~ 19M.od 19A~[gp ~~q~ SgU~( uo~ss~wsml}-qns pUB uo~ss!"WSt:rn1:} Jo Sg[!W (;8(;' I SUMO V dIi

(

3.lnl:JtU1SV.l u/ UOJSSJUlSUV.l.l S, PUV/S/ uo7

.P{oq uo s:)s"B,;) 8u!11!UIl:)d Jaauo!liEdwo';) :)q1 pile UO!1e';)!{dd~

S!q1 p:)';)e{d. S"Bq pmog 8li!1!S :)q1 '1Irn';)!ldde :)1~!1.squs e Aq S[e~1.eW uo!~e';)!{dde
p:)pu:)we Jo 811![Y :)tp .8ll!pu:)d .sa1.e!';)ossy A8laUa 8u!{1:)1.S o~ S}~!l }UaWdO[aA~p
ue p~l1:)JSliE~ f..pu~nbasqns [eqo[D idd l:)e.Q;uo:J laMod ~ Jo f..1~I!qeI~A~un
:)q1 pile s:):)~d f..8.I~ua A\OI 8u~1.~:) '1.~ro1d S!q1JO .u~wdoI~A~P q.~ p~~,;)old 1.°U pilE
.I~AUq e ){d:)S PlnOA\ 1.! ~eq~ pd:)unouue IeqolfJ idd 'fOOl !..mUliE{ UI °)f.I0}.. A\~N

'A1.UllO:J"::'[[O.JJuS 'uA\O1.q1!WS ')fled s8u!")[ 10J pdSOd01d }liE{d ~[,;)A:) d[dw~s A\W OOf
~ 10J pmog 8u!1~S dq1 OJ u0ge:)~Idde liE p~»~wqns {eqoID idd 'lOOl !..mUliE{ Ul

t

"~}';}IdUIo:) O} SlU';}f.. OM} f..I:)}Urn~XOlddu

:))f.U~ pue fOOl u~ ~';}q o~ uo~~:)n.I~suo:) s~~dx';} dNV ":)[loA M';}N 'AJuno;)

~o1JUS 'U';}AUq)(OOl8: u!~ue[d ';}{:)f..~ p';}u!qrno:) MW 08S" p,;}lY-se~ uJo UO!~~ttQ.suo~
10J lOO"l. 'tJ I ~stilinv uo pmog gu~..~S :)q.. mol] UO~~U:)Y~~~~ ~A~~~.I dNV

uo!}eWJOJul punoJ6~:>e8 Jo AJewwns :Z UO!}:>&S



8~

"£:OO£: '8 [ aunf 'asea[~~ ssald VdI!611

"uo~elado [e~;}laUIUIO;} u~ j.°N g, I

Y dI! Aq P:)P!AOld UO~~t!Ul10~ a~Bpdfl ill

"z'S"z UO!}::>gs
U! p~ssn::>s!p S! gll!l S'8£ { gq} Jo :t.u~mg::>~[dgl p~ l~~dg~ "[gSSgA f..gAmS ~ f..q pg3~ump
OS[~ SUA\. gU!l S'8£{ gq} 'ZOOZ JgqUIgAON UI 61I"MJi'l OOI IRU09!PP~ ~ f..q W::>!1.::>gUUO.:>

