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Dè4r Gary:

,T!tl:Ê_.. letter accompanies a report completed in 1986 by rg.qiÞ
À1,1,i.1nr .: f ormer ,tater Resour.ces Engineer, beforå his
.!et-i. i,€rnent conc.erning ttre Àd¡ninistraÈió¡ of water und.er the
:Yè1.trôìcsÈ6ne River Compact, using thè. tongnre ç.iver .as, ."aú
example. Lou is also ãompíeting ã revisi"i-ritr. ãã¿ia;"";ïiniorrnation to more accur,ãte.1y éstímate flows of the Tongúè
and how that may effect compact al-Iocations- r l.rill forwãrdthe revised report to you after my staff has had ánopportunity to review it.
The enc.Iosed report is a.rranged intr lw'o main sections. Thefj,rst revietrs AtticLe V, C, of t}le yell.o\,rstone River Compactand how, in general, a3-location shòuld take place- The.second Fortion of the :feFrp-¡! foe.uses on arl êx.amÞIecomputation uslqg the fonguê: Bivèr and ho¡.1 alloc¿tion .*ouì¡j.
pr.oceed based on Àrtic1ê V, ,r:C, Thè Bónguè River examplecontains fairly complex calculations baseá on ¡nean roontñ4,fl-or¿ data to arrive at conpact allocation, located Uefiinåthe final tab in the repqri,
I apologize for the length ,of time that .elapsed in gett.i¡gyÕu a copy of this report- .I nâs a$r¿ì.iting the additionai
vrork being done by tou, but felt it úrould be best to forward.on this original report ênd t.hen send. you Èhe additionaldetalls after ffe have reviewed the inforrnation contaíned inthe latest report.

Mr40e30 ,i/



Mr.8ir¿tz
,S-epbember 9t 1988
Page TIúo

As 1,ou.ancl your staff are rewierri ng this report, please do
Jtqt hesitate to contacÈ rne if its caÍUe-flts seem vâgiue or
uñcl.eer'. We look forward to clis.cussing thJs ploposed
alternativê of Ìrow Article V¡ Ct specifies tbe alloeations
betl¡een the states should proceed,

vli th best regards,

GORDON W. FÀSSETS
State E.ngineer

CWrlknc

Enelosures

cc: Grady Moore, Chairman
. Yellowstone River Compact Commj.ssion
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lELtOl¡rSÎoNE RtVsR eowldi ,

DrscussroN u"¿ roñcue niv-di"il¡¡ær.E

, , . 
, .. .. ÀugusÈ, 19g6

$Eú4gg1.Thê'T€tlob,é.ró¡¡,.rtúr-¡, Corp"çr'.'¡,,,,195ô.¡* prepá,reit io,.., . '1. 
'.".:,,'

apportion the uaters of the yei"lowstone River drainage berveen rhe SLates
of MonEana, Norrh Dakora, and Wyoning. Of interesÈ here is the apportion_
:g!¡i of'uiE ciari<s Fork RÍ¡¿èr, g-¡e -aorn Rtveri.'tãnÈrre River, a¡d:pi,¡a& . ,.,,,
River, all tributarjes of the yellowstone River, beEveen the States of
Montanâ and Wyoming. The foLlowing is of general applÍcability to these
four lribulãú.ies, but r.ùith particü1ar a.ttention to ¿he ToDgue RiÌer
situation.

The apportionnent question has been àddressed.in varioús.1eve1s ì¡f, ' t'¡,..,.'.., 

'iletail alnóst since the ratifíc.âfion of the Cor.rpact, More re.ce¡tLy, Ch.,,., ,, r-,a:. :'.,.45tate of ¡'fontana has presenLed several schenes for accomplishing Lhe appor_
Lionnent. The most recent presentation wâs based on a very sj.mplified
approxination of the Tongue River system, lfhile t-his scherne is acceptable
as a sincefe attè$pt to deve1oÞ: procedures for..r+atêr accouncing and

the alloca¡ion procedure described in ArtÍc1e V, paragraph C, of rhe Coq)act,
and th€t Arricle V, C, should be foll-or.¡ed literaLly,

The .lf¡cnÊana Tongue River :EilarÌiple, offê¡,ed .in..sepcember: of, IgB4:;.,.,...,,.:::.:.r..aa.r:.:.:,:...¡:¡,.,

eeDreY1sedbv[rlvnr¡-inotJìñôlÞ....l',.:¡l,l:.has been reyised by !'tryonlng tq mor€ n.urfy ièflÈar the acrual 
=¿au"riá¡.i,.,,-,lt 

j..,,.,.,,,,,
cn far a- -^"1¡ !..^ ,^+^--:-^rso fa¡ as could be determined. This 19g6 l{yoning version still contains
approxj.nation.s and nutlteror.rs. ã!si, ggrions. It ¡ei1dcts the r,rryoming,,¡iOTttiãii:..:.]i.:._.. l

of the Tongue River with an Íncreased degree of reality. The Montana
portion has been refj-ned within.tlre LiÍtits of i¡formatron avaílable.
llyoningls 1986 Tongue River Xx.ahple vill be addressed in detail below,
fol t ouing some basic discussion.

MT-00933

allocation under the Compact, the State of l,Iyoning re¡laÍns unconvinced l*k
LhâÈ iÈ is a valid approach ' idyoming has comnen.red on r¡e d.ifficur.rr"i,ltlðt,.'t.r
in acceptance of Ehe Montana scheme ât length, and in detail, previously,
llyorning believes Èhat the .Mon.tana approach dèvi.a.Ees significanrly fro^ - ',,,, 

.:,.:,:..1,,.,
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Yelloûstone River . CciäiÞâi È.
Díscussion and Tongue River Exanple
August, 1986

UntiL the lirnits of post Coiipact (lO-q¡-f956¡ waLer uses and srorage
u¡der the M¿rnlan€ and .tJyoari.ng al.locations þie á¡iproacheé, rhe vatef
apportioned to each State r.,ould be expected to signifjcantly exceed the
aclrJal cùmulative divèrsions ard storage in each Sfate. Wàier. that

'.:iou.ld have been claiured under Ehe Cómpaci in.ei,Èher Stâte, but due Èo lack
of post-1950 uses and slorsge facilities nas nor üti1izèd, vill. continue
to f1oç pasE Lhe point of measurement into Lhe yellovstone River. This

.t ì.ygÈgr is ãlloca¡€d Eo e.ach SLãtê, but is .nÒ long€r þhysically availa.b.1e

.::,!o¡ use. Tt beco¡nes aa indicator of the guantit¡r o-f varer thât could be.

.. :áésefoped ín the f u ture Þy lhe 'L!,,.o S trr"" .

:,
:':- Ooe .poirit sonetimes overlooked in riïer and reser.çoir operaÈion
ètudí€.s is thât vaLer musE be physícally availaÒ1e at a d.iversion or

,,,,Storege facility, and 1ega1ly. .available to . the . prioriti. date of Èhe

tt.:facility, before ir cân be urilized for rhe purposës of rhat facility.
Further, in opersEion studies waLer uses can be adjuste: in retrospect

',fá::,¡r.ev rÞetter ¡tilizari;;:;;l; ad¡ust usã;;.r er cohracr at1ôcâtions.,...
In realj.ty. adjustmenEs to the operation of a syst.eüì ca:r only be a fut.ure
action.

The frequency of Article V, C, calculations required becomes a

function of the demands on the al-locations and of the "íineneâstt of
operational adjllstEents believed to be necessar-\¡ to neet the demands,

and of Lhe level of Èhe waler suppJ.y in Lhe river syst€:. Th.js js dj.s_
cussed further under the Article V, Paragraph C heading.

*2- MT-o0934 ìr,



Yellor'slone Riuer Ci:upi¡èt., ¡.

Dièêussion and Tongue''Riyèi Elarnple
Àugust ,' 1986

..-,<r i-r lLi,
)111 -_ ' I

.r' :.

,l:::;"'

,.,,,,..., ... . .{rti.cle V is strûèùùi¡¡d .tô provlðe *æt" 3}':.4enr!e!iSg,J the four

......,r',,:;ã¡;;!È-!þwst-one.,River tribularies commo¡ to Èfontâna and 1'fyomrng.'*frñ
fuÈure developments Lhis might be achleved, or nearly so, in "normal"

l:::l*,;.,a1.¡f..a¡ 
äld bhosê ¡f ears of sborÏ9.e',in the water supPlv . Some vears :..

vould carry f1ows of such a rnagnitude that \¡ater would pass the

point of measuremenL.

.r,,' .. ,..: Ar,ticle. V is specific in r.eference to cumulative diversions eßLeriog

,. ...' into. thè âllocaLion calculâtions; The only refereûce to depletion io the
:.]:,rlr'i.. .:.. .,Êli!ire Cornpact is in Arlicle lï., fl. .defining benefici-aL. use as ".,.that

-.fj';$5
,-'; ,,iù j

,'. ,11'.<'.1{.,r" .{.{v
tl' 'F ¡Y

LFL ,io {
'll' ¡¡rr ' ïa

,,'.'r, '.". ' ....ur.. by vhicb the r,,ater su¡p1y df a drainage basin is depleted vhen usêfu11y 
"f{

l,l::,,.,,,, ,. 
', ,,"tnflyed by rhe activities of mantt . Article V, .4, refers to the en joy.nent

':..':.,.:.:.:..: .,.lof. .appropriative rights to the beneficial uses. of !¡a!er eristing as of

N:rr;

MT-0093,q

Di. cqntâins Lryo ref.erences to beneficiâl llse iû,..connection uith allocation
oJ r¡âter betneen ì{oneana aod Norlh Dakola, and nej.ther cárries an inplica-
Lion ttrat depletion is to be. the allocarion ¡neasure, nor do rhey involve

i ,-
Jôr irri.gêtlon, f n lhosè f ew cases vhere all of Lhe .EeLurn. f lov cao :.,. . '' .:.,,

be. ,neasured' iL is sLil1 .necessa.r.j¡ riÈo- .meas¡ìrê. lhe ,iliv,e¡sion to cãlcu1aLé . I . ..

the depletion by difference. Use of dÍversjons in the allocation 
I

rleterninatiorda..oun." for beneficial use deptetions ;";-;.;-;;;;"=, un¿ -liÜf /'' ,.1
should result in the same final çater usè valüé ãS if all depletions / ,;¡*d{::::
.could be accurately measu¡ed.. Div,erslon of a given quantity of vaL€r ,.*i¡¡.1" ,

results in sone quanLity of return flow r¡hich is agãin subject t1 
..,i,,,,tr_ *"-4

"'..;" ,;i i.\r
:j,, 

.. þr,

a

::.'::',':,..: ".:'.. ':. ..,the ÈribuLaries eRrering frorn I'lyomlng.

:.,.r:.,il,.i i:,¡.''],,t ,,,,t,:,, t - {::1,
::ii:ì"i:i:'::l:i::i:ì'ri:r:,'r a . ..':'.The- measurement of diteisi,A¡S is Sinpler .slrêi_gbt fofuard, and .-

.,t::..:'-. :': ,' ., ' ,':..:d,ètfinite, whereas depte¿ions eaì'.]âE :ibest only be estínated, esgeciãlly



,.1,. ,.:..,._:::i,:.:i,:9.,.,1î,9!ori ' arld so:oä unti1 
. 
ÈtiÊ 

:rêJ. rn :flo'r i5i:,]¡si$nlficant- ReÈlrn

f lor,rs, from irrigation diversions in parEicular, are nornally dist¡ibuted

:¡::,iìã;r¡á 
:ã .sriéàm èñd disl¡ibuted ,oiêi:èùðçeeriliti¡j,. È¡nre. Peciods', ând are

if;i:tã¡*:...;,:¡'...19jt91,::..i19er'!,.ù1€led 
s"íth rerur! t19r't: from 'ôth€-r' ¡iiver:sions ' A diversion

.g'....'.^¡r.;:::':.:.-.:--.3--.^..-''l.'-..:.-.'._

Tellovs¿one River l6óilgãct.
Þ¡s. çqqpion anO fongùÁ'ininer 'Éxau¡pLe

Augusc, 1986

o{ the Yel h¡¡stone River Cod}âct, it is ãpÞioÞiiaL€ Lo con,sider Aiticl€ V

in iotal -
4te;'

'¡ 
ì.l' :: ' ,

Paragraph rA has lhe €ffect. of excluding âÞproþriative rights for Alf -"J ,,
''r ; ily

,¡,ater uses that existed as of January 1, 1950, (pre-Compact, or pre-1950) r. ....tìn

f¡om aLlocation under the Compact. Uses of vater under these rights does -.: 
'"

not €nter irto the Cornpact állscation calculaÈions. Houeyer, Mont.ana 1.,*' 'l.r,.-
aûd [{.y9ming vould be erpected to ,ùgasure the st'oragê and díversions I , --'
exer€iÈed llnder these pre.-1950 .rigbts,. .aRd .to. maintain records, to Lhe

èiEe¡t .nÞcèSSarji for rrrãtlr administratio¡:Ì r,'jÈhin each Siate.

Paragraph & allocates thâ.t portion of the "unused .and unâppr.opr'iaLeð
t¿raÈers of the Interstate tributaries" to each State necessary to supply

supplemental rrater to the rights desscribed in Paragraph .{. This

quanti!): of vater is to 'r.nake uhol-e" the pre-1950 ',rater rights; and Ehe

i¡ient ¡o exclude it from the allocalion calcul.ations is obvious. The

påragraph conlinues 'rith th€ perce¡Lages for ãllocation to eacb Sr:ate

ìMT-O0936" ,

-.::,:,.{,ìi

tÀÚ"' ',

:ffi
- \.

for a totally consumptive use (no return flow) or to an ou¡-of-basin {g'l,il..¡
use is analogous to a toEal depletion, but the measure is of the diversioñl ¡;¡'tá' 2" l*

t;::1¡11,,:.:'l;"'l::' ' ,llráccôrdiôg 
to-Article v ' ,,lY .

t"..

rt:,:],:.t..:: i., " The flchangè in.,s.torager Leïm in the alLocátion. has naÈ

!ia...,rrr,.. i: 
'vèIsial. Thè.chalge.in sLoregê for â particÌrlar ¡eservoir

;,,]:'.',.]a,¡.:.:- ,ìl.,,, ..tþai. Ciff*"nce of reseivoir cont€nt at one time r¡inus rhe

a:,:.: :' ., .:conteIlÈ a¡ aû eallier time, -
i:,:.,. ,,..

i:l:r:,,i',_.,'.:r..l' , .::Ar.ti¿-le Y vJhile Lhe $âjor .€oncern ,here i9.. rriltl: ¡afêCfêph C of Ar¿icle Y

I
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Yellovstone River Conrpact
Discussion and Tongue River Exanple
August, 1986

':-':':::'r'.': Par,â'8rãl.Þ.h'C describes ,ho.n.'lThe- gúan¿it¡l,6f., ¡'¿¡ ", subject to percentage
afloca¡ions..,sha11 be determined,..". Certain points vere discussed
âbô.re, T.he par:agraph ís addiesbèd iB derail iñ rhe fòlloving sectión,, . :

' Paragraph.D addr,esFes the âllocation of \.,aLer b€itvee¡ l{ontana:. ánil
ìlor¡h Dakota. The four tributary rivers listed in paragraph B are not
involved, and the SEate of Wyoming is not. involved.

Pa¡agra-Þh E excludes fr¡:rrr Èhe Conpact .próviqi-óns dôBèsÈic end

stoeh vaÈer uqes, rând stôck..!¡a-Èer reservoírs. ¡.of Z0 aç¡e-feçÈ or less capa-
city. AIso exluded are "Devices and facilities for the conlrol and

" 
regulation. of surfac-e r.,ateiéii, These- r+ôuÌd include spreader dams,

dj-version :áams, and m€asuring devices.

Paragraph F. a_llor¡s modification .of Èhe ãllocations upon the
uDanÍnous agreeEent.o.f ihe Comni ssioners. Since this refers to Èhe

: a1.lcc€tions, 
.and 

àons:de.5iag',t¡p.,ì*qSg1.ot ,rtte.p¡ragrapb, rhe inlenr
åppg.ãJs Lo be -.nodification orrihÉ::,ái1,êaiioí:t.à.rèntagep, a¡d nor rhe
Paragraph C procedure,

gE4gJ4-P eg¡e4!-9 lrrlci¡i1g1f q.,,posi !ion.. is rhàt Paragraph C of
ArtiÈ.le V òf the Yê11$4êtone River Conpacr is an adequare, .complete,

and sinple procedu.re for aliocaring watêr beÌNèen llontana and Wyoning for
the four tribûtáry rivers nâned Ín rhe Conpact- paragraph C says:

C- The quantity ôf vaÈer subject to rhe petcenEage allocations,
in Paragraph B 7,2,3, and 4 of this Article V, shall be dererrnined

MT:io0937



Biúèi C.omplrct
Tongue Rì.ver Exarnple

:Ygtt¡ year aa¡is¡,,1ê!91r9r9. d, .f. rrÕ,9:8.9.r!qÞÞi,:1st. of an!' t-èar
.èding y.a., The quanrity ro which.30-¿h of thê:,ßü¿¿Ëèiliãgr.

factors shall be applied uhrough a Biven date in any

¡à'ir.lsþ4ÌÅ'!èr, in .acre-f.éét, equal to the algebraic srim of I

,',tl!ê.l ltfaf {.1øqrsio¡e;:.:,i¡¡:ac!!:..{-9¡!;¡.9,Q}øitþ ¡nior,9i:,,, :-.t ,
. ôf,: méasu-ienent , ¡ot 1¡¡fjlþãÈirga,,,.,;ßü_äitiÞèi.; á¡á i¡¿ustriat
usFs .in. Uyorni-ng end Mortê¡'.â...d-e:yè1opèd r,.ãiter Jantary 1, 1950,

duiing tha pe¡iod fr.om.october lst to thât Biven dãte i i

'T.he net' ehange in stôrage., iÀ aqiê::feët, in all reservoirs in .

ldyooing âncl Mont¿rna. above the poin¡ g{, nigaqu¡ement compì-eted,

subsequent to January 1, 1950, during rhe period from

OctoÞer }sÈ Èo that giv.en dat€;
The net change in sLorage, in acre-feet, in exisÈing reservoirs
in Wyoming and Monlana above Lhe point of measuremenL, vhich is

. usèd for i-rr.Ígatlon,. nurìicipal, and industrial pufÞosêË. ..., i

'dev.elo-ped. af ter ..Januaiy 1, 1950, {rif.fig rfre per.Íod,rOciôber lst .

Lo Lhât given date;
The quantity of water, in acre-feet, that passed fhe pojnt of
rneasurement, in the stream during the period from OcLober Ist to
that given date,

The first'sen¡ence .o.f thé.¡aragraph is clear. The:r¡atèf year of

t

4.

3.

zero on 0ctober lst, so far as the allocation calculatíon is concerned.

