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LASER INTERFEROMETER
GRAVITATIONAL.\ATAVE OBSERVATORY

(LrGO)

Site Solicitation Announcement



The California Institute of Technologr (Caltech) solicits proposals from interesied
parties who will provide land on which to build and operate the Laset Interferometer
Gravitationa.l-Wave Observatory (LIGO). LIGO will be a national facility' open to the
scientific community for research at the frontiers of physics and astronomy. A proposal

by a team of scientists at Caltech and the Massachusetts Institute of Technology (MIT)
to develop and construct the LIGO has been approved by the National Science Boa.rd
(NSB), and construction and operation of LIGO a.re to be funded by the National Science
Foundation (NSF). The NSB has auihorized the LIGO Project io conduct a public search
for two suitable sites in the U.S. to accommodate the LIGO facilities. The LIGO Project
intends to evaJuate a^11 sites proposed as a result of this solicitation in order to ideotify
the best available locations for this unique national facility. As pari of this process, the
LIGO Project may contact federal, state or local governmental organizations and include
consideration of available land under their control a.nd ma^nagement.

Construction of the LIGO facilities (- $200M) is expected to start in FY 1992, to
be completed in about 5 yea.rs, subject to the availability of funds appropriated by the
U.S. Congress. LIGO will be developed, built, a^nd operated by Caltech and MIT for
the scientific community. Occupancy will include a permaneut local sta.ff of about 10-20
people, and about 10 visiting scientists. LIGO is an environmeotally benign facility and
generates no industrial pollutants.

Site Requirements

LIGO will consist of two widely separaied gravitational-wave detector facilities in the

United States. Each facility includes an L-shaped vacuum system, with arms of 2.5 miles
lengih, made of 4-foot diameter steel pipes with access ports, containing laser interfero-
metric sensor systems. The vacuum pipes provide for straight optical paths along itre full
2.5-mile length of each arm, A semi-cylindrical reinforced-concrete vault enclosure protects

the vacuum pipes. Located at the vertex of the two arms, and at the midpoint and outer
end of each a.rm, a.re buildings housing most of the equipment for laser interferometric
sensor systems.

Principal requirements of individual sites are as follows:
1. The siie must allow the construction of a flat L-shaped foundation slab, 20 feet wide

and 2.5 miies long on each arm, which supports the vacuum pipe and its concrete-
arch semi-cylindrical enclosure. Foundations for the vertex building, the two midpoint
buildings a^nd the two end buildings along each arm will lie in the same plane as the
pipe support foundation. A level layout is scientifically best; the elevation difference

between the vertex building foundation and either end building foundation may not
exceed 40 feet.

2. The site must permit construction of the five major buildings and a.ncilla,ry structrues.

The vertex building is 80,000 sq, ft. in area and the midpoint and end buildings are

6500 sq. ft. each. All are 55 feei high above the foundation plane.

3. The layout must avoid earthquale fault lines, floodplains' wetlands, and should min-
imize road or waterway crossings,

4. The site requires road access for construction and for operation.



The site must accommodate a service road adjacent io the 2.5 mile x 2.5 mile system
to provide access to entry points along the arms and to the five buildings.
The site requires a pow€r hookup with a minimum ca.pacity of 1 MW, delivered to ihe
vertex building.
The site requires water supply and waste disposal faciliiiee sufficient for sanitary needs
of permaneut sta,ff and visitors (20-30 people). (The scientific equipment consumes a
negligible amount of water and generates no liquid or solid wastes.)
The eite must have geotechnical features that provide good drainage characteristics
and soil properties to assure a minimum of foundation settlement (less than I inch)
after construction. Maximum building foundation load will be 2000 lb. per sq. ft.
The LIGO site must be remote from sourcee of man-made noise, but within con-
venient commuting distance of housing, schools, and shopping for its resident siaff.
Convenience of access to an airport for visiting staff will be considered,

10. Costs to be paid by the LIGO Project for all site preparation work required to provide
a suitable graded base for foundations and roade (including provisions for drainage
and erosion control), a.nd utility connections (power, w&ter, sewer, ielephone) may not
exceed the budgeted cost of $2,500,000 per site,

Proposal Guidelines

Intereeted parties are invited to submit a letter summa,rizing the offer that is being
made together with a brief description of how each of the principal site reguirements of
the previous section will be met. In addition, the submission must include the following
supporting material:

L A map indicating the proposed location of the LIGO site(s).
2. A topographic map (USGS 7.5 minute series, original color copies) wiih a sketch of

the proposed layout(s) for the LIGO arms (2.5 mi x 2.5 mi "L"). (Attach sketches of
the elevation profile along each of the 2.5 mi long arms.)
Readily awailable geotechnical data that may be useful in evaluation of site potential.
Available data on climate (temperature, wind, precipitation) and environmental risks
(earthquakes, landslides, foods, windstorms).
A description of the proposed access for utilities and transportation.
A description of present ownership and land use of the site.
A statement describing the land to be provided, including the proposed price, if any,
for sale or lease of the land (any proposed lease must be for a minimum duration of
25 years), and how the proposer will secure transfer of the land to the Government or
Caltech.
A discussion of potential future urban or commercial development that may encroach
upon LIGO requirements.
A statement on expected environmenta.l or procedural issues which may afect a timely
construction sta^rt.
A commitment to cooperate in the acguisiiion of additional geotechnical data needed
for construction if the site should be selected for further evaluation.
A statement describing any additional support ihe applicant is prepared to provide.
A siatement of the period of validity of the submitted offer (180 days minimum).
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These submissions will be evaluated for their technical feasibility, scientific suitability
and costs. SubsequentlS sites will be paired, based upon scientific requirements including
separation and orientation. Additional investigations of these pairs may be conducted.
Analyses and recommendations will be submitted io NSF who will make the final selection
of sites. Site pairs may be ranked, without any discussions with the proposer' on the basis
of initial proposals received. Therefore each initial proposal should contain a proposer's
best terms from a cost and technical standpoint. Sites oiher than those resulting from this
solicitation may also be considered. Proposers are advised that NSF may release to the
public a list of those who propose and the sites proposed in response to this soficitation.
This so[citation does not comait Caltech or the Government to pay costs incurred in
the preparation or submission of a proposal or in ma^king necessaxy studies or obtaining
information for its preparation.