mol] f..1.!::>~:)g[g }lodm~ O} gU!l S'8£I gq} JO f..1.![!q~ ~q:J pg::>npg.r OS[~ SgU![ gSgq} O}
g3~ump gq} 1.nq 'f..}!::>~d~::> 3u~::> l!~q} ll! pg}!Ul!I s~Iq~:) ~Sgq} ~lgA\. f..[U0 JON "S:t.ugP!:)U!
~~~lP.dgs ll! p~3~ump ~1~A\. S~[q~::> OS'- A p~ 6v- A ~~ q:Joq 'sq:Juom ZI ~s~d gq:J UI

)

.
0917' I re~°.L
811Qu- (JaAHJ ~IqeJ punoS-SSo.l~

Of!'! I~~°.L qns
OOZ (~U~'1 S8f IJ s:)!f!I9fi ~sg:)~oN
Of6 V dAN / uos!PH uo.')

(J\\W) JJW!~ .l3JSUU.I,L mo~
S}Jm!~ .l3JSUn.l.L puulsI uo~ -Of 31qU.L

'0 { ~{qe.L U! p~Z!Jemums s! A~!:>ede:> podw!
s, V illi .u°!tel~do p~seq-A:)U;}~U~1-UO~ l~dold ~p~SUO~ A{~~enb~pe ~ou s:}op q~~A\. 'S~U~{
~1p Jo s:}!~~:)ede:) p~1.el ~q} JO wns :}q} ueq} ss:}l s~ s:}u!I UO!SS!wsuel1. Jo ~!w!{ l:}JSueJ1. :}q.L
L 11'~1.e~do O~ {eAOldde UI1J :}A!:}~~l O~ 1.~A seq q~~A\. '~{qeJ punoS SSOlJ :}qt ~U!pn{~x:}
'A\.W OfT'{ A{~1.eW!XOldd\1 S! }n~!t:):}uuoJ vue Alc~J ){lOA A\.~N WO.y Pue{SI ~UOl O~U! 1.~W~{
l~JSuel1. {e~O~ ~q.r "A\.W OOl O~ POdW! S}! ;J:~~{ SU°!t!PUO~ wa~$AS ~nq 'A1.!~ede:> {eUUOU
A\.W 98l e seq UO!~:):}UUO~~~U! S~ '){lOA A\.~N '1l0dquON O~ 1.n:)~}:)~UUOJ 'loqlT!.H

){{eMlON UIO.l] ~U!i S"~£ ( ~1p \1!A p~ HN-GSI ~m m!A\. ~lc:>~UUO~l:}1.U! O${e S~ Pue{SI guoi

uo»eWJoJul punoJ6)f=>eg:l-o i.Jewwns :z uo!~=>as



'puelAJeVIJ '6u!JdS JeAI!S "'eM46!H ~seM-~se3 9O£~ 'se~!AJes
uee~o JoJ lesuno:) leJeue9 Jo e~wo s,WON ~e peMe!AeJ eq "ew pJO~eJ eA!~eJ~S!U!Wpe leedde

,,~ue~s!suo~ ~se3 Jepuelsl e4~ Jo uo!1Jod S!41 'suo!~eJep!suo~ pe~eleJ-"~!Jn~es puelew04 o~
enp e~!s ~euJe~ul S!4~ ~e elqel!eAe ~OU S! pUB UO!~eWJoJU! UO!~e~OI eU!led!d SeAIOAU! ~uewn~op S!41



09

"\I'dI'l se qJns Sa!1!lU~ 3U!AlaS-puO[ WOlj 1uawAed AJ~JBdeJ R IJa[[oJ 01 a[qR ~q [[!M SlO1RlaUa3 alOIll

Aq~Jal(M WS!URl(JaW "aAJnJ pUtrw~p" t! ~Jm!1!;U! 01 po;:I10A ApU~;)aj a-aU~llIw°:J 1U~W-a3RURW aSIAN ~qJ. ur

"PI '£! odd 'AIRluwns aA~ln";>-axg 'UR[d A3'laug 1JelQ Vdl'l IU

"(Z-~ "d 'UB[d A3'J~Ug IJt!lQ Vdl'lou

:(MW Off) S'd:JlnOS'dl fOOl 'd\{! ~uowe p'dpn(Ju! "d{qe:) punos-ssol:) 'd4.L

:(MW 68 [) fOOl lJlUlUnS 10} 'J[qC[~CAC 'Jq 01 pg1Cd~.)~1UC 'Y dI'l 0:J 1:JC11UO:J
l'JpUn Sg~l1Cd P1!lf1 Aq p'JdO['JAgp 3u~~q S1UCld 3U~)[c'Jd p'J1y-se3 p'J)[:Je1:J-1SC} 'M~N

~(MW O£8) !;OOZ; Aq UO!}el~O [e!:)l;)WWO:) U~ ;)q O}
p;)}~;)dx;) 'S}~;)rOld ;)[:)A~-P;)U~qwO:) p;)ly-sea peo~ ![ouaeds pue U;)Aeq)[Oolg ;)qJ.

:O~ pa~!w~( ~ou ale 1nq apn[;)u~ [[ej110qs s~q1
~;)aw o~ ue(d Aa-laugljU1G V ill! aq~ Aq pa~ed!;)~~ue A1~;)ede;) Mau pauue(d pUU pa~}!wwoJ
.A~!;)ede;) uo~ss~wsue11 pUeUO!1elauaa- M;)U SU [(aM se '1uawaa-uuuw peal pue UO!~eA1asuro
10 uo!~eu~qwo;) e q~nO1Q11UaWa1!nb~1 s~q~ 1aaw 01 S~SOdOld UU[d Aa-laug :}JelG s, V dI'l

°(9 ~ln2!d) I [OZ; l{2n01l{1 J~~A
ldd A\W 00 [ AI~1~UI!XoJddeJo S~:)lnOS~l I~UO~1!ppe P~~.u 01 S1~X~ OS[e V dI'l 'SUl~J201d

1u~UI~2~u~UI ~p~s-pueUl~p 1U~l.ffi" '~l{1 l{1!A\ u~A3 .s~U~[~p~n2 aSIAN qJ~A\ 1U~1S!SUO:)
£ooz; 10J sp~~u A21gU~ S,puuIsrgUO'] 1~~UI 01 AieSS~:)~u S! s~:)mOS~l ~P!S-pueUl~P JO

~P!s-Alddns )0 MW OOZ leUO~1!ppeue 11?l{1 p~pnl:)uo:) V dI'l 'ueld A21~U3 ~JQ Z;OOZ; S1! UJ

.S}u,;}w,;}l~nb,;}l U~~jgW
';}Aj,;}S,;}l [e}O} rue le:)O11° ';}s~W';}ld ~~seq S ,fft dI'l ';}}eu~w~I';} }OU II~M 'l';}A';}MOq 'uo~}e~!J~pow

s~q1. zzl'POOOI';}A';}P ';}q O} S,;}~lnOS,;}l UO!~el,;}u,;}~ ';}lOW }~e~~e o~ l,;}plO u~ s~u';}w';}l~nb';}l

A:J~~ede~ ';}s';}q} O} uo!}e~y!pow e ~U!sodO1d s~ aSIAN '}u';}s';}ld W IZI.SW';}}SAS ~!J:J~[';}

~u!loqq~~';}u q~~M S)[U![ UO!SS~WSueJ:J S,P~[SI ~uO'] 10 A:J~:>ede~ P';}1!W~1 ';}q~ O} ';}np peol
)[eoo p';}:J:>';}fOld 10 %~6 :Jse';}[ 1n 10 UO!}elgu';}~ pue[S~-uO u~e"Ju~w o~ p,;}l~nb,;}l os[e s~ V dI'l

OZ['puew~p )(e~ renuue :Jse~~oJ
SO}! ~Aoqe %8 [ :Jse~[ :Je }O ~AJ~S~J A:J~:)ede~ P~[MSU! ue u~:Ju!ew O:J p~J!n~ ApU~JJn~
s~ V dI'l '~:Je}s ~q:J U! S~!1~[~:Jn J~q10 q:J!M 1U~1S!SUOJ 'SPJePue1s A1![!qe![~J AIJSnpU~
J~q10 pue aSIAN ~q:J Aq P;}qs![qe~s~ S~u~w~J!nb~J gu!uue(d ~y!~~ds 01 1~~rqns S! V dI'l

A:Jvnoapv a:J.lnosaN

'glmJru}SeljU~

UO~}nq~11s~p pue UO~SS~UlSUel} S1~ ~U~AOldUl~ U~ S1UgUl1SgAU~ g)[eUl 01 SgnU~uo:)
V dl'l 'fOOl uI '~:)ueUg}U~eUl p~ 's~pel~dn 'S1UgUl~AOldUl~ Ulg}SAS uo~1nq~1s~p uo
UO~[[~Ul 9£$ pile Ulg1SAS UO~SS~UISUe1'J ~q1 01U~ Sg~!~[~Jej UO~1elgU~~ MgU ~~! O! UO~([~Ul £ [ [$

sn[d 'S~~!~(~:)ej UO~SS~UlSUe1'J S}~ gAOldUl~ 01 UO~[[~Ul '(;8$ pg1SgAU~ VdI'l '(e}01 uI 'S!:)~fOld

gpel~dn 10U~Ul 0 [[ P~~g(dUlO:) pile suo~e1sqns 8l pgpel~dn V dl'l 'uo~:J~ppe uI 'S!~n~l!J
UO~ss~Ulsue11 jO s~l.~w OO[ J~AO ~U~AOldw~ 'p~:Jg[dwo:) gl~M sgpel~dn gU~( UO!SS~UlSUel}

Iewg:Ju! gA(gMj. .Wg:JSAS UO!SS!UlSUel! s:J~ u~ sJU~W~SgAU~ ~ue;)y~u~~s gpew.VdI'l 'lOOl uI

uo!~eWJoJul punoJ6>t:>e8 Jo AJeWWns :~ UO!~:>as



£9

°1:m{J ~~ yelQ lOOl V JII £ZI

(

(

((

£Ulllfld a;J.loosaH pliB sJII3ma.l!OOOH a3.100S3H PIl8(SI ~IIO'1- 9 3.1n~!.!1

{
'S~O(~A~P ~d pl!qt ~!/t\ s}~WM1i1}

(euo!}!ppe ottI! l~t~ 0-' }~XQ p(nO)\\ V df1 '~Z!{U~~\1m ~0tI S~:>QfOld ~S()q} p{noqs
}e~ po.B1.S suq }nq 'Ptm{SI guO'J O. s.~rO.Id UO~t!.mU3g ttmq~m M!dU l;:)tUU\t o. SQdoq
os{e V dn ..<pms .IQPun Q.l\J 'S"S"C; ptm t',soZ suo9~S U! p3SSn3S~p 'suo~do {\1tIO!-WPV

'900'l ,(q MW 6LZ 1iU!PP1J "{; }~n u~nea .13: Jo 3U~M~~

p~ ~900Z Aq MW 911 ~u~pe '£ -I S~~fl1:JA~ a'~pe AI\. Jo ~u~:JMod~'M
4

uo!\eWJQJui punOJ6~:>ea 10 AJewwns :z UO!I:>8S



Z9

(Iro~!pg ~~t3Id fOOl /i.gW) ~P~119 {B:>~S~~S fOOt "UO~B~:>OS$V s~O J:s~gt{J.I°N ~Zl

'( O:)Suell) ~u~[~d!d suo IRW~U!}UOOSuell :s~U!loo~d ~tu~S.IQW~ [fiUq-a'UO{ {Ul~A~S
i{11no.np PUU{~U'iI M.~N pue ){lO A M.~N O~ p~podsmu} ~.m 1.SUO;) J(RD ~q~ tUO.IJ s~~{ddRS suD

-" i " \,

~

~~t~~

" LOOl Jo ~:Jep ':J~~A.I~S-U~ /i.{':J"){~[

e q}!1\\ f700Z u~ p':J:J~':JfOld S~ ~U~:)[e':Jlq pun01O 'p~nss~ u~~q ':JA~q S{CAOldde ':Jsn PueI {~:>O{

~p~u~:Jqo gu~gq glP. S{eAOldde /i.1o:Je[nii':J~ "£00(; /i.{nf u:~ p':J~:)gdxg UO~S~~gp e q}!'\\ ':)nd<I

}n~Q:)~uuo:) gq) ~~J':Jq S! }:)':JfOld gtfi '/i.rmdwo:) g3~SseD ':Jg~A /i.q }n~!}3~UUOJ

'.{mqJ;)}ei\:\ U~ ~SOdOld S~ /i.:J~~~~J uo~}onpoldpgelO~g ON,} J:>9: O.l V-'UO~I'epodSuelt.
~u~{':Jd~d~~OOl '.Iou op ~OJ':JJj;}q} puR 'till}~SA.S f..}~r!.l1 se~t~:)oI ~~ uo P~}'e:)(){ f..{(~m{J:gg
!JlP. s':J!.~{~:)~J ON! .U':JM se ON'} Aj9nb~( w~ l~~ g~ueld ,;}:)~A.IM,"{~ GIe sJ;)q~o ';}t{:}

~ON,} ':J~ ~Z!JOd'eA pm ~lO~S m~ 1.~q) SIUU!UllQ) a1.~ua}~s ale sa~}!I!:)eJ ON! at{:} JO ISOW

pil~~S!a:J~ ~~'el0.S~q~ O:J UO~!Pp~ u! 'SW0}SAS ~~~[!}ng~~ ':Jm uo ]:)8:, r. S1 S! prm(~Ua

~~N U!'AJ~:)'ed~:) ~~~10~S ON,} {'e:J0j, 1:)8: P"£ 1:nQq~ S! ;)[10 A M':JN U!AJ!:)~de(} agroo1:s

OO~ {mOL ~pue~ua A\~N U! sreu~UUQ} ~~!n~}~S 01: s~:)nJ;1: ~}~~!lJ~ ~!A ~dd~ s~
::~~m,p~b!1 se P/J°8: I.O l';}t{1:om sl1{d '~U![';}d!d ~!A J(}~O'I punOlU ~!{~q~deo }n~p~SAI~P

~~xum ~ P~J:)8: ~..£ Jo f..t!:)ed~o ~~~lO.S e seq segrns.IQ ':Jseoqpo:N~q} U! }u~od 1:d!~:)gl

cBN"tA(UO ':Jt{:} 'uO1.s°8:Jo ';}p~s.no 'U~~Aa U! {UU!tJ1t~. SR~!l1.S~a ';}~lP.[ a~ 01.SJ!;}:}{ne~dt1s
~!A pg:t1odsuej} S! ON'} 1:SOW "UOSR~S gu~.\?0q ~t{:}~u~SQ!{d~ ~Q:![~d~d }tmtU~{ddns
o~ '~~rs uoP':JlnJ,:)~Tnuem ts~:)~1~q ~mos m'c~joP~r1:cmo1J:.{t;rmunddP~"c~Int@:~T'}c;:i " ~ w~". c ~~':'-~.L.c f~:,,"Q c,-cc ~ .~1~ ,,'C
~sn OS[~ Pue{SI guO'J pue 'f..1.r::)::;)(101'!",~~N,~ue[;~,\\0:~14no.oITrii~Q[{~ .tiij~~s 8::.)' '.,c, ~!(c c! ,\~, t~ "c'" -""',.,,:.. ~J, "'", ',""
~U1.~~q gm ~uunpSWg~gAS .1[~Iri;()} :t1oastrn.l},{~U1{~ grr:lc~eTTp.sei'.~~tn M.~q~~i~:)'.;1~ ...~"c !c..~i',c,"1.c'c "C""'i't~,",,",;" "'c
f..gm os J;)wwns ~t{:} ~U!lnP ~}~~~q,()~ SUi;:~9J .?t~A ~N g1:~dn

pm 'o~UQ 1immnos 'U~~A
:).m Sg!}!fP'eJ~~O1:S ~~A .~}U!A\c .
ptrn ~gel().s pqno.tdJ;)pun:'-teUO!.U~AUO~ uo -

{1?1nJ,~u 'Up~ImJ pIm ~seoJ JrnO ~qJ molJ seg I~1t\)~U" c

'e~~rvPURPepmuT molT 1..[~Titttd 'S1~*q~~TAL"~~T~A~;ln rn~1 0.1.. '"3".. ..~~'Jf~~~~l~"c ~

ON,] ~~ o~ ~~A![~P '(ON']) S13i} [eJ.n}eu p~y~nbg P~~! ~ s~![(tdns ~ S,U~~~l

~t{} 10 % I I ~u!U!e~ G)'{.L ..(% T r) ~!~OOS UAON

'p1:m '( % ft) ~oou~~uo~-p~W p1:m :}Se°3 1{no ~~ u! sP{~Y ~~~npo,I4"s. n~~ '(%:liJV uP~3

~~s~.M. molJ ~~uu~!lO PUU[~Utl M~N 10j s~![ddns suO 'fS13~q1.I°N ~qf O~U! UPUUU,:)
W~.SQh\ WOlJ S~!f!:Jmmbsn~ .uuoY.niii~s gu!1-Iod~ uu~~q ~U!{~d!d S!onbOl{!;J~ '(;661 U{

.A[9A9:>GdsGj

'J~g IL f' { puu '(J:)g) 1.:)gJ :)!qn:) UO!u.~q t7£L 01. pG~uno~ :)(JO A M;}N Puu ptmlgug MGN
U! u09dumsuo:) s~~ ~1n1.~U 'I OOl U{ lseOJ J[fiO G~ u~ S;}~OS A[ddns l~u09~pe~ lliOlj
~A~p S! ){10 AfA;~NPW PW{gl,lg: M;}N u~ ~umsuo~ ~~ Immeu Gq1. Jo ~SOUI 'AI~:)!l°1.S!H

'(%v ~loA fA;;}N: WG:}~M. O} $ll.()U~~!P~! u09~npold UlO.lJ ptm '(%LS) SUO~Ql
~u!:)npold ~OOU!}UO~-P!W ptm~seoJJ[nD 's'a ~qJ '(%{t7)epetmuwG~MmO.lJ ~~os
~m s~!{ddn$ geg s.~loA M.;}N .~g [eln}'Uu Jo A.lddn~ snou~~~pU!OU set{ poo{8ug M.'.)N

W::IJ.sxg ~N['I'.:tdJd SV9 'IV¥lU VN: '1VNOI~qpOl

UO!leWJo,..,." pun:OJfj~=>e8 }O NeWWns :z UO!t=>&S



£9

dl{1 10 snu~llU~1 dl{J 19 Wd1SAS AJ~[~';)gd )(10 A MdN dl{1 01U~ S~Wn[OA [gUO~1~Ppg SldA~[dP
rue punos pue[sI 3uO'J SSOl:)g SPUd}Xd s~onbo1I In:)!1:)~uUOJ w~l{~nos U! sl~:)npo1d

1dMod rue S~~1~I~1n se3' 01 P/1jg ZoO JnoqR Sl~A~[~P rue '~~ss~uu~..L rue u~nbu03[v

~~A MOg PUg ~lnss~ld l{1~M PUg[3'U3 M~N S~p~AO1d s~onbo1I .su~Sgq A[ddns 3'u!Jddwo:) U!

sl~';)npo1d [~A!l 3uowe UO!1!J;)dwO:) p~u~1l{3~~l{ Sgl{ s~onbo1J 'SUO!1~1S uo!ss~ldU10:) M~U 10

Sd!.ldS U l{3'no1l{1 A1~[~qgdg:) A1dA~[~P ~U~[U~uUJ SJ~ 3U~SR~1:)U~ Ag "1S~~l{1l0N ~l{} U! S:)!UJ~UAp

A[ddns p~l~J[U A[[g1u~UJepun1 Sgl{ s~onbo1I 'UO~Jg1;)dO 3'U!:)u~wwo:) ~:)U!S "1n:)!~:)~uuoJ
3'u~pn[:)u! 'PUU[3'U3 M~N 01U! SR3' P~JlOdSUg11 A[[UUO~}~pgj1, ~Agl{ ~~ss~uu~..L pUU u~nbuo3'[V

(

{

(

JSBO}q:J.I°N 3q} ~U!A.l3S W3}SAS 3U!13d!d se~ 3}tf}S.l31UI -L 3.1nj!.iI

.t .puelgug M;}N
O} ,(l;}t\~(;}P;}llOj s~g l~lll1~U sl1odSUU1} OS(U '}U;}}X;} l;}SS;}( ~ O} '~pUUU:)SU~l.L .,(I;}t\!}~S;}l

')flOX M;}N 'UO~U~PP~A\ pU~ )flOX M;}N '~l~gU~N wall S!Onbo1I pUU ;};}SS;}UU;}.L qgn01q}
,(1;}t\!(;}~1 101 sug (Ulll1UU sl1odsue1} uPUue:)SUB1.L o:J;}q;}nQ pUU O~lB}UO U! Sl;}}U;}:)

};}){l~W 10r~W ;}q} S;}t\l;}S q:)!qM '(ep~U~:)SU~l.L) °P}'l 'S;}U!'l;Jd!d epeue:)suel.L S! epeue:)

Wd}S;}M u,IOlj }~npUOJ AJeUI!1d ;}q.L "(L ;}lng~d) (u~nbuog(v) ,(u~dwo:) UO!SS!WSUU1.L

seD u!nbuog(v pue '(W;}}S~g S~X;}.L) ,(uedwo:) uo~ss~wsuel.L w;}}seg sex;}.L '(~!qwn(o:)

,(uedwo:) UO~SS!WSue1.L suO e!qUIn(o:) '(;};}SS;}UU;}.L) '0:) ;}U~I;Jd!d seD ;};}SS;}UU;}.L

(

uo!teWAolul punoJ6>t~e8 10 AJeWWns :l UO!t~GS



179

"(;}SUOdS;}l lOO'l/p'l/60 ~se3: l;}PliB[SI "pSt-lOdJ ~;})[:>oa)
,."~:>;}fOld ;}U!lqnH ;}lp e~A ~se;}q1.l°N PUg s;}w~~ew q~~A\ UO~:>~UUO:>l;}~U! ;}1nltlJ S~~ ~U!pn[:>U! 'slaq~o PUg
W.1~se3: sex;} 1. PUg 's~onbOlI '~ass;}uu~ 1.lp~A\ suo~~:>auuo:>l~~U~ ~U!~s~x;} S~~]O ~[nS;}l e se W;}~SAS u!nbuo'3[v

~q~ PUOA;)q ;)[qe[!eAe ~1e slped uo~e~odsliBl1." :s~~e~s ~se3: lapue[sI '~SUOdS~l UI ("~Sanb;)l e~eplOO'l/LO/60

J}J3:.:I "pSt-lOdJ ~~)[:>oa) ,,"sa~~~[~:>e] s,~se3: lapliB[sI]O A}~:>ede:> ~lp uB1:p ssa[ A[[e!~Ue~sqns s~ sa~~![!:>e]
au~lqnH (u~nbuo'3[v) s,Auedm°J uo~ss~smu1. seD u!nbuo'3[v UO A}!:>ede:> ~Iqe[~eAe aq~""".. :'3U!A\0[[0]
alp p;}ssaldx;} '~:>~fOld ;}lp P;}AOldde seq q:>~qA\ 'J}J3:.:I ~lp 'A1o~e'3o11~~U! ~~)[:>Op ~SB3: l;}PUB[SI liB UI~zl

°RpRueJ wa~saM vue 'SRXa.r ~U!pn[:)U! '~SROJ ][no aq} U! asRq a:)lnOSa1
[RUO!~llaAUO:) aq}]O UO!~~Rm aq}]O ~q'3![ U! A[m[n:)!:J1Rd 'R:)!1amy q1.I°N U! sa![ddns SR~
aln~t1J 10] Ram ~u!s!m01d R SR papm~a1 S! RpRueJ :)!~ue[~V 'laAaMoH °RpeueJ wa~saM

moll Pf1:)fl L °9 I vue Pf1:)g 9°gZ Sa~e1aAR ~SROJ ][no aq} moll uo!~:)np01d A[!RP '~SR1:JUO:)
UI O[!qow uoxxH S! 10~e1ado ~:)arold aI{.L °Pue['3UH MaN o~ ~u!A\o[J SR~ passa:)old
]0 Pf1:)g S'vO ~noqe o~ }lla[eA!nba 'Pf1:)g S'"O ~noqe Sa~e1aAe Pue[SI a[qes ]]0 SR~ Me1
]0 uo!}:)np01d A[~P 'A[~UallnJ °RpeueJ wa~saM vue ~SROJ ][no aq} U! SRam ~u!:)np01d
[euO!~!pel~ o~ uO!~e[a1 U! [[ems A[aA!~Rmdmo:) S! epeueJ :)!}ue[~V moll uo!~:)np01d

II In:>!~:>~uuoJ w~q:Jnos U! A~!I!q!X~11 pUB A~!:>~d~:>
UO!~~}lOdSUBl} SUa' pUBdx~ II!A\. ~:>~r01J S!q:J ~~q:J s~~~d!:>!~~ osI~ Aa'l~U'iI ~}{na 'P~Isl

a'uO'l o~ A\.°11 o~ '~suoJ JIn!) ~q:J p~ ~P~~J W~~S~A\. wolJ AIq!ssod pUB '~P~UBJ :>!~~I~V
molJ SUa' M.°II~ o~ A~Mq:J~d uo!~~llodsU'el} ~q:J pu~~x~ PInoA\. '){10 A A\.~N 'U~A~q){OOlH

o~ ~n:>!~:>~uuoJ 'u~A~H q:Il°N U! ~u!Iu!um I-J s,u!nbuoa'[V molJ ~:>~r01d ~su'iI l~P~IsI

p~SOd01d S,Aa'l~U'iI ~}{na '){lOA M~N P~ ~n:>!~:>~uuoJ q~oq O~U! ~U:}m~:>~Ids!p ~!A 10

AIIU:>!SAqd MOO O~ UPU~J :>!~~I~V WOlJ SUa' IUln:J~U a'U!A\.O[[e AIlU!~U~~Od Aq~l~q:J '~~SAS
~~n01 ~l!~U~ ~! SSOl:>U AJ,!I!q!X~11 :I:;}~u~.f3 q:J!A\. u!nbuOa'IV ~P!A01d II!A\. s~~~snq:>ussuw

~su~q~nos U! ~U!IU!UW s,u!nbuoa'IV JO pU~ ~SOUIW~~SU~ ~q:J O~U! ~U!'1qnH q'ijno~ MO11

p~SU~l:>UJ .~OO(; pUnOlU P~Ia'U'iI A\.~N U!q}!A\ A~!I!q~du:> ,(:I:;}A!I~P S,N~W ~Iqnop O~ P~~~IS
S! q:JM.0.f3 ~~){lUm S ,N~W JO ~suqd q}ln°J ~~ 's»~snq:>ussuw 'q:JnOwA~ A\ U! u!nbuoa'IV

O~ A{l~A~H U! N~W a'U~:>~UUO:> 10qlUH UO~SOH SSOl:>U IU:I:;}~UI ~u!lUm U S! ~:>~r01d

~U!'1qnH ~~ '~:>~ro.ld ~U!'1qnH M~U s,u!nbuOa'IV O~U! ,(:I:;}A!I~P~l .l°J S~!~!I!:>~J N~W

p~p~dx~ q'ijno.Iq~ s~wnIoA p~SU~.I:>U! ~SOq:J .I~A!I~P II!A\ N~W 'UP~UBJ :>!~UBI~V WOlJ

P~Z!lU~l S! UO!~:>np01d lU~u:}~l:>U! JI 'PIJ:>H £V'O S! PUBIa'U'iI A\.~N O~U! N~W uo AJ,!:>udu:>

A.I~A!I~P IU~OJ., 'P~Ia'U'iI M~N U! Sl~:>np°.ld .I~A\.Od P~ S~~![!~n SUa' Aq p~wnSUO:> S! N~W
qa'nOlq} p~}lodS~l} SUa' lUln:JUU flU '~u:}s~.ld ~V 'A~MU S~I!m O~L A[UO S! ~~UBJ :>!~UBI~V

wOlJ AIddns A\.~U ~q:J 'Sl~p10q S,PUUIa'U'iI M~N molJ S~I!W 000'(; P~ s~[!m OOL'I U:}~~~q
~lU UP~~J W~~S~A\. 10 ~SUOJ JIn!) ~q~ WOlJ S~!Iddns IUUO!~U~AUO:> SU~l~qft\ 'P~Ia'U'iI

M~N O~ U~lU a'U!:>npo.ld SUa' IUln:JUU .lOrum U WOlJ "U!Uq:> AIddns" ~q:J p~U~}loqs Ari~~.f3 suq

N~W '~U!I~d!d ~q:J JO PU:} [e!q.l~A01d ~q:J ~U :I:;}a'UOI ou S! P~Ia'U'iI A\.~N 'UPU~J :>!~~I~V
WOlJ S~!Iddns A\.~U q:J!A\ 's~~~snq:>ussuW {OO~SU~ O~U! ~U!UW q'ijno~ ~S~Mq:JnOS ~~O:>S

UAON JJO UO~~l ~PU~J :>!~~I~V ~q~ molJ SUa' }lOds~l} O~ (N~w) ~U!I~d!d ~S~~q:tl°N

~ S~m!~!lUW ~q~ P~~~Idwo:> Aa':I:;}U'iI ~}{na Oa'U SlU~A ~~.Iq~ ~noqv .UpUUUJ W~~S~M
WOlJ 10 ~SUOJ JIn!) ~q~ molJ ~um:> P~Ia'U'iI A\.~N JO l~pU!UW~.I ~q~ P~ ~n:>!~:>~UUOJ

U! Sl~:>np01d l~A\.Od P~ S~!~!I!~n SUa' a'U!Al~S s~![ddns ~U!I~d!d ~q:JJO IIU A[lU~U '6661 I!~u!1~

.f..~~;) :>y10 A M~N punOle spuoI 1~~0 pue l~MOd ~Al~S o~ punoS
PueIsI ~UO'1 ~no~ pleMJ,S~M 'PueIsI ~uo'1 '}lodq}lON ~u ~u~Iu~m s~~ mol] ~U~I~d~d
l~~S~q:J~SU3: S~! JO UO!~~Idwo:J ~U!le~U S! s!onbOll .PueIsI ~UO'1 ':>y:Jummo;) ~u ~U~I~d!d

u°!teWJOjUI punoJ6)t:>ea JO AJewwns :z Uo!t:>as



S-9

.S:}!J![!ln P:}UA\O lOlSaAU! aaItp aqJ .(q p:}P~AOld UO!letUlOjUI 6lt
.uo!~e!:)Ossv seD lse:)qJl°N Slt

.P!q/ at
"fOOl 'Pl Alenlqa:l "Jsea[al ss'Jld eue:)u3 9tt

se~ 1-nO~~h\ U!eUI~1 1-n';}~1-,;}~uuOJ U1~1-se~ pue U1~~S~h\q1l0U JO suo~~od "UIa~ JO £ II JO

Jjed 10 lIe ~AJ.~S SU~U1 se~ [e~eu 's~~~~';} pue SUA\O~ 69 [ s, 1-n,;}~~,;}~uuoJ JO 6Z \ "SlaUIO}Sn';}

~~v'v[~ ~U~A.IaS ~~e1-S aq} u~ 8Z\su~eUI uo!1-nq!1:ts!p Jo S~[!U1 £90'L plm ~U~I~d!d UO!SS!U1Sue11-
se~ Jo S~[~UI IL~ ~1e ~ldli "s!onbo.q plm '~~ss~UU:}l. 'u!nbuO~IV :}n';}!1-3~uuOJ

~U!S1~A~1- s~u![~d~d ~~e}S1~~U~ ~~ ~uo[e suo~1-e1-s ~}e~ }e se~ ~A~~3a1 sa~}~[~}n se~ mol ali

"JfldG :}t{} Aq p:}~e[n'3:}l ~OU :}IT?, S:}~el

:}soqA\ JG'1 P:}UA\O A[[ed~~~UI e 's:}~~~[~~fl ~~[qnd JO ~u:}UI1le~G q~~A\lON Jo A~~J :}t{} S!

JG'1 q1JnOJ:}q.r .se3 A3J:)u3Jo s:}!1e!p~sqns ~oq:}lT?, seD [em~eN ~n~~~:}uuoJ ptm seD
}n~~~:>:}uuoJ w:}t{}nos ~s:}~~~[~~fl }ge:}t{}l°NJo .<.Ie~p~sqns e s~ seD :}:}:){(mJ... :[Ol}UOJ AJ~[~fl

~~[qnd JO ~u:}~~G ~n~~~~:}UUOJ :}q} Aq ~~e(n'3:}l s:}~~~I~}n p:}UA\O-lO~S:}AU~ :}:IP. :}:}1qL

"~n:>~~:):)uuoJ u~ SJG'1 mol :}:Ip. :}J:)q.I "(S3G'1) S:}~dUIO~ uo~1.nq~s~p re~O( Aq P:}AnS

AUB:>~dA} :}l'e Sl:}UIO}Sn~ se3 [Bln}eu (B~SnpU~ pue '[e~:>l:}UIUIo~ '[e~}u:}p~S:}l 1n~~}~:}uuO;) UI
(

In;)!};)3UUO.') U! 3.1n};)n.lJs8.1jUI PU8 'PU8W3(J 'Alddns s~~ 1~.lnJ8Nrp"z

"UA\0(D[Un S! Pue{SI 3uO'J pug 1-n~~~auuoJ U! S1-a)[leUllOJ paU!1-Sap aq
'al~t1J aq1- U! 'II~ 1-glp sg3 gpgueJ ~!1-uepy Jo ~!1-uenb aq.r "sgale 1-a)[leUl :)[10 J... MaN pug

pue(3ug MaN alp U! S:j.uaUldo{aAap au!{ad~d 1-~gdUl~ II~ gpgueJ ~~1-uepy U! 3u~II!.lP JO :)[S!l
q'3~ pug 1-S0~ q3~ aq1- 3U!punonns sa!1-u~~~un aq1- MOq UMOm{ 1-°U S~ 1-1 .(~J1-loqs aq1- dn

a)[em 01- aA~q {[~M 'a)(nued daaa sg q~ns 'SPlay 1aq:t0 'aUl~1- 1:;}AO sau~[:>ap sIIaM l:J~1- pUo:>as
pug 1-SlY aq1- mol] uo~}~np01d sy "al!dxa sasua~!{ 3U!II~ a1Ojaq SaAl:J8a1 a{Iyap 01- l:Jp10
U! S1a~npo1d sg3 10fgUl f..q ~~O~S ~AON JO tsgo~ aq1- JJO 3U!1l~ ptrn {Io!'}~lo(dx~ ~UO!}~PP~
q~nw ~q °t f..(a:)[!( s~ al:Jq1- '~f.. aalqt 1-xau aq1- JaAQ .ptre(3{I3: MaN 01-~ P/J~g Sv.O
Jo SMO[J sg3 1l~1;}AO U!~tut:em 01- leaf.. s~ Jat~[ 3u~~npo1d u!3aq °t pa(npaq~s ale sIIaM

1a~} puo:>as ~lp 'au~[~ap O} su~aq ~p~treJ ~~1-trepy u~ s{[aA\ ~~}~~ aq1- mol] uO~t~npo1d sy

LZI,,"Sg~~~u~oddo .uguqSgAU~ l:}q'JO
s,eueJu3: JO ~X:}~U03 ~q'J U! ~~l p~.snfpe-)[s!.I ~U:}!3gJnS~ ue ~P!AOld PlnoM. SS:}301d

fJO}e(n3~l gq'J JO g.m}3unf s!t{} }e ~3~rOld gq.r" "feq'J pg}e}S ~q eue:)u3: 'epeue:) 3!}!iepV
10J ~,Sg!}!unJ.Ioddo M.~U 3U!S!WOld" ~q} 3u!3P~(M.0tD[3e gI~ 9ll"S1:3e1} ~lOqSJJO ~q'J

JO 3U~S~W01d }SOW ~q'J ~q O. S.S!3°IOg3 Aq ~1~P!SU03 '}~fOld ~)(nued ~ga uo~U~q l' I $
51~JO ~ugWdO(~A~P uo ,,'Jno ~w~}" fJO}eln:3~l e 10J )[se o~ p~p~3~p eueJug: 'fOOl AletUqg.1
Uf "SgIoq fJp ~A~sugdx~ Jo s~!.I~s e Aq p~M.O(S u~~q seq SP(~g ~3 ~lOqSJJO s,e~~03S

eAoN Jo ~U~WdO(~Agp ~q'J 'A(~U~3~"M -epeueJ ~~'JuepV u~ (~Iqeqold pue ~AOld) J~ff
OOg'l Jo Ie~~u~.od fJaAO:>al gq'J ~noqe SM.~~A ~~.S~w9do p:}u~}u~W ~Aeq sla~npo1d laq'Jo
'g'Jew~}s~ S~A.I~S~l s.~ p~:Jnp~l ~q 'l~~npold A~)( e '((~qS ~(~qN\. "PIJ3ff O"ll~AO ~3np01d
[[~M. Pue(SI ~Iqes '0 IOl Aq .eq'J p:}}ew~~sg 'la~np01d ue~peue;) lofew ~ 'uo~}e10dIoJ

eueJu3: "pue[3u3: M.gN pue s~:JU!Aold ~w~~~w ~tp u~ s~u~(~d~d Jo A~~I~qel~A![gp ~tp
puedxg o~ ~ 1[~M. se JI~qS ue~~o~s :}~ wo.IJ se3 (ero1reu Jo uo!~:Jnpold puedx~ o. sm[(OP
Jo SUO!((~'l p~n~WUlo,;) gAeq ~peueJ u! sl~:Jnpold se3 pue (~O 10rem 'SlegA M.gJ 'Jsel ~q'J uI

~

uo!\eWloJul puno16"1:>eg}0 AJeWWns :Z UO!\:>fJS



99

1l00l) S-OOl-IOOl
'NPodo.] .ual\.I[3a 3U.l[iJd:1J 3IVIS.l3IU/ S,PUI1[a'ug MaN fo S.lSAl"uf/ IU3.ISUO.l.[ puo 3101S-ipO3JS 3:N-OSI ~EI

.lOOl S;):>mOS;)~
pUB spe°'I JO ~Se3~10 .:Il1!.;) A ~.L s~~~I~n 3~3;)[3: ~n3~:>;)UUoJ ;)tp Jo A\;)~A;)~ [~3unOJ 'a~!~S !n3~3~UUoJ KI

'S;)~!~[~!n P;)UA\O 10!S;)A~ ;);)1T1J ;)q! .(q p;)p~old UO~~BUl1°JUI EEl

.puuwap Aep ){ead p;)~Se3~IOJ
s,Q3!J\\.l°NjO ;)A~sn[3U~ !OU S~ l~WnU S~ "Sa~~[~n paUA\O 10!S;)A~ aa1T1J ;)tp.(q p;)p~Old uo~euuOJUI ,EI

.;)Wn[OA .(ep ){t!;)d
s,q:J!J\\.l°NjO ;)A~snI:>~ !OU S~ .Iaqwnu S~ "S;)~~I9n P;)UA\O 10.S;)A~ aa1T1J ;)V Aq pap~Ao.Id uo~euuOJlII lEI

'UO~B~S~V UO~mIIIOjUI .('a.IaU3: 'S"n OEt

aq} jO M.a~AlaAO ~ sJuasa1d uo~J:)as S~q} 'P~IsI ~uO'] OJ a[qeI~Ae saA~JewaJIe A[ddns
se~ p~ uo~Je1-lodsU"e.l1 aq} P~JSJapun 0.1 'P~IsI ~uo'1 OJ a:)~Alas p~dxa OJ Sa~dUIO:)
au~rad~d aJeJSJaJu~ 10j AJ!Un:Jl°ddo Ja){leUI e paJeaJ.:) seq U°!1elaua~ :)!l:J:)ara pa1aM.oda1
pug M.aU ratlj Ol pug peoI ~u!Jeaq a10~ SJ~ aAlaS OJ se~ 10j puewap ~U~M.o13' s, PueIsI ~u°'1

PUB(Sl ~UO'I uo 3.1R:J3D.1:JSB.lJUl pUB 'pUBW3a 'A(ddns SB~ IB.lR:JBNZOj7"Z

S"£t'uo~as
~u!~eaq aq}.]o }.led ~sap(o:) a~ ~u!1llP Slo~e1aua3' ~{ffiq:)larn pue S~!~!(!~n ~~ s,pue(~Ua

M.~NJo s~u~rna1!nb~1 ~~ ~U~P!:)U!o:) aq~ ~aarn o~ Slap1oq s,pue(~Ua M.~N U!~!M ~!:>ede:)

au!(oo!d }ua~:)YJns }Ou s~ ala~ }etp ~~e:>!pu! S:}!pmS s,aN-OSI 'A}!:)ede:) UIlj ,sau~(ad!d
~q} az~(~n SJarno}sn:> ~~ "alo:)" uaqM sA~p }sap(o:) atp uo 'ue }~ ~~elado }OU 10 'SUO~~~uO:>

~~lUlad J~~ lapun paMOue }ua~xa ~q} O~ (!O (aIlj uo A(al }Snrn ptm 's~~q a[q!~~~U!
'~A~suadxa SSa[ ~ uo ~~ a~q:)md S~{ffi[d ~saq} 'pea}SUI 's~ua~1!nba1 (aIlj ~J~Ua s,~ue{d

~q} JOJ s~~q lUly ~ uo A}!:)ed~:> au~(ad~d a~e}Sla}U! JOJ ~:)~.I:t:UO:) ~OU Op A([e:>!dAJ Sa!J!(~:>eJ

~U~elaua3' :>~~a[~ ~~~ pa}OU S~M. }! 'ApmS aN-OSI ~ua~J ~ UJ 'lOOl a:)~s {!:)unOJ

~U!}~S atp Aq ~AOJdd~ ua~q ~A~q }~q} Sa~~{~:)~J ~~1-elaua~ :)~:)a[a palY -~~ MaU JO

A\W lW'l am ala~ '~3' [eIm~U JO PIJ:>g S"v'O A[a}ern~XOldd~ JO UO~1-dumsuo~ umrn!xern

~ aAeq sa!1-~{!:)eJ asat:{.L ,,£tln~~~~uuoJ u! U!O ptm ~3' ~u!qrno:) M.W 660'l 'A{UO

~3' MW voL) UO!1-elaua~ ~!l1-:)a(a ~lY ~3' ~U~1-S!X~ JO M.W ~O8'l A(a}elU!XO1dd~ S! ala~

'sa~1-!{!:)eJ ~~~laua~ :)!l1-~{a ~ {all] e se }n:)!~:)auuoJ U! A(aA!sua1-Xa ~sn s~ ~3' [eImeN

EEI.A:J,!I!q~d~:> ~U!Aeqs ~~d l~/~uedoldJo PIJ~g 90.0 pue A:J,![!qede~
uo~ez~odeA ON'I Jo PIJ:>g f I.O AI~JeU1!XOldd~ qt!A\ '}~uo~ ~pun A:J,!:>ed~~ ~U!I~d!d
Jo PIJ:>g 8<;"0 AI~~eU1!XOldde ~Aeq In:>~:>auuoJ U! sJQ'I ~q.r "pal!Rb~l se S~!lddns
~m:I~d!d }~w2ne sJueld ~uedOld.lo ON'I se q~ns S~!~!I!~eJ ~~~lOJS ~~!S-UO .uo!~t::i:t.Iodsue~

~U!I~d!d ~~e~S.I~~m: Aq p~P!A°ld AI~ueU!"UI°p~ld S! sJQ'I ~qt Jo A:J,!I!qelaA~I~p Aep ~~d

'lE 1'(J~W 000' I 9U J~8: 9 L '0 Ala~~(ll!X01dd~ S! VOO'l/t:OO'l Jo la~U!A\. aq} 10J sa{q!~d~~u!
Jo aA!Sn(~Xa pfmwap W1tJ AUP )[ead pa~~~a10J a{{.L "SreaA aAIJ ~xau aq. laAO A{{tJnmrn

%L'r o~ %S'I 1.noqu A\.O~ o~ pfmwap AUP )[ead 1.~~a10J sJUi pa1.u(n2a.l 1:n~!1.~auuoJ
a{{.L IEl }:>8: 8'0 A{a~u(ll!xo.ldde ~A\. OOO'l U! sJUi a~ Aq pa:>ua~dxa pfmwap AUP
)[ead ~!1°~S!H QE{.%t:'l uo~~e.mua3 1aA\.od pfm '%8 I Sl';)(llo~sn:> {tJ~snpu! '% r t: Sla(llO~sn'.)
(U~:>la(llUIo'.) 'pfmwap {tJ~0~ Jo %8'l ~noqu aumsuo:> Slawo~sn:> {U!~uap!Sa1 ~n'.)!1::>auuoJ
}'.)8: vvI SUM. IOO'l U! uo~dwnsuo~ ~3 {tJnUfm {tJ~0~ s,~n:)!~:>auuo;) "a:>!AIas A~~{!~n

uo!~eWJO!UI puno16}t:>e8 .40 AJeWwng :z UO!~:>ag



L9

'£OOl 'Sl AletUqa:l 'a:>l°:l "J(sel aq. 0. uo~e.uas;)ld UedSA;)){ 8,1
'lOOl ;)Ut\[

'IUiJUliJIVIS I:JVOUlI1VIUiJUlUO.l!I\U3 lVU!.1 puV UV1J ~.liJU31f.iO 1. .113N 'pleOg ~U~ld A~l;)U::I '110 A A\;)N LEI

'~-6
.e '99~O-:l-oO la"J(:>oa 'fOOl ;}unr 'p1eog ~U!l~S ;)~ 0. uo~e:>~[ddv X a[;)~~V '.:>;)fOld A31;)U::l U;)Aeq'(oolg 9E1

'%LO6 -s!onb°l{ '%tJ°~l- (O~sueIL e!A) O:)L3:L '%8°8~ -o~sueIL :SMO([O] se s! Pue[SI
a'uol uo A}!~ede~ ;)U~I;)d!d]o uo~}nq!l}s!p s,ueds"(;)){ O;};)SS;)UU;)L pue 's~onbol{ '(O:)L3:L)
W;)}se3: seX;}.L 'o~sueIL :IIQ3:)I pue mQ3)I O} sea' l;}A!I;)P s;)u![;}d~d ;)}e}s1;}}u~ mod

(SLL'Z) 1L"Z (~VL) 9ZL"O (9£o'i) 186"( le}O.L

(z69) ~9"O (88() z8i'o (~O~) Z6t1"O s~~lddns 3u~){e~d
(£LO'() ~O'1 (v6Z) LgZ"O (6LL) 8~L'O ~3el0}S punoi3l:.}PUfl
(f(O'{) 66"0 (£9Z) L~Z"O (z~L) (£L"O ~u~{~d~d

(8J°.LI'1U'.!DIXNa~3J.lnOS

(P/(qJ<IW) j;)g)
A1!;)8d83 A.l3A!13<I S8~ 18.1RJ8N pu81sI auo'] PU8 A1!3 }(.lO i\. M3N -r r 31q8.L

8({,,'~3 OJ uo~Je~u~3 ';)!lJ';)~[~ 3u~q [~O 3u~Js~x~ 10 UO~Sl~AUO,;) ~q}
rue uo~Je.l~~3 ~.lmt1J ~~S OJ Alddns rue AJ!~ede~ ~3 [eJu~w~.I~U~ .101 p~~u ~q} s~ ~.I~qJ..
'peo[ 3u~Je~q ~.l0~ J~.un~ sJ~ OJ u°!J~pe u~ 'JeQ} p~JeJs ~q uedSA~){ "uo!Je.I~~3 ~.lY -~3
M~U rue speO{ ~.l0~ ~oq .101 se3 OJ {~O wo.IJ SUO~~AUO~ 01. ~np '~3el:}Ae ~P~M-~Je1.S ~q}
~~~1\\1: .10 'Pue{SI ~uOl uo % £' £ 10 ~Je.l ~of? e sJ~~.l°1 uedSA~){ '.I~A~MOH L£ l" .m~A l:}d
%9"110 J~~.l°1 ~se~ q3~ e pue '.m~A .I~d %£'110 J~~~.l°1 ~~';) MO[ e q}~ 's.re~A OlJX~U
~q} ~AO le~A l:}d %S'I 10 ~~e.l ~q} Je MOf? O} ~p~M-~}e}S pue~p se3 {e.lmeu ~~se~.l°1