The second sentence contains. four elàúseÈ d,Ê'scribing hov Lhe quanlity
to $bich th€ percerÈages are ro be applied çill be deterÍrined. fu also
refers to the determinalion of.ihis quantity fio¡ll. Ocrober lsr "through
a givea datelr. This given date is not restricted, .except thât it canno!
extend beyond the uarer year for which allocations are being determined.
The quantity may, Lherefore, be determined aL any tj-Ee, or rlmes, dùring
th€ l¡aler year. It nay be deterrníned at the end of the valer year,

October lst through the succeeding September 30Eh is Èhe commonly used

vqter' yêãi- Ther.e is no pl..ovisiin,.tor '"ariyã.;aii.i:i,.o!.rány uses or'ila1tói4!1,ã.¡!!,:¡1¡¡1;
fron one üater y.ear t9 Èhe le.ë!,. All vaLues.,,f9¡ aii,'ircarions, ¿irç;¡ú;;, *rrl¡
changes in storage, and flor¿ !¡assiDg Lhe poinÈ of neasurement would be

-6=



l::,:. Thè..dilefiÞlqA ,and ch,e¡r."ge'.:iri:,rètoragé quantibiê,s.,åle tÞ .Þ.q rtreasrlrèd

in acre'.€eer;,;. TÈi" r" "o..riü.ptåa *earo¡.,,iù 'i¡êr volu¡es.

't The. quáã,tt. Lyi :óf \råÈè-i. Lo...be allocat.ed i.9 qpeçified.. as an ¡algebraic

su¡¡r" of thé ilems set fortlì .in lhe subseguénr forir.J*Èï:i This ís a

,slro. o.htãined by observlng. the 'algehraic signs of. .thê segara¡e values,

Ya1úes b'iÈh jrlus.signs¡. ôr po3itive values,. . efe :44Èçd; aûd.EhoÈe with
ninus, or negative, sign-s are subtracted to arrive at the algebraic surû,

or' Lhe oêL \¡alue of au..tt!êi selgfaæ iBens..,, .. ,,,.., . -'

: ,, eþ9;. ç .:L t'lllopgh 4' erfi::Ltié:.€é.c.p¡d. àen.¿èÉè;:ÞÞìi:Ll' gut qgiÈg rspesifi:
cally the calculation procedure for determining the quanlitt of water

ts be a1locá¡ed.'ùo eaeh State 1. þy the.-Þer.crenÈågèÈ-i:., The nuunerical values

ùéaéèéary Èo thè. CaLculãLictn \.r!ùlÔ Þe errygete¡1.:'Ë(t;,.lie neasy¡ed: vráIq.eg, .

that were a natLer of iecord in eâch State; ?ã:rticularly as the uses

of Coarpact wåter approached Lhe ConpacL âlloca-tions. The alge.braic

sigfligg c!fiv.er,ìtions ás used Þer.-.¡.ai¡r are Itecgssalj qo ,{rtÍcle T, C, a¡ld

vary in so&e"silualions frou¡.the signj.nB convenLiois used for an

operation srudy of a river system,

-:l =.
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Yèllovstone River ConpacÈ
Discussion and Tongue River Lranple
August, 1986

:'ìl::ì

a...,,,,..,a.''.¡,...:,, ,,,.1ç1'àri;6è: 
?'ádrresses the 

."neÈ 
cnanel 

in,-qLoæÈe¡t 
in al.1., p-i:st'l'1950 .

- - - reservoirs, Each individual post-1950 rese¡voi¡ witl have a change in

*t.:.:]:,,:tt'.,j::til:,::]!úa.l.tl!r,ûf :ïête! iè!!4sé6::',¿¡¡;¡B ¡¡. p.tld,¡,:..,:,TÞ9,+è,t c,þee in stora8e.

l]:,:1r'.t, -'l',,r¡,':,],,:.::',,*¡l:thé, ¡¡rrtprise t}f elarrige;:2,iÉ . rhe aIgêblaiclrsùd., o¡,,r!'1r ofr. ¿he, individual
changes in storag,e in Ehe syslem since oc¿ober lst, considering the

algebraic sign, of ea'ch,. Agai¡,.. the net charrge'in storâge for' each StâLe:

should be noted separately for later combining.

. . Thq.r¡¡ãn€,.q-1r-is!ro!eg9.:1l1::,ã..,r:.,{.Eã9¡.y9¡t:]iiÈ.:,149@1.1y:jete¡.ttrí¡ed .ftbin the,
èGnêe , in .r¡atêr:. s:ùifâee. te.Glå.!¡gäili.¡hl:ihé::éi iê,Íit5 ur each riure obtained

tq .u erel'si,o,, .:i-eJJå;iìâÈlå,,ro; ìh"''i'èéð;; ;, : tuã,,+ó;áæ'"ni:¡i
at the end of the period ninus the storage content at the bêginning of
Lhe period gives the changes in storâge during the period. The change

r+i11 then be positive or negative depencling on whether the storaBe

inc¡eased or decreased during the perÍod, LÌater surface elevations can

be measured directly, referenced t.o the datum used for the elevation -
conLent tab1e. This method !,¡oúld. súffice fô¡ the purpase of Cla[se 2.

,,M19,.9'919,,.,,:.8-



..,:lTelio*stone Rir¡er.::Ce¡tiÈåè!:r':,:'.':": - -

Discussion and Tongue River Exa.nple

Clausè :3. ris 'ôoncefnetl tilh.i.sldi¡ge in piê-l950,iieserioii;,,l,used:fôr
pgp!-1950 .,i¡rigation , iuirn;íçi¡áL;:.;and indusÈifa! ,þu.;ip.qsès. Ins,raqe. wate r

if there uere Erro separaÈe reservoirs. The net change in slorage consj-dera-
tion ín. the poleron 

' 

glêd , fo! lhe .post-1950 pirrposes .\,¡oìrld þe the sðme as
describèd ab,o.ve .ù¡¡1ei 'Cl,á!É.:e!'2.. the pre-1950: ..pórfi9n of Ètrê storage
and releases would not enter into t.he Conpact calculation, If a pre-1950
rese{voif .,i! ugeO e4iiç,,}¿. rJ lgllg posr-1950 pu¡pci-Ses;::ir,1øn1d Èþerr , ì

qffe'dt.i i¡.e1! ..be e .lost:..1950..:l,i éèryoìi, for. tÏáì':ÞAiiô¡es of rhe ConpacL
all ocat ions.

'.C1ause 4 include¡.,.g!-è l]]'9l,ii r,y of yatqr ".-,rháL ?âssgð rhê.:.pcìín!t::ôft':
measurement in rhe suiãáii ,'dùii',âe, tre .p".ròà, .ü;n:rlbqr lêi. 'io'rrihãi.ì:ii.i..',.,',

given datet' in t.he alloiátion deierminarion. This'volune, in acre-feet,
is readily measured at tþs USGS ga€ing statiÕn dásignated by ¡he Cornpact
Commission for each .of the four rivers, and is a matte¡ of r:ecord. lt
rr'i11 alr,rays carrv a positive sign.

Any ¡{ater p¡àssiog the point of measurenent is vater thaE coul-d. have
been utilized but was not, although it.s use is.arlocaLed Lo rhe L!¡¡o .stares-

-9=
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', ,, The onl¡ way t,ò èLimj.rtâÈé,:.th'isr:.r,Ùasgêtð,,ìiilttétr.: t,f ion rhe alloeati.ons. :

ls to incleesê, lhe .lrses Þ{,,.wãtC¡,,1tr,.,¿uèh':5tâiè-'ì-r". ßrén ,,rtiè':,iù¡¡iilaü]t¿,r:]^iáièi'.,.

usês id earh S!4te ,a._p,pr9âcJ-r,.thé:.]q1¡. a¡!1!i9s,.,.glêqeã:lèd. 'ro lla¿ti r:Siãig,:; .,tIté.:,:,:,:l:.

tlow passinB the point of measurenent will approach zero in nost. years,

,suggesÈéd in-:!he. rÞaéÈ.. .' Thè, t;reÑ,rôf ìfiriclé tt, r.0¡., li .id,.,¿Ieár,:ìh¡it, ¡¡1. : :.': .,
:r - ' :.-':. 4,,

'be included in , t!iþ;.]â1ioc-qÉo¡:. .. {Ès inclìrsilm. .pfor¡ides ên. i_ndl,caLor of
rhé..quaitity .óf, tEter r,ãv-ài1á,b1:è,..to.. f uLu¡e :usr!S: .

A¡e Ánôi:rÉiôir: CailcälaJiq¡i: Artjile V, C, ser.s óú-,L a clear and sirnple
procedure for allocatilnÉr t et.r'¡aÉer ín lhe for¡¡ C.ribuea!.]¡r:fir¡er..S.:. þétweenr.:r-,i.:.....::.
MonLana and Wyorning. The appended 1986 Tongue River Example illus¿rates........:...'.:....|.
in sirnplified fo¡p fror',,ttilS.r,EiÊilir. be done.i:r:.'t,hèr',,1'¡;tic,lgriiv;:ìi.C,:r''€ogl!â¿r:,

Calculations - Tongue River Exa.rnple" section.
tl . ì 'r,t::.:ì . -:

' AL .,Uhe ¡egir¡rinC'::q!l,:Êhe,:11rl,at9á,yeqg,;,:,o:i...:ó-étiiõÈ¡,.¡.ç t , all ire¡ns.. ..

described in Clauses I through 4 of Paragraph C r"'ou1d be zero. As nored

above, the individual .d¡r.éjèiql¡ç-. and changés:.,iiiì:'éto¡¿rg€. :aJSèÈtèÊ:t.Þlri.tt,..1::'.t,.

rhe Cornpact, and ¿hé tfq¡à+:t¡; pornt titri.iéã!ùrenènttãiá..iêê;irÍ,1ti'¡.::r,ìr: ,.

measured and nade a natLér ofl¡ecord- Àssuriing Èlat p€riodie'.ã1loCatio¡s
of Èhe \,rater are made, .either. dai1y, ueekly, monthly, .or ar eì*,,,oiU",
inlerval, reference here vill b-e to the period in a generic è"tS",'

The ¡ecorded volu¡¡es of dìversions and changes in storage for posl-
1950 uses should be rainÈained sêparat€ly {or each St.ate, and this would

-10=



i " new cunulatiye vaìues for each iEem,

ã:::1,,,;...,,,,,:.''.' ..èàeh Stare ¡epreie-nt !h9 algettiêic .sulq'.ôfir.Êtièr:û3¿s .äi'.Èhá¿:SÈåte.

:u::t,ri:::.. .:.: : . ... r ' : '-, ., ..' .r.'.:'

î:::t]':',.." ,,.,r¡ 
:.' 

,",¡ çgqp4r!èôn ¡;rith each ,9ta¿e',q:.èl19cation of .:rø!er: ' Thi¡., rn Ì,,u!l
t¡:,t1,.. ¡.,,:, .,,.. ì': fdéi1itaÈes decisio¡ naking'for âd justnents to increase or dé.ãiease :,.. . .. .' :

uses according to vheLher the curnulative uses are less Ehan or grearer
i:,.:ì:i:..:::..]]:i:ì]:']:].]::::]],:]ìåâñ:'thè-a11ô]qaÈianfoI.'eaçh]ì'S!aÈe'..':l]..'..:..:''...ll.::

The quantit.y of lrater that passed the point of measurement' during

ä*::¡;;¡.,;:¡1¡.;.trtt!ñái1ìÈrléii,t,,eá.:te,¡added'ro:,¡hácu¡a¡1arÍve qfã!ìti* ài, ¡rie,!a¿.1._r rr'e ,

' 
t::::: '^ Lhe period can be added to the curculatíve quantity ât the ead of the

1,,,,

äillllll']]lr,ii,,,].:]:r14..,, : .: :, Tbe::1qe!Li!y of water to, be. allocated. !o e,agh State is then Lhe.. , ,.

:^ algebraic sum of Èhe cumulative uses in both States ptus Èhe cumulative
quantity ot r{at.er Ehar passed the measuring point. Tbis sum is to be

*::ll::.:l:,.:,:,'rl,:'r.,l::::., ,. 413Z,, ãùd:.Monfãia;. 60å;., o¡::¡ii,¡Il.11dliers of 0,40 and 0.60, respectitÉ',1]fi;!:,:.1':.lirli::it:

f ti!.,Èhe,ilirùèiÊiôäS

s'r!!,,l. iel,s 0.60, respectively. .
:ì:

SubtracÈing. qhe cu,iíqéã1ì!e uses for a sLate frorn t h¡ii il,Sùà!)à:l:s.]:,1.ì:l:l::,1:ì::llr,rr'',,,

ution of ruate¡ i¡úiiãtå1.,i-hether rhar Srare to""t ¿eãitá,1è,-::6ããâì:]iiã'lr'allocation of ruaLe¡ it-dicárðé.ìr¡hr-ittie'i':ttr¿¿:'tEÈåiè,,"¡u¡t,,,ãéãitá,âå.-:16ãñ

difference), or nay increase (positive difference), its use of L,ater.

?he entire calcul,ation proc,edrr¡e ís readily .ad.apted to La,.buletÍoä1,.;.,1ì;'.ith

the calcuLat j-ons perforraed 9n lhe : ÈabulatÍon .sheet; It is :A1¡g:'.ì-èâd.1,1¡

adaptabl,e Lo a conputer format for calcu]alion and record keeping,



Yelloustone River Conpact
Discussion and Tongue River Exanplá
August, 1986

Some conbinations ]of 
, 
s.:lreêrll, reservoir, and .sLorage r.e1q!se_..,s!tùqLioûs

meriE aLtention for compac¿ allocations. The usual si¡uâtion, Casé 1, is a

-t2-
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''... ... :..:r. t:ir::-.l.i':
:,1,, . lel1gns,tqÍié Riyer'.-eéäi'Þâ'd,t-i:t,r:,ir:':': ,' r''r"'r"ì' .:: :::':,,1'-::ll::',,.:l'il:ill:]iil:.:

Discussion and Tongue River Example
August, 198ó

the sLream channel for conveyance of Lhe release, the released !¡ater must
bè:.,ioiún.ted: aél=.:.a.iver*iott1,,*,.iiri¡,¡å,,¡,¡;;ì¡f"e,-S¡g;. rq: ràrefr i;:,alê; ?"iúildl'
to the stream channel for conveyance, Írs subsequent d.íversion would be

co.unled as a diversion under Article V, C. t. The change in srorage of
the reservoir would also be accounled.

The subsequent diversion of the released,rater is sorDewhaÈ similar
to the diverslon of inpor t ed.:wàLér., except that its "source,' is lhe

-13-



E:canple

é_.ê. logBÈin€ oulil be neceósaii.,to.r,.d,êrèrr¡ide .È.hé::Chài:ì Èe io.siora!1e .of rÊ_ìÞe,,.,,.::'i:l

P9,s!-195Q::re¡e1vo,rf pool.:r,: Ilir'ê.ffêci, Case..5l¿;ù1di . 
b.,e cò¡,9i{eigiliti,ás riñl:]:],..:lrlìrril:

òè'Þêate reservo.ryp,, últh.,.o4fy¡ üiè:9tr1¡g .tn'.ài.er"gu of the post-1950 
,..,

poition of :coäaern under ,..the,::€oÌ4iac¿,: -,DiVeisíolr ,ãe counting would depend
on the circumstances outlined under the olher four cases, and would be

Water in a stfeam !¡héthÊt!tt,.rc!üi¿t1r.'ìili¡.:l¡' or., ielease froør,.â..l;éiÉi1iô'l;l;:,,:.;:,:;;,;'

will experience some degree of depletion due to evaporarion, seepaBe,

consunption by riparian vegetâtiont e!c, There r,¡i1l atso be lains.ià iire
stream f rom unmeasu¡ed ¡'iù:;ã;iès, springs, ovgr.ia¡d runof f Ìrón ,slór;.mel¡

or rainfall or direct precipit-ation on the viater surface. n 
"a 

¡e"¡,'.ráá¿f. .

is considered a losing reac}ii.¡i'a gaining reach, dependi¡g upirij. ,"háfirÈi: ,,.,

, MT-00946
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1986 Tongue River Eranple

lEllgCggglCS The schemati¿ I (I,í.a8r, rn for. lhe .Tongue River in rhe exanple

'offer€d by l{ônÈana in 19Q4 vas taker¡ as lhe startj.ngpoint. for Wyomingr s

19-8é Tongue liver Exa¡irÞ1e'-: I.E. \i"as, hovever ¡ f,elt necessary to correct
cefÈaiiì feature.s and to úring certain assunptions qloser Lo Lhe real
.sltuaLion, ånd aÈ the sanie time to increase the level of detail ih the

,exqqple. The exanple ".nodel,f is s.Èiu a sínþïifiqd o¡e and stiLl contãitrs
nüller,oB,s assütrptions ånd .apÞroximaEions, paiticularly for the Montana

por.Lion of the river system..

þfontarars 1984 exanpie 'i-ojected .an â11ocàtion calculalion sche¡¡e

ihãt in parE a.ppears to circunvent Àrticle V, Paragraph C, of rhe Yellov-
sLene River Conp_acl, ldyoning is not consinced Lhls is a prôper approach,

ànd believes the Article V, e, procedure is si¡nple and suffÍ'cient. Thj.s

19.86 .example is baseil on the allocation procedure seL out. in ArticLe V,

C. Mònfana nây \rish to test its schesìe .aga:inst this exaEÌple to see if
the sane re.sults are cibtàined, and vith similar ,ease.

fn actual practice, allocations under Lhe Compâcc rvould be made çiih
rieasured diversions, cha¡rges in storage, and florv passing the point of
neasu¡ement. These ç-ould all be a r¡etter of record and readily available.
The example includes hypothetical future reservoi¡s and diversions íor
!.¡hích there are no neasuiernents or records. Sirnplifying assu¡¡rptions aîe
a1.so necessary, such :as ',4¡¡¡qpinglt the diversio¡¡s in a given reach into a

single diversion in tle reach; Alr operaLion caLculation of the approxi--
ìtraÈed sysLen to include appropriative rÍghts existing o-r asslrned both
before and after the Cònpact.d.t" Ír necessary to derive the values fôr
the ållocacion simulation. The exarnple uses rnonthly calculâtions.

The example is described belor'', vÍth figures, tabulalions, and

calculations inctuded following the description. Sone of Lhe narratiye
n¿ry seem overly eleraentary, but this is done ro give all readers â comÍrôn

base for evaluating the exâmple, and to provìde ansriers to those questions

-16-
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'Tel lcr.,s,tone niver Co¡rÍjâii"': .

. :D.lå'cussipn ãnd Tong!1è;. i1!rr. Example
August, 1986

thaE ca¡ be aoticipated¡-l Copies of che calculatio¡r forms are provi-ded

so that Ehey can be copied and used in calculations with other assuned
ì.tfote ¿o¿1"¡ .dítéis-ion variables, should Ehis be dÈsired.

..¡titä¡ail¡¡'..$e¡eoat¿c- Figlre 1 illustrates rhe "norlel".ôf the.sls¡e in
:llChènàiic form- The Ìreadwater inflows, r€servoirs, diverslons" river

,r.eaehes, 
.tribûÈariè.s, a¡rd reach gaj.ns are sho'.'n ín lhej.r spatíaI sequences.t

,af'*thougÌ: fiot t¡ ary scale. The irrieated acÌ:eages are Sown f Õr the lúnpéd
'irfÌBaÈion diúersions, â1onÊ Þrith thè esri$aÈed re¿urû fiou perc€ntages,

fnd.ustriâl d.iversions shov Lhe assumed coîstant diversion for each monLh.