Proposal Delivery

The original plus four copies of the proposal, including the letter offer, supporting
material, and a list of the na.rnes, titles, and telephone numbers of the persons authorized
to represent the proposer should be mailed to:

LIGO Project
Mail Code 102-33
Attention: LIGO Site Solicitation
Ca.lifornia Institute of Technoiogy
Pasadena, CA 91125
The deadline for receipt of all materials is 4:00 P.M., March 1, 1991. Proposals received

after this deadline may not be considered if this would disrupt the ongoing review process.

Inquiries

Auy prospeciive proposer desiring a.n explanation or interpretation of this Solicitation
should request it in writing. Oral explanations or instructions will not be binding on the
LIGO Project. Any written information given to a prospective proposer concerning this
solicitation will be furnished promptly to all other interested parties if that information
is necessary to submitting proposals or if the lack of it would be prejudicial to any other
prospective proposers. Therefore, prospective proposerri are invited to indicate their desire
for notification by writing to the address given below.

Inquiries about this solicitation should be directed to:
LIGO Project
California Iostitute of Technologr
Pasadena, CA 91125
FAX (818) 304-9834 or (818) 795-1547

Site Selection Criteria

The sites chosen should permit the highest level of resea.rch productivity and overall
effectiveness for the LIGO facility, at a reasonable cost of construction and operation, and



with minimal adverse impact on the environmeot. Proposals will be evaluated against
both technical criteria a^nd cost considerations, using the followiog criteria:

1. Science Impact
(a) Local P a.ra.rneters

i. Site topography affeciing LIGO facility critical pa.ra.rneters (angle between arms,
arm length, slope of arms).

ii. Natual and man-made ground vibration spectra.
(b) Globat Pa.rameters '

i. The two- site requirement.
ii. Dista.nce between sites.
iii. Relative alignments of U.S. sites.
iv. Gmmetry (location, and alignment) of site triplets (two U.S. sites a.nd a European

site).

2. Construction Cost Impact
(a) Topography (required earth movement)
(b) Soil and subsurface conditions
(c) Hydrology a.nd drainage
(d) Climate
(e) Environmental restrictions
(f) Accessibility (roads, rail, etc.)
(g) Site utilities insta.llation (power, water, sewage, etc.)
(h) Proximity of soil waste and borrow areas
(i) Local labor costs

3, Site Availability and Acquisition Costs

4. Existing Support Infrastructure
(a) Accommodations for resident sta.f, (housing, schools, shopping, etc')
(b) Accommodations and access for visiting siaff (lodging' tra^nsportation, etc-)
(c) Local technical support (vendors, maintena^nce, fabrication, etc.)

5. Operations Cost Impact
(a) Cost of power
(b) Cost of local labor
(c) Heating and cooling requirements
(d) Mainteua^nce requirernent s
(e) Travel time aod costs for visiting sta.f

6. Risk Factors
(a) Environmental risks (earthquakes, landslides, floods, windstorms, etc.)
(b) Potential future man-made noise from development

7, Security of Facility and Access for Visiting Stafr

8. Local Contributions-Financial or Other



UGO Sir€ Solicitrtiq Arnoncenrent Mailing Liet

Mr. Michr.l D. Antqro.idr, o|rir(rsn
I,o5 A[Bele! Cor{ty Board of Sr+ervison
Hall of Adminisrrarim\ Roorn t69
500 Werr Tdnplc SuEet
t s Angd6, CA gml 2

The H.norrble Cecil D. tudrus
Govemor of Idaho
office ofthe Go.remor
State Cepitol
Boise, D 83720

Mr. Jim Hsekin3, Dir€ctor
Idaho Depeimem of CornmerEe
?00 Welishtc S.rEcr
Sbrehouse lrail
Boire, ID 83720rm

Ms. C.srol lvleyer, Eiecutive Vice Presid€Dt
Gad€n City A.e6 Chambcr od Cornmerc
2Ol East Laurel
Gardar City, KS 6?8,16

Mr. L.ub L Smart ltr, Ex€cutive DirEctor
UvinEsbn Felnic DevcloEnedt Council
P.o. Fox 1330
991 Govenunent Driv€
Denlum Spinge, LA ?0?2?-1330

The HononblE John R. McKenun, tr.
Govemor of Msinc
Offrcc of the Govemu
St te Hourc Srrdar #l
Augusu. ME 04333

D!. Terry Shchsts, Asroci{c DirEqor
Maine Scirne & Tednoloettr Ccrrlmissim
State House Statiffr 147
Augusta, ME (M333