ue{J A3~ug ){.l0}.. h\.~N ~qJ,. 9£l"A(~A~J~~.I '(q}QW SPU J~a £L'O pue (tpGW 9£0'z)
iI~a O'Z A{~JeW!'xo.ldde OJ dn Jo sJ~w~.I!noo.l Aep ){e~d t~~W OJ s~~.lno~.I ~~!~YJns

Ap~.un~ ~Aeq q~e~ IiG'd)l pue ANG'd)l 'II ~(qe.L U! Uh\oqs sy "aNi WO.IJ pue '){.lo}..
M.~N W:)J~M pue e~A{AsuuaJ u! SP{~y ~3e.I0~s wo.IJ ~u!{oo!d e!A '~u!{~d~d (neq-3uo{ e!A
pood~s se3 Jo x!lli e wolJ ~WO~ S~}s..(s 01\\1: ~q} 101 s~!(ddns se~ Aep ){e~d 'u°!JeJ:J~3

~!lJ~I~ 1011~H OL ~~nl~U! 'J~H lSl s! ~wo~sn~ IiG3:)I rue ANG3:)IAq uo~}dwnsuo~
se3 {enuue (e1.°J J~J.rn~ i(pmaw) Aep .I~d s~q}e){~p puesnoq} l"z) P/J~H
l"l A(~~ew~xo.ldde s! IiG3:)I pue ANG3:)I U! ,(ep ~JU~M ){e~d e uo uo~}dwnsuo~ sea

.Sj:}tUo~sn',) [e~snpu~ pue '[e~',)laWUIO',) '[e~~uap!Sal
uO~U!tU 99. { pue 'sa(~tU aJenbs L I fl' I ,((a~etU!xoldde as~dtUo',) IiQtl)J: pue ANQtl)J:

I..q p~AJ~S s~~o~!ll~~ -a';}~AJ';}S 'sno~!~uo:> ~nq '~~e1'ed:)s o~ ~qJ. .suaano u~ e[nsu~u~d

l..eM.e:5('.)O~ ~q} pue s~~~uno',) :5({oJJns pue nesseN u~ Sl:}UIO}Sn',) o~ s~',)~AJ~S uo~~nq!.Qs!p
se3 s~P!Aold UiU3:)l 10 'Pue[SI 3uO'J f..1~A~[~Q ,(3l:}ug: uedS'(~){ se ss~u~snq 3u~op)

u°!lelodloJ ~sea seD uedSI..~){ .Pue[SI w~e~s pue 'swano 'ul..p{OOlg JO sq'Jn01oq ~q}
u~ 1..1:~J :5(10 J... M.~N U~ Sl:}tU°1:Sn',) O~ sa~!Al~s UO~1.nq~s~p se3 S~p~AOld CJ...NG3JI 10 ':5(10 J...

M.~N f..1~-:\~(aQ '(31~U3: uedsl..a)I se ss~u~snq 3U!Op) l..uedtUo;) seD u°!Uil uI..{:5(OOlg ~tU

.s~8~[[eq:)
[e1.~umo~!A~ pue 1.31~U~ ~1.e[~l pue '~ln1.:)tU1.se1JU! 3u~1.s!x~ ~qi 't~)[rew se3 Pue[SI 3uOi

UO!leW10Jul punolB>t:>ea JO AJeWWns :z UO!I:>8S



89

.Z-6
JB '99~O-.f-OO J;)){:)oa '[OOZ ;)UUc 'pmog ~~!S ;)~ Ol uo~B:)~[ddV X ;)[:)!:t.IV l:);)fOld .(~l:;)U::I U;}A\:!1:p{OOlg at!

.~-6
JB '99~O-.f-OO J;)){:)°a '[OOl ;}UUf 'pmog ~~~S ;)~ OJ uo~e:)~[ddv X ;)[:)!:t.IV l:);)fo1<f .(~l;)U::I U;}Aeq":J[OOlg 6£1

'vOO'l u~ p~~~[dwo:> ~q o~ p~~:>~dx~ OVl'~d~d "O'l q'J~ ~d~d "g Jo S~[~w
g"ll a'U~:>g[~lAq Pug[SI a'uOi uo W~~SAS At~[~:>giI ~q'JJo uo~sugdx~ 1P.~A-~~~ e una'~q seq

ugdSA~)l 'S~~~~[~:>eJ UO~gl~uaa' l'JM.od M~U a'u~pn[:>u~ 'pug~p p~se~l:>li! ~~epOUIWO:>:>g

O~ ~~SAS At~[~:>eiI )[10).. M~N ~q'J JO A~~:>edg:> ~q} pugdx~ O~ pua~u~ ugdSA~)I pug

pa UOJ q'Jog ')[10).. M~N '~[[!AS~[OH pug '~li!odU~~.1D 'e~O~SV U~ p~~e:>°l S}[ue~ ~~~[[~~eS

WOlJ DN'l ~~M s~~[ddns ~ua~[ddns ANQ3:)I pug '['lQ3:)I 'UOS~pa UOJ '.1~~U~ ~q'J
JO ~SOW S~~UI~[ A~~:>edg:> S~~ 1P.~U suru UI~}SAS A~~[~:>eiI )[10).. M~N ~q1 ~sne:Jag 'Sl'JUIO~Sn:>
M.~U ~i\l:}S O} .1~~se~ }~ ~p~W pug ~~1P. A~unOJ nesseN pug At~J )[10).. M~N p~~S~a'UO:>

~q1 U~ A}~:>~d~:> "dn P~~lJ" s~q s~onboll 'AtunOJ )[[olJns Ul~~S~M. O~u~ sea' a'~A![~P

Ag '~~SAS At![~:>~iI )[10).. M~N ~q} SSOl:)e p1P.M}se~ A[~ugU!WOP~ld SMOU sea' Ie1meU
'}u!odpug~s {euo~}e.1~do ug WO.1iI 'pug[S[ a'UO'l p{rg A~!;) )[10).. M~N }no~no~ Sl'JWo}sn:>

uo~~nq!.I}S!p O~ At~[~q~de:) ..(l';}A![~P ~}enb':Jp~ 3u~}u~w JO s':Jsodmd .1°J ugdsA~)l

p{rg UOS~P3: UOJ Aq P':J~g1:}do S! W~~SAS A}!I~:>eiI )[10).. A\:;}N ~qL "(g ~m'3!iI) Pli:e[SI

a'uOi pug At~J )[10).. A\:;}N O~u! pue[)[:>o~ pue ":J3ue.IQ 'umIQUd '1:}~~q:>~s':J M. JO s~~~uno:>
l'JAffi uospnH ':Jq1 SSOl~~ a'li!Pu':J~x~ )[10M}':JU ':JU!I~d!d se3 ~eu ':J.mss~ld-~~ e 'W~~SAS

At~[~:>eiI )[.10).. M':JN ~q1 e!A P':Jl'JA![':Jp s~ Sl~UIo~sn~ I'lQ3:)I pue ANQ3:)I O~ p~!Iddns seD

":}{.IoMtau uo~nq~s!p se~ plm[S!
-uo S1~ u~ .uauqSaAU! 11m~Y!ua'~S apew Ogre seq I'lQ3)I 'ape~ap 1se[ aIp .laAO S.Iaw01sn~

re!~lamwo~ plm [e~uap!sal Mau ppe Apue~y~!S 01 I'lG3:)I paMO[[e seq s!onbOll
e~A pa~ods~ se~ re~eu Jo A[ddns pa~uequa aq.L "pa.eu!W![a 10U .nq 'pa.e!A:)IItf
u:)aq aAeq A[ddn~ se~ [e~eu plm f.1!~de~ au![:)d~d uo s.~uo~ s, PIm[SI ~uO'] 'l66 I U!

u°!1ez![e~~lamwo~ ,8!onboll a~u!s "se~ [e~eu 01 ss:)~:)e aAeq 10U op Pue{81 ~uO'] w:).se:)
U! se:).m (e.IaA:)S 'Aepo. uaA'iI "sdm{ooq lawoJsn~ se~ M:)U Jo laqwnu :)Ip 1~~{ 01- P:):).l°J
seM 'OJ'lI'l 'PIm[SI ~uO'] uo .Ios8:):):)p:).Id S ,I'lG3)I '8066 I plm s0861 :)Ip q~nO.Iql- l~o
uo Al!Ae:)q 8:)![:)1 ogle PIm{81 a'UO'l uo uo!Jelau:)~ laMOJ oS' fl [e1-UaU!1uo:) :)q1 U! S.Iawo.sn~

1e:)q {~O Jo UO!1el1U:)~uo:) 1S:)~!q :)Ip seq U!1S Aepo1 Pue[SI ~uO'] 'ApuanbasuoJ "a:)!1\.Ias
au!{:)d!d }w!:)YJnsu~ peq Aue:)!.IO1-s~. Pue{SI ~u°'1 's!onbOll Jo UO!1:)nQ.SUO:) aIp 01 lO!ld

"'){'JewrnoJ o~ punos PueIsI a'uOi SSOl'Je PloJI~W
wolJ q}ed UI~{(1-l0U e e~A s~~Iddns ue~peueJ UIa~S~M. Sl!;}A~I~P s~onboll pue 'PueIsI ~UO'1
Jo aIoqs q}nos ~q} uo q'Je~H ~u°'1 o~ loqmH ')(lOA M.~N l!;}M.0[ SSOl'Je 'A~Sl!;}f M.~N lliOIJ
q}ed w~q}nos e ~~A s~~Iddns ~seoJ Jlnf) Sl~A~I~P O'JsuelL :PueIS[ ~UO'1 uo ~}SAS I'IffiDI

~q~ o~ p~~'J~UU()'J AI~'J~1!P s~u~I~d~d 0M:t, AluO ~q} ~m s~onboll pIm o'JSImlL "l!;}A~M.Oq' f..J,!J
'){lO A M.~N o~u~ A~~:>ede'J ~u~I~d~d Ie~o~ Jo u°!11od ([ews AI~A!~emdwo'J e S~S~dUIO'J ~unoJ

l~~saq'J~S~M o~u~ Iel!;}~eI s,a~ss~uuaL °PIJ:>H (;Z"o ppe II~M. 'P~~~IdUIo:> uaqM. 'XUOlg
~q} O~U! rela~eI l!;}~s~q'J~sea ,s~onboll "A~!J ~loA M.~N O~U! A~!'Jede'J ~U!Iad~d Jo a'JlnOS
A.rew~d ~q~ am UIa}sea sex~L pue o'JSImlL 6flO%{"9 -(s!onbOl{ ~!A) ~~ss~uual. pue

UO!leWJOjUI punoJ6}J:>ea Jo AJewwns :'l Uo!l:>as



69

°"[00'(; 'L I JdqOI::JO 'u~ld .{~ldU3 1J~Ja V d[llJ11

'PUt?WdP se~ (RUO!~dl ~U~SSdSSt? U~ s1013e1Ie3~1!13 ((t? dl~ s~seq (t?UOSt?dS put? 'A(~t?p 'A(lnoq
Ut? uo UO!1t?ldUd~ 3!11.1d(d PdlY-St?~ 10 q31Rds!p dq1 pu~ 's(dn1 dA~1t?UJd1(e jO d3!1d dA!1t?(dJ

put? A1~(~qt?(!eAR dq1 'puewdp ~~ JOi 10 A1~(~qe~1t?A (t?uoseds dq.L 'sld1dweled ldq10

pue 'SUO!Jt?JS 10SSdldw0310 A1!3edt?3 pUt? UO!1t?30( dq1 '(aNi ~U!pn(3u~) se~ 10 SUO!13d[U!