..þservoírs shoH Lh€ âcluâ1 or aÉsuned capaciÈy fôr.each. Retrative
' p{iority dates for each reservoir and diversion are shi:un as p::e-'50 or

;lost,"'5o ior those in existence, and as post-I986 for che hypotheÈica1

fuEure ones.

IISGS gajing statioÐs are sho¡,.n in lheir .re.la¿ive Þositipns, along

,¡ith the::T USGS identifyin€ iirrnler and a node ¡unhe¡ for tlle Õperatioo

calculations- These stalions did noE necessarily have tlre sane period of
r:ecord, bú.! near.ly all had some overlap in cheir periods of record. Thêre

are no¡', sr have been in th-e past, several .echer USGS stat.ions in rhe basin,
but the s€ had too .short a peij.od of record to be meaningful and uere ignored,

TliÕse tribütaries uith USGS. gaging s¿åtiq¡ ¡e.Òrds !¡rère considered as .

Eieasured inflovs, Lhere lrrlgatiðn was ind-icated .belo* ¿hê gage, the
tri¡ulary gåge was adjïsted for the irrj.gation use Lo oòLain the "ureasuleilf'

inflor¡ to the Eain sÈern. Unueasured tribuEaries were assuned to be part
of the unneasured reach gain.

The letter prefixes and the syÍìbols used are indicaÈed in the legend

on Figure J- The identifiers are f,ùrlher defined and explained in the

S-sheet "Dictionary".

MT-00950-r7-



Yellowstone River Conpac!
Discussion and Tongue River Example
August, 1986

$iqFgriary A lrDictionary licf NelCiipqs Uded ' 1980 Tongue River Exarnple"

:$ l,.gr,ovJd:ed to define thg notatiàos used in Figûre'1 and the operation
:câ1e'rLàrfons:, anil 'in ¡he. àføiârf¡¡t.' ,aeter¡,rinåtióiÈ " Arrangenent is
alphabetical, except rhe terns used in ¡he Compact accounting and alloca-
tion are together on Sheet 5.

'ì,F.lóús'ûSéal Flor¿s at the üSCS gag,ing stations deened Eo have a suicable
'iiéiiôd of reeorcl ¡¡ere used ¿s the base for the óperation nodã1 flov¡s.
Eag,h gaging .SÈatJ'on r.ecord was exanined, ãnd the nedian flor¡ for each of
¡he tuelva months vai dêternined for the station. These are shor¡n in
lâlrlÊ 1^

'Each USGS station carìes an 8-dig.it idenÈifying ¡ürqbe¡- Since all
in Lhe Missouri River d,raÍriàge carry the ,baSin pr.efix "06't, this was

dropped. The fína1 ttrlo iìigirs are generally "00", but.úay contain
nunbers other than zeroes; If ¡hese were zeroes- theÏ .Herê dropped. lf
othe¡ tfurn zeroes, thèy $ere cârried as the decimal n¡lmb€rs ifl the older
USGS method. A number such as 063017 40 r+as, for brevity. carried a.s 3Oi7.L
in nost of the tabulations and calculations.

The ÌISGS sLations used,, and their per j_od,s of record ulilized in Ehe

example, are:
North Fork Tongue Rlv,er qêar..ÐaJton, 2965: Sepr. 1945 - Dec. 1958
South Fork Tongue River near Dayton, 2970: Sepr. 1945 - Sepr. 1972

l{ighline Ditch reaÌ Ðayicn, 2975 (diversiin.}: Oct. 192O - Sept. 19€Z

Tongue River ¡ear Ðayroä;..2g80: Ocr. l9t9 - Sepç.. 1gg2

Littlè TonB e Ìivei neâr'Dayrén, 2985: Jan, 1951 - Sept. 1974
llolf C¡eek at l¡lo1f, 2995: Jan, 1945 - Sepr. 19ez
Goose Creek belou Sheridan., 3055: A*. !9¿*Z * Sepr. 1982

Squirrel Creek near Decker, llT. 3061: Sept. tg75 - Sept, 1982

P¡ai¡j.e Dog Creek near Acme, hT, 3062.5: June 1965 - Oct. l9B0
Tongue River at State Line, near Ðecker, 3063: Sepr, 1960 - Sept. 19g2

Mr-00,,951



ïe11ovsLo¡e Rité¡..-edElilact
D;;;;;J;;;à,,ú"!i¡ã.:,,ãi'"' Exartple
August, 1986

. 
Tongue ¡iy.e¡ gt. Tongr¡e Rlver:Dem, 3075:

llangi.ng lrloman Creek near BÍrney, 3076:

0tter Creek at Ashlaod, 3O77.4:

Puurpkin Cr-gek near l4i1es .'Ci Fy , 30€4 :

Tongue River aL Miles City, 3085:

SÞ-ne of thèse statrio¡s har€. grie ir:-qti-:4ore yeárs ç,f .rû sing vintet reco¡ds,

T.è datã availabl€ aL th€ stqllti¡ +¡aF ûtiliz€4r .Strict analysis vould r.equire

:uèiag onLy correòponding pêrìòdè'oi rr.eior.d foi all stations. For an example

June L939 - Sept,. 1982

Sept. 1973. - Sept., '198?

Ocr. l-973, - Sept. ]98J
Ocr. 1.9?3 - Sèpr..19-83

Apr.. 1934 - s,ept. 1983

t:::]]a::,r.]r:.:,,i,lla,:,,,:l:.,t:Ì111"i"c 
êpprgxiriation's 449 sssiqPÞì)ni', nLedian f ovs based on the avail-

,..',.a,..,,.'...',;.;.,r4!*.fe99rd.s.,v9re aonsider'ecl ¡o::'bâ suffleiently accurate.

:l: . It 6tro¡1d be noted that fhe Tongue River. flo1as iÌorth inlo Monl¿nä

@e,È, 4 is ,joined by. Squírrel creek, returns ro Wyoming vhere Pr'airie log
ôiéä-lc è¡ters" and then flb¡¿s 1¡to Montana on, its course tsÕ lhe Ye11o'dstoae

l'::''
1;.1lt..rt,'.,,aff of ;¡he. ¡ribulary inf:.ovs .Lo. the. Torgliê River in lùyorli¡tg and Montana

t,,ìfen ¡+q.,|!ci."t USGS records r;¡ere lncluded in tàà exanpte. Sou¡e are smal1

':CrilitiJbr¡LorÈ of vater to thè Tongùe Riv€r, particìrlar1y in Montanâ, but nay

be locally imporrant in the water supply picture,

' 
,":. Cafcuiation. poincs, or ,nodes.;' 'à1ónB Lhêrifü.nguê .River are designs!èd .õ..-v ,

N, followed by a number, Thesé are sequenÈial downstream. They coincide
wilh Lhe USGS gaging stationswhere a gaging slation is located, but are

prioarily located lo fâciLltate , iiÞêrátion c¿lcrjlatíons. Nodes.at the mouÈh.'s

of tributaries are designated by the ímmedia!ély r¡pstream node runber, wíth

the suffix A attached. A second LribuLary above Lhe nexl do.¡nsteam node

on ¿he rûainstem car.ries the suffix B.

::.:, ::::r,...,::' , ,'. ...,::: ,:,'.;..:.,... 
,. The {1or¡ values, and â11. other nurnerical l¡alìres ex€ept decimal fractioRË,

r¡ere rounded to hundreds for all tabulations and calculacions in the example.

The errors inherent Ín Ehe various assumpLions vould make any greater

precision quesLionable.
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Yeliovsgone ftiver Conp4:Ce,,¡,,'l,: ',,,' 
.

Discussion and Tsngr¡d. Ri¡:èl.. &ràfiÞf€
August, 1986

The only ¡odè ôf cdo+¡ n.-Jõ¡,-¡hq CqrúÞg-ç,-rii,!-!1iocetþn is I18, USSS

'g4g1ng statiol 06308500., ¿esig4âted, ììàË, lhe,-.T9¡r.Ë_:9!. mg¿.s¡reneár; ,For .!!iÊ -: :
example river operation lhe flow ai NtB wrtt be à calculated value rather
Ehan Lhe nedi.an flov value.

I D¡versloos The quantity of Lhe irrigarion diversions eachmonLh is at-
I funcEion of Lhe acres Eo be irrigated, the vater supply, and other factors.
t-
I lrrigated acres for l{yomingvere obtained fron "Tabularion of Adjudicated
I

I WaÈer Righrs of rhe Stare of ülyoming, Water Divj.sion Nunber T[o", April
I fea4. The water right acres uere compiled into tot.als bç river reach, andt..
I for each Lributary belov the LISGS gage. They were also examined for pre-1950
I

I and post-1950 priority dates. The post-1950 vaLer ríghts r¡ere found to be
t

I so minor thar they could be ignored for t.hís exarnple. Furure (posr-1986)

I lrrigated acres !,ere estinaÈed to be compalible \.,ith the assunprion inI-
| *e llontana 1984 example, and assumed supplied by direct flov onty.
I

i

Iirigated acres for llonlana are éstinaLions based on several sources.
Copies of tabulations fron county reports (20 or more years old), examina-

.r.ll.:.:i

..r.:.:,:,::,t:.

t::i:ii:]

,.:)::-:.al

. .... ,t,:,,Þy Mo.ntana in iÈs l9B4 exarnple were used to guide lhe estination.s for

,t,,,:,r.,t':,.,i,,.i, 
Þ,,_1q.1.910 i¡rigated Fulure (post-198ó) Montana irrigatÍon est i:rîiations

i:, :1l::.:,, .,;ìr:ì.iìèqç ,lgqfded by, ¡¡. .1990 Moätg¡a example. The post-1986 iïrigâtion was

,::'rr1r,'.,1:æ9ltLe.{'.r:ôutlqll:d -bî a coabinalion of direc t 
:Ëoú...t:and 

¡e.leages f-io$ rhe
'r "'r i:r,.r:.] 

:']Þìrse-'195o.:êrrLarBÉ¡nênr of To¡gue qi3¿" ¡ss¿¡ffii. .,,.. .

Industria] diversíons were assumed only in i{yoming, consist.ent \.rith
lfonrána'sl 1984. exarnple. I pre-i950 indu€tria:L';ìghr ¡{.as esrimared ro h€rle

a constant 1500 acre-feet per monlh diversion rate, Based on some personal
knowledge of the siEuation, a 20 percenL return fLor,¡ rù?s estimated. ¡t

future (post-1986) indusLriã1 denand for 1000 acre-feer ¡er month was

assumed, again coßsisÈent. with the 1984 ìlontana exanple. It ç,as further
assumed lhat there Lras a dÍrecL .f1oï¡ right for this Ehat vould allor¡
diversion of up to 600 acre-feet per month., The balance of the 1000
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acie_feetpermonthwourd..te'.:sú9ç1¡¡.¿..tron.-rne'¡!r,lothèiica1posi-1986

reservoir on the South Fork of thã Tongue River. This post-1986 intlus-
trial use r¡as assumed to have no return flow-

Each exarnple diversion poinÈ is identified by D, follorved by a number

,in d,ounstreåm orde., uith sóme exceptiods. Dl ¡*€s isiÈiaLly iateaded
for the diversion of waler Eo the post-1986 industrial use, buÈ afÈer
further consideration it r,¡as discarded vrithout renumbering the oLher

div.ersions. Ð15 and D16 verê dqopped fór simi.lar jreasons,, anú, thé number,s

retained for the tvo Tongue Riyer Rese¡voir pools.

îable 2 lists the diversion points by idenrifier number, and shovs

Lhe source stÌeaÐ, ¡he ãcres, and the naxiÍlut¡ rDonthly diversio¡ volr]Ees at
2 cfs per 70 acres and a¿ l cfs per 70 acres for each. Notations are incl_uded

where appropri¿¿s. The acres ãnd the naxirnurû .ÍilintùJy diversion volunes are
rounded to hundreds..

Prelirninary vork seemed to s.uggest thaÈ the Il.ighline Ditch diversions,
USGS gage 06297500, r.¡ou1d serve as a guide r.o the ?ercentages of the
I cfs/7A acre irrigatisn diversÍon rate that .rtright :be apglied each flonth.
Estinations of th€ perceotage of Lhe r,axinun .diç€rsiori volurne ,for each nonth
vere nade, corrsidering the dífferent conditions encóu¡tered fron the Highline
Ditch diversi.on Lo the llouth of the river. The results are iTrigaÈion
di.version fractiolLs for eâch moneh for Wyorning I (fli¡). ¿nd for llontana (fl.f!.

Subsequent \,rorï ând thought sugeests tlaLl:Elese fr.actions nay be lov
in sone moßths, and possibly should approach a value sf 2,O0, Availabl-e
time has not alloved pursuír òf t¡is, lrlyomil.g,.lav;.a11ows a diversion
rate of 2 cfs/70 acres under cerLain conditións. The 1984 Montara exarnple

üsed the 2 cfs/10 acres for all irrigalion. diversíons Ín borh States.

Diversions for post-1950 purposes must enter the allocation calcula-
tion. All dlversions nust be considered in t.be exanrple operation.

l:L::':l::':,

l,:,.,.,:,
l::i:r:tr-rt :
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Yelloustone River Compact

ïffi:::iå.å" ronsu€ Ri!i'è''iËre-''P1e 
''

Ret!¡r¡ Hloys Re¿urn flovs are associated vith the diversion of uater for
purposes \.,here the vater is not totally consuured. Flood irrigation is
generally ass:rned Lo have a,..t;iirr; Jlor' t¡ it¡a.,stila¡ èqual ,ro 5Õ percenr . r..,.

of the diversion. This pe¡centage yas assu¡ned in rhe exanpLe for all
i¡:rigatíontithapre-1950Priority.Thefuture(]'9st-19s6)irrj.gatioß'
r,¡as assuned to return only 40 percent of the diverted vater, as fuLure
irrigation should be roore efficient. BoLh percenLages oay be high. Sone

of the pre=1950 irrigatiÕn has 'beeh convertèil to so*" for¡n of .sprinkler
âpplicalion. MosE Iuture irrigation application would be expected to be by

sprilkler ìor solre other ef.ficient nerhod, Po¡.síUplfcity in the examþle,
return floÌ¡s are assumed Lo occur in the sa¡¡le reach and in the saoe month
as the dívèrsion, The exception is rhe Highline Ditch, Ð2' r+hich has.a
nodÈ (N5) betr'.een lhe diversion and úæ uses.

As noted under 'tDiversionsr', the pre-1950 irdustrj,al diversisn Ís.
assüled to have a.20 pe.r¡ent return flov, Å part of this r.ai:er has been

used for tronce*Èhrough" cooling at a powerplant, and may be !o use.d agair¡,
Tbe 20 percenc figure nay be 1o,^'. A1l future indusLrial diversions would
be expected ro have no re¿u¡n flow, due to cost and uater qualify csnsidera-
lions "

Retu¡n flovs do ooL .entex inÈo the Conpacr aIlocations., excep¿ as . .S.
sùbseqtert di.v.ersìons. q.f. the returned waÉer, Ttrey øusr, ,hoveve.r, be ;"'-
considered in the qxam¡rþ operatio¡ of Lhè systen, ¿s. they bèco.ue a par!
of the vater available to:dg$nsLrean diversions. .

Réservoirs T}/o resetvoirs are considered in this .exa&p1e. One in WyomÍng 
,is hypothetical , and Lhe pre-1950 Tongue River Reservoir Ín l"lontana has

a post-1950 enlargement. The result is, effectívely, th¡€e reservoirs,
lvo of wtrich enter the Compact allocation. All múst be considered for
operation of rhe systen I'mode1"-

The fütùre hypothetícê1 reservoir in Wyoming, designâted by nurnber 1,
assumes a câpacity of 25,000 acre-fee¿, vith the yield dedicated to

-22-
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Yellows¿one River Compact
Discussion and Tongue River Exanple
August, 1986

supplementing the directflovright for the post-1986 industrial diversion,
Dó. An initial contenc, considered carryoveï sÈorâge, of 11,000 acre-feet.

was assunecì for the operation study.

The capacity and lhe Location on the Sorlh Fork of the Tongue RÍver

vere assumed in the MonLana 1984Exampte, and carried into Ehis exanple.
:llor{ever, the L¡a ter supply sit.uaÈÍEn to ihe reservoir vas corrected, The

ÛSGS gage Õn the Soulh Fork r¿as loca¿êd dowñstieam of the presurned .site
(node 2, or N2). lnflor¡ to the reservoir, Nl, was esLimated as 80 percent

of tàe N2 f1ov, based on t,èrrain, tributaries above and belor.' the site,
and relalive drainage areas.

ìCirnveyance loss for reseryoir releases conveyed in the river Eo the
Dó diversíon ?oint vas assumed to bê 30 pèreent for thÍ.s example. The

quaatity .of stor.ed vater needed at the D6 diversion, divided þy 0.70
equals the a.nounc of vraler that must be released fron the reservoir. For

sinp.licicy, the reser.voir. release is deducted tJroñ the storage, but only
the anoûût jreeded at D6 is counted through the intervening node calculations,
This procedur.e precludes t:he diversion of t.he Hater ¡eeded at. Dó aÈ sone

u?str€am di¡¡ersion poÍnL, and e.Liminates the need to continually track a

dinrinishlng quanti.t'T of water through several nodes.

The change in storaBe 1n the reservoir,ASl, Ís obtaine.d for the

system operaÈion calculation by t.he difference, vater stored rniDus urater

reLeased, The sígo ofÁS1 may be posiEíve or negalive, depending upon rhe

relative ßagnitudes of the quantities stored and. released- The change

in storage quantiLy of this reservoi¡ js necessãry to the allocation cal-
cuIêLion.

The Tongue River Reservoir in }fontana caÐ be treated in the .exanple

as a pre-1950 reservoir wlth 66,000 âcre-feet of.capacicy, and a post-
1950 reservoir vith 4,000 acre-feer of capaciry, as in the 1984 Mon¿anâ.

Exanrple. System calculatj,ons fgr Lhe current erample and actual water

MJ-09e56
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adninist.ration accounÈing would both require the Lvo reservoir concePE,

Inthisexamp1e'thepre-l95Ûres':.è|v:oir:is.-:ite.s!3natednumber15'andthe
post-1950 enlargement reservoir is designated nunber 16.

Ttre change in. storage, conveyance 1oss, and quànti¿I of release . . ".,.',.
determinations for each reservoir priority date vould be handled in the

same ¡nanner as described above for thê tJyomÍng reservoír, The change in
storage for the post-195Û pÒl:tion r¡¡ou ld be required for Compacl allocation
determination. The chang.e ir!':storage for the pi€-1950 ieservoir is
necessãry to the aperation cãleu1atiôns, búL üou1d not enter into Lhe

allocalion..

The pre-1950 reservoir storage is used fer súpplemental supply for
pre-1950 ÍrrigâLiõn d iver:siors D17 and D2O, as,needed. The. post*1950

reservoir sÈorage ,supÞleEents the pos¿-1950 j"rrigaÈion diver-sion D18.