The Honorable Ray MahoE
Govemor of Mie gigsippi
P.O. B.[ 139
Jackson, MS 39205

Dr Ralph E Powe, Vice President
for Resesrdl

Mirsis,ippi Stat€ University
P.O. B.x 6343
Missisrippi Sbre , IVIS 3962

Mt David DeBlurc, Progranr Cordinator
Missiisippi Te.hndody T.ensfer Office
Buildins I 103
Srffni' Sp.c! C.oter, MS 39529

Mr. Richard W.Iones, Depuy Drecror
Mmtana Srnall Busin*s
DcveloFoeot Cena€f,

1424 9rh Aveioc
Heler4 MT 59620-0401

The Harcable E. Bcnjamin Nelson
Govemor of Nebn*r
Exe.cutiw Suhe
P.O. Bd 94t4E
liicoln, NE 68509-,1848

Dr, M. A. Mureogdc, hesi&ot
Univ.*sity of Nebr$kr
Vamer hell
3&15 Holdrcgc
Uncoln, NE 68583-Ol4J

Mr. Williem E Garcia, Cahiner Sccreury
State of Nev Mcxioo
Jocoph M. Montoya Bundint
P.O, Bcx 20qI|
| 100 SL Fr{ncis Drive
Santa Fe, NM 87503

Dr. Ponzisro M. Fc.rsr.c-cio, Acting Di|ector
New Mexico Rcseerch & Develoommr Ins ule
Pinon Building, Sufte 351
1220 Sordr SL Frrnci. Drive
Serte Fe. NM 8?501

Mr. Iondhan Klebt
Sc hwesleln hrblic Scrvicc Compeny
P.O. Bd l26t
Ameri[o, TX ?9 179

Dr. lrnyl Msshcws, Dfur.lor
Engincering Rese{rch C€nter
New Mcxico Sldc University
Com€r of Erpinozs md Stewan
Bngiteerb4 Conplex Onc
tr! Crucer, NM 880G

The Hoorbtre George A. Sinrcr
Govemo. of Nonh Dakoa.
odice of the Gwemcr
6m E. Bonlevrrd, Grouad Floor
Bilrllelrk. ND 5E505{ml

Mr. RobcnE, Mr.riott
S@th Caroli Sute DcveloFn€dt Bo.td
P.O.k9n
columti.. sC 29202

Dr. Ri*fid Burn€le, ErEdltivc Dr*tor
Bsmve[ Cornty Econdric
Dcvelof itrenr C@rmissial

P,O. Bor t96
Bam*cll SC 29E12

Mr, David Fauedon
Tennesrec Tcchnology Fouthtion
P.O. Box 231t4
Xnoxville, TN 37933

The Honoible Normer H. Ban8g,ter
Govcmor cf Utah
Offi.c ofthe Gor,€mor
Sdr I*e City, LrT E4l 14

Mr. Jolrn D, Wegoet, Menager
DeDrr0lg|r of Ederlst
Rilhland opcntiari-ofrice
P.o. Bo* 530
Richland, WA 99352

Dr. H. H. Yo6hikas'e
Wcstiighose Haof.{d C.inpany
P.O. Bca lgm
Richren4 WA 99352

Mr. Justin R. Or*r$y, Erecutive Director
Rio Grande c.orn|cil of Go{cmm€ s
l0l4Nont Str sL Suiie lm
El Paso, fi 79902

Dr. Benjamin R Were, Vice Presidcnt
for Res€{rdr

Syncusc Univcrsity
3(x To[€y Adrniniluation Building
Syncusr, NY 132,14.1 100

Dr. Peter Saukon
Syrecule Univdrily
201 PhyBicr Building
SFcuse, NY 13244-l lm

Mr. Jeff Grover
Westingho*e l{mfotd Ccnpsny
P.O. Bq 1970
Richlsr4 WA 9352

Dr. Paul A. Vandea Boo! Dir€cror
N{riorEI R.dio Artrl(tqn! Obcgw3,.oay
Edsetnqrr Rffd
chirlouegvillc- vA 22903-2475

Mr, Steve Schmit4 Direcrot
Diviri6r of Econqlic a|rd
Cffi|Inudty DevcloFncnt

2nd Floo.'\itert
Hersd €r Buildin8
122 W€st 25th SrrEet
Cheyenne, !trrY t20@
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From rdea0 l igo .  ca l tech .  edu Fr i  Jun  21  11 :03 :09  1991-
To:  s tanc l igo  .  ca l tech .  edu
sub jec t :  FYr

Pat t i  P la t t  (Ha l l  Da i l y ' s  o f f i ce)  jus t  ca lLed me about  a  p iece  o f  t r i v ia
reg.arding. the l ist you just furnished lhem fo! the next letter.
rn reviewing her l ist of addressees, I suggested adding ormsby for
New Mexico, since I suspect lhat he lras the init j-ator behind the Las Cruces
proposal. and I furnished her with a name for North Dakota (J. Eslinger
o f  the  Governor 's  o f f i ce) .
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CALIFORNIA INSTITUTE OF TECHNOLOGY

102-SS E. BRIDOE LABORATORY

PASADENA. CALIFORN!A 01136

LIGO PROJECT
Tllcphonc (818) 3[6-2129

F|'x (818) 30{-98:t.l

November 12, 1990

U.S, Dcpartrnent of Commerce
Commerce Business Daily
P.O. Box 5999
Chicago, IL 60680

Subjecc Publication of LIGO Site Solicitation Announcement

Gentlemen:
:

The California Institute of Technology (Calte.h) r€quests that the attached LASER IN-
TERFEROMETER GRAVTTATIONAL-WAVE OBSERVATORY (LrcO} SITE SOLICTTANON
ANNOUNCEMENT be published in the Commerce Business Daily at your earliest convenience.
We are acting under authority from the National Science Foundation (NSF), in compliance with
a r€solution of thc National Scicncc Board (NSB), authorizing a public solicitation of LIGO
sites. Details may be found in the first paragraphs of the attached announcement.