pue S(t?MelpqJ~M A(!ep pueAIlnoq 'SWd1SAS du!(dd!d pd13dUU031d1U~ gq1 jO S3!1S!1d13t?IP.q3

(e3!SAqd pUt? S3!(nelpAq dq1 'A1~3ede3 UO!1el1odsue11 pue 'd~t?101S 'A(ddns wed11sdn
]0 uO~13Unj xd(dw03 t? S! A1~(!qt?ldA~(dP sea 'UO!~dl e U!q1~M puewdp se~ pue A1~3ede3

du!(gd~d ~u!ledw03 j~ dS~31dXd g(dUJ~s ~ 10U s~ A3t?nbgpt? gU~[dd!d 10 uo~1sgnb gq.L
f

"Wg1SAS A1~I~~ed )(10 A MgN pgU!el1SUO~ gq1 UO A1!~ede~ gq1jO gWOS dn ~U!gglj
Aqglgq1 'A1Uno:> )([ojJns U~ q1M01~ Uo~1e[ndod q~~q jO eglT?, ue 01 An~gl~p Sg~gA![gp
se~ g1e}![~:)ej OS[e p[nOM 1Set[lgpUe(SI 1eq1 pg10U OS[e seq uedSAg)J 'sg![ddns u~!peue:>

Wg1SgM rue 1seo:> lIn!) [eUO!1!pel1 gq1 1SU!e~e g1gdruo:) ue:) q:)!qM 'epeue:) ~~1uenv

U! SgAjgSglWegl1Sdn o~ ss~:)e [e:)!sAqd gp!AOJd p[nOM 1J'.}fold Jset[lgpUe[S} gq11eq1 Sg10U
V dI'l .A [ddns se~ [elmeU jO g:)lnos (eUO!1!ppe ue 1911° rue 'S1ygugq A1!r!qn~[gj gp!AOld

'puewgp pue[sI-uo ~U!Sngl:)U! gq11~w 01 pue(sI ~uO'] 01 UO!1:)guuo:) gu![gd!d (euo!J~ppe
un JO 1UgUldo[gAgp slloddns IPI'ZOOZ 19qOJJQ U! pgnss~ 'ueld A~lgUt[ uelQ s, VdI'l

(

t

(

W~'JSAS A'J!(!;)e.!I pue(s} ~uo, pue }(.lO A M~N -8 ~.lna!.!I

UO!leWJoJul punoJ6>!:Jea JO AJeWWns :~ UO!I:J'3S



Section 2: Summary of Background Information

As part of New York's 2002 Energy Plan, NYSERDA and NYISO initiated a study of the
interrelationship between the electricjty and natural gas systems in New York.J42 The
study included integrated modeling of the natural gas pipeline and electric generation
systems, wjth a particular focus on the downstate area, jncluding Long Island. The study
concluded that "New York has sufficjent gas delivery capacity to deliver the amounts of
gas required for 2005 generatjon projects and pipeljne expansjon scenarios analyzed,
includjng the scenarios where pjpeline expansions are ljmited to those currently under
construction." The base case model assumed that the Eastchester Pipeline would be the
only new pjpeljne operatjng wjthjn Long Island Sound. Wjth no further pipeline
expansions post-2003, the study predicted that oil would continue to be burned at roughly
historical levels on many days in the winter and a few days jn the summer. The study
concluded that if pipeline capacity to New York City and Long Island were increased,
less ojl would be burned. The study did not specify where such pipeline additions would
or should be constructed. Potential new combined cycle gas-fired generation at
Brookhaven, Spagnoli Road, and/or Kings Park, and KeySpan repowering projects were
not included in the study. Therefore, local area deljverabjlity on Long Island to one or
more of these new and repowered plants was not addressed.

2.5 STATUS OF EXIS11NG ENERGY AND TELECOMMUNICA110NS CROSSINGS OF LONG
ISLAND SOUND

Fjve energy and telecommunjcations facilitjes presently link Connecticut and Long Island
via crossings of Long Island Sound. These include:

Two electric transmission cable systems

The 1385 Ljne cable system (AC), whjch is jointly owned by CL&P and LIP A
and consists of seven cables that link Norwalk and Northport, Long Island;
and

Cross-Sound Cable's system (DC), consisting of a bundle of two soJid
dielectric cabJes and a fiber optic telecommunications cable, which traverses
between New Haven and Brookhaven, Long Island (J,800 feet of cable has
not been installed to depths required by permits).

One natural gas pipeline (the Iroquois pipeline), which extends across Long Island
Sound from Milford to Northport, Long Is]and.

Two telecommunications cables:

AT&T's fiber optic cable, which traverses from East Haven to Shoreham,
Long Island; and

The Ability to Meet F"ture Ga.\' Demands from142 Charles River Associates, Ta,~k 4: /1I;t;al Report

Electr;c;t." Gellerat;oll ;11 Nell' Ynrk 2002,
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.
MCI's fiber optic cable, whic~ extends from Madison to Rocky Point, Long
Island.

j In addition to these interstate energy and telecommunications facilities, a variety of other
submarine facilities traverse portions of Long Island Sound, typically to provide
mainland utility services to certain of the state's inhabited islands (e.g., the Thimble
Islands), as well as to islands that have lighthouses and Fishers Island, New York. These
facilities provide electricity, telecommunications service, and potable water to the
islands, as well as power to lighthouses used in navigation.

Further, four other major submarine energy and/or telecommunication facilities traverse
Long Island Sound, but are located entirely in New York. These facilities, which are in
the central and western portions of Long Island Sound, consist of:

Two 345 kV electric transmission lines between Westchester County and Long
Island; the Y -49 line, owned by the New York Power Authority, and the Y -50
line, owned by LIP A and Con Edison;

Iroquois' recently constructed Eastchester natural gas pipeline, which extends 35
miles from Northport, Long Island to the Bronx; and

)

The Flag's fiber optic cable, which was installed within the last five years and
which extends from Northport, Long Island, eastward through Long Island Sound
to Europe.

This inventory focuses on the five energy and telecommunications facilities that cross
Long Island Sound between Connecticut and Long Island. These facilities are separated
both spatially (none of the five facilities are located in close proximity) and temporally
(none of the five facilities were constructed within the same time frame).

)

Infonnation for this section was drawn in part from project status reports that the Task
Force requested from the owners of the crossings.14 ,144,145,146,147 Other data were

compiled from presentations made by project proponents and regulators to the Task
Force. In addition, reports, pennits, and regulatory decision-making documents relevant
to the five crossings were reviewed.

143 Iroquois Gas Transmission System (Iroquois).
144 Cross-Sound Cable Company, LLC, Letter to Joel Rinebold from Jeffrey A. Donahue dated February 5,

2003.
145 Islander East Pipeline Company. Letter to Joel Rinebold from Gene H. MuhlheJ! dated July 24, 2002.
146 Northeast Utilities System Letter to Joel Rinebold from Paula M. Taupier dated February 5, 2003.
147 The Task Force requested infOJTnation from AT&T and MCI, but did not get a response and was unable

to acquire infonnation other than that contained in 1he DEP permits issued for their projects.
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2.5.1

Background For Existing Crossings

The :first of the five cross-Sound Jinks was the 1385 Line, which was installed in 1969
and went into operation in 1970. The other four crossings were constructed within the
past 12 years: Iroquois' pipeline in 1991; AT&T's fiber optic cable in 1993; MCI's fiber
optic cable in 1996; and Cross-Sound Cab]e in 2002.

During the 33 years between the installation of the 1385 Line and the Cross-Sound Cable,
significant changes have occurred in federal and state environmental protection
requirements as a whole, as well as in the regulatory mechanisms that afford protection to
Long Island Sound's natural resources during the construction of energy or infrastructure
facilities (e.g., NEPA, MMPA, the Coastal Zone Management Act of 1972, Marine
Protection Research and Sanctuaries Act (1972). ESA, the Clean Water Act of 1972
(CW A), PUESA, Connecticut's Tidal Wetlands Act, IWW A, and CMA, the FERC
certificate conditions. Section 404 ACOE regulations. and the NHPA Sec. 106 Review).
Likewise, electric cable, telecommunications. and pipeline technologies and designs have
evolved and submarine construction techniques have become more sophisticated. both to
facilitate work in marine environments and to minimize impacts to ecological resources.

Given the limited environmental regulatory requirements 35 years ago, pre-construction
evaluations concerning the 1385 Line focused primarily around engineering and
constructability parameters, rather than on establishing ecological baseline infonnation or
on analyzing the potential for impacts on natural resources. Similarly, 35 years ago, there
were no certificate or permit conditions that required post-construction environmental

monitoring.

With the promulgation of more protective state and federal environmental laws and
regulations, and greater recognition of potential environmental impacts, detailed pre- and
post-construction environmental information concerning proposed routes has become a
requisite of permit/certificate applications and approvals. As a result, baseline
environmental data for recent projects, such as Cross-Sound Cable, are extensjve.

However, the lack of comprehensive long-tenn ecological data regarding energy and
infrastructure facilities, as well as that of many other activities in Long IsJand Sound,
Jimits the abiJity to evaluate the environmental status of cross-Sound infrastructure over
time. Moreover, it is often difficult, if not impossible, to detennine whether (or the
extent to which) changes in environmental conditions along an energy or infrastructure
route, such as species diversity and abundance, are attributable to the project or to other
phenomena (e.g., other man-made disturbance, upland land management practices, non-
point and/or point source pollution, natural processes, or a combination thereof).

Finally, over the past three decades, both state and federal regulators have invested
substantial efforts to coordinate and refine initiatives and plans to protect the resources of
Long Island Sound. This is evidenced by the Long Island Sound Study's Comprehensive
Conservation and Management Plan for Long Island Sound, as well as by the stringent
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.
federal and stat~ penuit and certification processes that must be completed by applicants
proposing energy or telecommunications infrastructure facilities in Long Is]and Sound.
This Task Force is recommending enhancements to the current energy and
telecommunications infrastructure siting process; providing for more transparent public
participation and independent study of proposed projects~ and endorsing closer interstate
coordination with respect to projects proposed to cross Long Island Sound.

Considering the evolution of the envirorunental protection movement over the past 30
years and the increased public awareness about the importance of Long Island Sound's
ecosystem. it is important to recognize that projects constructed using CUITent technology.
in accordance with existing regulatory requirements. can not be expected to experience
the same impacts observed in con;nection with projects installed decades ago or even
within the past 5-10 years.

Environmental Status of Electric Cable Crossings2.5.2

The 1385 Line

The 1385 Line cable system traverses approximately 11 miles from the NolWalk Harbor
Substation on Manresa Island in NolWalk. across both the seabed of Sheffield Harbor and
Sheffield Island, to the Northport Substation in Northport. Long Island. The 138 kV
cable system. which is owned by CL&P in Connecticut and LIP A in New York. was
installed in 1969 and commenced operation in 1970. The system consists of seven
separate three-inch-diameter fluid-filled cables. each containing a single hollow core
copper conductor surrounded by paper insulation. a lead covering. and outside armoring.
To serve as an effective insulator. the paper is impregnated with dielectric fluid
maintained under pressure.

The cables are separated for safety and reliability reasons. as well as to allow for cable
repairs. The spacing between the cables varies. depending on their location. In general.
the cables are spaced farther apart in the offshore area (approximately 900 feet) and
closer together approaching and on land (i.e.. in the vicinity of Sheffield Island and the
Norwalk Harbor Substation).

CL&P and LIP A have proposed remova1 of the seven existing cables and rep]acement
with three solid core dielectric transmission cables. The proposed alignment for the
replacement cables is along the route of the three eastenUIlost existing cables. In
conjunction with planning for the cable replacement project, CL&P commissioned
detai]ed studies of the existing cable route, including bulk physical and chemica]
sampling and analysis, sediment transport analysis, and fisheries and benthic eva1uations.
CL&P submitted applications for the rep]acement project to the Siting Council and DEP
in 2001 and 2002, with the Siting Council issuing a Certificate of Environmental
Compatibility and Public Need in September 2002.

Construction History CL&P received a pennit for the Connecticut portion of the 1385
Line project from the Connecticut Water Resources Commission, the predecessor of
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DEP, in February 1969. CL&P and LIPA received an ACOE permit for the entire
crossing in March 1969. On or about that time, CL&P purchased the state and local
shellfish leases within the cable route.

Two primary construction methods were used to install the submarine portion of the 1385
Line. Although these methods were considered "state of the art'; in 1969, they would not
be used today, given the advances that have been made over the past 35 years in
construction technology.

From the Connecticut shoreline to a point just past Sheffield Island, open trenching, using
a combination of conventionaI and hydraulic dredges, was used to install the cables
below the seabed. For the remainder of the route in Connecticut to the vicinity of the
Long Island landfall at Northport, the cables were laid directly on the natural bottom of
Long Island Sound. The state and federal permits issued for the project imposed certain
depth of burial requirements, placed certain limitations on dumping of fill, and required
restoration of the seabed as needed.

A review of documentation from the 1969 cable installation revealed that certain
difficulties were encountered during the construction process. Some of these included:

Rock and other hard bottom materiaJs made cable buriaJ difficult.

Discharge currents from the Norwalk Harbor and Nortbport Power Stations
affected the contractor's ability to control the laying of the cables, and divers had
to be used.

Initial trenching technology dispersed sediments on the water surface such that
the ACOE restricted the use of the dredging method.

Installation of the cables across the Federal Navigation Channel took longer than
anticipated, necessitating longer closure of the Channel.

Near the conclusion of construction, inspections revealed little or no cover over
the portion of the cables between Sheffield Island and Norwalk Harbor
Substation; resolution of the responsibility for backfilling to complete the work
required almost a year and in some areas concrete material was added to the
trenches to complete the backfilling process.

Documented ImQacts Construction of the 1385 Line cable system pre-dated the
promulgation of requirements for comprehensive baseline environmental studies and
post-construction environmental monitoring. As a result, there is no pre- and post-
inst~llation environmental data that can be used to compare the present condition of the
cable area to that immediately after the completion of the project over 35 years ago.

Since the mid-l 990s, environmental monitoring has been conducted primarily to evaluate
the effects of dielectric fluid re]eases caused by anchors or other objects hitting and
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damaging the cab1es. The most recent such damage occurred. in November 2002 when
the 1385 1ine was damaged by a survey vessel that dragged its anchor. severing four of
the seven cables. CL&P and LIP A expect to restore the fu}] transfer capability by

summer 2003.

CL&P has reported these accidenta1 re1eases to the DEP and other regu1atory agencies in
accordance with applicable requirements, inc1uding the Consent Orders issued to CL&P
and LIP A in 1995/1996 and 1998 by DEP and the NYSDEC. Impact assessments also
were conducted in accordance with these Consent Orders.

Except as displaced by anchor drag or other accidents and associated repairs, the existing
1385 Line cables have remained approximately where they were first installed. Certain
portions of the cables that were not originally buried have settled into the silt on the
seabed or have been covered by drifting sediments.

Although environmental baseline data were not compiled when the 1385 Line was
installed in 1969, surveys of the cable routes were performed recently in support of
CL&P's applications for certificates and permits for the cable replacement project. Such
detailed environmental surveys include various analyses of existing conditions within and
near the cable corridor.148.149.150.151 Benthic survey transects were extended up to 1,000
feet outside of the mapped cable route in both eastern and western directions, specifically
for the purpose of determining what differences in productivity there were between areas
inside this cable route and those outside.152 Chemical and physical characteristics of the
sediments in which the cables would be buried were collected for both the proposed route
and its principal alternatives, and a benthic environmental survey was performed of the
more sensitive estuarine portions of the area near the existing/proposed cable route.
These studies identified six different benthic habitats near the existing cable system; these
ranged from silty fine sands with scattered shell debris in which were found both mud
snails and macroalgae (near the Norwalk shoreline) to large rocks with small amounts of
eastern oysters and blue mussels (on the south side of Sheffield Island). The number of
oysters present in the project area varied, commensurate with the variations in habitat
crossed, whereas hard clams were found throughout the survey area. In addition,

}

)

---

148 CL&P (The CoJDlecticut Light and Power Company). Final Report, Hydrographic, Geophysical, and
Geotechnical Survey Program. Prepared for the KeySpan Energy (Northeast Utilities intercoJDlect,
Nortbport, NY to Norwalk, CT, OS} Project # OOES088. Submitted to the Siting Council, as bulk Filing

#1 to Docket 224, March. 2002.
149 CL&P. Benthic Habitat Mapping & Shellfish EnumeJation, Sediment Dispersion Modeling, and

Simulations of Sediment Transport and Deposition Long lsland Sound COJDlecticut. Submitted to the
Siting Council, May 2002, in response to intenogatory CSC-02-052, Docket 224.

150 CL&P. Dielectric Fluid in Long lsland Sound: An Environmental Perspective Attachment 6-13, in
Application to the Siting Council for a Certificate of Environmental Compatibility and Public Need for
the Norwalk, CoJDlecticut to Northport, New York Submarine Cable Replacement Project. Submitted to

the Siting Council, February 2002, Docket 224.
151 CL&P. Responses to interrogatories (CSC-O J -021 and CSC-01-022) from the Siting Council, Docket

224.152 Norwalk, CoJDlecticut to NoJthport, New Yolk Submarine Cable Replacement Project; Benthic Habitat
Mapping & Shellfish Enumeration, Sediment Dispersion Modeling, and Simulations of Sediment
Transport and Deposition Long Island Sound-CoJDlecticut: CL&P May 2002.

~
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researchers found annelid wonns, mollusks, smal] amphipods and crabs in all samples
collected in the survey.

The Whitlatch OSI studies concluded that there were no discernible differences in
sediment type or biological communities between habitats over the existing cables and
those not over the cabJes153. Based on these studies, CL&P concluded that despite the
relatively crude construction techniques (compared to those availab]e today) used to
install the 1385 Line, benthic productivity in the impact area recovered over time.

However, in one area --the shallow portions of the sheltered cove north of Sheffield
Island -researchers did find fewer numbers of species and individuals 'in depressions
located over the buried cables. Researchers could not deternline whether this reduction
was related to differences in bottom topography or the dense accumulations of
macroalgae found in these depressions.

Since the cables commenced operation in 1970, there have been approximately 55

instances resulting in the release of alkylbenzene-containing dielectric fluid into the

marine environment. m response to Consent Orders issued in the mid-1990s, areas that

were subject to dielectric fluid leaks were studied for impacts to shellfish and
sediments.I54, 155, 156, 157, 158,159, 160,161, 162, 163, 164, 165, 166, 167 Remediation of fluid releases

153 Norwalk, Connecticut to Northport, New York Submarine Cable Replacement Project; Benthic Habitat

Mapping & Shellfish Enumeration, Sediment Dispersion Modeling, and Simulations of Sediment
Transport and Deposition Long Island Sound-Connecticut; CL&P May 2002.

154 NUSCO (Northeast Utilities Service Company). 1 997a. Literature search and review, effects of

alkylbenzenes in the marine environment. Prepared for The Connecticut Light and Power Company arid
Long Island Lighting Company by Northeast Utilities Environmental Laboratory, Waterford, CT
Submitted to DEP and NYSDEC on February 28, 1997. 18 pp.

155 NUSCO. 1997b. Baseline distnoution study of alkylbenzenes in western Long Island Sound sediments.

Prepared for The Connecticut Light and Power Company and Long Island Lighting Company by
Northeast Utilities Environmental Laboratory, Waterford, CT. Submitted to DEP and NYSDEC on June
27,1991. 14pp.156 NUSCO. 1998a. Characterization of oyster (Crassostrea virginica) growing conditions in the vicimty of

Norwalk Harbor underwater electric cables. Prepared for The Connecticut Light and Power Company and
Long Island Lighting Company by Northeast Utilities Environmental Laboratory, Waterford,
Connecticut. Submitted to DEP and NYSDEC on June 24; 1998. 14 pp.

157 NUSCO. 1998b. Laboratory studies of the behavior of dielectric fluid in marine sediments and oysters

using chemical fingerprinting techniques. Prepared for The Connecticut Light and Power Company and
Long Island Lighting Company by Northeast Utilities Environmental Laboratory, Waterford, CT.
Submitted to DEP and NYSDEC on October 27, 1998. 50 pp.

158 NUSCO. 1999a. Dielectric fluid concentrations in sediments and shellfish following the December 1996

cable leak off Northport Station, Long Island, NY. Prepared for The Connecticut Light and Power
Company and Long Is]and Lighting Company by Northeast Uti]ities Environmental Laboratory,
Waterford, CT. Submitted to DEP and NYSDEC on February 10.1999.15 pp.

159 NUSCO. 1999b. Die]ectric fluid concentrations in sediments and shellfish following cable ]eaks

beginning in Apri] 1998 at the Norwalk Harbor Station Shore.line. Prepared for The Connecticut Light
and Power Company and Long Island Lighting Company by Northeast Utilities Environmental
Laboratoryl Waterford, CT. Submitted to DEP and NYSDEC on February 25,1999.10 pp.