This 1986 e:<ÍrmÞle uses l,lyoming Lavs applicabLe to reseryoirs to goverR

the reseryÐir operåLitns, although l,lon¿ana lar¡s lmay differ. Informalion on

Uontanêrs stâEutes for reservoirs ì,¡as not available- In eitber case, thè

change ir storage ovel a typical Naler year should approach zero,

l'iyonlng allo1.J's only one filling per year. The sEorage space that
can be f il1ed Ìs Lþe vacant sÞace at chè begt ld¡ig óf Èhe r,¡atet: yea¡, 

l

or the reservoir eåpãciBy,rllinlls rhe sÈorâ,ge çqdËent an October 1st, The

reservoir fill is ôe:terroined. ty ?¿cùunLing etrq,vqter acrually stored,
the !¿ater thal could have-been stored but vras not, and l"'ât€r I'stored"

but innediately release.d to iÈs specified use, Tþis is often referred
to as "paper storage", vhere the numbers add up to the reservoir capacity

brlt Lhe actuâl or physical storåge co¡rtent rnay be.a lesser quantity.
The above strict "ruler' '¡as applied Ín the 1986 example, wiÈh bcth paper

storage and physicâ1 sLo¡age conside¡ed for rhe operations-

'l

I
I

l
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.ll{.gT!a¡? EtgÞt aljr A courL {ecr,.9eì::;qp¡aiéar1Í...predariiìe rhe Tongue River...,
Reservoir, requires a stock uater flolr io be passed Ehrough the reservoir.
Available detåi.ls on rhe decree *erã lirnited, but apparently a flov of
167 cf.s or the reservoir infì.ow, vhichever i. 1"s", i, required belor.,
the Tongue River Da¡n. This vater is- not available for storage, and is not

. to Þe ,counted j-nto r.he paper .stót¿.[a'.of È]h; iès.èiioir.

The flou of 167 cfs eqr:Iates to ápproxiamiery rggo0 ac¡e-feeì! per monrh,
It r,¡as assuned rhat this water would be available, along vrith olher
nat.u:ral flor+ and,/ìr¡ .reservoir relea;qes, to neel.do"n"trau, diversion ¡eeds.
SiDce thj-s qu.ântiLy, designated. as ,tSEocktt in the exarnple moilel, j-s natural
f1ou, ,any los.ses rould appear rín the reâch gãin estiÍìations,

. rRléáôh, Gaigs . ïatq{ flo}ñng iIì ..A srrêam chaonel is ,subj€ct to a variety

,:::..t.,r,,.:9f. le!ür41 pheiromena tha,t vorkr'together to produqq a¡¡ increase or a
,.,,:,.,.dor**, ín the ç¿¡ter: quântiqy..tl,at e.E.ered a given strear¡ reach. The
i.a:.].,.::-,äef. eff,eç¿ of these phenome¡a may be .a neL gaiû or a n€.t loÉÉ l¡ :f lov

through a parricular strean reach, depending upon uhether the totâl gaÍns
,.i-t.....t i.:rne !olà1 losses aregreatêr. For ¡he purpose .of the operarion calcu_
,,. ,.ìlg!-ionç il this exånp1e, a loss is treated as a negativ..e gãj.n,

- ,:,,:,. : :. r ,,lJsíng the' rrain stem USGS gaging stations aÍa:iLaö1e, the f1o,¡ of Èhe
stream at an upstrean statÍon can be subtracted fron Lhe flow at a doun_
strear¡ station to obLâin the stxeaB gain (or loss) between rhe starÍons_
fn Èhe exanple calculations for esÈimation of reach gaÍns, this gain

, bêlL,een USGS stations is r.efer.red-rto a.s the ñet G"ir,,. o, N.G, The nedian
ftor.rs used in Èhe exarnple represeDt appro*ir.teiy 

tLhe 
rn:j_d-1er,.e1 flow

regimen with pre-1950 llater uses included,

Those rribularies vith gaging stations, adjusted for irrigation below
the.sÈaLÍon, represent measured inflows or Measured Gains, M..G. in the
example. Di.tersions from the reach for pre_I950 uâ.ter rj.ghts nûst have
.been supp.li.ed fron avail-able vater and should be considered, as they
represent depletions.

r
r
lt.,;.'.'''
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, . .An Un¡¡easu¡e_d Gain (U.G; ). fôi,,á ,ieach ìS',.r-iis!f qìg¡ed by rhe Net Gain .

, , 
*ínù" the . qa. sur:ed Gain p1us.-rheis¡tq,efê¡ilìitè né. rsdìr.a¿ by the

. i e€tina¿èd reruin .f1o¡t¡. g-G..: mai ìe,.,p_o.sitivel,ói,:ne¿à.rive tp stgn.. : il ,a:,
reach beÈween main sten gaging stacions is subdivided into shorter reaches
between caLculation nodes, U.G. is proïated by percentages among the
shorEer reaches. The percentages are rather arbirrary for Lhis example,

-,..EVided by knowledge of the aiea 
"nd loap Ìnspectioas 

"

The Unmeasured Gains are iniiaenced by sirnilar faclors.Lo ihose io¡
çgnYeyaû¡e losses, and bhe t,¡o.àre related. If shûuld be nqted that some
irrigation return flows are included in the unmeasured Gains. fn ac.uarity
the )U percent estinaÈe for retúr¡t flov from irrigation. is a blead of

.r :¡êf,urn flovs from :diversions,. in previous months and 1ikely also frorn
olverslons fros¡ an upsÈream reach. A diversion fron a given reach nay

l',,,,:].¡actually ha.ve á111..or gart of its return flow ,re.en t erin g the river in one

.:¡,4.t9!¡.Uqlt" dot!,¡s.trêên- 'r'eaqhes. The Unneasured Gains ca1c*la¡io¡r .uould in_
clude those relurn flovs not already used to reduce a diversion, or Lhat
uright have been under or over esLimated for the diversion.

Table 3 collect.s values ¡eeded for rhe opèration calculations, except
f,or the dive.rsiôn quanEÍlies other than the DZ ¡ledian diversion. TIe
flaxrnum dlverslon quantities for .each diversion are s}lob:n in Table..2,

¡ Taìle 3lis¡s t¡ê value¡ Þy:rnc¡rh fsr ttre di.rver.Ei.or¡ frâcEions, the
r:''¡ie!l.iaq ftirv€ êr Ínfrow nodes Nl and N3, reach g.lris-. ttr" Hi-girrture ÐiÊch

''..median diversions, and gaged tributary inflows adjusted vhen necessary
for irrigation downstream of the gage.

calculation Fo¡ns Blank calrculation forms are included forlouing Table 3,
aod the completed c.alculâtion forms for this €xa&pl€ are appended,

Ior¡ J Forrn I is designed to facilitat'e the calculation of the
estimated r.each gâins. AL the top of the forn there ís prrvision for

MT:00959
.l: ..ir..:,.,] : .
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enÈerÍ.ng the nonLh, rhÊ fe\'.è1:tóf,. fi!-er suÞrp1y.r' (q.eitiêlts, in rhis exa¡nple),
and the diversion fracfions fo¡ each St¿te for that mon:h, Ot.her notes
outline basic infornaEion for ieady reference. A basic assunption, which

is probably very nearly correct, is that rhe nedian flors and other
paia¡eter:s repr.èsent pr e-Con Þ-êe!,::Conðitiô¡¡ s.

The reach Bains arÈ noÈ neede( f,or alloiation of uater under the
Cornpact, They are necessary to the operation o[ the sysLem in the exanp]e

"rnodel" whereby the estimates of the values used in Árticle V, C, are
derived-

A cautionâry note is in order. The reach gêins are ¿1¡ççgry and

stron.g1y infl-uenced by the diverslon fractions, fSI and ill, Lhat are used

for each morth, Prellninary r¿ork indicaÈes thèse fracti.ons ml-ghr be

ìRc¡eased. o¡ dee¡eased in.at.I,easl some nonLhs. For exanple, the ¡lonlh
of :rYay as shown in the exanp'le calculations, has negåtÍve reâch .g.aÍns for
G5 and G6, PosíLive v.alues would resulr if flf r+ere ass.¡::¡ecl to. b€ 1,60
or greater, Tirne has noÈ allorved further investigation of rhis, or for
correctiori of the su.bsequent cãlculations if it rvas fou;rd necessary.

The Net Gain betrr.een USGS gages at nodes N14 and N18 is negarive in
October, llay, .&rly, Augus:t, and Septeruber, but the calculaLed Unmeasured

Gain for the presánL ïaÍple js only negative in l,tay. Sínce Ehe Unmeasured

Gains äre de¡iveil f.rom the USGS gage median flo,¿s, the Eedian flolrs can

alùays be checkãð (lrithin rounding errors) through thè systeÌn operãtion a¡ith
fhe pre-1950 corlditrons,.,a "chicken and egg" situation. Sufficien¿
diversi.on records nged Lo be obtained to more reliablv esÈimaÈe Èhe

Bonthly fW and flf diversion fractions.

Form 2 Fo¡m 2 provides a sysrematic procedure for calculatiol of
the exanple., lrithpost-I950 vâter uses imposed. Notes are added on per-
tinent 1ínes as reminders of 1ímj-ts. Provisions are maés at the top for
entering basj.c daÈa fot- ¿he ápplicable month. These ínclude the month

and the interation nusiber if it is necessary. The first caLculâlion for

': 
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the monÈh would be iteration number 0. since it is not an iteration,
The '^,ater supp1y level, nedian in thís eÌample is noted, as are Èhe

diversion fractions fl,l a¡d fH for that Eonth.

Reservoir data should be recorded for each reservoir. The paper coßtent,

fôr ac€ounting.- ùoriârd resêrvqif 'rflllíog, js ent€.æd. 35 ¿,.Begia¡irlg of , ..
Month content for each - BOM1, 80M15, and B0M16, The physical, or actual,
content of each reservoir is entered for B0M1 Phys, B0ì115 Phys, and BOMI6

Phys, These values are assuned, as initiaLing values, for October, and

would be equal in a given reservoir. For subsequent non¿hs, they are

the End of MonÈh, or FOM, corresponding reservoir conlents from Lhe

previous month.

The e*aople cal€ulatioi ùse,s nunerical d¿ta from Table 3, :except for .

the maxir¡:n diverdion yaL¡es frorn Table 2. The. fÍrsl calculâLion is to
deù€rfiiÂ€ the.spa¿e a]àllable for storage in Reservoia 1, ê¡d. Èo lirDit
the.1.ater stor.eil, Store 1, to the infloh,Nl or Èo !hè ânouot needed to
cornplete the filling. The required release fron Reservoi¡ I is eslimated,

assuning thê first 600 âci€-fêet of the D6 diversLon vi1l be met from

di.rect flow and if so, then 4O0 acre-feet (D6 Shorr) ui1l be nee¿led at the

diïersior ?oínt. This woúLd require 600 ae¡e-feet be released (Rel 1)

to a11sw for Èhe cqaveyance. Joss. The change in stórage for the Eon¿ht

ÂS1, is ¿hen lhe diffe¡ence, Store I - Rel 1.. 'This shou,Id be noEed ai the
bottoE of the sheet for later allocaLion use,

Tle E0lll and Eöùl 1 Phys.. calculaÈions merely aiìd rhe "paper" sLo¡äge .

and Lhe acrua1 change in stoiage (+ or -) to the BOMI and B0M1 Phyg. qt¡ql:
tÍties, E0M1 c¿lnnot exceed ùhé 25,000 acre-feef of reservoir capaciry, '

DeËerninaÊon of N4 involves subLracting the quantity slored'. from the

reservoi¡ inflow, adding the qu.anÈity released fo¡ D6 ¡¡iÈh the conve.\'ance

loss r enoved f.rom Lhe release, and adding the North Fork flov, N3, and.

the reach gain, Gain, Values for N3 and Gain are in Table 3.

,.,,,i,j:Ì
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Flov at N5 is the N4 flor,r less 02, the Hi€htine Dirch diversion.
D2 is dj-verted a shorÈ distance above the Bage at N5, and all return
flovs occur dovnstrean of N5, assuned above the D3 diversion. The flows
at N5 and N6 must equal or exceed the delivery to D6 (D6 Short), as this
ís "ownershÍp" uater.

. N6 is obtalned by .deductíng the D3 depler.ion f¡om rhe l{5 floril, adding.
R2 (Ehe return fron D2) and the reach gain. G1, The D3 deplerion Ís
determined from the D3 quantity (Table 2) multlplied by the diversion
ftaetion f.l,l and the reÈur¡ flor iraction of 0;5û in thÍs cáse-

The N7 cêlculation adds the tributary ínflow from Little Tongìre &iver
(l,16A] ¿o the .l'ló flo!¡. The value -for N6A lràS €stinated oB the correspondin.g
monÈhts Gz.ínê DÞiiv¿ti€n sheet (Form 1) and recorded in Table 3.

ÀfÈer calcularing fi7, Lhe .sltuation for D6-.is checked. One-tbird
of- th€ G2 reach gain is ,assuned .lo have accrued u.lstream of the D5 diversion,
Tfie direct flor+ avai14b1q ¡o !6, (D6 Dj.rect) iS'.rt¡en N7 plus one-rhird
of G2, vhich. ís }¡¿Èer .available at the D5 diversion, minus the D5 diversion,
The Ð5 return flow is disiegarded because it nay. nor be availabl,e aL the
D6 diversion. D6 Direct cannot exceed 6O0 acre-feet per rrronth, its
assumed direct. f1ow..r,later. f:ighl. lf rhe D6 direct value is negaÈive,
aII of the 06. derÍând *ia!.6 -supþlied {ronl the ieservoir release and

D5 r¡i1l be short by the Ð6 Direct negative anount...

The shorLage to the.Dô, deqand, D6 Shorr, is. the toral dèna¡d of .

1000 acre-feet per monlh. minús D6 Ðj-rect. Lt !"i11 be êt lea.st 400 ãcre-
feet per nooth, but nô g-rÈater. than 1000 acre-feét per monrh. D6 Short
divided by 0.7 gives tïe guântity to be rêleased from the reserr;oir,
Re1 1. If Ð6 Short differs from that estinaLed for the reservoir calcu-
lations, an iterat.ion i.s necessary to adjusl the system- (The .adjr1sted

release can be assuned presenÈ, and the operation conÞinued to see if

_') () MT-o0962
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Disc{ssion a¡d To¡igue Rivèr flxEjrtple
.{ugust, 1986

' I 
,,,'.1

ot¡1er adjustineils might be neelqdL:,¡þáfoice, sq¡tÊi.q€ rhe irerarion.) NoLe

the D6 total quanEity at the bottom of the sheet for later allocarion
calculations,

The,.NB rhrolgh N13, ca1.cri1âL-ütis;:êiê. ;g{¡!il€¡- tÐ those .desciibed a.bÞ-vè. .'

fn calculacing N12. should a shortage occur (negarive Nl2 value), post-1950
diversion 012 must. bear the shortage necessary ro meet rhe pre-1950
díversion Dll, Note the D12 díversion quantiÈy aL the bottom of rhe sheeÈ

fo¡ later use in lhe allocacion. ' ..-..,,

1,113 represen.ts the sinu lated flov enrering Montana" Dj-ve¡sioit 814 ' ' 
.,

is assuned to oc.cur between N13 and Tongue liver Reservoir. In viev¡ of
Èhe slock vater. dec.ree, the Lesser of 9900 acre-fèet per Í¡onth or ¿he

inflov¡ Lo !hè reservoir r{íIl be passed rhrough as u¡aya¿1ãb1e fôr storâgÊ,
buc is assumed available downslrean for diversions-

l4laLer available for storage in Tongue River Reservoir, Avail, is
estinated from the .ìi13 ilor^, minus the D14 depleríon ¡rínus 9900, If the
result is n€gative, the stock !,¡ater bypâss, Stock. r^rill be N13 reduced
by rhe D14 depletion, and no ì{at€.r wiL} be stored.

Calcu.l.alio¡ s for ehe pre-1950 and the post.-1950 portion5 of thè
reservoir are made as though they !¡ere two separate reservoirs. The post-
1950 reservoir of 4000 acre-feet capacity is noÈ alloued ro sLore k¡ater
until Ehe pre-1950 reservoir has fllled on paper, or EOMI5 equals 66,000
acre-feet- The tr.¡o sets éf reservoir calculations ar:e carried along
togeÈher, bì¡t kepc d.isti,ncL.

Releases for D17 Short añd D20 Shorr fron the pr,e-I950 porËion, and

for 018 Short from thè pos.È'1950 Þorrion, of ahe res.ervoir can orly be

estirnated at this sLâge. Tbe iniLial estimates øould normally be zero.
''I
:I

: .,.i

I
.
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Yellor.¡stone River Compacr
Þiseuèsion and 19rr.g!e.,8iier,Example
August, 1986

... th" chângé. i-n srorâgê .fioi.' tjhé.:post-f950 .sióiãge, in reservoir 16, ,

,À5f4, l* n€'Ee.d aL rhe ¡ôüoira,oir'rliâ,.,9héet.,,fói.:ihe.a!.!ocation ¿er"¡[Ìi"r¿.rú.
Tire cha¿gê iri.,st.-iá!e irr.,reséiriôli|li-.{¡;è;lç50)i.*¿i i'to."t i',:}'.,;. ':':

rhe operation calc ulations.

' oper'àti,qà dã¡on!¡.ean. "f roí.8ùã..i;;âr- .¡ai r¡eeir,. r.¡iLh cã1¿ù1¿tíod,rô,t!,i:.ij:ii

!_h.:,.i1or' at ì{L4,. ime.diãL.e ly below Lhe dam. The infl,or., .o t¡" ,."q, oji¡ia,..,.
1èss Stock, ças .detennined abov,e, as .{vai1. Releases fr.om the ,us"auoia 

"r.".,lregled as fo¡: r.-eservotr 1. wiihlthe.30 percent àonve¡rance loss rênoveil;.,:.
aod juEÉ Lhe dor.nstrean ,r..d.g,tcàunc!di 1.n qhe ït4 f1o", Avail is reduced.. .

by the water stored as Store 15 and SEore 16, and increased by any waEer
ièleased to prov:ide supple¡oen!ál. súlrp.Líes, DlT.Short, Dlg Short, ard ,., 

:t.,.],

D2O:Short, àîd is further inc¡eased. !y'àddition of rhe slock r^¡ater bypas,s,-.
Stock.

Any shortage to the D17 pre-1950 irrigation dj.version is escj"[ated

The Dl8 post-1950 j.rrigaÈion diversion is nexr checked for,a strg't:Làge
estimation. The roËal diversion requireûìents for Dl7 plus Dlg inì,ñug the .