The tcxt of the submitted announcement contains datcd passages, and we have written the
announcement with the assumption that it will be published on or before Monday, November
19, 1990. If dtis is not possiblc, or should you require additional information in order to publish,
plcase contact the undcrsigned at (818) 356-4481 or (818) 356-2129 as soon as possible. We
have been advised that you need no infomation bcyond the attached text, but we have taken
the liberty of furnishing rcsponses for your standard entry format items on the second page of
this lettcr, should they be of value to you. ln particular, we desire drat no telephone contact be
publishcd, in order to discourage other than written responses to the announcemcnt.

If you wish to confirm our authorization to publish this announcemenL plcase oontact Dr.
Richard Isaacson, Pro$am Director of Gravitational Physics at the NSF, at (IQZ) 357-3464.



Please confirm reccipt of this announcement and indicate the publication date, by telephone
or, if you prefer, by FAX (818-3Ot-9834) o the undenigned. Thank you.

Sincercly,

William E. Althouse

cc: R, Isaacson, NSF
R. Vogr, Dircctor, LIGO Pmject

CBD Format Item Entries

l. P!! (Prcsolicitation Notice,/ProcurEment)
2. lll2ll (Date we mailed this letter)
3. 90!!
4. N/A!!
5 . 9 1 1 2 5 ! !
6. A!! Clhis solicitation is inseparablc from the RWD project it serves)
7. LIGO Projecq Califomia Insritute of Technology, Pasadena, CA 91125!!
8, A - LASER INTERFEROMETER GRAVMATIONALWAVE OBSERVATORY (LIGO)

SITE SOLICTTA'TION ANNOUNCEMENT! I
9. N/A!! (Ihis is thc only public solicitation wc arc making)
10. 030l9lll @esponscs are due March l, 1991)
11. N/All (We prcfer that no telephone contrwt be published)
12. N/Ail
13. N/A!!
14. N/A!!
15. N/At!
16. N/A!!
17. (Solicitation Announcement, attached)
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Id flpb 0$Dn{609/L 0 Beall.||cl M,lcEl 0* ?fin, {kt lc}n C 0o
'|llq nEd fronr D.t|'|! [E xd\ adl 0t930659, 0) 56liCr|l o.r{i tn|t!!
q?sr U OnqEtrll. lnl sFltl s.lEty ltr4t! li!h4 fif,; Ptdnnirr Hdd
Aitlyt! Sir,T'&101,{. ("1 Cft.cl tb,l Eertdrri Str'*tur g.t$z3n b)'d'n !r oorrftf p?di lltrl Srnxlld r{dt Ct{.rid 0rt30559/r. (r) Crrrct
fud! Srd'd Rldi ICfSi) 0l.F400eB /T. (q)Cod/Sdtduh $ r nlrd (C/gn) 0.
f.$lol/t. (i !.*it'ft ud fdr*d nqoii lihffi FFdt Dl illS E0tt 1,4, (l) Sd,
rlrt i !d rCIl|el Rolt" frd nS( 0r.r,rtsc.S?l I /I, (0 Cllltrtln itt{h! U.
U0|tn {ul CGl hlr sl,llrul hmi lDo fofir !9 ) U.t6006/1, lv) tu'|cti!l|.l
C4d,lot' xtdl ltr tm l9?lll 0it6@7/r {'} S,n flr{, C0lt..F !. ,SC
Sld' fi) hhrEtl.$n€tlrlsn toi Cc{rN.t'/r VdJdd 0$3(693. 
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Caiirm lotua 0*t IUSPS 9{6S0 u Filslid d#t. ltod
s|tuilF. S.l!rI! o l!.6.yi. S 126l I Fr| {ln fu$ i'.lt{) r
l?0t . nar ,2^d orsr nnlp:) b th l, S ft'ttxlgi pmlrl oltE
r6tu9fi. ff,0a02. Sifit 0r$ Dsttgi 0d.,l ,tr@l0C aft
rdoiurar irr||{ ofiu! P$ttlf m kd addtrs! drl{6 '! SUF
ntrndit sl hcunlltr U.S ootnmol ftnlrq Clfib, ft$qlcr. 0C