160 NUSCO. 1999c. Long-term monitoring of aJkylbenzenes in NorwaJk Harbor sediments and shellfish

(1996-1998). Prepared for The Connecticut Light and Power Company and Long Island Lighting
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.
was not required, based on results from studies.168,169 According to the reports,
alkylbenzene levels in sediment and shellfish near the cables were found to be consistent
with background 1evels for Long Island Sound.

J

John Volk, then Director of the Department of Agriculture, Bureau of Aquaculture,
noted in a presentation to the Task Force that some trenches are still evident after 30
years. 170 He also noted that while alkylberizene is relatively inert, the state required

closure of a shellfish bed following one of the incidents.

,

Cross-Soun~ .Cable

}

Company by Northeast Utilities Environmental Laboratory, Waterford, cr. Submitted to DEP and
NYSDEC on July 8, 1999. 12 pp.

161 NUSCO. 1999d. Alkylbenzene concentrations in sediments and shellfISh following cable leaks fust

detected m September 1998 on the Norwalk Shoreline and in Mid-Long Island Sound. Prepared for The
Connecticut Light and Power Company and L4;>ng Island Lighting Company by Northeast Utilities
Environment Laboratory, Waterford, cr. Submitted to DEP and NYSDEC on October 8, 1999, 10 pp.

162 NUSCO. 2000a. Alkylbenzene concentrations in sediment and shellfish following cable fluid leaks

located on June 2, 1999 in Long Island Sound south of Sheffield Is]and, Norwalk Connecticut. Prepared
for The Connecticut Light and Power Company and Long Island Lighting Company by Northeast
Utilities Environmental Laboratory, Waterford, cr. Submitted to DEP and NYSDEC on Apri15, 2000. 6

fP.16 NUSCO. 2000b. A]kylbenzene concentrations in sediment and shellfish following cable fluid leaks,

June 25 and August 13, 1999 environmental leak monitoring. Prepared for The Connecticut light and
Power Company and Long Is]and Lighting Company by Northeast Utilities Environmenta] Laboratory,
Waterford, cr. Submitted to DEP and NYDEC on July 3,2000.6 pp.

164 NUSCO. 2000c. Alkylbenzene concentrations in sediment and shellfish following cable fluid leak,

February 8, 2000, environmental leak monitoring. Prepared for The Connecticut Light and Power
Company and Long Is]and Lighting Company' by Northeast Utilities Environmenta] Laboratory,
Waterford, cr. Submitted to DEP and NYDEC on September 29, 2000.6 pp.

165 NUSCO. 200 1. Alky]benzene concentrations in sediment and shellfish following cable fluid leakage,

February 4 and June 8, 2000 environmental leak monitoring. Prepared for The Connecticut Light and
Power Company and Long Island Lighting Company by Northeast Utilities Environmental Laboratory,
Waterford, CT. Submitted to DEP and NYDEC on March 31, 2001. 7 pp.

166 1\.T"(JSCO. 2001. Alkylbenzene concentratioIlS in sediment and shellfish following cable fluid leakage,

October 31, 2000 environmental leak monitoring. Prepared for The Connecticut Light and Power
Company and Long Island Lighting Company by Northeast Utilities Environmental Laboratory,
Waterford, CT. Submitted to DEP and NYDEC on July 27,2001,7 pp.

167 NUSCO. 200]. Alkylbenzene concentrations in sediment and shellfish following cable fluid leakage,

March 17, 2001 environmental leak monitoring. Prepared for The Connecticut Light and Power Company
and Long Island Lighting Company by Northeast Utilities Environmental Laboratory, Waterford, CT.
Submitted to DEP and NYSDEC on December 2, 2001. 7 pp.

168 CL&P. Dielectric Fluid in Long Island Sound: An Enviro~ntal Perspective Attachment 6-13, in

Application to the Siting Council for a Certificate of Environmental Compatibility and Public Need for
the Norwalk, Connecticut to Northport, New York Submarine Cable Replacement Project. Submitted to
the Siting Council, February, 2002, Docket 224.

169 CL&P. Responses to interrogatories (CSC-OI-02] and CSC-Ol-022) from the Siting Council, Docket

224.
170 Presentation by Mr. John Yolk, then Director of the Department of Agricu]ture, Bureau of Aquaculture,

to Task Force meeting of September 19,2002. John Volk retired from the Department of Agriculture in
May 2003.
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Recently constructed but not operational, the Cross-Sound Cable interconnects the
electric transmission grids of New York and New England between Brookhaven, Long
Island and New Haven. The Siting Council granted Cross-Sound Cable a Certificate of
Environmental Compatibility and Public Need in January 2002. The project received
pennits from DEP and ACOE in March 2002.

Construction History In May 2002, the cable system, consisting of two solid dielectric
power cables and one fiber optic telecommunication cable, was buried in a common
trench within the seabed of Long Island Sound for the entire 24-mile route.
Approximately 21,400 linear feet of the cable system was routed within the Federal
Navigation Channel (Channel) in New ;Haven Harbor to substantially avoid cultivated
shellfish beds.171 In anticipation of possible future dredging of the Channel, the ACOE
and DEP prescribed a minimum burial depth of -48 feet mean lower low water. The
installation method used HDD and remotely operated water jetting burial tools from a
self-positioning vessel. Construction was also subject to time-of-year installation
restrictions.

Cross-Sound Cable's contractors subsequently detennined that several short sections of
the cable within the Channel collectively totaling l,800 feet were not installed to the
required burial depth of -48 feet mean lower low water. According to Cross-Sound
Cable, the results of the characterization studies indicated that all but one of the sections
of the cable system requiring further burial are located in areas of sediments. hI the
remaining section, the cable system is resting on bedrock for approximately 500 feet.
Cross-Sound Cable has proposed alternative construction methods to achieve the required
depth in these sediment areas, but DEP has stated that further review is pending until the
moratorium established pursuant to P A No. 02-95 expires.

Documented I!!illacts In accordance with the state-approved benthic monitoring plan,
Cross-Sound Cable completed the first post construction (six-month) monitoring in
November 2002.172 A similar pre-installation survey was completed in May 2002.
Cross-Sound Cable reports that the results of the post-installation survey indicate the
following:

The only observable change in the seabed geomorphology from the pre--
installation report is a shallow, localized, linear depression representing the path
of cable installation. The depressions range from 0.5 to 3 feet deep, and 2 to 8
feet wide.

The six benthic habitat types identified in the pre-installation survey are still
detected in the post installation surveys. Based on video imagery and sediment

171 Presentation by Mr. Michael Ludwig, a Fisheries BioJogist for NOAA, before the Task Force on

September 19,2002.172 Six-Month Post Installation Benthic Monitoring Survey for the Cross-Sound Cable Project, New Haven

cr, to Shoreham, NY. October 14 to November 20, 2002. Prepared by Ocean Surveys Inc. The survey
protocol was approved by DEP with consultation with Department of Agriculture, Bureau of
Aquaculture, NMFS, and the ACOE.
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profile images. the only visible changes in substrate characteristics is in the
Federal Navigation Channel. In this area is a patchy. thin. 1 to 2 cm sediment
layer comprised of fine sandy silt. This feature was not observed in any of the
other survey areas.

1

The types and diversity of bottom dwelling organisms and macroalgae observed
in the video imagery remained consistent between the pre- and post-installation
surveys. Prominent organisms observed in remote video images obtained over the
cable centerline were comparable to those observed in video obtained along
survey lines offset from the cable area. More disturbance of sediment layers by
biological activity was evident in the post-installation survey conducted in
OctoberlNovember compared to the pre-construction' April/May survey,
presumably due to seasonal conditions. The biological activity confirms
recruitment of organisms into the installation area.

)

)

Sediment oxidation depths. a marker for the quality of the benthic habitat in
estuaries like Long Island Sound. were consistent between pre- and post-
installation surveys. This measurement combined with the other parameters
measured through sediment profile imagery suggests that the installation of the
cable did not adversely impact habitat quality for benthic commwlities.

)

Magnetic field readings did not detect the presence of the cable. which was not in
service during the post-installation survey. Magnetic field readings did not detect
any isolated magnetic anomalies representative of ferrous objects in any of the
areas and observed magnetic field readings were normal for this geographic
region on the earth. A comparison of the measured variation and expected
variation at each area indicates there is minimal local disturbance to the magnetic
field in the survey areas. Additional tests would be conducted to confirm
magnetic field variations during line operations.

)

)

Environmental Status of Gas Pipelines2.5.3

Iroguois Gas Transmission System
}

The Iroquois Gas Transmission System pipeline enters Long Island Sound in Milford and
emerges at Northport, Long Island, New York. This 24-inch steel pipeline traverses 263
miles across Long Island Sound; of this, approximately 16.1 miles are in Connecticut.
Installation of the Long Island Sound portion of the pipeline was completed in 1991,
pursuant to certificate approvals from the FERC, the Siting Council, DEP, and the
NYPSC, and a permit from ACOE. The entire 375-mile Iroquois pipeline system
achieved commercial operation in 1992.

)

Construction History The locatjon of the Iroquojs crossing of Long Island Sound,
including the alignment across shellfish lease areas off Mjlford, was determjned based on
consjderatjon of engjneering and environmental factors and on consultations with various
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federal and state regulatory agencies, including the Siting Council, Department of
Agriculture (Bureau of Aquaculture), NMFS, the FERC, ACOE, and DEP.

To install the submarine pipeline, Iroquois used various construction methods available at
the time, including dredging, plowing, and jetting, depending on water depth and
sediment type.173 Like the 1385 Line, these methods represented available existing
technology at the time of Iroquois' construction.

Clamshell dredging was utilized to pre-excavate the pipeline trench for approximately 2.5
miles, from the Milford landfall through shallow-waters, including through shellfish lease
areas. The excavated material was temporarily sidecast adjacent to the pipe trench to be
later utilized to backfill the installed pipe. Plowing and jetting were generally used to
install the pipe1ine in offshore areas.

The time window for construction was restricted to late winter and early spring to
minimize potential impacts to commercial shellfish and other fisheries. Accordingly, the
pipeline was installed in the winter and spring of 1991. A storm event, which occurred
during installation, caused the sidecast spoils to partially refill the trench and re-deposit
outside of the route, which required an additional pass of the dredge and clean fill to be
brought in to supplement the backfill operation, in some discrete areas.

In nearshore areas of shellfish production in Milford, after dredging a trench and
installing the pipe, Iroquois backfilled and then smoothed the pipeline trench with a drag
beam. During this operation, the contractor experienced difficulty confming the
movements of the drag beam to the prescribed 300- foot wide construction corridor in the
nearshore area. Consequently, the contractor disturbed the surface sediments outside the
route. The drag beaming operation resulted in 85% of the seabed within the 300- foot
wide nearshore area to be restored to within one foot of the original bathymetry, and a
mass balance calculation generally showed that the highs were equal to the lows in the
area. Iroquois reached agreement with permitting agencies that there were diminishing
returns in continuing the beam dragging beyond this point, and remaining restoration
could be accomplished with natural sedimentation.

Iroquois pennits and certificates did not require burial of the pipeline in offshore areas
beyond the shellfish lease beds. However, the offshore portion of the pipeline (beyond
the shellfish lease beds) was jetted and plowed during installation to reduce the impact
that the pipeline could potentially have on lobster migration.

Documented Im:Qacts The principal issues raised with regard to the Iroquois pipeline
pertain to impacts to the benthic environment, including shellfish lease areas. No
documented issues were identified with respect to depth of cover over the pipeline.

In addition to the use of the drag beam to smooth the nearshore areas affected by
dredging activities, Iroquois implemented various measmes to mitigate shellfish-related

173 Observations of Pipeline Corridor from 1999 High Resolution Multibeam Survey Construction Details

from 1991 Long Island Sound Pipeline.
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concerns. These ranged from pre-construction route modification~ to compensation to
the shellfish leaseholders. Among these mitigation measures were:

}
Alignment of the pipeline through shellfish lease areas as directed by the Bureau
of Aquaculture and other involved agencies. The pipeline was Touted to traverse
areas primarily leased by a large shellfish leaseholder (Tallmadge Brothers); it
was anticipated that routing through the Tallmadge leases would have less of an
impact on the overall Tallmadge operations than would alignment through a
single leaseholding of an individual. All but one of the leases along the Iroquois
route was oWned by Tallmadge. Route modifications to accommodate these
initial shellfish-related concerns added approximately $2.1 million to the project
capital cost.

)

) Financial compensation of $5.2 million was paid to leaseholders affected by the
construction.

Financial compensation of $525,000 was paid to Tallmadge to unload, store, and
spread cultch on the disturbed lease beds after construction. At Tallmadge's
request, this sum was instead paid to the Department of Agriculture for the
purposes of funding a laboratory for the Bureau of Aquaculture.

)

Iroquois provided 1,250,000 bushels of cultch, valued at $1.5 million, for the
restoration of public and private shellfish beds impacted by the construction of the
pipeline, and to aid in the restoration and revived productivity of the seabed.
However, in a settlement agreement with state agencies, Iroquois released all
rights to the placement of the cultch as part of restoration. The cultch was instead
placed on other state leases (public fields off Bridgeport and Stratford) to
compensate for impacts along the Iroquois pipeline. It was reported that a
productive oyster set was established at this alternative location.

)

)

Iroquois surveyed the pipeline route in 1993 and again in 1999.] 74 Based on the results of

these surveys, Iroquois concluded that natural sediment transport and infilling covered
the offshore portion of the pipeline within a year or two of installation in those areas
where the pipeline was installed by plowing in clay sediments. During that period, the
sediment slopes across the trench in general were naturally reduced on the order of 5 to
20 degrees. In the nearshore area, the seabed was observed to be smooth, with little or no
bottom relief.

}

Iroquois also conducted surveys along the pipeline route in the shellfish lease areas off
Milford. These surveys were conducted in February/March 1991 (pre-construction) and
July 1991 (post-construction), and involved comparisons of oysters per square yard at
monitoring points ranging from 100 feet to 4,250 feet from the pipeline centerline. In
general, the resu)ts of the surveys showed that compared to pre-construction conditions,

174 Observations of Pipeline Corridor from 1999 High Resolution Multibeam Survey. Construction Details

from 1991 Long Island Sound Pipeline.
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the number of oysters decreased after construction at distances of 100 to 400 feet from
the pipeline centerline, but increased after construction at distances greater than 1,270
feet from the centerline of the pipeline. f

In addition, Iroquois perfonned a water quality monitoring program using live oysters.
Six monitoring stations were established near the pipeline in March 1991. The oysters
were recovered in July 1991. At each of the six locations, the oysters appeared nonnal in
color and no offensive odor was detected. 175

The Bureau of. Aquaculture was extensively involved in monitoring the impacts of the
Iroquois project on shellfish resomces.176 Bmeau of Aquacultme staff reported that
anchors associated with the construction equipment disturbed bottom substrate as far as
2,000 feet on either side of the pipeline centerline, creating long-term impacts to oyster
habitats. Bmeau of Aquaculture staff also have noted that despite attempts to level the
bottom, depressions left by the anchors have filled in with fine-grained sediments and
presently have low or no productivity. In the short-tenD, oysters are particularly
vulnerable to suffocation from sediments that are suspended and redeposited during
construction. During construction, the width of the sediment plume appeared to extend
out as much as 4,000 feet from the construction area. As it takes two to fom years for
oysters to grow to harvestable size, such effects can result in long-term disruption of the
harvest.

Commercial shellfishenIlen provided the Task Force with personal, anecdotal evidence of
disruption of oyster aquaculture operations from construction of the Iroquois pipeline.!77
They attested that construction resulted in an impact area as much as 400 feet on either
side of the pipeline. They suggested that the use of the drag beam to level the trench has
proved only partially effective, and portions of the trench may be as much as 6 feet deep.
The steep slopes along the trench have interfered with the use of oyster dredges. Oysters
do not appear to have returned to areas within the trench, although the area was
recolonized with hard-shell clams. The shellfishenIlen also noted that anchor scar drag
marks, some 800 to 900 feet long, persist several hundred feet outside of the primary
impact area. These anchor scars likewise affect harvesting.

The identification of definitive data concerning the impacts of the Jroquois construction
on shellfish resources is further complicated by the lack of pre- and post-construction
shellfish productivity data for the affected leases. J 78 Shellfishermen have indicated to the

Task Force that such productivity data is not recorded. In the 12 years subsequent to the
installation of the Jroquois pipeline, three new shellfish leases have been created directly

175 Summary of Data concerning Shellfish Resources in Milford Harbor Before and After Construction of

the Iroquois Natural Gas Pipeline. Prepared by Andrew W. Rehm, Ph.D., September 1992.
176 Presentation by Mr. John Yolk, then Director, Bureau of Aquaculture, Connecticut Department of

Agriculture to Long Island Task Force Meeting of September 19, 2002. John Yolk retired from the

Department of Agriculture in May 2003.
177 Presentation by Mr. Larry Williams and Mr. David Hopp (independent shellfish farmers). Task Force

meeting of March 12,2003.
178 Presentation by Mr. David Warn1an, Vice President of Engineering -Iroquois, Long Island Sound Task

Force meeting of September 12, 2002.
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along the pipeline route (i.e., these leases WeFe established over the pipeline route, in
areas where no such leases existed previously). This indicates that at least some areas in
the vicinity of the pipeline route remain economically viable for shellfish production.~

The Bureau of Aquaculture records indicate that the three post-construction Jeases total
1,114 acres through which the pipeline 'runs approximately two miles, including a 0.5-
mile break (non-leased area). The shell fishermen harvest hard shell clams from these
lease areas.

,

Environmental Status of Telecommunications Cables)792.5.4

AIM

AT&T Communications installed a submarine fiber optic cable from Momauguin Beach,
East Haven to Shoreham, Long Island, in accordance with a DEP permit issued in
February 1993,180 and an ACOE permit.

) The DEP pennit required that the cable be installed using HDD for 3,500 feet waterward
of the high tide line, approximately 8 to 50 feet beneath the sediment surface, in order to
avoid impacts to oyster beds. From the drilling exit point, the permit required that the
cable be inst~led using the jet plow trenching process, to a depth approximately 10 feet
below the sediment surface, except for an anchorage area where the burial depth was
required to be 20 feet.181)

Construction monitoring chiefly focused on potential releases of HDD drilling fluid, and
appropriate containment measures for drilling fluids were required. The monitoring pIan
did not require AT&T to collect post-construction environmental data.

)
No further infonnation on the environmental status of the AT&T cable was provided to
the Task Force.

MQ

") MCI Telecommunications Corporation installed a fiber optic telecommunications cable
conduit from Madison to Rocky Point, Long Island. pursuant to permits issued by the
DEP in December 1995182 and ACOE. The DEP permit required MCI to install
approximately 1.600 linear feet of the cable using HDD 10 a depth of 50 10 75 feet
NGVD. Beyond the HDD exit hole, the pennit required the cable 10 be installed to a
depth of three 10 six feet beneath the sediment surface using ajet cable plow method.)

179 SitiDg Counci] does not have jurisdiction over telecommunication cables. See CGS Section 16-50i.
180 PeImit No. SD-LG-92-069 issued to AT&T Communications, February ]8, ]993.
181 Despite a request from the Task Force, AT&T and MCJ did not provide additiona] information.
182 PeImit No. 199502243-DS issued to MCI Telecommunications Corporation, December 12,1995.
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The pennit also imposed time-of-year restrictions, barring in-water construction between
June 1 and September 30, to protect spawning shellfish in the area. However, the cable
did not djrectly cross any shellfish concen1ration areas or leases, according to Department
of Agriculture, Bureau of Aquaculture maps that were included in the pennit.

MCI was also required to notify Connecticut licensed ]obster fishennen who fish in the
area of the jet plowing of the need to temporarily remove gear during construction.

Monitoring for accidental releases of HDD drilling fluid was required, and MCI was
required to post a performance bond to secure the performaJ:}ce of the work in accordance
with pennit conditions.

No baseline or post-construction environmental monitoring was required under the
pennit, and no such infonnation was available to the Task Force.

2.6 STATUS UPDATE OF PROPOSED INFRASTRUCTURE PROJECTS WITHIN LONG ISLAND
SOUND

When P A No. 02-95 was enacted, at least eight new or replacement energy projects
crossing Long Island Sound were announced and being actively pursued. In the Jast
twelve months, however, project proponents have withdrawn, deferred, or not advanced
all but four of these projects: Islander East, Cross-Sound CabJe, the 1385 Line CabJe
Replacement Project, and the Eastchester Pipeline. Cross-Sound CabJe was approved
prior to P A No. 02-95 and was constructed, but is not yet operationaJ.

The Assessment Report Part I summarized the projects crossing Long Island Sound that
had been proposed or recently constructed as of January 1, 2003. This section provides a
status update of the three remaining active projects, as well as a review of the projects
which have either been cancelled, are inactive, or for which applications have not been
filed.