N15 flou' minus one-third of ¡he G6 ieach gain estimares any shortage fo¡

The flov at N15 is obta¿nedi'úy ,adding the rriburary inflows røt¡'.: " ¡¡¡:
llangíng lloman Creek (l'1144) and Otrer Creek (N148) aad the reach gain G5

Eo the N14 ftow. There nay be some irrigution b.."".n *tO 
""0 tri,- O"r r,

r¡ãs not apparenL fron tl¡e available informâtion examined. : ::': ' " 
'

MT-00964

from Lhe diyerslon r€quire ene niaús, the Nl5 fl.ov .ninus one_Lhifd of the-....-,
G6. reach gai.n. A 2ero or negaÈive value for DI7 Short .indj,¿âtes..,Lhérè.::i:r:,tia.:
is ¡o shÐrtag,e fo the diversion. If rhere is a shórtage (DfZ SUo¡¡. .'...¡::t,:¡:,,.ls ¡o shÐrtag,e fo t}tê divefsüii,,, ''If, ther.e is a ,shórtage çDlZ Strorf .'.r.,::,,:-,t
greater thaB zero), a¡ itera[io¡ is Decessary to provide suppleDental-.-r:i:r::: rl':'--:.
water fron r.eservol.r 15. . U.que¡¡gr, ¡he caiculaqion. should be ¿on.bi¡rued,,.,,,,,,,,-.:
under the assumptÍon that Dl7 is satisfied, in order to esli¡nate any
shortages to D18 and D20,
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Yêl-lovslone , RiveÍ,. 'Cnmpact
Disçqsslen. ênrd Tonguç .River ExaûiÀÞIè
Àugusc, 1986

018, Dl8 Short. Again, there is no shortagè if D18 Short is zero or
nêgaÞive,. ìr-f Ð18.s¡ort is:g¡eã!9i:etrar..r,"i¡;t"an:it"¡qlior,is.,neqessar¡ f-,Þ1,,,,,,,..,,,.,.,,.,.--

gro¡/:ide. ÉupÞlerné1taL ì,raber -fr-oll}ii,ÊÉisèrvoir 16t,:,:.Äs: ùi!}i tD17- .SïtórÈ'ì'€ãstüx1: ' r::'r:1,,ii::,4,.,..r:ir::.

both.:0.17,.aqd :01€ ãre. jrst sali:qflgd and cq¡linúêi..Lhé calculatigq ro..t*igiiiiatã .. .....

any short4ge-co.D20..before slarting,Lhe íteraLion. I '.":1,.'.,.;.1.'1",,.

The oþefa.tion continues uith ca1culáÈiaB Þf '.!'he flo.u,. at l{16.hy,de-,
pleting the li15 flow for DI7 and 018 and increasing ít bI the reach gain,
G6, If N16 is negatlve, there is obviously a supply shortage for D17

and/or 018, a¡d an iteration may be ßecessary to try to neeL the shortages.
018 is a post-1950, or junior, diversion and càn only be supplernented fron
reserïoir 16 storage. The Dt7 diversion c¿n i'caI1" water fron ÐI8 before
drêl,¡ing gn res.ervoL-r 15 storage. Enter Ehe 018 diversÍsn quantity ât the
bottom of the sheet. for use in the allocation,

Caleularion for Nl-7 adds -the Punpkin ereek.tr1þuçar¡ inflow, }{16À,

to the flor*' at N16. Thís is the supply to D20.

Nt8 is obtained by deÞletìng the Nl7 flor¿ for rhÈ D2O pre-1950

d.iversion. Return flsw .f¡o¡n D20 is assumed to e.nLe.r ,the .systen dokrìstream

of the point of .measurernent, Il8, and therefore rris not. consldè¡:ed.. This
is consistent with the 1984 Montana Example syslem. If rhe calculaEion for
N18 resült's !n a ¡ègà!iùe' 'V:aliré, ..D2O Sþor:_q .is,.'èq¡¡-át. , ¿o LhíS quartlty,. áñd

.

qn ilqJation is needed !ô eirt¡ãr.i'ca11" lralei fiòrn.the posr'195t 018

diversion or to supplement D20 from reservoir 11.

fn the actuál situeiiô¡,.a zero flov at Nl8'..çquld p:obaùly noÈ be

obtalirabte, and a gnall trlciúrr,ãL iN18 in the exanpià,would be acceptable.
If thê N18 flov is significantlv great€r than zero, an itâraÈioß mav be

possible to decr:ease Re] 15 and/o¡ ReI Ló, or to iôcrease sLorage, pror'1ded

Hater is available ât the reserroirs fo¡ add.iEiôoa1.. sÈorage. It nay also
be possible to iacrease at1 or part of t.he írrigation dil ersioos, up to
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ÏelIo¡".sÊ¡ne Rirter CojúÞá¿l- I '
DiÉcusslori ànd, ilongùe.,.Ìiser. Exa¡rpta
August, 1986

tï€ l-imir of 2 éfs: per '7.O, iâc?.qs. Un¡¡sed flov.4È',N18 .iq allo 9l .i¡di!9]qgr
that moré ï¡at€r coulil be lqpþr.9p¡iatedtr in tþ: e 1@Or":..-:,,¡f.,,..y¡ê.a,tn"'.!g .

lrêre selected f¡r the d iversiónsr. so that water-. lràÈ: avåilable at the

proper Eimes lo Lhe diversions.

The value of N18 is to be noted aÈ the botton of the sheeE as the

r,rater palsing the poinr of .'measurement, Nl-8 or ¡¡.e itçorirpact ' geÈé", f,or

the allocation.

Forn 3 Form 3 provídes an alfocation calculation procedure for
uhis TongueRiver example. The quantiÈies needed for the âllocation were

derived on the ÏonLhly Operation Calculatíon sheets (Forn 2) and recorcied

at the bolton of each sheet. I¡ actual real-tigé jJaygr operâtion under the

Conpact provisions these vafues would be measured and a natter of record.
The o?êr:ãtionâ1 €xèrcirses as o¡ Forms 1 andi.2-i¡oslil not be necessary Lo

the allocation 'uin real .liferr,

..

The breviLy of each allocation det.ermination for the eÍauple all.ovs

lh¡ee month and./or itèralion allocalioÐs per sheet. liheo operations on

Form 2 require iteration, onty Èhe final results for the allocatÍon need

be broughL to lorm 3.

.Each monthly block sa,Form:3 provid.es for e4try of the monEh and the

ireration number. corresponding here to the Form 2 sheet where the âllocatian
values vere derived. fng. pr,é. 

.éè¡rre- 
inu"f".ç1.f,-..s!g,.qne , valles fo¡ eê,eh

State and the .N18 conpaci gage sepârate, and lhéi:,eo¡ahining them in the

"allocable¡ coluran for allocàrion, Having Elie.,;ã1ùès f.or each State

seÞarate, thê t.otal, use for.each State can be 
l:¡.-o¡irpar ed with that State's

allocatj,on. There is provision for a ttyesd õr trnq!' iteraÈion decision.,

and space for notes to outline "vh1l", or for any.ót¡er brief pe¡Line¡t
notes. A "Conments" space is provided at the bot-!om. of each sheet for
use as needed,
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i fe11¡vsÈone River Conipact :.- r-ì, . i :: : . '
:. Disc¡ssion and Tongue. River t.Eiâ¡¡Þle. .:t

Augusr, 1986

,. ltirhin a bJ.ock, there a¡erf,e¿¡,i¡C¡.{rùìl ê¡|,;!C!.cê,ihï and MI), t¡e
.,,,,,,, ,t, .,,¡. Loinr of ßeasurenent (Gage Nt8), .rd t'Þe:ãjiã¡ib,,Gi¿;.s.um,'of .Èhe.rya¡e¡ rp b.e,

a. ' ,, , .ë11,0càLèd {¡r.tocat¡Le}- Saih S¡arê,r:ä¿ùã;;Ét,æ{,sa¡f;¿áaiägs fìr,tbÁ va}ue¡ .,_ ___--__r_¡¡õv 
-v.

to be entered fo¡ the post-I950 uses in thát Stare. The,'Accum,, subheadings
are used onfv Èo record Lhe sun of the state's individua] iten cunulative. values.

Ulrr:ì,:.. -,i,:. -1,r,.: i:ì.'

.'':',:::... ... Ther.e are rh'ee line itens. in the taiulaiion. ,,previous 
Accumr!

refers to the cumufative values for the prevÍous month under t.he sub_
headings (excepr "Accum") and for rhe ,,cage NIg,' heading. ro, ,t",oorrar,

.,' .l oJ oct-ber rhese entries wour.d all t-u. ..o, it. .".oo¿ rr"". "c;rr;;;-
rer:-od , is for entry under the subheadings of the values generat.ed on
Form 2 fo¡ Ehat month that vere recorded at the bottoür of Èhe Form 2 sheet.
rhe rhird line is,,currenc 0..",", 

-;;;;.';r;^';r;.;;;.";;r'.".r'"ï,;;

',,,,,,,..,ù,,t1* 
fi-r.s! Èwo.lines. These, veloes-ar"'tnão;,"ig"t.aica1ly 

"rr;; ;.;;,
" :.:,-rr',:f{tiiìèach .Siatê and ertered into Èhe "Accum" colurä¡.'i.r. tt a¿ 5¡.qu- Finallyr' the L'o "Accun" varues and the "current Accun,' for Gage ï1g are algebraically

sur¡¡ned. ac¡oss inEo the "A1locable,, column-

;.1t,,.'.'.,.,,,,:, 
3elov the tabulation, thè .a1l"o€ation.s are dêtei.nined for tltÍoning artd

.',:,':r:i.:l¡jlq&¿ana by irultiplying the 'rAllocablerr quantity b,y 0,40 and o,60, respectlverJ¡..
::::i:,.ir'I¡.ì""tiaing qu:rntiti.es are Lhe êmounts af lraÈei.thaL each Srare uâs entitl.ed

to ulilize since October 1st. In rhe 'tonpare" Iinesr each State,s ,,Accuu¡,,

quantiry (since October lst) is subtracted from the st^t"," alrocation. A
negative result indicates the Staters utiliza¿ion of ¡ater exceeded the
,State's allocârion, and an iteracion to make upgrnpri"r" adj.ustments ,. . ',',
ca11ed for. Adjuslmenls to -increase uater uÈilÍzation ¡ay be possible, and
would also require iteratj on.

The Forn 3 allocation procedure conforms.:to Ärticle V, C, of Èhe
conpact ' rn use' it is simple and straightforuard, and can be accornplished
for a given nonth nuch more rap.idly than Èhe ãbove desc¡iption can be read.
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A nore complex exa-urple, or che ac¿ual- river allocaÈion, would require
ity¡q ,Òf pr{cequre èoúld

-'bà used" l. : -

lellor¡scone River CqrÐÞâct
Ðiscuséj.on and Tqngue Rivèr lxãtrlile
August, 1986

.lg-.ese¿rigns Several areas f_o.r.: fúrihåi. +¡il!k ÌÕr
!ãôaoq qppárenr iluÈing rhe r.¡o¡Ji oe'Sci:.tea ãþ,o1re.,,

are :

this, or future, exanples

Some Suggestlons offered

l Pursue the relationship between unr¡easured gaios and quantiLies
of çater diverred, specifica1lî, rhe. diversio¡. it¡1.c¡lons, It may be n"."""u.r,1ì,
to obtain diversion records from both Sta¿e's ¿o determine the fractions
neêded,

2. obtâ*n better .detaile{ ínfor.mãtioi .ftgltr. 9Il!é*á ìqa Ì¡ater ïses,
lacaËion.s of use, díversion li¡nÍtation", urrd. re"ér"oir operatÍon,

3, lncludg tributary dþêra-tíons. to the extent possible fron flor*, and
diversion records and vater rights. The Goose creek tribut.ary is a complex
system jn itself, and probably includes mosl of the post-l-950 storage and
diversions iÂ Lhe system.

4- Expand the deÈail on diversions frorn the Tõogue Rive:: naifl sÈem,

including any post-1950 diversions.

5,. Ex?.lo¡e possibilities fo:r. iacreAsiûÈ:ltq!ãge in Lhe system.
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¿,'ses. Æs/-/?s-o ¿>.-:r¿ -s ''>'c /<..a/e ¿/ a//cë '- /¿ éê -g,o¿,// c¿tnre¿nea'
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f.'.7a rt'a.> 2ì¿ c ¿¿¡.-¿¿t !¡ étsel o't / câ¡,/?¿ ec . i

.,,,,. 6e;a s & n'v*l;gAi. ia. ; :;a,,:.,{2 t¡¡t c e,C ;v¿r,.ãi-* *//I

. 
t 

h¿s.*n t .va,oy'ri i Þa tc¿- - /.. t)

{ a, â . ¿^ *..' -.* ¿Á i.--; M, ê.' n¡.n-u.. } ao )2.- t a. . Ått dn,e

;U ae," lrlvl) / .ut-.v¿ -/J ¡¿e =
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//8â : 6a-ac z?tt- 07/ 27= 4at - j - ¿)

¡V/a4 t 64f.1a:r'-Dt¿tøø = j'i-^t - Q:t
pJ.z,4 = 6A9t 3ê61'þ/31'E/3; /9A -Ò +â
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G!= a,Z¿*A6.= e.eot i112
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lE /y.6.: /v/î- /v/+ = ,,:a''... - ../,-.:.- a :it

/4,â ' 6¿Jc aazú =
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5AA
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tt6. . jr)
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a,.6. ' ¡¿.6.-rr,6 *n tø.:. 4)8./,t-,,,t. u¿-14-2a! 'a.'/t .-. /.,/,) *
'ë41'{-Z ¡--,7 ¡Q;,t:rx z.s':*a z *'-/,áa¿' t r. /c--n)
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n eey'e { d<.c fr tvt',,2/,--g}

( 4slzttnc-r //¿ I ?aJo ,'zcan/,*t.o/,-tøs -¿ ?/e¿ / es-<.,, /"¿ //2 p2.. -...?-trÞ
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'..:,418é; 6ây. Z1!5'ð.7* e7'- t2Q -u "" Ò

rtp?¡ 6<y. zài'¡ -o/at.øtÐ < 4/ê t - e. /- o
' rVìtZ4' Gâtf 3Oê/-ÐÛ 1'E/3 t lêe - o-!Ô
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G6= A,4A < ¿/.5 = A.frx lt:i = êaÒ-_.-=.=-'/

lat..l at, - 2iZ' / ../
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GI= e.za x ¿16. = ¿Z.ee t #:24
6 e '- .a, z5- r ¿a 4, -- a-25 x 4422
G3: ë,25i AG= ô,2-r x :1tt
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4+,// , (có¿ck ê16. _ d//z,,r / 6z a-63
' // ..re¿c 1 ¿/¿t rt rau.r'.-a)

- J t¿

/r'.6. - llAA

tuí ê. . z3a
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.U' 6. =¿6.-ry,6.tf/v-fu'!ii4(Aki,J,.f,,.r..,,t;.../t...2,:.t¿,-cr'a-,.).t-
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â¿,t a,.zs x a."6. = ø,.25.x ?422
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lrlg+t -' 6at c z3î4 < þ7 * 27-' r'?ea.: - . 3{¿+2C: ¿ /4*tgt)
,1//dN = 6or. tott - O,lAr ElO = ii#t -.?:.ri'.!-:' .22

,ll tz,4.ê G¿$ 3èâ/- pt3tz/3 ' 5t¿' -:lt2 t" -.{ã;t:
tY l? 8 : 6og¿ 3¿¿2, !' .

F..r;tq: tr

= ?ã?
. J /.tç
--,t/¿-A
= / 4 2:?

j:-s) - (c¿..k qC. -a/atr 6z o-62
' r'/ ac¿¿.4 /zte â raea{'n)

f¿/. €, . Jø ?râ
u ê. : .ry.6. - 

^1./i- 
l 4r'(4 sa) (É /.r,7 o;"c,s;a',t) + (t ø-a.¿ dt¿,/¿,g Í is."-c -.g.'a¿)

= ft.G.' M.G. * la/ (a.$e{7zoa) + a.ca(tgea)
' = /,,¿ 6,.; ä6- * //.414à'D) + leea = 3Z/êt - -ii3tt ,',3.kOS:) +¡¿p / 1Í9a

êJi e.zø x /.6. = ê- ât2 t 4.tt9

lljj;;;:l;,,:,,,;;;:;;;;e3' ?'2í! a.â 2 ìt' 2!; '. 1a?e
,:,,..::..,...a.:,,.:,.:::'::,,:'' 

.,a .',a.6.1:: ,ò.-ø'x.u,€. - d.tÐ x í;te:
:1:,::::r: :ìr'ti--:rt: .,r .:i,r: . a -- .:

;y,1,ä, .'/v/8- ,,v /+ / :î//' - t:'.-1' j2 . -. )1ti

.:..::,;:.a., :-:. '.:/lt .//à:i, =

6...qta 3a.7ó =
6a! ¿ 3ê77.4 =

èogc a1g+ -e./l rE/t' -;)- 7t-'+.r'?tt)
. /16. a

:a::,.l':a:a:4'lâ4:,:;'.
:,.: ;::. a.:.,,::.a::,,., rry..: f+8..,=..

4tÐ
ltt

U..6, .¡y,5. - rY.6. flr'î Û.5þ){E -/rr,?.,t"t z,.r.-ao-r a.,.L¡i..rt lz'-a) r
¿r? (¿ /-..it 2;e. -s--êa r .-,t:êÞ./ ,-. ./o.',) 

1-\= //,C--/rç. +îH (a -r.)û,2..) r ¿r'4(óæê) , d -/4.6. + /1(sáæ tcaaa),,';i ...¿\
=r'"/,a-/lê. +l/a (//éoÒ', = -1G:?2 -.t;- -,.¿/t.;2' - -¿:t7;, 6.t ,.:

6a. ô,¿dxa.4.= a.éo t - !.-.-:., = - -:¿9j 
lr4' 

,/
G6.O,4o<aG.= o.4ô x i- j,t.': = - --¿tt t----t'

- ,t?c, ¿ (cÁ..t ¿¿¿. - a 1l;,s r ,.f
noe,r'e {Jø'c f. re¿¿na/;-t)

/-
( 4.r'samcs l',la / e e_ae .'-.a-y' ,+zt o/.'tag ..Ê,,ê,/.f ê.1 e¡s.n /;¿ /// p.-è -./?sô

¿,'s,s. Æ5/ -r'ls'ê ¿..:rc - 'hc/t¿y'</ are2ea r /¿ zle :çana,r/ ¿.a -r,"a,.ea1
t'a P,.r -,/?3-a ¿zli.s / ¿2,.4 ¿t/ ô*a áe tþ,ae -tø/ áar ¿,'.c -s<'"./ 2a,-,2'a -t*.rùl-OOgSO
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67= a,zax ¿4.= a.eer. ,/i:t5
é / = ,a-es.x ù,.ê. = 4¿5 )r ..t:e5
G ll, . Ò¡ z5 x ø,A I A.es x .:! jtt
61 i ê.-þx ¿,!,€. a'ea x :";';'4,

gZ .4,6. : ///Ê - /v/+ 2 74i2, - j 
' ::?: -- l13t

l'Ì /4A = 6rJ¿ J.a.76 -
/+6 = 6ao.3t7?1=

,4t /b 4 . ¿iaJ'. 3ê€.4 -P/f ?Blî.

Gt. o.áe K //. ¿í. = t2.6a Ã

G.6=O.€txA6.: O,4A x

U, G, . ¡t,6. - /Y.6. *.r'/ (a-,ge)(É'¡r¡,'a. t -t < r¡;','r '4//./l ryfe.r) r
ì4 {.a /-.,t A-'e¿.'-'¿a ' ø.-ñ6e¿¿ / ,-. . 22'-¿')

- t1J,6.-/tS-*f/f {o.s¿}(¡tzi>4) t lWGØo) . /tç, -/4-6. +#/(€ó* È¿aêÞ}
= /V,G.- /4G. r/4(//é2ê) -- ;jrt-)'-et ' /.2./1ért ' ,.;ji

= ./ ?t)
' t - ¿¿ - (|ir<l tz c. - ey'as r .'/

n.e y'a 4 -/.a fo rv2z/-'ag ;

(4tsa-.. a/ g alze r¿car/ '+zt e/;t a¿' j-l/eê / e.¡^t¿n l,'u/// p.-e-/îi-e
¿,i?s - ,øs/-/95Ð ¿zrc -î tTzc /a. az's ¿/ ap? eá '. î¿ é€ ,go',¿ // c.a -,¿a.ee/la p/z -,/{t'a ¿.ec.t, ¿2t / ca¿ á¿ t}aazcd â¿r p,-c -;q¿ /¿o-,o- -. o.}11l-00gg1
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tI G¿,z(t 'vl) t P.Í- 'v¿ -.{3 +De = i1:¡t- ái¿t-3:jr + ztJ : _ã:'2 ê

4A t ï/3 - ru€ E 2?./êê - /?ttâ..-- .r L...1Z?.. .