am$t3, $ti tion "qiq ldd hfi Lrl $r, r.ojtd

drtaLd datr !r Eou4rriB aa lat hft n ttr {tdrivml Fah& 0) IoUl
m{TRTCT Ptn00 rircnAto rL hht tdtti ot rh tRinrlt ,tlrt. ,cldq.l
ot{anr, art tri(.Nlr4rcrndtuf or tllr ||ner r!9(l n 6hnn d b L 53 ilo.ltllr {a}
tXftCm lYlri0 0r1I tuMr l99l 6)00vIRllMt r tflul!:tlr nmmuoit
hl mtnfi 6hm.h td 1r\. Jlof swrft 6 tN3.tfr 6S. Th qq..td r$rtFd
indnS9oft d ml P5M, fY9? ll6.9Ll fB3 110.4{. fT94. U? fY95.
21.€lil. {6) TYPI 0f c0 nlcr c0{ nqdulrlr tio ta E dtsrd. 0) stcuRrTy
itQulPti{flls Ih l..Lr'tr d lilii|l(rlsurhlu rn '16 drt irl h F ndDvtr
Stcunt o|'rr|Cil|o. G]d. Fdft f58r/6618/3066 . |[ &litrit trtia In0r
A.crt rn t$* hopd$fi. dttd I *g l9€9. ftr 6nh&lo mt nqra *tr!r t0
|ln SFs|lm d dir$d d,$ up !o ard rdudis k lt/l||llqs m sIFd ol fti!
s* .|ff. It at&r! ff !n oi ilxh d.lr di qoc th uirdr b rrrty dar/dia
d$gtai1nn rd ftrlrlt3 altr!l!( nltr dr |orrt lafi *trd lia dnats rra
'ttd.. tatdilnc. idr II],{rtSI ml{,||m d r[ au!r|'i tid trd l.ditrr uld |l
0* a{ql rDrl stld h tdn'lH q n !o€5!. ofiln t inrrl h tr!.ur ol $idr
t*9 |ljtnMrirB ru4 fid lrit{ dlrct& drrqrtllr lr,rdrsr! ,! dl rJ fr
lqtrr1nll tnd d0r|F 0{ d!i!tl'd d.b. Oilsqr lo i$ m0 ,J\a]l drd! h ry olfr
[Er rl!ryd "coi{rgql rr! Go,trifru tddt c6a" Ga. fra6c suptat cda tot
{rrildvtgr ' , hn d$ dda lit|8lld h rh Cdrrirr{r |)irr!4 to0$crlntr
C'lu, filn: U$CffL lldril C,ilr, hit Olri {t 49016t tulrfi(. m0{
5m012. (8) Go/tttllttir funi$o Pmftnn/ rcemmfi. C.h8rt I Frrlh
un tldcl! d ba llldd |! CfP. d it 6 n tfl. hd ntrtlt ol il! Coirnaidi Cdr.
crfi(ind hrti ngr ia.df|l| rld onwfiii darthod r{a fldrt or rG
vort cdiraclr |ii 0a inritad rf r{a!t ad n tha{ ula rr nal.5rry rtd pl&ltc.rl h
lh pdcmfla d ldnEl b$r {|lds ttE.fion, (9) $It SItIiSr fi'tlr lgn nr{
licl rrtst! *r$d dty fl f ra nd I te,rt tl! cceror.rcrtt digdflltrld
lrs|l..r, ff! r rul fiat ra trit nciid luir16r and lujd Clo nftrb ltcr
$! irlu! {10) tloftt r0 ftftol 0R OnlcJi0lvilt0 ltRt$ frd$ n r(rtri ac
dudd n tm 6nf.cw! n 16 qclrlll.r . (ll)PUIUC Utf 9&9a: gia tuUk
lrr 96 91 n tdr.& t! drr lqr , otkm nrn nt n I O tq'n 2315, trMi
l,qllrdld m llch,tcr h|| ry!.i'fl &{ lo.v rd 't h: Connr!(. hto!. LoSt
h s.irc Cd'u, ̂TIt{ DGC.ftf td.it Cr'tr, f.itk t ak ilduan t$ll.3oe{
ll2) Th! mor t at! cu corfinErl t! Iol, qdnt fiQ) W. ri b.- korrE ior Fu
I'Jnort.d $flnirw{ h T0 n f{ ft4n ot lhlral fi.. lmdr!'rtm lh t''t
ki. {l} PR0r @ IICI P0l[R: q]6tm. oi tr.lnxcl{!/.. rry h rdsrd h ir
fl llot gq'p hid.,. r,i |l,chd $r8r 51115t2t67. VmDC/ffP, ||ritht.hidloi
tI8 ofi 154136563 rn6rq lir ri$ logrn irmSr vr nEt 8o.urd.. 6(e.89+
5115. MPC Pt y, ''rtq\ IJ ft628 ft.3lnlt ql 6nrradu, rid .r!t Brr. Ciojd
b o.latrd Ir {t trd'ir6 Plidr. rt ccrrrB lrt a.. hgrlro S6un fryro 0
||4. 513 25$$4 lso4ltt $'dii Prttslotl rf8 E l*t]6t0t rur ilr P.tul
I *U4ih fl @ntr-'f, oliar 202{92. ItA, ilul tr 96Hrr Conrqrd It
?la2?. tlrl|l'tt|l 0C 2i05t2170. tv{r! 0rtfit iiry. rJC h th Ratd\.{ !.roo|t
ifir$o otofi drl, cqrrlt it r*ri0dt hnd k d|li'iliql ol ldrni/cdrtta.
ltrl 69r. td c0{ |*I.{4 lontEt iJC h tre pnt l, fflra/ &t il*U3 h drqla
oi,br r qr$ci! o ft 4qrailsr$ on h rd.hd br tr. ondr !t adluctiE tl
tldd &|!|' Al 0ntJ6irai ha! hdl.abddjd io hF rc{ulttdr: Pd*fut_off
qr |lt rMt db c'irdAla'r onhrsnr|, C.t 0o! R $htE AC}Cy. t$t
P rlcl lr8. oli 1Sa$. d t5t3) 255la!r, rdr.qtEE. troE O{srr r |dr!.a
rrd rt cqfualr{ ofii!' |r. tedtt &6dlnd S cfini ir eovrnfiit. dl r6cc}
lul rqr.a dfl etid I t@c ,1d1 $.i h. .oni'dald ti tr sq. (0319)