2.6.1 Active Projects

CL&P/LIP A 1385 Line 138 k V Cable Rev/acement PrQiect

The 1385 Line, which links the CL&P system with the LIPA system, has been in service
for a1most 35 years and is jointly owned by CL&P and LIP A. The Project calls for the
replacement of the seven (six energized and one spare) existing fluid-filled paper
insulated single-phase cables which lay on the bottom of Long Island Sound with three,
three-phase solid dielectric cables. The new cables will be solid and will be buried within
the existing cable corridor. In Connecticut, the permitting process is underway. The
Siting Council issued a Certificate of Environmental Compatibility and Public Need to
CL&P on September 9, 2002 and a pennit application for a Structures, Dredging and Fill
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.

pennit is pending before DEP. This cable replacement project is exempt from the
moratorium provisions ofPA No. 02-95.

) LIP A is responsible for obtaining pennits and approvals for the New York portion of the
1385 Line cable replacement project. LIP A remains committed to achieving a long-term
solution for continued operation of the transmission interconnection between Connecticut
and New York. LIP A has not yet completed its review of its potentiar options. At this
time, LIP A and their Board of Trustees are still evaluating the long-term alternatives for
this cable and have not agreed to move forward with the replacement project. CL&P
remains firmly committed to the goal of completing the replacement project as
expeditiously as possible.

)

In the interim, LIPA's Board has authorized and directed LIPA to work with CL&P to
quickly address the most recent damage incident. CL&P and LIP A are in the process of
repairing the existing 138 kV cables, four of which were damaged by survey vessel's
anchor in November 2002, so that it will be back in-service and available to support
reliability in Southwest CT this summer.

)

Cross-Sound Cable)

The Cross-Sound cable, coIU1ecting New Haven and Shoreham, Long Island, was
certificated by the Siting Council in January 2002, received required pennits from DEP
and ACOE, and installed the 330 MW HVDC cable in the spring of 2002. Seven areas
of the cable did not achieve the required burial depth in New Haven harbor, and the
project has not received authorization to operate. Cross Sound Cable has proposed to
contract with a specialty construction finn, and if authorized, will remediate these areas.

)

Islander East

) The Islander East pipeline project, sponsored jointly by Duke Energy and KeySpan
Energy, would extend from the C-I mainline of the Algonquin pipeline system in North
Haven to Brookhaven, Long Island. The route would extend 10.2 miles through southern
Connecticut and then 22.6 miles under Long Island Sound. Islander East's proposed
initial capacity is 0.28 Bcf/d (285 MDth/d), but could be expandable to 0.43 Bcf/d (445
MDth/d). The Siting Council issued recommendations to the FERC on August 1,
2002.183 The project received FERC approval on September 19, 2002. The DEP
subsequently issued a determination of non-consistency with respect to the state's Coastal
Zone Management Plan. Islander East appealed to the U.S. Secretary of Commerce. The
appeal was stayed, upon agreement by both parties to pursue negotiations. These
discussions, as well as Islander East's application to the DEP for a Section 401 Water
Quality Certification and other state pennits, are pending.

Eastchester Expansion

183 Correspondence from Pamela B. Katz P.E., Chairman, to Anthony M. Fjtzgerald, Esq. and the Service

Ljst for Sjring Council Docket 221 dated May 29,2003.
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Iroquois' Eastchester Expansion is located in Long Island Sound, but fuily within New
York jurisdictional waters. It is designed to deliver up to 0.2 Bcfld to New York City
through the installation of two new compressor stations, upgrades to its three existing
compressor stations, and the construction of a 30-mile lateral running from a point on the
mainline at Northport, Long Island, westward across Long Island Sound, and into the
Bronx where it ties into the New York Facility System. The project is under construction
and is scheduled for commercial startup in 2003.

2.6.2 Inactive/Cancelled/Not Filed Projects

Connecticut Lon!! Island Cable (CLIC)

Northeast Utilities (NU) filed an application to sell transmission rights on a proposed 300
MW HVDC merchant transmission cable to be built between Norwalk and Hempstead
Harbor or Oyster Bay on Long Island. NU received the FERC approval for the CLIC
project in March 2002. However, based on a weak market response during NU's open
season solicitation, NU decided not to pursue this project, and withdrew its FERC
application on November 25, 2002.

Eastern Long Island Extension (ELIE)

Iroquois proposed a 29-mile, 20-inch marine pipeline that would tap into its existing
Milford to Northport, Long Island pipeline offshore near Milford, and deliver gas to the
KEDLI Facility System in Brookhaven, Long Island. The FERC issued a favorable
Preliminary Determination for the ELIE project in September 2002. This project was
deemed by the FERC, in the Islander East final EIS, to have the fewest environmental
impacts of the two projects.l84 Iroquois requested that the FERC defer further action on
its application until January 2003, and made a similar request to the Siting Council.
Subsequently, Iroquois withdrew its certificate application at the FERC on February 7,
2003 due to "the lack of continued customer support for this project."185

Connecticut-Long Island Lateral

In January 2001. Tennessee Gas Pipeline Company announced its intent to construct a
1.6 Bcf/d gas pipeline from Connecticut to Long Island. The lateral was intended to
enable Tennessee to provide new transportation service from the company's mainline
facilities in Massachusetts to markets in Connecticut and on Long Island. N.Y. Recejpt
and deljvery points were not specified. Interested shippers responded to Tennessee.s
open season in February 2001. No project updates or press releases have been issued by
the project proponent since spring 2001. and no applications have been filed at the FERC
or state agencies.

184 Docket CPOl-387, FERC Final Environmental Impact Statement (FE19), pp. 5-11.
185 Status Report of the Iroquois Gas Transmission System, L.P., submitted to the FERC, February 7,2003,

Docket No. CP02-52-000.
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NeptuneRTS Phase IV

The Neptune Regional Transmission System Project, sponsored by Atlantic Energy
Partners, LLC, envisions a multi-phase project consisting of several thousand miles of
HVDC cab]es that wou]d connect generation in Maine, New Brunswick, and Nova Scotia
with markets in Boston, New York City, Long Island, and Connecticut. The FERC
approved NeptuneRTS's Phase I app]ication for two 600 MW mercflailt transmission
cab]es from Sayreville, New Jersey, to New York City and to Newbridge on the south
shore of Long Is]and. The Phase I project received its completeness determination from
the New York PSC in February 2002, and has an expected in-service date of 2004 to
2005. Phase II, from Nova Scotia to N.ew York City, has not been filed with the New
York PSC. No applications have been filed for Phase N, a marine cable connecting
Connecticut with Maine and Maritimes Canada; the status of this future project is
uncertain.

~

\

)

2.7 ENVIRONMENTAL AND ECOLOGICAL IMP ACTS OF MARINE INFRASTRUCTURE

) P A No. 02-95 Section 3(D) requires the Task Force to evaluate the individual and
cumulative enviromnental impacts of electric power line, gas pipeline, and
telecommunication crossings of Long Island Sound, and the methods to minimize such
impacts. This section provides a review of available background information regarding
1he short-term and long-tenD environmental impacts associated with each of the available
marine construction methods, as well as the impacts associated with long-tenD operation
of infrastructure crossings. The discussion also incorporates the measures available to
avoid, minimize, or mitigate such impacts.

)

An overview of the construction methods and their general environmental impacts was
presented in Part I. For convenience and completeness, relevant sections of that material
are reproduced here. That discussion is augmented here with available information on
current research in the scientific and regulatory communities on the ecological impacts of
construction and operation of energy transmission and telecommunication cables in
marine environments. Projects undertaken in the last two years, such as Cross-Sound
Cable, the Hubline pipeline project in Boston Harbor and the Eastchester pipeline project
in southwestern Long Island Sound have provided marine construction contractors with
recent local field experience. The design of these projects represent the current "state of
the art" with respect to marine energy infrastructure construction techniques and reflect a
variety of methods for avoiding, minimizing, and/or mitigating adverse impacts to the
marine environment. To the extent such infonnation is available; it is incorporated in this

section

)

)

)

Marine Construction Methods2.7.1

Submarine pipeline, electric cable, and telecommunication cable projects utiljze a variety
of construction methods. ]t is not uncommon for pipeljne and cable projects jn marine
environments to utilize djfferent construction methods for different line segments. The
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selection of a particular method for use a]ong specific segments is dependent on a number
of factors, including biological communities and habitat resources, sediment
characteristics, depth to bedrock, distance from shore, and water depth.

In general, there is similarity between the construction methods used for a submarine
pipeline, and those used for an electric or telecommunications cable installation.
However there are very significant differences as well. Even techniques that go by the
same name, such as 'jetting," operate on different principles for a pipeline installation
than for an electric or telecommunications cable installation. There is also the difference
in scale. The size of the equipment required to bury a 24-inch pipeline, such as the
Eastchester Project, is necessarily larger than that required to bury an eight-inch cable.

Each construction method has an associated impact footprint on the substrate surface and
can cause changes in water quality during construction. The impact zone for each
construction method is summarized in Table 12, and includes the trench and the spoil
areas. Seafloor impacts include the direct footprint of a trench and adjacent areas when
sediments removed from the trench are sidecast, as well as far field areas where
sediments released into the water column are redeposited. If excavated sediments are not
removed, they may be subject to dispersion into far field areas by strong currents
resulting from storm events. Seafloor impacts may also include the footprint of any
anchors or spuds which are used to position and stabilize the installation barge.

AI] trenching methods, including dredging, plowing, and jetting, cause a direct impact to
bottom sediments and fauna, and the extent to which this effect is magnified is a function
of the physical dimensions of the trench being excavated, the placement or degree of
sidecasting of spoils, and backfilling. To the extent that anchors and spuds are used in
positioning the trenching and Jay barges and the HDD support vessels, they also directly
disturb bottom sediments and habitats. In addition, the sea floor may be disturbed by the
cable sweep of the anchors in the span between the barge and the anchor points. The
impact associated with the anchor cable sweep may be minimized through the use of mid-
line buoys.

The recovery of the seafloor to pre-construction conditions depends on the construction
method employed, the geophysical characteristics of the sediments disturbed, and the
physical environment, as well as on whether the trench is backfilled. Restoration of
ecological function depends on factors such as type of preexisting biological community,
complexity of the habitat, source of biota for recruitment, and time of year of the impact.
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Table 12 -Typical Widths for Pipeline and Cable Construction Activities

(Marine)
)

Typical Construction Width (fty86
Activity

Pipeline187

75

Cable

50-75

50-150

N/A

Varies

} 100 -300

150 -200

Varies

) 2,000 -4,000

Plow Burial

Jet Burial

Dredging

Blasting (only occasionally
required)
Offshore Lay Barge
Anchoring*
Shallow Lay Barge Anchoring* 200 (Spud) -2,000

HDD Support Mooring*:
Jackup (Jackup Pads)

Spud Mooring

200-300 200-300
)

75-200

*refers to anchor spread from vessel

Deep Water Pipeline Installation

Deep-,water construction typically uses barges to first lay the pipeline on the bottom and
then to bury and backfill the pipeline. A pipeline lay barge has on-board facilities to
weld the pipe sections together and lower them to the sea floor. Once the pipeline is laid
on the seafloor, the lay barge converts operations to burial. Using a jet or sub-sea plow, a
trench is then excavated under the pipeline to bury the pipeline.

J

The deepwater barges are typically several hundred feet long, and positioned with eight
to twelve anchors. The maximum extent of the mooring anchor array could be
approximately 2,500 to 5,000 feet to the front and back of the installation barge, and up
to 2,000 feet to either side. As the lay and bury barges advance, tugboats lift the anchors
from the sea floor and reposition them at approximately 0.5 to I-mile intervals in the
direction of movement. The barges may be supported by a number of other craft such as
pipe barges, dive support boat, and transport vessels.

186 The distances also reflect the impacts associated with the various construction methods, including most

of the sediment load. The full extent of a sediment plume in the direction of the currents may exceed the
indicated construction widths.

187 Reported by Duke Energy Gas Transmission and Iroquois in a joint presentation to the Task Force on
November 13, 2002.
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The anchor movements (i.e., anchor touchdown point, drag point, set point) required to
position the construction vessels will create scars that will affect bottom habitat at
varying distances from the immediate construction area. For example, for a pipeline lay
vessel, anchors may be 8 feet wide by 10 feet long, with a 20-foot drag. A typical
pipeline installation may result in three anchor sets per mile per pass.] 88

Plowing. Under this method, the bury barge pulls the sub-sea plow, which physically
cuts a trench beneath the pipeline. Typically, the pipeline trench may be six to eight feet
deep by 20 to 25 feet wide at the surface of the seabed. The spoil material is displaced on
both sides of the trench. After the proposed pipeline is located to the desired depth, the
sub-sea plow may undertake another pass to place the trench spoil back on top of the
pipeline. The sub-sea plow is preferred to other in-water installation techniques, such as
dredging or hydraulic jetting, in areas where immediate backfilling of the trench is
required, or where low water turbidity is desirable.189 Plowing is most feasible in soft
sediments, and works less effectively in rock or sand.

~. The jetting method of trenching uses high-pressure water or air jets to excavate
the trench and lower the pipeline. Excavated materials are discharged away from the
pipeline and the pipeline gradually settles into the trench created behind the jet sled. In
suitable substrates, the depth of burial of three to six feet or more typically can be
attained with one pass of the jet sled, depending on the characteristics of the underlying
sediments. Greater trench depths typically require multiple jetting passes. Backfilling of
the trench is generally accomplished by natural slumping of the trench walls due to tidal
and ocean current forces, or by subsequent infilling by suspended sediments, particularly
during storm events. If natural sedimentation processes do not fully backfill the trench, it
may remain partially open. Some jetting equipment can be operated remotely from ships.
This equipment may be self-positioning, eliminating the need for anchors or spuds.

The short-tenD impacts for pipeline installation include increased turbidity during
construction. The potentiallong-tenn impacts include alteration of bottom habitat within
the trench and adjacent area. Anchor cable sweep can also alter bottom conditions
especially where multiple passes are required. Midline anchor buoys that suspend the
anchor cable(s) above the seabed may serve to minimize these impacts.

Deevwater Trenching for Cable Installation

Deepwater trenching for a cable installation typically requires only one vessel, and does
not require the eight to twelve anchors required by pipeline installation barges, nor their
accompanying anchor tugs. Unlike pipelines, which are assembled and welded together
on board the lay vessel, a cable may come as a continuous length mounted on large
spools, which are loaded at the factory and delivered to the site by the cable laying ship.
In the case of deepwater operations, the cable laying and the burial operation are done

188 FERC Islander East Pipeline Project, DEIS, March 2002, pp 3-38 and 3-39.
189 Siting Council Docket 221, Finding of Fact No. 82.
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simultaneously (i.e. the majority of the cable is placed on the bottom, and buried with the
jet or plow in the same pass), or sequentially (i.e. the majority of the cable is first placed
on the bottom, and then buried with the jet or plow in a second pass).)

Plowing. The sub-sea plow that is used for a cable installation is smaller, and operates on
a different principle than the pipeline sub-sea plow. It does not cast material to the side as
much as spread the sediment some ten inches apart so as to pennit the cable to slip down
in between its blades. As the sub-sea plow moves forward, the ground behind it resettles
over the cable. The sub-sea plow is pulled forward either by an anchored bury barge, or
more often the ship's propellers are sufficient for the purpose. The sub-sea plow can twist
and damage the cable during installation. The sub-sea plows' potential for causing
damage to the cable is one of the reasons jetting is often considered preferable.

Jetting. The jetting method of trenching uses high-pressure water or air jets to excavate
the trench and bury the cable. Typically, the jet is not used for casting material aside, but
rather it uses two side-by-side blades, which are inserted into the sediment on either side
of the cable. These blades liquefy the sediment, and allow the cable, which is heavy, to
settle down by gravity. A depth burial of three to six feet or more typically can be
attained with one pass of the jet sled, depending on the characteristics of the sediment.
Greater trench depths typically require multiple passes. Unlike the sub-sea plow, the
jetting equipment is self-propelled and thus it does not depend on a tow line from its
tender ship for its forward motion. Jetting equipment for cables, unlike other equipment
mentioned above, is buoyed so as to be neutral in weight underwater, thus further
reducing the footprint and effects to the seafloor.

)

.,

Jet-nlowing. A jet-plow is a hybrid between the sub-sea plow and the jet sled. The jet-
plow is pulled by a surface ship, like the sub-sea plow, but it is equipped with hydraulic
nozzles on its blades. The use of pressurized water significantly reduces the tension on
the towline and also, by liquefying the soil, facilitates the burial of the cable.

The short-tenD effects of the deepwater trenching include turbidity during construction,
and aherations of the sediments within the installation trench. In the case of the jet, the
effective width of the trench depends on the characteristics of the sediment and the
resuhant angle of repose. The jet-plow could create a trench approximately nine feet
deep, and six feet wide in fine-grained sediments or twelve and one-half feet wide in
sand-grained sediments.l90 The majority of the hydrated sediment produced by the
jetting equipment would remain in the trench, and settle immediately adjacent to the
trench. A small percentage of the total volume of hydrated sediment becomes suspended
in the water column, (sediment plume) and settles as a film of sediment generally in the
direction(s) of the currents. The long-tenD signature of the trench, and the depth and
extent of the sediment deposition from the plume, are among some of the issues being
examined in connection with recent cable laying projects.

190 Siting Council Docket 208, Finding of Fact No. 67
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Shallow Water Installation

In both pipeline and cab]e installations, alternate construction techniques are required in
shallow waters that are beyond the reach of the deepwater installation equipment.

Horizontal Directional Drilling. Horizontal directional drilling (HDD) is typically
employed in near-shore enviromnents to achieve minimal disturbance of the bottom
materials that would normally occur with conventional open-cut technology and to allow
installation under obstacles or sensitive areas: It can be used for both pipeline and cable
installation. As it is a trench1ess process, there is mInimal direct disturbance of benthic
communities as well as minimal indirect disturbance from resettling sediment. However,
in determining the advisability of this technique, one must also consider whether there are
suitable places for both the entry hole and the transition basin at the exit hole. As
previously mentioned, that transition basin often requires supplementary underwater
excavation. Hand-jetting might be sufficient, but if dredging is required, then the
resulting potential for adversely affecting a nearby sensitive area (e.g., shellfish beds) is a
consideration that is balanced against the benefits achieved via this trenchless process.
The drilling process is completed in a series of steps, including pilot drilling, reaming,
swabbing, and conduit installation. E]ectronic positioning systems guide each step. The
drill rig is typically staged and operated from the landfall area, where the entry pit is
established.

Bentonite, a non-toxic, non-native clay, used to make the drilling fluid, is delivered to the
cutting head to provide hydraulic cutting action, lubricate the drill bit, stabilize the hole,
and remove cutting spoils as the drilling fluid returns to the entry point of the pilot hole.
Typically, drilling fluid returns are processed to remove the cuttings, and the bentonite is
recycled for use as the drilling operation continues. Some bentonite will leak from the
HDD exit point. Because the drilling fluid is denser than water, it tends to remain near
the seafloor, and can be recaptured at the exit hole. However, if the drilling fluid, which
is under pressure, encounters a weakness in the soil or bedrock, it may "frac-out" and
cause an uncontrolled discharge to the seafloor at a location other than the exit hole.

The feasibility of the HDD technique for a specific location is a dependent upon the
subsurface geologic conditions, pipe diameter or cable strength, and entry and exit
conditions. Installations through profiles with diverse geologic strata are difficult and
may require re-tooling the drilling and reaming heads to accommodate the varying
formations. Gravel lenses, cobble, or boulders within the profile strata represent the most
adverse geologic condition for HDD installations, and consequently, the HDD technique
is typically not a feasible alternative in this type of strata. Current technology can
achieve directionally drilled installations of approximately 4,000 to 6,000 feet, under
favorable conditions; however, the length of the installation may be limited by the
physical characteristics of the cable or pipeline. Electric cables will not normally
withstand such long cable pulls without some risk of damage.

Dred on as sometimes used for i eline installations ° Dredging is used primarily for
trenching along the shallow water portions of a pipeline routeo Barges equipped with a
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crane and a bucket are used to excavate a trench to the appropriate depth.. Barges may
also support a hydraulic excavator. Depending on quality of the sediments and nature of
the bottom environment, excavated material may be lifted to the surface and placed on a
barge for transport to a disposal site, or side-cast adjacent to the trench. Barges are
typically positioned by three spuds, large columns that are sunk into the bottom to anchor
the barge. Once the pipeline has been installed and tested, the trench is backfilled.
Dredging may also be used when directional drilling from an onshore location to offshore
requires the construction of a transition basin, which must be made between the
directionally drill exit hole and the pipeline or cable trench.

~

")

Short-tenD impacts may include an increase in water turbidity resulting from the loss of
sediments from the bucket and release of contaminants. Longer-term impacts may
include erosion of spoil mounds by wave action from stonn events, if sediment is
sidecast. Minimizing and mitigating these impacts calls for completing dredging, pipe
lay and backfill of contaminated sediments in as short a time period as possible. The use
of silt curtains, which are designed to restrict suspended sediments to a controlled area of
the construction site, may be limited in certain areas (i.e., locations with less than 1-2
knot currents). Environmental dredge buckets, which minimize the loss of sediments
from the dredge bucket. may also be employed for contaminated sediments. Monitoring
of water quality is generally required during operations. Long-term impacts include
alteration of bottom habitat within the trench footprint and sidecast footprint.