'; ;eZ. i ,¿-J?i (oà) a. .. t/.Zt:t: . ., .:t'.. - .

, -E¿,r , 6r!¿.e?ES-Ð1+¿4. ?tì2 - ¿¿t:þ4 +- -aa,?tt:
't tt/îî:.. 6ø9 i: 27¡s- az t e7-- zíte -. 2+:tt¡ : . .íaz4r.t)
,. #raâ, 6ce. las's- ¿r¿ t/¿/a z ?ttt -- i' çiìt: -. t':';;J
'. : tvt?lg.i G¿i. 32þ'/ ' t)13 t' 2/3 = /ia - ,'.ut +-. ta./tt:
\ .'¿v iZ¿.. 6a:ae 3ê12.5' :

' . U-ê.: 
^/-€, 

- /4,â.1 €/4(A sa),{t /r?,'t, O:p.r.s;ø¿'t), + (¿ø-.¿.¿è(1, a'¿-s¡ ¿2.-.-¡ --.øa)
,'..-.,,,' ...'. a.&-:G.-..r4;G. 

+ îA/ ô.so)(ç¿oa) + a.e¿(tgea)
::,.-."a: ,t:,,.,, , e 4.6.'¿f,6.,+ ø{+ø¿d + ñ.aa = t3ltg-./î!)t+t.t)(/:t;. - :t: t 7f2t

:'...'.'.-

tl /y.6:. . ./1/1Ê' A.//+ = i t.tg.r - ti,!:. :

+ t .i-. tag

= 
,Jú3 il i t'J-ct.

-- z"tt
7+r: . (cÉ.rk ¿4c. -az,.r/r16? ar63

' ,'/ .ìr¿a'.4 ¿,þe.t'. raut/,'4t)

:lA/: l41Q ; 6a-t, a. 3ë/¿ 3

tVl¿6 = 6.'4J'.. 3ë?71 ='

tv../6.4 = 6a,ac 3!9ti,¿ -plî+Ìzlrt j.-ç-5
''- ..: ,..: ty'.6. . 3tt l.;.
..

A,6, = ¡l¡,6. '4,6. +lP/ (¿, r2)(É tr.g. tr.'.c.s.Þât k"/Á rcle-n) +
. .lt?,.{à./,*y A,.-è;i,a€-.t -.i,éa¿z/ ,-. /o.)

= tu,a. -fi6, +- llr' (ê;si41/iz4) 1 ¿/V{zazo)')'¡¡¿ -¡¡n, t fd (:¿æ * ¿¿ac)
= /r',â.-.UG. t!^r(//éCê)'= - a:t) '-+tc : l¿',":;.,.:. : ¿:?¿Ð

G¿-= ê.¿a x a. 6. = ú. ¿;o x :-?tê = : i.r3
Qþ:Q.4ûxaG-. e,4¿ x r:J5 = a+.t

- .a7n--;- (Ct,.i ,:2. a. _ a4),ß ¡. ,.1
n aø y'e {o/'.t fí .oonat-n¡1

/-
( l/s€/,ta-z e -r l¡la I oate ry <o rd .*z¡ c/¿-t a ¿r ¡.2ê/ec / e.¡-ç.n lr¿ //¿ prl -/?3-o

o's.s. .4s/ -/95a ¿z-.s¿ -s zìc/¿¡¿/e/ arc2oa - .â la -¡-,.a ,// <:¿, -ro 
a -</

t'a P.e -,/4t-a ¿.!îct / A'.a{cAa áe ti¿e /e4 ¿¿- ¿ze sea / pz:,-.¿ -.t- t,ùAT-OOS}}

...:i:..:t:'.,1:.:::.:,,',::;:::¡-.t:t,,::',:,.:€:la e.,..22 4.i24, = A' Zo / ?{ti

...:::...::.::.t..:....:..:,..::,.:-.:A¿'i .i", Z5 x ù,:e, = ê:2i f jít,a
G3. ê,2-ç x A.4 = O,25 x -i),'

l:::|;;;:*;1,;:,:;;1'..at " ê.P r¿;6;. ê.lo'x -:è42



'í?.y ãø,2 (f. 'v1) = tu!-.v¿ -tr'J+oz = ê.7d?'zaaa-/Ett L ta.3 t !Ì -¿'uê

./20'
4e',

¿ 3¿Q
a2
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t!ê. = Vt3-- ¡¿¿;' :. to7¿¿: - 3 ,st, '.. fr¿1t

:Ê.1 z A.tp. (az) <. ,.s-(¡ øa;,-;
.l/ú/t' 6rJ. Z?Eí-D1+24 = itt - 3.ê ',:.zt:.
..Vî'!. 6ø!. z?tt-t7"2V. t9t ' ?¿t i, t: l.t,;:
r.V/â4 , 6a4¿ 3i2.-15- AørÌ¿1O = z?2Ð -.ta.?r;.'!.J:,òte-'.

lZâr Gat( 3Aô/- D/3 t- E/3 = l-: i2
N,2é = Go-!¿ 3o¿z.t

Gî= a,zA ^.¿6. I A. ¿a ), 4+rt
Ge= e,e€/?-4; = 4ês.x iluU
G3t a'.-lr à6: a,2s t1 :-lt:
64 ! a.-þ t46; = ë-3Ð ^ 4.í..-)

r'z, G- : J-,ít?

a.é,: /v.€.-/i6.t /.t+,t þ.se).{E /.,-,f . A;ya,s;¿o¡) + ft.2þ-a,êà(r,újt Ð.-.-r --.-oo)
: ¡!,ç.- ¡a.ê- r ir,./ b.sú){çzçê) + .a. so ûsøa)
. /U.€,'ti'6. +,Ít4/(4âae) + /zaa = .,2>: -:-¿r) - :J:'l.Jt,t' i;igrt: 4.1Ò¿,

= ?oo

= 
' jet
J ¿ --i t, (clr..É qG _ z{>t / 6 ? o- 6 z

' t'/ neao4 o/, /.a,c 2" ra c," a/"-)

.l{ 14.,4 , 6,aaz Jc7/ =
..A1/+g.- €t)6 a 3e.?7+ = .

.mtoA = 6ê?4 3rra,4 -At? *Et?> tt - :, : a

Q'6. ., ¡'¡7,6. -f7,6, ì.#f w:ra)(É /,-,-,?. C,-'2¿.r:,Òt t z.'tìÁ re /zt-x) +-

/-:¿? (¿ ,l-..1 /2;-¿:-f .:.èar '¿.":llaz' / ,-. tu-,)
- r't"e..¡"/S:.rîlf (¿-ç)(ttZ¿a) + lH(ó^4e) ./¿A-/i6- t //t (4-6Ø t- ¿ôaê)
= A/,c. - /4G- r lH (//6êê) -- - :2).: _ o i- /, f/:!rç. - ?eÒ

'---=:-:--.,
. ": ' lc)atr rz e. - ali;,s r ;/

nee r'z $eLn z'- rez'n c/;ng)

(,4î.t?ra.-r î/a1 ao¡e rn.o-a/ >+2ty',-2e¡ ¡.cî/e¿ / e::¡xz /,-¿ //f p¿-¿ -,/g,J-<,
¿¿s¿s. ,4s/ -./95'O ¿/j.s .>e.ê-zy'e a. afleê - ,/¿ áte- _¡,,,..a // ca -7a -"a/
fa t,¿ -/9t-Ò ,q-tca , ¿'2¿y'êao ác z_7ae.id/ €¿ ¿. ?..¿.1e¿ | f cr.¿-.-=.J,rT_00gg3

65'. â.62 x a.1;. : .a, ¿a t. 7ro
G6.O,4O<.øG.: r"lê x :t,

Ga:ør:t2tt-t?/'t?ts-*a¡4c.,8.aæ;;fiâ:þl/c
{u.,ç;ti"4ø¡¿.¿i-.*i.i.cà.-:¡.;;4,a::,.::::''::

-¿zl-t 
/4c ziEn /t/;l;r,4;t1;;:'.1 i,.,',qs-¿z c.b,t/..¿l

{.t/attttùrr*r/.¿r.t::þä.à-,,¡.;i.A.:,,:.
lAa n f¿l 'faç . /4c ziEn /¿lt- àr¿*, /?E -/g5-A 1,oa ¿/;i.a-t. j

;.-/.-r.jatø,> ¿2,.-iiz.t-...tis.: ørt,iU;:; - .1¿1þr.t /tu1= {t(a ; 60% EiL¿à::.{..;,.,.t
/,ndtiî/r,'ùJ ã'!-tær,-^¿"t atr a¿)ty-,:.þ i i;,;ø::ã. tlø ?:e &/o-a á.-^. ¿o.ra,i Àr}'''a:::r:.,::

/rz,!a î;no 2,'¿.t -r..t,tt éa-s-ey' aa /cfs/Z¿ tc - ,

{¿t à.. ÍJaÈ,.. t ¿}-.16t2,-;ì.,,)::/|t¡¡¡:.?::itìcr-¿r¡i:'àZ,l¿j ia.ê,2 /yr,r?6e,b Ll.-ql:.i!..ît]f:.:,.,:.:'::,ta



ã/4;i7r'a
l. r, ,. L.ur.,- J .t-r?r71,g-,-.,¿.8:¿1r¿¡ 4,Ê!"u - .4.4{)

iry;:tÁ *S:æ-; 44,,n,I,,\_ ./r/c- 5,ë,¿2./2r,, 
'?ez;:l/¿? 

q>,,¿4.ri,:¿,;.iryatl-í:ø-t -4:4# ,L- a)r¿þ:.i. ?--//r? ca,¡/.-/!.a¿. .::
't :l-.r*îá:t t a-;1;.--;c"',- lù.fí:,?At¿,.: d'rl ,;i, âivl-;_<. 4a_.r. cø,2.,Ì.1Í¿t.;:.,,..)

/oduslrrZ/.A''a¿ar..b., atf aa/rt ¿ / ¡.Ø L..r¡ O."o Af".-, ,é-.- ¡o. eo furtn)

ãb/¿nt ,vsiyü|.: /Ð:.j9)t t

Z.¿ t òise (Ðe) = , títêeÐ)
iwtt ' ênje eçss-Ð1+24 = /ê2 -./€a +- 6.(/!,t;
¡l/î.t!: Çagr'àl?5-.r7 * E71 .úçr- átÒ -t'- F'.i::e,,
rvlaâ t 6e!. Jê3'3'- itøslua = 4-!'.Þo -.7a/êt -- 1,"/3:..
/ytz,' Grgc 3êê/'Ð./3 1213 a J - ¿2 - t
N'/2.8 t 6øq 3A¿2.3' . '

Gj= e,¿a x ¿16. - O.eat 4 j-2¿;
422 a,zgs a,6.= ¿,zsr 4í2t
G3. a,¿gx A,q - O.2-çt 1jltt
ç 1 . û,:tê < ¿¿ ç. . e, 3a .Á 4..3rç

=<..4/j
tt
= 4.a/a

/uf. -

a- 6. = ,u€. - tr, ê,t ftel (¿z sê)lã. /,,",?. þ:.¿-s,vzc) + úø-¿.eà(/, ú;,_r.t .e..,-c 4ç.-e¿)
: Át G. - Ì4.G. + lp (¿ . soXç¿ao) + a . rê (/sêé)
ç //,6, - ¡16. +,1ú.4+êêa)+ /¿ee = ?iio- ZrjÐ ?,444rr_; ;/?-4e, 4aea

!2 'â,: 7v1¿'- Á/./+ = ,.'?:i - /'::: ' - i" -i

. -.:a. ./4/4 : 6a1tc .,îe7á -
/Y /1 O = êa-aê 3a?7,1.
/v/64= êage 3o?4 -p,/t ¿-Ê./r' :-:-)

. /€€. = i
.

{s' 6 = fl, 6- - /1/,6. r'¿t| (a.5a)(.Í./r/,?. O.-'.¿?-r;',a¡ .à¡,/i r-< /e-.a) t-
::;': : .F¡l {¿ ,t--,? /2;¡.î ¿}!'Ð,' 3 .-,tia.' / r-o /u-r')

= l¿6--/t€. J-Íty' (o,;ø\/tr2aa; t ftltóøe) , r'¿â -iqç- - i¡t (¿-rã r ¿ê.e)
= /v,G.-/ie. t t/t (//¿tÐê) -- -t?c. -:> -,i (tlç:¿- = 4-:-J 2

€s-. ¿.¿a x ¿/" 4;. : a,éa x 4_í_2 a = zî?.
G6= ¿r,1Ð <û,ç.: o,4a x ¿"a:t = a?3.3

4t--i .- /a,1.¿/ ¿¿ a. - ?ri2s / :l
r; ee -y'e { c/z'c f- rt¿,nc/.--¡)

( âss¿t1n.. hlc / Er rlzc .--.o.a/ -¡z¡ y'.-t ¿.,t: re rè,/e< / e s.¡.," l.-¿ l/,, p.-e - /4ga
¿lses. ,4s/-,/9s-ê ¿r¿ç¿ s tVc/¿-¿/e / a72ea - .2L¿ ¿l¿ ¿r.*¿ ,// ç:¿> ar.o a --e a/
7b P'- -/?.'a ?.tes / dr"!y' Cao áe tþ.>at*4 ât- ?;c je- / /è¿,,r-y' e -j.s.ùf_OOSg+
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eet' -- o¿11 =4/ ò
Crîtf, ¿t tt¿úr2) A/,/v .. ' û = ,/ S? ../ tr

.-/r'/s þ2q'U/.rt// qt /'4¿'.a¿J 2tt /øau (>/dr*, + xa s.'%l
¿,e2t) ¿¿ a/v 't-47 q.z'V:¿ prc ft-7 4."a2?óì/ '2,5-yty.¿t / rt¿*qjt ,,¿a/

i

|@ zz ; srtta)
a = â- a = qy'tzt;?/ rro/S: = ?1.5P . : .. .a.a, 

' .:a . 
. ,',': : ' ': ' . :.,: ' .:'.,::,

êr7;a.4-¿241 =-î//Ø-gùtr/g.-9/se ; :¿., t,a/o a ¿.aj/(¿,éísrse),:,::'"/:1.ii,,,.-l:,.:.r:,t:,.-,.t
ó =. ¿,¿/( à+a) = z,a¡4uurse.?q. + l.or ¿/øþ..::t / V j 

-..-
C. *¿a/s- /.'r't ? Ð i7 :¿¿t ::aa/ - a.6.î .2//r'aa - êdd-/t . r/.¿.15 i

(/-. ',t/ =)/o)it/¡u-€/,v ' r',tt ø>¡¡ (tÍ2,;, at¿ î = tt¿¿- izr)tt)t '' tt¿ ¿/ 
= aaéé - (tto)€ 4t- ø/v = /:t',ê/ jþ

êê3 . 
" ZîO'aa?/ 
= 2O

a a9' t E sø :..1 +,

(Øalèw*aa,r'.ts ø>¡l(tÍlit, at¿î=tt¿¿-izr)tt)t''tt¿¿/ =aaéé-(t/o)€I4t-ø/v= /:t',? ih
' tîéi'::292 f Ol Olt'll = 8?/'V+ g?//y f Z/¿y 2 î/.y Ii:

dæt ;y"fsw ;*¡ Øt > dtt- æ./ :J?tr:OØ- &þ/ ¿ /¿ol-ç 90

i@-./,¿¿:€rd r¿ar.çro 'a"4ão:(r*t)r'-Võazt)-"-.., = r:ya)i:i#:.=fl.""f,o*
Øtt . øt + ê¿þ-ã91 ti/)flt,ôø, ze I + tt,øls 9ø -,12,r:a ø -(4a):(q4lll- l.ft = gtl

7 lþql

a€# : €Ø/r.øz ¡ (ø21/4. ' ?o¿t i {g+e7! GO){t)Atl-1/v: ?/y
ê..44 € ¿ aar.,aúzt = ?Q -htY=9¡!

àu .ë? 92 r eçEi.i etj:l'ëë//- ua// . ¿trg.,:+'::,€rv..+ lrtlg q, * l alc.lgî- tt l È UN,

' oê5/. ' ea:ç4 Aaa'// : |'Èe +'trf¿ 4"ø 
' 

'trl¿Itraí '
aë/zr 'âal|+ ê¡?a/l . f ätaÊ. +..rJúQ : f ttql

ltu;)
itw;aa¡

-
(aa//)

Aai = ø9- .aø¡¿' ¿,¡¡z¿-¡1ta¿l:'f iQ
æ2 : ¿'ø/Ø z ¿'A//!J^?trA :1,/21

ø/ i AØ¿U -.<zare = ît'¡.eg - øøse -- I {.ay'9.

'e+¿ Í,*/al 4r V.gt ltaøly¿

eAC/ =, 
Ê.,.,¿l

aal . 7tyø.8'e.t'FjL4.:



fAc/e 2L t* Øl:i : ;...,::1. !1iê?:,, . .:. ¿' t-^ &è.
lÅ¡tet/Gt/ti: toltt Pttp. ,JltÐo ,. ta'q/!

-\ r'¿lJ.t /V./2 t U.te4 + rv/2-8 =. ?jØ t têa+zÐA./.êpD
.4 4n ;7 . ¡t1s -f,þ/k)b/t) -?/a.ê. /"/tre -ê - ?.r'n ' EâÐ

51èt7:,zræ.8i2tt t 
"'àt@.ì,:¡.2/ø 

-- 'r2 rÐ
Z¿¡l: O¿ s¿a,//a.7 a tø/a.z ' a.æ
,â5 ! = sfa¡¿ l-,€¿/Í. /,þt¿t - ¿.ad, = 4ão
. ¿rÞlq t . æ4¿ .+. 5þ/c ! a tzløi> + tø4a ' .B|þ¿i::

_ ãA/7! P'lys. : þtl t ?.lrr. + ¿.51 = //5Ø +4Þ Ê /lçtao
tl/4'è ¿\d -âta¡¿'!. + Q¿, sÁo.l *p3 + €t.? = /rØ -/@ r-4ø.e t;¿¿ ¡ ¡aa¿ì 7 ?e
'i/¿r 

= i;|4.- be'. t¿êê -e = i¿aø ..: .