UGo Ploi.d. CCihni. ldih,h .l T.d||.lcor, tLd.tr Cf
9u15

I - U3Et [{TERfEtoMEni CRlyn ft)ilAt.WAVE otSt|V^toiy
ll$0) Sltl LUCmtOl rrltotjtl0t'li0rt l, Mi9l. llr CJ,rqfi hri
luh ol lralndost lc,i$dr) !4ltql! C!!6dr tqll , rlattd lartraa n r fqraa
hd 0i rlrd h brld lId E{aL tir L$! hlsbqr.la G'&tidrg.lvrn ftaid,
l'| lt$o). UGo ifl h . i.lvrfr l clo, opr h llr sartrli omrnty lr |Bedr
x !r ifi1re ol lhnlr rna r$sunr, A totort Ui I Un d rdrt!6 d Cdtdl
fld lir M.rs.ahi.tt! hdttrxr ol lt roloE/ {nT) b dado rnd csEfucl ih tm
h$ bdr apr dttr id*rd lf$ 0sd (tls8l md rsEfiriql d Orrial
d tl00 |I. b h Dnd t ,l ti.tooai Soql.. Foud,lri (lStI Ih tlSS h$ &1i(.
td ltr LM M.lo efu t o/di rar.dr k.|t $/n d, star , d|. U$ lo r.
rormadah fi L[i ldt i. lh IJ60 Prq.d riridi h nruat! d il6 Folad rt
i csdl0l t\6 idMrtc| n ai{ h ddrlrtl fr b6l |Y.[,th taa!ft ilr fll! u|ql/.
r'1'fi.I l*'lq. N M d fll! qo{is lb UCo Rlfl ri|r crit-t td.r.{ irE 0.
hd t[irflfll'fi| r8nd0ll5 sn .dd! adctraten oi mlttii b{n mds $q.
ontd md |ttfrFurt Castndon o1 lh UGol lilrE (. 1201X) $ rtd.d lo
$dhB l9ga b !. rqrd.td r rbou 5 nx!, !$filbfl.|l!t*ird l'/i& &
twr.ld t dt U.5. C4lgr$. UGo nl br d!'d!r.d, ht rn oF|fi t hlLdl
rd t{I tor fi *hldt cqriuit. ocor.trt r,fl irt fr | Flirri hl rlf d
ed loe FCr rn rb[I I0 $fit rfirtdr t$0 li Ir rlwwinbly !(l{t
l&lt dd Flt.d.. m rdnil dut |! lib n.a]isrnt. UCo.tl aFd ot |n
MdI r4.r.hi g&inudr|r! dddq ldd6 n ti. lr!'td St ti tld trdit} *
ddG m lftSd \iolt|n $hm, nli amt ol 2.5 r*B lsrdl rida d thol 'r."'+
lr rld tF idi ,{ct! p(1r cfilfiv{ b!' nHlorttlr tgl|d rdlnr nl
irc!!fi fi$toio l!. rdi odxrl paft! thlI lh M 2"5.nj. t lI4i d atdt t nr,
^ 56nOlrdfi, rlhltadcqldtk talt radGvt qdct tlt ncxm F lqlild

lht |'L1 0l lh l|o rflnr r'd al l|r ildfd Jn olli srd ol ddr urq ,|! br{d
r.fr hougq fiol d th qrqrdll ld k*r nlildqratt snfr tldtN ftiF0al G
q/rdns$ d hdfidud sl6 ara |' ldb|x l. nr !b fi'rl dlF dr c$rlndur 0l I
lll L.fipd louldrlfi rL!, ?0 ld nd. f|d 2.5 irdli b! dl adr mr. |lldr rp
Bl|! ft rdc|lir c d t rmqth{d tm&r*dttal Fd61n fu|(be$ l'
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ll1. t'ts hrid r& fu ryo odpdrd bu[r{r md lft lro qj6 b!|ldng! dqt aad r||'
$ll lr F lh n|nr d,a !! ft m lupFrl twlditdr t h4l lrrql r tqqditbl
brl lhr drlurl &ili!i.r bllri.n lta vtia hrtl|l13 lqrdrlfi and nihr fr
hrfdrt toui4ello. ary,!t ar.!d a0 fitrl. ? ll{ !,1. mU3| Elmr lurat u,rnoll d dl
irr mtto h#tnlt trd rE{ry !|nEw6 lh lrltr hadrE 6 E00q) {. n. n rli
rrd th ndFntl lid rn hldiFlc 6.fi0 !q lt. oci. !G 55 hd h$ doE dx
'qrfthn Cr^i 3Ih|rtortmuil&n d{fl*a ltul hrr,lt{dd l', *ltland
rd rbdd '1l,xiiL rord or *atar|rf do6!4t l. Th rta lQutt! .ord acc5! 'q ar
stlxtur rnd ld oll'lff, t. Tlt 9L fiBl tcilarrtdda I taica rood |dFcari t0 tlr
? 5 |lnh I 25 |nh lrrlai to g9|r* |(I!E lo rrtl ts'll! {ia{ ,r i rnd h th tir
hidnF.6 lrE $h r$rE r 9o|' i6lut *h t mh m(ract d I Mly,4h
rtd hth vdr hrldriS.I Ih iLrqin* dll |lJdt d hd. rr!r.!rllftin*
suftccllor ! rtry iidr ol p.nirtrrl nd .d rbiho (2010,e4drl 0h i.efi
r &ldncl adrllrrE! | i4rdL nur{ d trEflf rid acla'|t6 lE |qlld o. dr
fft' ) E lh lrL nrrl hav. tldtdarcd lall,tt thX Fs.fi 8d drl|ga dra
lcd.r ||id !i{ t glF b nt{,' , ,imri 0, h//dahr rrflcdil lbr ,nr j