)

) Dred' as sometimes used for cable installations. For cable installations, this method
need only be used in specialized instances where other techniques are impractical. For
example, if there is a lens of material along the cable path that prevents installation to the
required depth by jetting or plowing, the preferred solution is to circumvent the obstacle
through a deviation in the route, or to simply leave the cable closer to the surface and
protect it in other ways. However, if neither of these choices is allowed, then dredging is
likely the only remaining option.

J

Jettin the referred techni ue for cable installations. For cable installations in shallow
waters, jetting is the preferred technique, even for areas beyond the reach of a cable-
laying ship. In this instance the jetting equipment is smaller, and may be diver assisted.
The effects of operating a jetting burial too] in shallow water are no different from those
in deep water, except that the column of water in which any escaping sediment disperses
is much shallower.

). Plowin an alternate techni ue for cable installations. Plowing can also be used for
cable installations, since both the dimensions of the sub-sea plow and the force required
to pull it are moderate. The disadvantage of the sub-sea plow is that it is not self-
propelled, and requires the barge from which is it operated to be solidly fixed at each
pulling location with spuds or anchors.
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Shoreline Trenchin£. Shoreline trenching refers to the use of conventional excavating
equipment to instaJI the cable or pipeline. Also called "conventional open-cut
technology," it is an extension of the technique used in undergounding the inland portion
of the cable or pipeline. h1 general, for both pipelines and cables, if this technique is
utilized at all, it is only for the purpose of reaching the point where one of the previous
techniques can be used. For electric cables, jetting equipment is available that reaches up
to the high tide line, provided that the tender with the pumps can get close to shore. h1
such a case, shoreline trenching can be minimized. However, shorelines that are exposed
to substantia] wave action can be very resistant or coarse-grained, making jetting or
plowing not feasible. h1 such cases a conventional trench is extended from the upland
past the shoreline until the point where the sediment is sufficiently fine-grained to enable
the jet or sub-sea plow to operate.

Hand Jetting. A diver-operated hand jet may be used to bury the cable or pipeline. Hand
jetting is typically used for distances of less than several hundred feet, including where
HDD-installed pipeline is connected to conventionally installed line, at tie-in pipeline
welds, and at lateral side taps. For hand jetting, a support vessel provides pressurized
water through a hose and nozzle maneuvered by a diver. The diver works the sediment
from under the cable or pipe to create a trench into which the cable or pipe settles. Hand
jetting is also commonly used by divers to locate damaged sections of cables or the ends
of severed cables.

Surface Lav

For certain applications, the pipeline or cable is laid on the sea floor and covered with an
arD1oring of stone rip-rap or concrete mats. This method may be employed where a line
must cross bedrock, other cables or pipelines, or contaminated sediment where
disturbance is undesirable. Typically this method is only utilized for short distances.

Armoring

Armoring is also required for short distances where the cable or pipeline, while not at the
surface, cannot be buried sufficiently to protect it against external forces, such as wave
action or damage from ships. Placement of armoring materials alters the benthic habitat
along the construction footprint unless conditions happen to be roughly similar, such as
they would be at a rocky seashore. In the right environment, these can be configured to
serve as shelter, and a point of attachment for species requiring hard surfaces. In the
wrong environment, however these structures may form a physical barrier to demersal or
epibenthic organisms, or simply cause an unwarranted change to the ljtoral quality of the

seashore.
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.--

Blasting

~ Underwater blasting may be required where the trench encounters resistant bedrock,
where maintaining a predetennined depth is required, and/or where alternate techniques,
such as annoring the cable or pipeline, are not practical or are not authorized by permits.
Noise and pressure waves can cause short-term impacts on marine species including
marine mammals, turtles, and fish.

.>

2.7.2 Construction Impacts on Marme Resources

Construction impacts can'be grouped into five basic categories:

Direct habitat disturbance related to excavation (plowing and jetting), dredging
(soft and hard substrate), and blasting (some hard substrate);

Direct impact to marine species;

Sediment resuspension (water quality impacts) and deposition (benthic impacts)
resulting from trench excavation, blasting, and to a lesser extent HDD exit points
or "frac-outs"(release of bentonite drilling fluid);

Substrate disruption related to anchor cable sweep; and

Pennanent habitat alteration related to placement of annoring materials.

The timing of construction affects the type and level of impacts that will occur. Avoiding
construction during the sensitive life stages of marine species will minimize potential
impacts. These impacts can vary depending on the species.

J
Water ~ali~ Impacts

Water quality is directly affected by the displacement and disturbance of bottom
sediments and the resultant release of sediments into the water column. This causes
increased turbidity, which can affect habitat and marine species. Increased turbidity
associated with construction activities is a function of the constructjon method employed,
the amount of material that is displaced, and the sedjment characteristjcs .The suspension
of sedjments jnto the water column can temporarily affect water quaJjty through the
reductjon of dissolved oxygen and depth of light penetration. Contaminants, if present jn
the sediments, also may potentjally be released. The suspended sediment drifts wjth the
water cunents and eventually settles on the bottom. The sediment plume's duratjon and
extent of mjgration depend on many sjte-specjfic variab1es, jncluding the amount of
sediment in suspension, the size of sediment particles, water depth and temperature,
current velocity and tida] stage, and wind directjon and speed. Coarse sediments
generally settle quick]y, whereas finer sediments remain suspended in a plume for 1onger
periods of time.
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Water quality impacts associated with construction are generally short term in duration.
Dredging, plowing, and jetting all have varying capabilities of releasing sediments into
the water column so that the primary impact is increased turbidity. The duration of the
impact depends on local hydrodynamics, grain-size composition of the sediment, and
duration of the construction activity. Generally, a turbidity plume generated by bottom
disturbance will dissipate within hours of cessation of the activity that caused it. Release
of anoxic organic sediments into the water column can also remove dissolved oxygen
from the water column in the immediate vicinity of the disturbance. Organic sediments
are more commonly found in deep areas in the western portions of Long Island Sound
and in some of the dredged material disposal areas (Appendix C, Figure C-19). The
biological significance of this effect depends on the time of year. It is more likely to pose
a potential problem in the summer, when dissolved oxygen levels are naturally

suppressed.

There is also concern that contaminants can be released from sediments in the water
1 S al ..191192 h h th al d . co umn. ever momtonng programs' ave s own at met s an orgaJ1)c

pollutants such as PCBs are rarely dissociated from sediment particles and released into
the dissolved form when sediments are disturbed. However, any contaminants that are
bound to sediment particles will be transported with the particles.

The federal and state agencies that regulate construction activities in Long Island Sound
generally require pre-construction sediment testing and analyses to assure that
contaminated sediment areas are avoided. If avoidance is not possible, special mitigation
techniques are typically mandated. Another short-tenD impact includes water quality
impairment from the release ofHDD drilling fluids, "frac-outs", and the disposal of spent
drilling fluids and cuttings. The release of HDD drilling fluids has the potential to impact
water quality and marine life through localized increases in turbidity and sedimentation.
This very fine-grained material can suffocate benthic organisms and alter the seafloor
habitat. The DEP currently requires all permit-holders in Long Island Sound who utilize
HDD to post an environmental performance bond to guarantee cleanup, in the event of an
uncontrolled release of bentonite fluid. In addition, applicants are required to prepare and
implement a detailed monitoring plan to minimize the possibility of a release.

Impacts on Benthic Communities and Fish2.7.3

Benthic communities and fisheries resources may potentially be impacted by direct
disturbance of bottom sediments from trenching, barge anchoring and cable sweep, and
by acoustic shock from bedrock blasting, if such construction methods are used.
Indirectly, these organisms may be impacted by the associated turbi.dity and sediment
deposition, and by subsequent erosion of the trench spoil mounds. Potential direct

191 ACOE (New England Division) and Massachusetts Port Authority. 1995. Fina1 EIR/EIS Boston Harbor

Navigation Improvement Dredging and Berth Dredging Project.
192 Pembroke, A.E. and J. Bajek. 2000. Disposal of Boston Harbor Sediments using In-Harbor CADS:

Minimal Water Quality Effects. Presented at Sea Grant Conference on Dredge Material Management:
Options and Environmental Considerations. Dec. 2000, Boston, MA.
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significant adverse impacts in the construction area include mortality by dislodgement or
burial, and disturbance and/or destruction of commercial shellfish resources. Potential
indirect, significant, adverse impacts include mortality by suffocation berieath silt,
interruption of spawning and migration, habitat Joss or alteration, and introduction of
water pollutants. Once again, the degree to which these effects may occur has to be'
investigated and evaluated based on site specific and project-specific conditions.

A primary concern relates to shellfish beds and fisheries resources and habitats in the
nearshore and shallow marine environment (less than 30 feet). The effects of
construction on such areas depends on the project and the specific installation techniques
used. Recovery of the bottom habitat and shellfish resources depends on a number of
factors, including depth of the scar or disturbance, the local sediment transport "regime,
the original nature of the benthic environment, and methods used to restore the substrate,
such as placement of cultch or sandy top dressing. These factors are likely to be variable
along a project route. For example, if anchor scars do not refill by natural sedimentation
or are not actively backfilled, they might persist as depressions, accumulate fine-grained
materials and organics, and develop different benthic communities. This would represent
a long-term conversion of shellfish habitat.

)
Long Island Sound has been the subject of extensive research on successional stages in
benthic commwrities. The number and type of organisms change based on the degree of
environmental disturbance or stress.193 One viewpoint relies on principles of landscape
ecology to explain small, medium, and large-scale spatial and temporal variations in
benthic commwrity structure.l94 Another viewpoint focuses on the role of disturbance in
creating successional stages in benthic commwrities. The number and type of organisms
change based on the degree of environmental disturbance or stress. Communities
typically progress from a Stage I, or early successional stage, typified by an abundance
surface dwelling, resilient or opportunistic species, which have high reproductive rates
and minimal or weak predation and competition defenses, are rapidly established
following a disturbance. The Stage I commwrity transitions to a Stage II community,
which includes species such as the clams Te//ina agi/is and Nucu/a annu/ata. The final
stage, Stage III, is a mature commwrity typified by large, deep dwelling, subsurface
deposit feeding species that include polychaete wonns Nephtys incisa and razor clam
Ensis directus. Stage III species burrow more deeply into the sediment. These species
are longer-lived and their position deeper in the sediment provides greater protection
against predation. These more mature communities are characteristic of fairly stable
physical conditions. The successional stage of the community becomes important when
estimating the level and time frame for recovery from potential impacts.195 While useful
to explain invertebrate communities in the Central Sound, this explanation may
oversimplify Sound-wide invertebrate communities.l96

193 Rhoads, D.C., P .L. McCall, and J. Y. Yingst. 1978. Disturbance and production on the estuarine seafloor.

Am. Sci. 66: 577-586.
194 Zajac et al. 2000.
195 Rhoads, D.C., P.L. McCall, and J.Y. Yingst. 1978. Disturbance and production on the estuarine seafloor.

Am. Sci. 66: 577-586.
196 Zajac et al., 2000.
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Disturbance and Recove ained Substrates

Potentia] benthic impacts in fine-grained sediments (clays, silts, and fine sands) include
habitat burial, sediment resuspension and deposition, and substrate disruption.
Construction using HDD may disturb habitat around the exit or entrance holes through
dredging for the tie-in to other construction methods and through potentia] release of
drilling fluids to the substrate.

Dredging, plowing, and jetting may disturb communities in the immediate trench
footprint as well as the adjacent areas where sediments are sidecast. Benthic
invertebrates in the areas of this direct impact footprint will likely be killed. Larger,
more mobile invertebrates and fish may be able to avoid the disturbance. Loss of the
benthic community also results in the loss value for predators.

Pioneering species of benthic invertebrates may start recolonizing disturbed sediments
within a period of days to weeks, depending on when the disturbance occurs. Rhoads et
al. found that organisms colonized azoic sediment trays in Long Island Sound within 10-
29 days.l97 Murray and Saffert found that dredged material disposed at the Western Long
Island Sound disposal site was initially recolonized in one to two weeks.198 ill areas
where the pre-construction benthic community is typified by pioneering species, full
recovery could occur within a month or less. Northeast Utilities Service Company
(NUS Co) found that the sedimentary character and benthic infaunal communities'
recovered in five to six years after the Millstone Unit 3 intake structure was constructed
and began withdrawing cooling water from Long Island Sound.l99 Other fine-grained
habitats may support intermediate (Stage ll) to climax (Stage Ill) communities and
recovery would take longer, on the order of several months to several years (Table 13).

197 Rhoads, D.C., P.L. McCall, and J.Y. Yingst. 1978. Disturbance and Production on the Estuarine Sea

Floor.
198 MUJraY, P.M. and H.L. Saffert. 1999. Monitoring Cruises at the Western Long Island Sound Disposal

Site. DAMOS contribution No. 125. U.S. Army Corps of Engineers New England Branch. Waltham MA.

80pp.199 NUSCo. 1992. Monitoring and Marine Environment of Long Island Sound at the Millstone Nuclear

Power Station, Annual Report, (1991), Benthic Infauna, pp. 185 -222.
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Table 1.3 -Results of Soft Substrate Recolonization Studies Including Location,
Stressor, and Time to a Stage III Recovery

--

Study Location Stressor RTime to

ecovery

~

Germano et al.
1994200

Coastal New
England

Dredged material
Disposal

6mon~~s-
1 year

J
Rosenberg 1971201 Sweden 3 years

5 yearsRosenberg 1976202 Sweden

Paper mill ( sulfite)

Enrichment

Murray and SaffeTt
1999203

Western Long
Is]and Sound

Dredged material
disposal

1-4 months

MWRA 204 Massachusetts Bay Stonns 1-2 years

Rhoads et al. 1978 Long Island Sound Dredged material 1-2 years

Rhoads et al. 1978

NUSCo, 1992205

Long Island Sound 6-8 months

5-6 years

}

Eastern Long
Island Sound

Azoic sediment

Dredging for power
pJantintake

Recovery of the fish and shellfish functions is in part dependent on the recovery of the
benthic infauna, wmch help create the appropriate food resources and habitat for larger
organisms. Mobile fish and larger invertebrates (e.g., lobster) may be able to avoid
construction activities and return as part of the habitat recolonization. Other species that
rely on substrate-specific characteristics (e.g., demersally spawning fish such as winter
flounder) can begin using the habitat as it returns to its previous condition.)-

Dredging and jetting resuspend sedjment and cause substrate di sruptj on. As a result,
these activities cause temporary. localized reductions in water clarity and sedimentation
as suspended particles are released from the water column. Results from dredging studies
indicate that recolonization to a Stage III communjty occurred in as little as one to four
months to as much as one to two years. Disposal of dredged material has been found to

200 Germano, J.D., D.C. Rhoads, and J.D. Lunz. 1994 An integrated, tiered approach to monitoring and
management of dredged material sites in the New England region. DAMOS contribution no. 87.
SAIC Report No. 90n5/234. U.S. Army COIFS of Engineers, New England Division. Waltham, MA.

201 Rosenberg, R. 1971. Recovery of the littoral fauna in Saltkallefjorden subsequent to discontinued

operation of a suJphite pulp mill. Thalassia jugol. 7: 341-351.
202 Rosenberg, R. 1976. Benthic faunal dynamics during succession following pollution abatement in a

Swedish estuary. Oikos 27: 414-427.
203 Murray, P.M. and H.L. Saffert. 1999. op cil.
204 Kropp, R.K., Diaz, R., Hecker, B, Dahlen,D., Boyle, J.D. Hunt.C.D. 2000. 1999 Outfall Benthic

Monitoring Report. Boston: Massachusetts Water Resources Authority. Report ENQUAD 2000-15. p.
230.

20S NUSCo. 1992. Monitoring and Marine Environment of Long Island Sound at the Millstone Nuclear
Power Station, Annual Report, (1991), Benthic Infauna, pp. 185 -222.
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stimulate productivity, resulting in development of an advanced benthic community in as
little as six to twelve months!06 Studies along the New England coast suggest that
dredged material di~osal actually improves juvenile ]obster habitat by increasing

burrowing activity.207

Cable sweep is likely to disturb the surface of fine-grained substrates with some Joss of
organisms and disturbance of spawning habitat (depending on the time of year), but
recovery is typically less than for trenching activities because of the shallower depth of
the disturbance.

Disturbance and Recoverv Qf Sandy Substrates

Potential impacts to sandy substrates are the same as for fine-grained substrates: habitat
burial, sediment resuspension and deposition, and substrate disruption. Sandy sediments
may support a more advanced benthic community than silty sediments, however, and
would require a longer period for recovery from impacts. Suspended sandy sediments
would be deposited more quickly than in fine-grained areas which are beneficial to water
quality, although it increases the thickness of the depositional layer near the construction.
Recovery could take from six months to several years (Table 13).

Disturbance and Recoverv of Gravel and Cobble Habitat

Potential impacts in gravel and cobble sediments include habitat conversion from nearby
sediment suspension activities (jetting), direct habitat disruption from plowing and
arn1oring, and substrate disruption from cable sweep and anchoring. Recovery after habitat
disruption would entail recolornzation following substrate stabilization, with the assumption
that there would be littJe survival of original fauna.

Disturbance and Recove 0 Bedrock Habitat

Potential impacts in bedrock habitat include habitat conversion (siltation from nearby
construction activities), direct habitat disruption from blasting, and substrate disruption from
cable sweep and anchoring. Habitat conversions caused by sedimentation onto bedrock
may result in a change to different functions and values. However, recovery to the original
habitat is dependent on the depth of sediments and water depth. which will detennine the
likelihood that winter storms will disperse newly deposited materials. Recovery of kelp beds
following overgrazing and subsequent population decimation of sea urchins provide an
approximation of recovery of unpopulated hard substrate habitat. In Nova Scotia, recovery
of kelp beds took as little as four to five months to as long as 18 months?O8 Surface fouling
panels also provide an indication of recovery time. Fouling panel studies off coastal New
Hampshire using Plexiglas panels set out in January reached peak biomass and percent
frequency by July (six months), with a commlnlity that included most typical fouling

206 Germano, J.D., D.C. Rhoads, and J.D. Lunz. 1994 An integrated, tiered approach to mollitoring and

management of dredged materia] sites in the New England region. DAMOS contribution no. 87. SAIC
Report No. 90nS/234. U.S. Anny COIFS of Engineers, New England Division. Waltham, Massachusetts.

207 Ibid.

208 Johnson, C.R. and K.H. Mann. 1988. Diversity, patterns of adaptation, and stability of Nova Scotian

kelp beds. Ecol. Monogr. 58:129-154.

100



Section 2: Summary of Background Information
-

species?O9 Surveys in shal]ow sublittora] rocky substrates after ice scour in eastern
Newfoundland indicate that biomass returns to origina] ]eve]s in two mon~ with kejp
recovery taking Jess than a year.210 Artificial reef studies also provide an indication of
recovery time. Concrete modules dep]oyed in Delaware Bay had a well-developed epifalU1al
and fish community in one to two years?11 An artificial reef in the New York Bight constructed
from both concrete and coal ash contained fully deve1oped communities bytb~ end of the first
year following deployment, aJthoure bi010gical interactions led to continued successional
changes during the following year. 12 In Puget Sound, invertebrate settlement on concrete

blocks increased rapidly for a period of six months, and had stabilized after a 10-month period.
Fish recruitment was complete after seven to nine months.213

Lobster

Potential impacts on lobster include barriers to movements and alteration of habitat
especially for early benthic phase lobsters.

Lobster movements can be classified into small-tenn movements. generally on a daily
basis, and larger-scale movements occuning on a seasonal basis. SmalJ-scale movements
of lobsters greater than 45 rom in carapace length (CL) are generally less than 300 m!]4
The extent of these movements is inversel~ related to water temperature where activity
decreases with lower water temperatures.]5 Lobsters in Long Island Sound are not
thought to undergo large-scale migrations.2]6

)

Sources of mortality may include direct contact with construction equipment, the open
trench as a barrier to migration increasing exposure to predators, burying of lobsters in
the trench during backfilling, and loss of early benthic phase (EBP) habitat. Lobsters that
directly encounter ongoing trenching and side casting construction activity are likely to be
killed. Impacts can be minimized by restricting activity to cold water temperatm"e periods
when movement of lobsters is at the annual low, and the probability of encounter between

209 Nonmndeau Associates. 1996. Seabrook Station 1995 Environmental Studies in the Hampton Seabrook

Area. A characterization of environmental conditions during the operation of Seabrook Station. Prepared
for the North Atlantic Energy Service CoIp.

210 Keats et al. 1985. (Cited in Mathieson, A.C., C.A. Penniman, and L.G. Harris. 1991. Northwest Atlantic

rocky shore ecology. in A.C. Mathieson and P.H. Nienhuis, eds., Intertidal and Littoral Ecosystems,
Ecosystems of the World, Vol. 24. Elsevier, Amsterdam, pp. 109-191.)

211 Foster, K.L., F.W. Steimle, W. Muir, R.K. Kropp, andB.B. Conlin. 1994. Mitigation potential ofbabitat

replacement: concrete artificial reef in Delaware Bay -preliminary results. Bull. Mar. Sci. 55:783-795.
212 Woodhead, P.M.J. and M.E. Jacobson. 1985. Epifaunal settlement, the processes of community

development and succession over two years on an artificial reef in the New York Bight. Bull. Mar. Sci.
37.