^/ë:Å/5-/M¿4(æ) 
+Ê2 f 6! t -rzo" - e)e Èsdto: jz¿o

ll/t7... Å/4 t- rybt, 3 37so + /êa . 3€ëo
' ;Ð& þ;recl t ¡VZ + 6'¿ /a - /ty(tí) = ??ta / € -o' +cca

Oê 5lA¡l = tæ - &O/..-ccîr /@ - ¿,t1 t 44ã

?/tn/â l/¿r ¡ -,hrera¡,pr,uo. -L.,.f,wË 1,.-'¿.à )7t- ?....,ri¿a:1.,,a't ò ãlnrr.eio;r;'

Sî4r?lt3 É624ê.- qÞr'y'¡l5 = 6ttrê,J3:tt9: s?reê tryè
Slrt /lt íeae - RA/I/¿ t 1a¿t -/êêd -- 3¿âe (e >

,e. / s. (Ðr2str./ + D¿o-j¿ar/)/a.z = (c rê)/,2. ? .-2-
&/ /ê: (ott.¡t",f )/a.z: c/a.z = a
â3/3í = sy'on5-¿.lt'. /7a9-o =-/7ta
â5/à. -5/t?.,1(. -,€.,tt /ê = Ò-o = t

€e/y /f t gÐ/t/s + S/orc /-l = 33tø:t7Ø2 f 3.éØ
FÒl:/Ì6/l¡ø:. =.ãe,U/t Prrá +ôs/6: jj Ita,.,,,zø= :z --¿æ
,Eëll /¿ = ãolr'/ê *91ote.l1i.: /ptttÒ = ,ttto
¿.¿)ff /¿ Pâr'- c Aêr'l/A êtt¿. ,L ¿€/¿ . /taë +? = "/aet

futl?. ¡y/¿ + ¡V/b r9 . /A6Ø t Ð 
=. 

1¿26Aë'
lr'tl' 

^,,/?-aþ/(O2o)= /û¿,ao - a =..o¿;êd
Ð22 lto.t = //'.1(ë¿Ð) - "u/7 

t -/¿6þ4

il8 .H7 -ftV/.t).{Ð5)- u.o,-.,c|- bs.stø.i * ê 2= âtø -è4Êø-4aotØ! e 't,tê
/tJq. ftE r /r'8.4 - 3+€o,i.+Ðo: 33rÐ
illo: t¡? -/u(s)lqL) -.8 (Oî) + ¡çs.--1e,ø -t-î{.re) f áp¿, ,5eÐ
N/] . /U/a , 'u 

/O¿t , J¿aa +5&,o = îîe2
l/12./ ,v// -fv(Ðþtù -fw(¿)(ø¡¿) +64 = ?¡¡e - c .o t 7ta.. sseo

(:
(aø:ro/.

êaài::è

{¡tr¿;a¿,çt¡rij;,
{/t/4:l þú,..g¡r..lt

(/<4 atsr".l
(4v< ¿tiÉ;i;lâ:.Ìa

(É 4!,;,;.1)
¿! 4.ra.'.r-sl¿a,ti)

(¿aqs¿ó6æ)l
I

{e¿aø < ¿e-oa))

,/1/,/í -- ,t/a, / - -gîa/-¿ /¿- f D/tZJî/to.r? DZ¿2€ta./ - ^t ta,e /¿ a-.A/î S.tû / t S1¿¿l
= /?la -/7¿2 tc -!t -a -,2 +??t2 ! li.C

,r/,r-l = ,I/ir1 l//4tî ¡1rr¡¡" + ét- ??tu -/tt +2ê-2r252. !/ê rLaÒ

/\t/ê ¿ /u6-//4(-syD/?) - /t{,¿)(.ÐtÐ,,r..,6,5 =. ,t4¿e -p -a.+ zæ . ¡¿6 Ø

{e) þ1:ø. t¿s¿ttrài,

D/7sbaz¡r= €Ll(ptz) -¡ttC- 66/3. ê - /¿fa7 - n€ , -,o.-oo (Z ) (;/r4 OtZs¿,-t,a)i
Dr 8 5Áoi-' //v11A/î) {lrt(dfl -,vts - 6¿;/3 = o *r_r"o*-q, -/n-,r',,r\ (./<á.,o,tsïoi.oj

/t (c.a.¿aet e¿n) '¡

-- .oôæ 
I

.l
Mr-ooee7 

I



/.r¿cl;'cn,br-lrr.yafi þa,:.p..i.yçrt4¡n-1¡,..9,&{&.:|_+,.;út;,,,,4
P;|t. A"/c'¡; !Q/4! c Æ/aa n-/.- þ,7 /î. zÉ-êaa' 4r, d
Pt47r.'e*/ã,rtt1tle'vtP.lg;¿-!.: r' ga4ii.,,þþ 

"- 
erg,

&a.'ãl-

tçoo (Ø (t/.<4 ats*l

tt/t .= 4 Eo,tl¿ t îæ
¿UJ c ftAâ
s.fo.* I. etûþ -8¿t r!= a5æ-:t3lø}.t/fdo 't8¿2>
,€</!: Ðasáar//p,7 ø a¿e/¿,7 = 6ë
¿5L z Stlo¡cl-,€e/!. ?ao-¿'êr, = 2æ

¿Þ'.rt: êê??t + S/rt¿ !. /3nîat3Ð = /r?et
. êAtí!.Plyr. :,.ø47 ø2r, + ¿s! . //?tt ¿' zêt : '/¿/da

| ¡U/.3 = tî1/2 + "t//A/, +.¿v/e.8 È ?idê + jêa r ,/5?a ' ./¿sàe

È{ êv*,'./ ¿ ¡l¡e -îrçfisf,þl4 - gaa t ¡aseø -ø -??ø ' 6oo $*z ; tîao)
\ sîà.. /32 {6Øâ - 8ê4tg ¡ ø.þq6¿2-tflú;ed. .i)ê1tà (@:

þ6 0¡nel ¿ ì1/? r Aê/3 - /te(Os) = t4ral 6ÐÁ 'o =

Ð6 âla,/ ç lfu -ø.Oi'tê.f3 ./æ, - 6te r 4td
/f1.î. ...y? -flv{t} (e5)- &,Ð;rtc/- Ðâs/c''l + â ¿ 7 37u¿} -Ò .tot - tae té ta =

q. /,/6 + /Vtâ = 33aÞf 3Ø: 3600

N lo = tl ? -fi4("5)(O8) -. S Ô?) + (i s = t 6a2 - a -. ?(/5æ) f ¿;¿d . 3 r2Ò
N // -- ,t//O I Lt /ê.! = 3æ f 5/¿o ? î/aA
,t//2.'- /V/./ - /tt45)AÒ -.:ft44(Ð/z) ,64 ' s,/¿d -ø -ê r ?s. ,t'?t¿)

slrt /ó, r P"Ò. .EAþ//¿, ' tæo -/aêû - z4ee (Ð
4/t = þrysto.l t ÐeÞ*to.fVt,? = (oto ),/e.'¡: e
e./ ø = (ørs s¿ø,,1)./á.,7 , e,/a.z = o
Á9/l . îfr.¿ ,/5 - tøÈ,/ l¿f .t ¿,oø -o . ¿,ra
éS/ê -- Sl¿¡¿ /1,- E¿l /6 = o -r- o

€enl E 3 .8a1115 * s/¿r< /î = 35t2t + b": 3624>
€Òî1É f4ã, = ¿lë/.l'lt ?¿t;6 +âs./é- : t-<a'2, + 64 ' 3¿e'2
.1ër? //. = êe¡llô t:l.J/.at.,'4í '. Jdo Ò : ç . .i€2o

¿.êy't /¿ P,/,r.t 3.get"jzçry!; 1¿s,/¿. ¡&j"t:;Ø

(.æsætl¿;î+
î-tdo

ft 4v¿;t'57a-e ts)

¿t//4 + ,1sa":./--l/¿,¿./.f f .b¡,2-Tìâìta/,,y'2,2ejã¿' t.-:r/a,e.1à.t-.i1,6.€j¿rl x s,/qcÉ
= 6Ø - 6ø + ø +A -ø +Ò f9 ?s.A ? q ?âc

1/tl,r5 t ìî't"f * rl/44 tP/4ê.* ê.t= ??aê + /dê +22d +.;/¿a - /¿Aø
Dl7sþr,lF 4'./îíÞt7) -,vlg- 66/3 = ,-.,¿1?. - '4, -pzao {e)

i OJr 1árì1-- $4/¿/€) 4Ì4(ÐtQ . ltts - 4¿5/3 = Òt h,/2:rø:e|. adæ {:é)

l Ntë = ,v/5'#4.5XÐ0) -¡tg(à(Oß) 4 G6. ø¿aa -o'ò+,¿¿a " ¿ã laa
1Å//7. ,Y/t+ N/t'/9, = /O4øe Ìo= /A4ao

| ,vtt = ntz-¿V/(D¿o). /a4oe -o = i'/êtoÒ
i D¿o eA"/î . /*l(O¿ô) -,v/72 ^/t/dë (Z >

(¿a¡¡¡c's Ééæ):
I

{raaøs +dee)1

ì-t
Ú/rt4 DtTslê /1r'o)ll
(ì/so,o,tsßo,1, a)

I

I
ì

(¡/ =q'¡ps¡,it:àj

Fe'/ &apncl ltl'c/<.t, C, ,gaaa<:a l'a4r rzd €a/æ./a¡¿nr. zt;â le (Íor
fh,y ex a¿<-¡p/c) aoy' ø¡t Cê..'t,*ê,/ ¿Z,/êr,/a.È¿,t ¿¡l¿¿/-- .

Lvf: ASl. .ZoO . , *f /: ó5,t4. .A . z'

A6 . tOúO O /F= o
' Ol2.= 'O

an¡7 .(c.'"2act ê¿gr)
-- /ë4¿¡P

-..
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4to¡¡ Jd rt -
l+.âÊl}þi..þr

P.t¡, 2 ?:âitþ' /,; fê, î r¿ 4-/-.: æ,q ra|
/.tf j¡a*l&¡¡+,|¡tc¡riþt¿a;:
,Yt.A,fO'g¿ = 7AA

/v3. gØ
Slor¿1. Zræ-Ao¡-r! = 2J&- tt|Ð: ///Aa

2ç4: êø s.'!ar1þ,7 . 1Ð /c'a t,,.:riie
âsl =JîlêrcI-r<./!. 7t9 - þd2: /úa

þ'q]

- ea 1i¿:.s:1ffi;:,':1.
,ry4

'4:@4i

(¡ø¿.øi¿litì:ri
Auø t ø¡ i¿olij

4e) {,f¿a; aøà';{ u o;nt*$
(.tø= æ*r.t: lz*øj'

t3 A¿a':'t) .

(< 4ta;l -s¡i;e ¿¿)

(rouø s aaæ)

(rao ra < +aoa),

'iA3.¿.¡t.::;tg
Slntitriìq4:,,1ø$¡

(oø

.¿Êh t = øêtit r S/¿re ! = /17ûê 17ûO - itéøê (za+l e

- . Eêrlî?jl{' a :4¿4!..fj/s- +4!1,.t::,' !çlaa.r..fe: ¿ry î@
N4= Áil -îfrr¿!+ æîitlf +/V3 + 6..'4'- 7dê-?Ø 1-+êêf gêet/tu: 7A¿a

tfi.,1 = F7 -'f lV/4.(4.5) - øp,.<c/.øe5r:eíl + âe= 3?ao-Q-¿.Ð'¿Ð rzø-- 3þe
fuq = ,uE t /v84 = 142ttga' 32æ
Nta = ilï-f,t4(s)tâù-.6(Ð?) + ¿ì3. a7æ'ë',8'('-æ)twè 3eee

i Sfolc l€3 46AeA - øAr'r'/.i , 6¿l:ø :aézêe ' e+t,. (eJ
, Sft.e /t t laaê - Rer'rlót 4eôê -.t219 ! ì:. i-- (2_,t, Er/tt. (ørzstorl t Ðea5¡orl),/a.? = :2t e'/b,z = c
i &/ /a,: (orrst",/ ) ,/a,7 : . a/a,z = *
, A3/6=.î,îr/./€-&//¿i j ¿-? =.
'. as.t6 = 5/è.2,/b- Ec//6 = !>-.;72

' Eey'l /-f 3 gaqls + sl'ort /!f = :3:te rt "'312e'
.lolltlfflø- ; 6tÒ;t,6 P'ts +âs/ã: 3/-a::-2: i¿;:=5

r ÂÞ¿y fa = êêr'r'16 isfotíi6: /tâ ç ; o = .'taÞ
¿.a/tt¿ PÁlt- = aaryr'ô.ryr' a¿r4'' /.FS;Ò -,:'a:t

t, tUll -- 4r,a./- -g/e'¿/ã r- D/7-9tt,/+ 2e¿é2o.1-:r/rr?,r¿ f- &t.t"'.t t.s./êê2
I : t - 0 Ia ¿,-,) +.o.+ ?it?. ?9.-j. .

:

) ¡ttt'¡ = ,1//4 *jt/+t9 ttV48 ê âl= ?¿âtf /iêt 3Òct-tØ: ¡¿¿¿s
', Dl?sto.f ' /M(Drz) -rvl,j) Aøl¿ . â - !t/?d - Ò..,/j . -¿¿¡c¿
1 Ðls îAo4' r'ñ.{2/î)1ft1(øt) -,vts - oê/s - . + a-. ""¿) 

. -,¿r!..
t, A/lê = ,//:,t-/t (sN2/2) - /Hk)(O/Ð + 6ê: ø¿¿a -o-a+ e. /a/.a
t !^,/t/7= ty/ó + ¡v/þ/, : /ê,/ot i ô = ./2/êo
', Atî':' /7-//+/(D¿Ð)= ra.'to'Ù ' "t./8o

i- : 'i'2: (rßq DtzsÁn.f' a)',
(2-) (r'/ Sot DtES/tø¡/: ¿),

I

,t
t

DëÒ thotl = r/4(OZo) - 'r//7. Lt¿,çc> , Z',, (¡t:ç, ¡* ç¡-aj,

ftt Q¿7¿'¿¿/ fitf;cle E,ê,¡ , 
"qcc-,auø L'.-jr atd

rh,7 sx a.,'-p/.) any' a-r Cc*p*c/ ¿it /ao/4,21'o.t
tt/ f.- òs t t '-/Ae . "tr/: àS 14 . 'O

Oa . rhr7 ? l¡= O' Otz. '0 !,--. _. -

tb/æ.../¿zá'aa, tt/a fe (/-.''
gltc/:
¿ ' r 

'{y'8 (€..,?.e'/ 6¿,J,.)
-- /a/aa
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'*1 .'t¿ Ft'¿é' -
ft..aelio tr /Lrli.¿,;i

f.. tio- 4'r*î. 1: ì%¿L{,t
?;1¡ite/ âtft t* tøø F"þ;'
lrt :: A, t'OtY¿ t ¿; Aa

¿-êê4./44íUþ'.:.4É'P¿-.--:-,-

aft:);-.,r,1 
.z

Aã;.t1.¿¿'4.1¡.1..;f

(s a4\,
fi,ø,iàri;s

(¿o¡¡ts s øt æ)i
,t

({a/f:/¿, 3 1¿8o)i

.i
€,âêÉ l'.i

j.
t,)

Ú/54 on'ó'ã\a) 
|

(í/sq'¡iii:l!:: :d)i

,. 1

''I
I

{7/:o. Ae¿slarf:o}

.l?J... îeA :: , ::'; - ..1.. .

île¡¿l: ¿tæ-Adtt. e,ft¿Zr-,t1¿iØ '- /t,¿r6,¿,

,€c/Í: a¿s^a,//a,z ¿ +oo/¿,v = âao
¿j ¡ z. r1'/,ar c !. -Et / t =,6, æ -. b 4e :a,?aa.::::,.:,, . .

t::ì::]jtt:tr:' .'.

.lì:ì'::ir:l::.::r '

Þ:rtt = ærri..*.5/are !'= /1.a? + tdt= /52Ø þA¡
I - EetT! P,lyt: : ø,a!4/5.+¿.5tt /zztt +a =tz2e2 I

i ,V¿ = ¡tl -51orz!+ &+lt¡/ ?,v3 +ê.",22 ¿42-¿,¿d+4a2+ e'o+ llto = ¿6 '¿a Ij *,r=,tt+-Da¿ ea-é,e!Á''Ð': : '(løa:Þ.e.4.;¿1,,¡1,¡,,',1,.;;,

I ,ff..Qi ^ti- 
/h,/þ)(DL) +¿¿tG! ' ?4ãr-4 tÞ- +7.Ø:31'ed At¿.rØ'äll),i.,',..:.'::,.,

| ,v?, ,o **o/2 ' z'-z: * /oã ' 3b?2 ' ìt:,i. ,' &..t¡:¡¿ct = ¿lt?.*ce,/s - fW,þ{.2 zs::. /f-;; 1ø"o (aE_ (/.q ats*ltvø,øi.$,,,:, ,',,,:,

i ' Ð,:á îioty'r /æ -.&O;,ac.: /Ø-øø ' +po (¡øs æsl¿.tj.|øoa),_ .:,;: .,)

('v¿¿:iz.tài¡ 1
t'trt,>*;¡;rr,,,

i //E 3 /V7 -rrty(J)(aí) - uo*¿¿l- o¿ slø¿ + â e = 5ét:-Ð-..1Ò-t.iê 1//Ç1 = iTtE 
ì

,, ., Jl.. :..;..1.'l &r?..Pt+¡vî¿9t 37eà,t j?ê'ræÒ 
.,.... I t.., -:.,.::.,ìI y.to r.gY -føds)(ot)-.â þ?) + Gz= 4:.. -a-.îa,s7t) rlØ - 7?.a , '..r1,: ,r.:...¡;;..:r

) N,lì " /V/.A t irJ /t!t r 3 ?eÐ ! 4þA : ?taâ
..1...,:/t1,/¿:- t|1il - r'ß/¿5)(:Þ//) -/t'f..(¿')O12),+.61 z î¿?,e ' e 'ê + /2 jâ : Trza
t ¡!/3 z /V,rZ t tvl¿/t +.vë,Ef z ç2/r-t-/êa+,tØ= ///¿ø

'8, '4,a,"1 . fez'h+/ts\fu/f) -??ëoz,t¡¡¿ -ì -r/.-/. tz"o 6,¡o.;. ¿¡1ú'/<e
.S:f/in ¡t€:¿: é!û¿t¿Þ - ëe*/¡g: ¿¿sçe- j1?3e: z?lêA dtàq e)
-slt¿*lÁ. /a?¿2 - EAtllú',t 4.2Jt -"/att . ?dã c .,þ',-
E</ls z (Dtzstô,f t Dzas/'ørt)/¿i.7 =,'j ¡a,-/e.z ' Z
&/ /ê: (o/ìsra't)/a.2, ¿./:,? ' c
AS)''9. s/rn6-p.¡¡¿' = ¡?22,t. ì2äJ
.¿s /:/, = 'lat. 