r.dr) .ftr 6i6hr1no lhnn,ll bu**{ h|lld,liot M d h 400 b. Fr {. i. ,
Th u00 ri? finn h |rnoL l'!fi lqrEr 0l 'itnrtd! mFa M rdM qqlE|rtl
crt{i'/W iinft! 0t |to'i!r!. sbals Jld $amB k ir Glcr al dafi. C{'ltqt
rn ol ,16!r b an ,rt d li. mft ttll if h aGrdrld. l0 C6t! to ba Fd t
tll. Llco ftqcd Ir il !tl! gua.Xdl ivt rt{rrC h rrlrdr r $[da frldd bla
lit l r.drtroft |nd r!{! (fi,ldrq 9.!l!sll Ir dl|i$ md rlr{|1 s'11EI), arld ni
ily cflractaft (rirrr. $u. s?rt. ldd{ral il|t ml qtr!6lh b'/dt+td 6l ol
|zjm.off 0d .. Alpel |iu*li*. hfidlht Mb ,f! rk rd 6 'llbftl , kfit
luftn onf tr otlr lid E bqt mada b@ dl r htal d8aidn|| d ho|| riair ot
th qlFld !h l.arrlirdh ol dr q!|i'o! Ldor! sf h od. l r addilir. th i!bi6
loi n rl natdr th tj|lofif !r$oii8 ttratrC l, I |n!p hdrn"8 d'! Blpord l0
lalror ot lh 1160 rddrl Z. I torqn * or0 fl6c5 1.5 nn$ |.,r., qlSm, d
rfl.ll ||tlr | 5h1ri ol th tw.d IrFdrl Ir Tt t$0 rm! (2.5 i! r 2.t il 1'l
lAfild lretllr! oJ li. dn tql gofk !lq! arch ol1l'a 2.5 n loi18 r.ft.) 3. ldy
avdLda gcotslvrd dar fiai n4 b untJl n tnl|l||ixl 0t ! t lolriiBl. L tn|btl
dah orl drnrl! lll||rFduc. fi{. D..ctrlt|m),t{ tlr ql'E llrl nrb lFdnar&1
lrld!l&!. rlodr. tnrdstrnr) 5 I dEdtdno oi th qifilad aacar! b. ulrrlE m
tr|n!fliatpi. & I dacriul ol FEc{ oriqCrp fid lrnd r6a oi tlE rh. ? I dab
riraii da.lb'gitr |rnd lo b. ts ff, rd'rr'{ lh Fltcid t'cc d rrt.lt roL I
Ir*t 01 th l.d (ry plpold llte oJn b. l!. I |tl!1kun dutlu' d ,5 pt$ *
hoi lh ro@!s r l lacult tr|Nlt ot lh htd lo ltr Gorlri'rurl o hftdr I I &
rui!{|l oi gotnid fuh'l rhi a qdfiifirt dnaiognd lfirl nry llsoadl In
LJ00ra!run#r t l$F!t c'srd, lrno||rc ,qgBd'rrli9$r6*dr

r rfiad r r i||y coiirdron n ( l0 | cdrntrrt h *ryu h lh v|,|'or
oi dfinorlfptdnrl olr ncA |0r lqElrlxh'r d th rt {qid E rdldi b
I''1|q rdfurtd I l. r d.lnul dlsr{rt ttt adffial rrpod lil. rci:nt ir F
tsla h ftrn , U. l fttnsi d 0a ,r!d d dn y o{ tr $biilhd ofit (H
d|'r irmnl ltG. iln{s{ dl h mtulitd tu lir Eh{C i..!dtttt, rtr
di. nibhlty, r{ on! Sub4{!!llt vlt ril b !rnd, htd ,/Fi Lstlilt tqrit
is{r |l{lud4 lsanlg1 JS clf{rton. fddrtod l$d8tlroit 0l iraa Drrr ln.l
!.dn&air, &dF{ridr@r'fi..'i|blttdla$byndb,tErrh,,t*afu
lhd !d41ffd slt+ S.ta Dr m.'hotrd. r$El rry d*u3sid8rl'lh lh tlpat
r, on tli hrr! d rfilraFlalr Gqlini. n)|r tor 16.,,l nd ptlelal Ctt d co'
hn a ts('! b6l Lri! tm r ald ||ld lrchn !l sbrl*dtl, St6 o$s hll t$a
c.'ltlt lr''l {l5 ldi .ll i14 rlio b..!$l(htd. A!00e.$ ,a dnd i tl$
fial eLsa b th pdr a lid 01 b6a r.r !oF6a r{ tr it! Fopod n |!5,q|r.
h llr tat'dt tul liu diibton UtC nd ifir Cdtdl or ilt Coditrlnl b lal
trll! iqflld m fi rc|r|hoi F i,hiim 0l I gwal q n fiiil4 iaq,ltt
fit . ! ihrrr8 nfon tm Jf 6 tpx ot PitF3d 0Cr!ry. nr c'gtd pl|'
hn w6 ol rrc twc* rdult tu lrtr olt, grFqlrq nrlwt |{. b d
,r |s|16. dar ari drdnar flnh! d $a F!ry altuili lo taFGs |l !o
F|q !h.ud h nld u tlco fr!i.[ lll Cdr lM $. fitwto: llG0 trh Sqtcilr
tm, Ottqtu lmtn ot lrUrAry, hladrll. Cf 9ll2t lh d..dr$ lr 'ltd ql