213 Buckley, R.M. and G.J. Hueckel. 1985. Biological processes and ecological development on an artificial

reef in Puget Sound, Washington. Bull. Mar. Sci. 37: 50-69.
214 Cooper, R.A. and J.R. Uzmann. 1980. Ecology of Juveni]e and Adu]t Homarus. Pages 97-142 in J.S.

Cobb and B.F. Phillips, eds., 77Ie Biology and Management of Lobsters, Vol. II. New York: Academic

Press.
21S Ennis G.P. 1984. Territorial behavior of the American lobster Homarus american us. Trans. Amer. Fish.,

Soc. 113(3): 330-335.
216 Briggs, P.T. and F.M. Musbacke. ]979. The American lobster in western Long Island Sound. New York

Fish and Game Journal 26:56-86.
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lobsters and construction is reduced. Regardless of the time of year, any lobsters residing
in the path of the utility crossing will suffer mortality due to trenching activities, but the
probability of "new" lobsters entering the area of construction activity is minimized when
temperatures are lower.

Both the temporari1y open trench for the pipe1ine and the pre-10wered pipe 1aid on the
seafloor have the potentia] to form a bauier to 10bster movements. The extent to which
the trench forms a barrier is dependent on the s1ope of the sides of the trench and the
probability of a 10bster encomltering the trench. To determine the impact of the side s1opes of
the proposed trenches, the slopes need to be compared to known natura] lobster habitat to
assess the potentia] to interfere with movements. The probability of a 1obster encountering
the trench will be dependent on the period of time the trench is exposed, the time of year of
construction, and any behavioral attraction an open trench may exert on lobsters.

Depending on the underlying geology, sideslopes of a dredged trench are likely to be
about 1:3 (vertical to horizontal). Lobsters are able to negotiate a 1:3 slope (about
20°).217 However, the placement of a pipe in the bottom of the trench may fonD a partial
baIrier for lobsters attempting to cross over the trench. especially when water temperatmes are
low and lobsters are less active.

A plowed trench will initially have side slopes of approximately 4:5, or about 40°, but slumping
will occur shortly after the plow passes, which will also assist in covering the pipe. As with the
dredged area, this slope should not fornl a major barrier to lobster movements. Lobster
habitat includes areas that have been extensively excavated with slopes from 5° to 70°. As
with conventiona1 dredging, the pipe at the bottom of the trench may fOrnl a baIrier,
particularly in sediments where there is minimal slumping.

Where jetting or a combination of plowing and jetting is proposed, generally the slopes of
the trench would be approximately 2:1, or about 65°, but slumping occurs shortly after
the equipment passes. Although lobsters can use areas with slopes as great as 700 as habitat
for bmrows, 214 it is likely that the slopes of the open jetted or plowed trench will be a partial

barrier to movement. The length of time that the trench would be expected to remain open
would be project-specific, depending on the water depth, substrate, frequency of disturbance,
etc.

Any lobsters that construct bUITows in the sides of the insta1lation trench will likely be kjlled
when the trench is backfilled as part of the installation. However, this impact can be
reduced if construction is restricted to periods when low water temperature limits lobster

activity.

The existing 1385 Line, which consists of seven cables, was placed on the sea floor and has
remained for almost 35 years. No divers, that have descended to repair or inspect the cables,
have reported observing lobsters in distress. These field observations suggest that electric
cables on the seafloor do not pose a significant obstacle to lobster movement.

217 Cooper, R.A. and l.R. Uzmann. 1980. Ecology ofluvenile and adult Homarus. In: Cobb, l.S., Phillips,

B.F. (ed.) The Biology and Management of Lobsters, Volume II. Academic Press, Inc. New York, p. 97-
142..
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Construction Impacts on Early Benthic Phase Lobsters. EBP lobsters appear to prefer
complex habitat that provides shelter. Incze and Wahle defined EBP lobsters as having a
carapace Jength (CL) of 5-40 rmn:18 These Jobsters are highly shelter dependent, gradually
ranging out from their refuge as they reach 35-40 mm CL.219 The preferred habitat for
newly settled lobsters is cobble beds:2O This sheher dependent phase Jasts for about two
years until they reach about 45 mm CL when they may begin nocturnal foraging away from
their shelters.214 Juvenile and adult lobsters also prefer shelter. Habitat consisting of a
sand, gravel, or bedrock base with a rock overlay is a cormnon inshore lobster habitat. 214

~

)

Hard bottom substrate consisting of coarse glacial till (CGT: gravel, cobbles and boulders
with sand) is important habitat for EBP and young lobsters. Habitat alteration or loss can
be minimized by backfilling a plowed trench with the native gravel and cobble. In
locations where plowing and jetting are to be used, it is possible that the gravel and
cobble will be too widely dispersed for the backfill plow to replace all the material.

Attraction of Lobsters to Disturbed Sediments. Benthic organisms and lobsters may
potentially be attracted to the disturbed sediments resulting from construction activities.
Presumably, the disturbed sediments provide increased feeding opportunities for
epibenthic organisms. The effects of a large-scale trenching operation on lobster movements
and catch rates was assessed in Boston Harbor as part of the construction of the Third Harbor
Tunnel, where a 40-foot trench was excavated through Boston Harbor. The east end of the
trench area consisted primarily of soft sediments and was excavated by conventional
dredging. Constructing the south end of the trench area required blasting through bedrock.
A lobster monitoring program was implemented to detennine the relative abundance and
condition of lobsters adjacent to and ongoing blasting and dredging activities!21 Data
from the program indicated that there was a noticeable decline in the catch of lobsters in
Boston Harbor during the two-month study at all stations. However, the decline was
attributed to the occurrence of the annual molting period during construction activities.n2
The study did not indicate any attraction of lobsters to the trench, as there was no increase
in catch per unit effort at stations near the trench during the construction activities.

)

)

Any sjgnificant trencrung activjty will disturb surface sediments where infaunal organisms
live and expose azoic sediments that were previously below the water sediment interface. The

218 Incze, L.S., and R.A. WabJe. 1991. Recruitment from pelagic to early benthic phase in lobsters Homarus

americanus. Marine Ecology Progress Series 79:76-89.
219 Mackenzie, C. and J.R. Moring. 1985. Species profiles: Life histories and environmental requirements

of coastal fishes and invertebrates (North Atlantic) -American Lobster. U.S. Fjsh and Wildlife Service
Bjologica1 Report 82(11.56). U.S. Anny CoIps of Engineers, TR WL-82-4. p. 21.

220 Palma, A.T., R.A. Wable, and R.S. Steneck. 1998. Different early post-settlement strategies between

American lobsters Homarus american us and rock crabs Cancer irroratus in the Gu]f of Maine. Mar.
Ecol. Progr. Ser. 162:215-225.

221 Noyes, C.L., S. Truchon, C. Meininger, and M. Best. ]993. Central ArteryfTunne1 PToject: A sw-veyof

lobsters in Boston Harbor dwing harbor dredging and blasting operations. Abstract of paper presented at
the Ejghth AImual Boston HarborfMassachusetts Bay Symposjum. Presented by the Massachusetts Bay
Marine Studjes Consortium J.F. Kennedy Library, March 31 and April 1, 1993.

222 Corten (Jason M. Corte)) and Assocjates). 1992. Boston Harbor Lobster Monitoring Program. PTepared

for the Massachusetts Hjghway Department by Jason M. Corte)) and Associates Inc. in association with
ENST Consulting and Engineering under subcontract to Bechtel/Parsons Brinckerhoff.
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vohnne of azoic sediments will be much ]arger than the surface sediments that contain
infaunal organisms. Plowing and jetting wou]d result either in overturning of surface
sediments and covering them with the deeper azoic sediments (plowing), or in a wider dispersal
of both surface and deeper azoic sediments (P]owing and jetting). fu either case, infaunaJ prey
organisms will likely be smothered, resulting in a reduction in the food somce for scavenging
epibenthic megafauna such as ]obsters and crabs. There is a possibility that scavenging
epibenthic megafauna may be attracted to feeding on dead and injured infauna if present
at the surface of the spoil mounds on either side of the trench, but the ]ow water temperatmes
during trenching activities can minimize this activity.

2.7.4 Finfish Impact Assessment

Finfish have the potential to be affected by construction through direct contact with
construction equipment, obstruction of migrations, blasting, and degradation of habitat.
Fish are obviously mobile organisms that will to a great extent avoid construction activities. In
addition, peIInit and/or certificate conditions typically prohIbit or limit in-water construction
activities dming sensitive periods in the lifecycle of finfish.

Fish that move between fresh and salt water habitats to spawn and comp1ete their life cycle (i.e..,
anadrornous and catadromous species) are most susceptib1e to disrnption of migratory routes.
Degradation of habitat can occur due to siltation from trenching activities, increased suspended
solids affecting water quality, and from modification of the habitat following backfi1ling.
Demersal fish that live on the bottom are most susceptible to habitat degradation.
Re1ease of pollutants from contan1inated sediment is another possible source of habitat

degradation.

Species Characterization and Impact Assessment

Marine fishes found in Long Island Sound include pelagic and demersal fishes. Pelagic
fishes are found primarily in the water colUl]Ul. They are highly mobile and are able to use
behavioral mechanisms to avoid areas of high turbidity. Environmental impacts due to
turbidity exposure are likely to be limited to physiological effects such as increased

.. d ghin 223respIrallOn an cou g.

Migratoa Species

Adult anadromous fish migrate into freshwater to spawn, and the eggs and larvae develop
in freshwater. Typically, YOY fish will mjgrate downstream and enter marine waters.
When anadromous fish are sexually mature, they return to freshwater to spawn.

Alewife and blueback herring have similar life histories; the adults begin to ascend rivers
in March for spawning. Eggs and larvae develop in freshwater throughout the spring and

223 Newcombe, CoP. and J.O.To Jensen. 1996. Channel suspended sediment and fisheries: A synthesis for

quantitative assessment of risk and impact. North American Jour. of Fish. Manage. 16(4):693-727.
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summer. By late suminer through fall, YOY alewife and blueback herring descend the
rivers and enter the ocean.

]
Rainbow smelt enter rivers and streams to spawn in March through May, with peak
spawning occurring on the spring tides.224 Adults return to nearshore coastal waters soon
after spawning. The eggs develop throughout the spring and summer,and by fall YOY
move into higher salinity waters.

The American eel is a catadromous fish (spawns in salt water and develops in freshwater)
that occurs Long Island Sound. American eels spawn in the Sargasso Sea in February
through April, and larvae develop as they are transport~ up the East Coast.n5 American
eels reach the glass eel and elver stages by the time they reach Long Island Sound in the
late winter and early spring, about one year after hatching. Upstream migration occurs in
the spring, primarily between April and June. After spending several years in freshwater,
eels may begin a spawning migration to the ocean in late summer and fall. Due to the
complex life cycle of American eels, and long residence time in freshwater, they may be
found in Long Island Sound year-round.

Nearshore construction has the greatest potential to disrupt anadromous fish migration
when these activities take place in relatively narrow waters. Upstream migration tends to
be concentrated temporally and, therefore, has the greatest potential for being affected.
Downstream migration of YOY alewife, blueback herring, and rainbow smelt, and
mature eels involve more of a diffuse movement that occurs throughout the summer and
fall, than the upstream migration in the spring. Most of the downstream migration may
be complete by October, and the remaining fish would be able to move around trenching
activities. YOY Rainbow smelt may remain in the more saline portions of the estuary
and may not leave the river at all!24

)

Pelagic Species

Fish eggs and larvae are susceptible to increased turbidity and siltation resulting from
dredging, especi~lly if the eggs are demersal. Most larvae are poor swimmers and it is not
expected that they could avoid any areas of high turbidity. It is likely that elevated tm-bidity
would occur temporarily and only in a small area around active construction.

The primary impact is likely to be a temporary increase in suspended sediments in the
water column. Newcombe and Jensen rated the impacts of suspended sediments on
fishes on a scale that included no effects, behavioral effects, sublethal effects, and lethal
and paralethal effects depending on the concentration of suspended sediments and the
duration of exposure!23 Usually, the severity of the impacts increased with increasing
concentrations of suspended sediments and duration of exposure. At low concentrations

224 Buckley, J.L. 1989. Species profiles: life histories and environmental requirements of coastal fishes and

invertebrates (North Atlantic) -Rainbow sme1t. U.S. Fish and Wildlife Service Biological Report
82( 1 1.106). U.S. AImy Corps of Engineers, TR EL-82-4. 1 1 pp.

225 Facey, D.E. and M.J. Van Den Avy1e. 1987. Species profiles: Life histories and environmental

requirements of coasta1 fishes and invertebrates (North Atlantic) -American eel. U.S. Fish and Wild1ife
Service Biological Report 82(1].74). U.S. Army CoIps of Engineers, TR WL-82-4. 28 pp.
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and exposure times, only behavioral effects such as avoidance and alann reactions
occurred. At extremely high concentrations, reduced growth rates and mortality could
occur. In practical temls for evaluating the impacts of dredging activities on fishes, these
findings imply that fish will use behavioral mechanisms to avoid areas of high suspended
sediments that may cause lethal or paralethal effects, assuming that the turbidity plume is
not so large as to completely prevent escape.

Newcombe and Jensen used data from several studies to evaluate the effects of suspended
sediments on adult estuarine nonsalmonids!23 Some of the fishes used to represent
estuarine nonsalmonids were considered by the authors to be relatively sensitive such as
bay anchovy, Atlantic herring, Atlantic silverside, Atlantic menhaden, spot and fourspine
stickleback. Few strictly demersal fish were included, and no data on winter flounder
were available. Therefore, the impacts on fishes from the models of Newcombe and
Jensen can be considered conservative, meaning that they will likely overestimate

impacts?3

In an active construction area, exposure times are assumed to be short, one hour or less,
because if given the opportunity, fish will move out of areas with high concentrations of
suspended sediments. An increase suspended sediment concentrations of 30 to 55 mg/1,
as might occur near an active bucket dredge, could result in temporary impacts including
minor physiological stress such as increased respiration and coughing rates.223 Jetting
would be likely to cause greater increases in suspended sediment concentrations, but
these concentrations would decrease rapidly. Suspended sediment concentrations of about
1,500 mg/1 may result in minor to moderate physiological stress to indications of major
physiological stress such as long-term reduction in feeding rate and success.
Physiological stresses would decrease with distance from the source.

Demersal Species

Demersal fishes are found in close association with the bottom, and therefore are sensitive to
siltation and changes in bottom composition resulting from trenching activities. In the
short term, it is expected that most adult demersal fishes will be able to avoid
construction activities. However, eggs and larvae, particularly demersal eggs, will be
susceptible to siltation and turbidity effects. Demersal fishes with specific habitat
requirements are most susceptible to the long-term impacts due to dredging, such as habitat
modification. These fishes would include those that have specific preferences for spawning,
YOY, or feeding habitat. Substrate restoration and other engineering measures to minimize
siltation and turbidity can minimize the potential for population-level impacts to demersal
fish species.

Short-Tenn Fi!!fish Impacts

Short-teIm impacts include disruption of spawning habitat during construction, and impacts of
the turbidity plume resulting from trenching on eggs and larvae. Most commercially
important fishes have pelagic eggs and larvae that would not be directly affected by
trenching. However the turbidity plume resulting from dredging, plowing, and plowing
and jetting, could affect pelagic eggs and larvae. Eggs are expected to be more resistant to
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turbidity as their food source is contained within the egg. However, demersal eggs,
especially the commercially important winter flolmder and ocean pout, may become silted
over and experience mortality. Larvae may be more susceptible to turbidity impacts
because they have limited ability to avoid high turbidity and are actively seeking food
sources after the yolk-sac stage.

Winter flounder are commercially and recreationally important fish found throughout Long
Island Sound that deposit demersal, adhesive eggs in estuaries of nearshore areas from
February through May:26 The preferred habitat for deposition of eggs is not well described,
but Bigelow and Schroeder state that they spawn over sandy bottom in water as shallow as 6 to
18 feet.227 Crawford and Carey found winter flounder ergs deposited on a tidally
submerged gravel bar and attached to fronds of macroalgae:2 Pereira et al. stated that
winter flounder eggs are generally collected from waters less than 15 feet deep and
mortality will likely be co~rete for ~y winter flo~der e~s. in .ilie area that are buried to a
depth greater than 3 mm. SchedulIng construcbon acbV1bes ill shallow waters outside of
the winter flounder spawning season will minimize impacts to this species.

1

Winter flounder larvae are also susceptible to short-tenn impacts due to increased
turbidity from trenching activities. Winter flounder larvae are non-dispersive, meaning that
they remain close to spawning areas!30 Therefore, the majority of winter flounder larvae
will occur in waters less than 15 feet deep from February through August.

)

Long- Term FinfISh ImlJacts

Long-tenn impacts are related to changes in physical habita~ such as substrate type, that are not
naturally reversible. Fish with specific requirements for substrate are susceptible to these
changes. Almost all demersal fishes probably have some preference for substrate type for
various activities such as feeding, spawning, and juvenile habitat. However, for most fishes
these preferences are not well described in the scientific literature.

}

2.7.5 Submerged Vegetation

Seagrass and algae beds may be impacted by underwater construction through direct
disturbance, sedimentation, or water quality impainnent. Seagrass beds are nearshore
features and direct impacts can generally be avoided by route selection or construction
method (HDD rather than open cut trench). They are susceptible to heavy sediment

226 Klein-McPhee, G. 1978. Synopsis of biological data for the winter flounder, Pseudopleuronectes

americanus (Walbaum). NOAA Technical Report, NMFS Circular 414. U.S. Dept. of ConU1)erce,
National Oceanographic and Atmospheric Administration, National Marine Fisheries Service.

227 Bigelow, H.B. and W.C. Schroeder. 1953: Fishes of the Gulf of Maine. Fishery Bulletin of the Fish and

Wildlife Service 74:53.
228 Crawford, R.E. and C.G. Carey. 1985. Retention of winter flounder larvae within a Rhode Island salt

pond. Estuaries 8:217-227.
229 Pereira, J.L., R. Goldberg, J.J. Ziskowsb, P.L. Bemen, W.W. Morse, and D.L. Johnson. 1999.

Essential Fish Habitat Source Document: Winter flounder, Pseudopleuronectes arnericanus, life history
and habitat characteristics. NOAA Tech. Mem. NMFS-NE-138.

230 ibid.
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Joads, although they naturally function as sediment traps. Exposure to total suspended
solids in excess of 18 mg/l for extended periods (more than two months) may kill
eelgrass plants.231 Unlike channel or harbor dredging projects, construction of linear
proj ects is likely to be centered in a particular area for a relatively short period of time. It
is more JikeJy, therefore, that turbidity wiJJ reach only sublethal Jevels, resulting in a
short-term reduction in productivity. This effect can be further reduced by restricting the
nearshore work to the winter when eelgrass production is Jow.

Algae beds are most likely to occur in areas where there is hard substrate for attachment.
Impacts t<:>. Long Island Sound algal beds can be avoided by avoiding areas of hard
substrate. Sedimentation or water quality impairment from nearby construction activities
can reduce productivity, but this effect is likely to be very temporary in nature.

2.7.6 Birds

Marine waterbirds can be divided into three groups based on the period of their
residency: summer, winter and year-round. Summer and year-round residents typically
breed during their stay. The winter visitors are usually migrants from farther north or
in1and, seeking open water and food along the coast during the winter months. Marine
waterbirds generally nest in colonies on small nearshore islands, which offer protection
from mainland predators and most human disturbances. Many nesting locations are used
annually by a number of species, however it is well documented that colonial waterbirds
frequently relocate their nest sites:32 Many species cycle through several locations,
possibly due to changes in ecological conditions, competition among species, and human
disturbance. Such shifting of nesting colonies is particularly characteristic of terns and
waders. Foraging habitat for marine waterbirds is often widespread and diffuse.

Because birds are highly mobile during feeding and migration, impacts of the
infrastructure crossing construction to most marine birds will be negligible. Various
species may be displaced temporarily from feeding and resting areas as the construction
passes through particular habitats. For example, shorebirds and waders may avoid the
shorelines and mudflats at the landfalls during HDD activities, and diving ducks will
avoid the immediate work area and most likely the sedimentation plume during jetting
and plowing. However, because of their mobility and large ranges, the birds typically
will utilize other available habitat during construction and move back into the work areas
quickly after construction is complete. This brief loss, if any, of feeding and resting
habitat generally represents little to no threat to any marine birds.

However, birds are much less mobile during nesting and many marine species nest in
colonies on offshore islands, where they are vulnerable to disturbance. Timing
restrictions imposed in permit and certificate conditions typically require that
construction avoid such critical nesting periods.

23\ Short, F.T. 1994. Cited in Nornlandeau Associates, Inc., Sears Island Cargo Terminal Marine Resources

Impact Assessment and Mitigation. 1995. Prepared for Maine Department of Transportation.
232 Veit, R.R. and W.R. Petersen. 1994. Birds of Massachusetts. Massachusetts Audubon Society, Concord,

MA. 514 pp.
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