m,hmt! [ lim tt', flrdt l, 1991, ftw! rlrffd rfit h! d.dkt ntrt 'ld
b. cc'ldard d ltr! rrid dsw Ura orgcr{ ro** Fc!a!. ltlqlYn. ,ttt lcr*D!
lForada$4 fil|n|t!0 t {idltt lst 0i [$ sdELl'oi ihab 4q'rd d n
rr{, frlrdr nlr fl ntrnlfi dl.qt h b.dng oi l|r Um F!fii. Ai} rri
tr niofli€rdl ltvar h r 9ios!*tr.,r Fns diwnrt 0ll5 ldrqhDo r h l|'
n6hd t Ftdt to dl olhd nlritd pthr , lil,t i{.ii'{ur 't t'acalttl h $'!ii'
rlr{Fto$lro dr lrcl lj d |ll,ld b. tqdisllo |nl dir 9.0#r! p|!r64
rhrdqq oln6dcln! tor$sr rc nrid h rldtrt! tlttr d6n It ,tollii*dt b |'|l
r{ h th rddrn 9!!l Uqr rqdE .hn fit latq!|mll lh|Jb h dt .ld lo Lm
trolcl. Crri|dll. |tttli! ol hdrd$ ltc.(Hia, Cf 91125 Ih tudl{lbl E.d
0t .ll nc{!fttr d {m Pil , ltrrri L l99J, ttmdr rlantd tit tr! dsad& "[t
mr t conldrd i lM {uld 0irud th orf,irq rai.r 4c!5r hqun!, lir Fcr*
trt q(lFrq dan4ai dpt,ntlr! r nltqd,ldl ol lht Sdot lpi !ioi! E$ial i
6 nnng. Orl udanrh or nsucl{$ d nd h brdl4 0i ft Ino Pti#, l'tv
ritrl rftfliatrF 8r!l b I rdEtln 9.op!6 eiafir4 lh[ l0lolll{r' $l h ln'

irlild Fori90 h tf dlr drriuC Fttn 1fu1 hli61F6 6 r;atry F 9|rtl
w 4loraB o, 'l ttr l|.l ol d sdd h rMoal h r|l) ott q0{*lnt s.F6tl
nir&n. fiot*lt't lopoi|r! ltt .tnd h {d(tlr ti.r iirt| lo. mtlirbolt h ,i
mt0l roft'| rrtll Eor' lt!|tG abd d!,,olplr6ltlturt h dqdd tc l"Eo
*ira aro'nr i'srn r ot t*tntry. fto€u cr 91125. lfl r8l0 3019E3a t
(tln ?95.1 r Si! S.|e{(rl C/ilrr. lh lils drlo ,atd p$n't fi hd{.t fd
ol nEardt todxtrity ud q4iil afr.|l'$6g hl lh LlcD bohy. ,l , ttracr.t*

c6l ql co|litnlcidl ,r! sdb|l. r{ $ii mfi, d"!t iio*l c1 m ovrfilli
ftolqClrilh o.luald { El h{l tld*til dlt lid c6l rcEdddsll ultl
ltu hlbrH s'rdi: L Sq.n; hB.t, l.l l'cC ft rnr|fr '. Etr |!0{ fi,fit trt
tlOO l&r tdir.l p*rdr! {attda b|irql fi9 $n rdl|{r lhn ot rrirl i iuu
d rt ronfird.6rurnd vhrtF|l $c'l 0l Glo$l l|nildtr | fti iltogf G
qu|lqt!{. n Drhn l*lt adl {lra. r. Rdirt ,lbriqit ol U $ lilt| 'v. G.mrltt
(h.al'ci. rid d8lffi0ll rh lnCqb (tI! U3. lU rn | &u.ai rtl 2, Coitn't
to Coll InDrt. (r)loogltht t|tl'rn !..h rlrr nl0)Sot rd $ibr,tl6.g!
dlst G) bdd4t rld-ftftF (d) 0n h 0) E iwgn d a$iidl4 0 l !t

I
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olf4 rili bJof. iwt tt"d h q,Uiilt! 11 m cilnd plw hc. a*l
ol m d |lm gfi.| b csltral dad ril h ttd st I ntc ilic

firrd!0 d nr riFi!. (toh hdfir,al rd tril rwb) l0 O
iuil d tqf togolal n GDclta lo ixr ,trsrrl€ril. ltt{ lnd

fl d grnrl iFlc xd rd b dtlrd irrl l[dy r' lh miualu'
!6lddft'rlcit€ if difi tnidi uidc '* ttruJnadiail rn $ tol

fi}ty (t!.di, nl, dc){X)gf! ufftE i[tilrtur (F , irH, r.r{r. !k l. 0}i{a
.t't ol !d 1|.* rld blfl.rEr. ii) !f,| hbl colir 3, lt Anibuftt dn
t4/irbdr h!lr. 1. tidh S'xsri rdnNlnxtr!. {rl ki rrdftr$ ld Gi}ti
r|}EB, ldrot ctFg atr I 0llcc0rMdlrs Ind n35 k rstt{ ntn

Mffi8IH.tr;Hffi,Htr..'ffi
r{ a|d @ofif rudlrc'lr ld fl||l;l|.tc carir|lltb. b) fnd hm r$ odt
Ir igrfft 'bff, 6 Rr* I|dvr. l l trwmirial illi (aritqutn. hi6rlr6. lbi.
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