/b- /7¿//út = e-4-- t
Err'llt: 8Òr't/5 I Sfa¿< /5 = tàzet1ÌZ?t: 3?,14Õ
fof4É Í.t|1a. - ê1o4../t Pií¡s +as/á': 

'¿'ata 
+|rdt: i:itt'2

.âÞ.ü /ú z Eê¡!'/6 +Sfê¿€.r'à -- l5ë t f t -- /â:?Ù

¿r¿*//6.?rr-t - ge*?¿. A|tj- f ¿9/¿ 7 r.t:'?:.: ' '"2
,,1//l = ,ttd'/- Sîe'< /i + D/7-9¿a./? 22a51ê.r- sh,? /¿ ,-.Ð/t tt.-/ î

= !:¿'e -,:t.r-' +.'2 J. + îr,rê . ?,:::
:.ylã ? tlt'/1 + r',/t+r$ t Jvl+A * iíg " ?.r:4 I /æ r-¿.þa +./.4 ' /1èd¿'

Ðl7súa.|t, tþ/(D/7) -/v/5- G6lg = t- /.6?a-é< ' -,/ed. (2 >
Ðtt s{ro.l, Í}4 /8/s) */H(qZ) -,vts - &1g = o + (.-iæ¿): - j.zø (s-)

; 
^|rb 

z.rt/r,- '(-5y:ë.0) -//VlÐ{Ol?> 1 (î6: ,//a'e -ê,.Ði-¿ëd = /z"d
./tl;17.= tV./,ó + /þ4 | lzzae I ZêO = /¿.?r.D
'¡j¡.t t,uÌ? - /'e/ (o7a) = tL?¿a ; ò . lz?ëe

DZo 
'ho¡/ = //'l(A¿Ð- tv/7, /' '¿-é:

Ftr' {strp¿ê/ ,Qrl'c/t E- C, . {eærto /;aa-¿2d
r1¡g ex a- *.p/c) a.t/ ¿sc Co-¿ac/ At,/ct'/a.*oa

.4Y: dst t .-O,
o{. /îea

' ll|j ós/4 = e
Ð /e= o
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*/¿- tâ Mrcá i //eraì,?- uo, â ,
/..aêt,'att 6,,J 7rr,7a /'-on 2ì-c-s¡al-

,VttdEA*¿ t 6tA :-'1...1,, -' '

lYA = îAA
gle* f , €ttirr -a,o¿,! !,- ¿-tæ - ilzæ .':7@.' {¿aa )
,€¿/f : 

^asác.//a,7 
o nø/ø, z : éaa -:-

As!.'.îîart.t, -Èa-/f = bêÐ.:é¿, z.::Ò ...:.: . :,. . : .

ættt= ae¿t! + s/arÊ,l,t tz.zea + 6aa,'trte.a'
- â.o4! Plyt : Ø,aÍ! f,(/s; + â3!, . /z:?¿,Ò * a,t"l,,?oo
tVl= lVt -Sfat¿ 7 + & 5l¿''/ +p3 + ê..,.2 -- ¿4- éø 1- iæ * ga¿ ¿ Fþ = ztø
i/t=^/,f - De = z?tê- O t z?u¿'./t/è: fr,-/å/(-t)(ÐÐ + cztêJ . ¿çrr - à;o*?øÊ j4sa
,/l/7. rvó+ ;Éj o 

'B¿'t, 
//âa.3?¿o

þ6 ¿,.rccÍ = /1,î2 *62/3 - tW(þ') i sree+ Ç-Õ' 4-.ø
Oé âiA¡l = ,t@ -&O;..c.: /æ - éea = 4at¿ .

t¿ø': (;/<4 øri*

'ß.u:;,\::

6iai ttl*
êú4t É zta

(,'z*i,súsi¡/l::@]

.i /V/J. tV/¿ t,y/¿,, +rvle A = //3udt itæf *?c,r: /612, i

4t4v1;/?,*J-/þ1¿s){o/r)-?W./¿lat-e-ttto,4¿¿¿ lg,**¿,tjnø)¿*.a,*;;ai;..tà;*iìlt ::,,,::

i slort ls' 6l¿¿Ð - éía4/5: ¿-¿a2,t - a21eÐ. 22,¿4 ,. .^n\' 

- 

i.'''..èiii:|ñ, 
,.',,' 'i:.,',:,:,,,:.:..:(i:tr ;t,,'

,àit:a.i.tt tt¿)

lUE ! ü7 -fÍ144 {gg), M¡Ð,?.¿.f-Ðáslþi + ê2 = &or-a -r2u- 4e' + r!ê¿ â
û?= /vg * /vE!4= 4¿2a+ JØ ' 13ae
Nlp. Å/î -/ry.É4(Ð8)-,i.{A.?) t- 6s = 1tQÐ - .Ò - -e(Æ:¿v,).+ 2r2 : 1z2o

: N// 2 ,tlle + ,viø¿ = 423ê +.tieê t /¿àâu
: /,ttZ z // -lU¿a)(ÐtD -/tY{.Ò(Otz}+.64 - lt¿ttù -r. - ô ï,/tëzz: /,/:tzè

Slor" lJ: 6l¿¿Ð - éíA4/5 : æê2,t _ i?4ë,2 . .?Føe (ú 4rê)
SLr./l;. laep - BOr'i /4 . 4¿2aa - /eoo , so"o , ) f
Ec / ls . (Ð/75Át,/ ¡ D¿¿-s¡a¡lt),/¿. z = ¿o¡a)lz--- o
&t ,/ê = (û/tsia, ),/p.7: c/,1 = e
â98: S/r.e ,/,t-&/¿t = êsoê -é, z ilêe
á.5 /6 -- Slên /ù - ,rZ¿ / 4 = t, - .Ò = Ò

€ary ll . gàE/s + slarell= 371"r+ éíie¿ 4i?t,2
Eol46 flSø. = 4AlLt /5 Ptlr¡ +âs./á- 3 t.1eo + ¿,f të ' í jft.
.€Ðty t¿" = ëo,t/ê +sfête t.6 r .,/ot r: a : ./.zcê

G 4."oìt

@.tt"ttg.É 66æ):
-lt""'.ì.,. ,,: .,,.,1
@i'ø,+,:*ee)i

.ç/1 ,L//+â trV/18I â€.=: îfp7 i- rzîr-taÐ têja^, /7ArÉ,

i Jvlê - Át/á=41{-5yù7) - /r'{é)@¡.?) +, €.ê . /"¿ø -a._o f , zce . z/zça
þ/r?-- Á//tt î ¡qÒâ : ztzea *Jipa . ¿/52u
t/tg= ìt/? ^/M(Dea). 2/r€e -o -_ e.,tb

Ðzo th'.î . f4(Ðzo) -,/t/,û: /-¿t¿:ea) (i!,?O:; ¡¿øslrrt--ò,

Ft/ 1p¡7p¿¿ / ¡9.t1;c/¿ -4, ê, tlcæzza /.-.g e1r' .tala..,/a.1:aa;; il/cÍc (/..
fh,-:r ex a '"np/e) an/ es. Ci'-2tcf a,/ct /a.t¿.t -t¡ltc,/:

. */ 7: AS /6.= o, " . ' tv/8 (c.-¿t"/ êag.)
P/a= o = ¿/5¿A

= êl4A-éltt;¿*? -a r-€ -r?.a,ri = ??ae
¿i/,/5 = .ç/1 *//+/ ¡p¡16 | â €. =::.:?,f,aD 4- 4rr1ç¿

htf: ¿-St. q
ÐG . /ØO
DtZ = o
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,)l/ 3 . îao
5/e ¿< ! . ¿r¿Ø -ao/r! = etæ - /tîÐ = ?2/'a (?!4
þ/f -- aas4a./1a2, 14/z . ¿;eo
.Àsl ¿ îf-ara !-:Ê¿,4 a ?q4.- ¿Aø !'3,¿.e:',, , ..;,,': ,'

.e*rt ' eattt ç 5/¿r¿ ! 3 /f?aû* ?¿a" ,/¿ lae
- Eo/ll Ptlyt : þ4t 4rr. + ¿51 = tzz¿a .' tr¿þ a /z -fe
p4-,^/3 -sttÌti +ìøa s¡¡¡¡ 71vg j-ø'i:i t ieq,::,1;iâ:'È.:1?ù* fuþ*-"64.tt?¿è
í/6..!,f -D2. 3þa-a = 3îaa
rv¿t3,vÍ-lh/(t)(o3) +Eztê:! . s;i;¡ii,'-å +ò * ts',qø',, ¿-¿d,a

y'ta flt Apl i. f/e4 /,¡,
Fr¿e /"¿a 6. ./rz"¡ta /;aa

|?':g.|ryç
ù .ät,',':'t,

7. 1U a a'4i tt;r.' . Þtu ;!. v : 4 tu't? :, . :,.à¡:?t:: Ø. i? ¿:2:.ry€
/l/ntz/ âtfrtf: lg'9! P,l¡t /eg ,- ia.qr,
'w1'..t.ë. UA/tt¿ 3 W

Ea,?/€ 3 8Ð^1,/5 f 5J'a'. /'t = tvSaÐ+ /!72ç . 515?o
EoltÊ PÁSo. = eÞ'?6 ¡+t r +as.6': .lvlte !î7oç ?ätr2?
áèrU /6 ..Feëla ¡ 5:fè.€ 16 ' làao 1 c = .'2tê
faê/1/¿ PJ6/s- ' .Aê/t/¿ Pltt . rág'/¿. /"t¿ . , '- /4u2

¡//l'- dra;/ - S7¿,,<.t6 i- D/?-í,tê.ln 22¿3X¿tl - -1/a,-. /¿ r-,Altttr.t
. = /t4o¿ - /¡7êtt + ¿¿.e -e ¡è: .e yeía = 7 9¿¿ , ,.;.

/tr/s =: r/t1 +/tll1f .¡'¿1¡16, + ;6:g;,,..,à|eq+ .22 +4w'1.4ø. /t252

{<ii1
{øøar.tt:
(zøa.r

(¡,ç¿,øss¡¡.1)
úí¿ È.B.lr¿<./)

t/êt/¿ =.*A,1tL/, lt
"'..': :: (< aut./) . i

.' (s 4ya;t's¡r¿ u¡ i

i

I

I

{iøuts 3 6¿æ)',

(coatz : +o"o5',

I
¡ -ssþ¿Å , !

/V7. .V6 'î.1/ör, t 5'12à f 30Ð ' s?aa

Ð¿; ¿,,f.¿.êl = ¡y2 s,oe /3 - fwb€) = t74+try 3Jø
:Ð6 5Å¿¡/ ¡ læ -&O;/zêf/ ./æ - êu¿ ' +te .

Ã/8 tt1,/7 -f,lúl4{tã). ø,øzrct-Ðøstê¿ +,â e= .62Ø -à,- ¿.oe-.ræa/tëê r' 6rø
,1J q . ,v6 + 'vî,q = é-t-eA: 7Ø = 7ø,
,N /e'- üî 'ltv{,svÐS) -,8 {þ?) + G 3 . ?zæ -a 1tf/tÞ) + ßtt .. ?tõa
ì/ // = r.//A t Á,t lê¿t z ûeO + 7Eaê : /t ?ao
pt7 : at/ - /ttt(;5)(ø/Ð -/t '14(Þ/z) 164 , .:/¿í?ôè râ-et ¿záÐ5 / 7tâ¿
/u-13. þÌz , ,v.:ë!9. * rry,E.e.=-1i?rþt zeul -se.ã í ZEÞ
4v.;/ . N/3 -/*7.(.4(t&l) -99oo = ryzza-. ¿1.43¿t:-îÞa=,/4ë?
5t .¿ /5r 169Ø - Aêø/g :. .a6aþ? - azsue , z z aae {ræg)
è*m/¿= þêþ - t?è./t/¿. $-Øa n r€ro = so¿a dcL
E¿ / r = {orzito.i +oiøs¡er/)/à.2 = 6l a * z . ç l.

&/ /ê: (o/î s,/,",f ) /à. Z : ¿/¿. - ::z
â s ,'/¿í . 5./.t.¿ ./i - iZ¿/ tqJ' . /.t7?d - a , // zaa
ð.s /ìb '- .s)rtt¿ /¿' - Ec/ /6. . o - ê '- 2

-t(*,rot ¿'ot)
.l

8ti..

Þri tÁot|, ¿;pïott) +fr'l(o¡|;:-,vts,.- Oø/s = .E$$jlySþ;. _+aa lo_¡

', full?= /¿+ /h/, . //6cor zoa = /23êa' Á/,/î. ,v/7-/M(DZa). lzjat -,t(êadj.. s7tt: It Orott",t. 
"r¿ 

ø*S-- urZ. .'.i:rr'"^ -- u...= -rr* fo, (rt.o r-uOi- l
, 

-I

fi./ C¿a2ael þrl;c./< Erê, ècaaza />'4? L1d Ca,,/.ø,,/azl-qa, . ole (lor
.d"t ex ¿.11p"/") aoy' zs. C"*2ae,/ Ao /c)/a.tta al¿"/:

ø/f: ès j t ." se2 Mf: ó5./¿Þ = q . " .t//8 .(C.'e-.?¿el êag.)
Oê ! /aê4 O /ì.t il,lse = gTeo

- ÐtZ= O
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ipa *r
.: ?;r.;râi rþ lr. ia/lti :
:/, {¿4ttif.ø. tt./t taet P, ¿. þ ¿- ta.4/'fft/r -i-'-t-aê- j .ëtt,

fè.lii, 4fu:,¡ ; r¿&
/.. /þl/ /î. É'r'a ò ,'- -4 æ/è2/ô!_

i:::ùili.P. dot¿ = Ì z ? aê
a::þ..t:a 4eÐe
.:,,*.;,;i:t ¿ '¿tz*ø:.aavt = e@>þ.,.2.ø?,..: E3q {s:w.¡;1
:,*11; øøi¡orlfa;z t qao/l ='øa?).:,,, ..':'::,' .' .: (¿tø¡¡c¿¡

ltf
â/..:/3.a ,t//2 + 

'V ë:A +Utz.g ' ii¿i¿i ¿ eê¿rJ,lØ --,?../¿ë
' 4øt;t = u6 -¡,¡46t1¡o^ -:gfoò " rrr* -Ou*or -i*, r** :i.a5l.){t*a,: uro.t ,*tr t¡¡¿t¡¡4¡$
slt't /5: 4û¿ëA - eA4/5 : 3lta. -!î5F2; : /¿r-eo (E .jea¡/)
gfrrt /t, | Áo?e - BeHl¿ t 4t€t- !t:<t . i'-ü (s ,/¿¿;/--ç/¿.e ls)
Ee//s=(U?sAê.1 ¡ o¿¿s¡¡o'/)/a.7 =,/o +o;,/.2 = Ð 

- --'

&/ /¿ : (Dt? -tt".t ) /a. z . Ò/.7 = ¿2
,t,aS,li. slszc 7s,-p,r7ra. /e'ao -e = kr*¿'o 

l

¿S/¿; = sler¿'.l4 - E¿/ /6 ? jç.?Ð -o = srct l

. Ee'Yr.t . âa.î-f it7 f s1'oF" l1 = t:'rea + ,/cs.t ' ¿¿øo /tu (¿ù¡¡ tg . aøæ)
ÍOlltlhl¿ø. = SAtt lt Plfi +ês/ã = F..r-'t -.'t --.2t = )-,o
.€Ð// lL = 8d/r'/6 tSlare tÇ : /2j¿ ì i.aê = .¡'¿ (!:__j1 (eOA /6 S +êeo)

:..:'. ' .2.4tq.1¿PÁrt- ,1 944¡o P,tts -.f ¿:9./¿. /aaê. itt, = ...48j tt
/1//l -- .\ya,/ -:la/¿ tg + Þt;:î¿o.lr p2¿5¿¿r1- -í/a¡e /é + 4¡î t¿át¡l t slêê,¿

= 4?t t: - /¿f-'9 - . r r --attt Lê +?-¿)€ = ./1112

rV/' = ¿V/,1 l /+t /lr/18 + Gt: J¿152 + Zæ+ je -êtæ = 4.7s2
O/7sho.î. //4(Þtz) - ¡tt¿;- 66/3 = /. aft/.b -iDd. -(-F..-\fi.æ (Ò) ú/54 ats*.f= a)
ør.l ,io,Í-' ,//1,{aft) 4rîl(D/Ð -tts - 6þ/3 = ¡ (i,t.;,(ztei,-*r¿'6 iiár:¿r¡si.rr¡.ø)

i::a::a:.'.

f::l:.':,,::,,.''.:..
I

L

t:.:, ,. .
Ui'l. r:.',' :. l

a,'; ,. .,. . :a '

:a.t:.:.:.-..:,:.a:''.,

.r::: ar : r.l

i fillø = .,r//6.-l¿415MÐtz).flf(.Ò(aft> I 6é -- t/ioo- rts)l;12àj-l6q;¡e_q.t geã i,"rìu
i þl/?i /ó+ rv/(t/9 = z?î.tt | 4ra -. 2?sta
: ¡t¡f ' pt7-¡M(Oeo1 . z?irr- !. a1.ttê'. = zzò¿ê

DzO rharl = Í/-r'(O¿o) - n//7t .-?=t.-.) (¡/:o,

u/f; òst " 
'7V@

Pô . t èeo
' Dtz= îæ

.

ì

sbtf:)

Fr,/ ãDrp*ê / ,4r/,-c/eErC, 4czec,,a /,-rg a,r.d C*y'ù>_ /a /,b,t, .y'a le {fcz
r.h¡'-¡ ex a *+p/.) a-/ o's. C¿,-ttc/ Ct,r¿l/aÊ¿. trrrnl,



Þ00 to-rt ¡

æ42 = ?¡gaëEt8 -- Co-çg =.i/ ti e¿?.,. Ê ?.d
(rdsg, ¿.2e¿8.4 8/.y ' b ... = 2/ gs .! H. ' od, -- t , s.? .1.7,

--a/r'/t þêq:?le1/e ./244'-9. .2t7 y'¿?ù (z¡da"a xa r¡qr¡,
-'2t) ¿/qv 'ua-ga7;z-4ro;z ptà ît--l crzæ21 '?Z¿/J'/tþ ¿ ttâra3 tu

(A:lors 8,O tor/!) j: st2¿- 'ç42-) +(çaÉt)'¿ 
= î/99 - . //- øtt)H.t; (r/OJldl --1, otf I I tO

t(a =J., "îs¿r1 b;.t) 
-,.2,1 

.-ìe¿-,å.è -ø:4/- (Ø¿-,/t./ = E/g9 -qtuj/-(¿ø)trl :l.oqs¿/ól
I oot?à :dt¿+æ!r pz-+êar,g =-t? + gt//yt ?tl¿yt r/.y =.ç// '.

I e_-?.;¿ : è.r¿é / o, e- e- e a e _,€¿¿¿ =. 72q/3ì + / '.j25: &/ú, -+ 2/ ¿r3/'5. - ¿,e ttçaz7 1/ro/S:¿/O .t - zie/S -/.,?¿1? = írn/ |

i(aedr ; zÞaQ
!

t(@ ?2 , sr/ra?)

i:

f:il
:r:
]..

(sl ) ¿.'Í1 - / -..v., l"' t)

sgl:= o.aéå - ('ro)(ott¡¡- øn " ltr;, ñ
I
l. . oëe33 - ê6¿? +oa/ +4rrê, - €Ì,¿/ty + 92ky + ¿f/y tçìry I,

(/:ea/ r) c, a:ar?. €¿ê€4 
= Ft¿r/C8 - eaê?î ¡ t/ ¿rø,/S I

(¡i't¡ tta*tl ø-í"¿ :q/í + (4t.rp.)ø':.æ/(r/r'*.Ø4Éât t, +'(¿i0)(rr.l?,fJ- (þ€)(srflt - rly 
" 

?/.1
I aê),tê = a€a¿, + aeè-sf : þOtty + A/,,y -- l/ N

é,ês? = a i szif . ?tsq *::11/tít i¡¿tag - 'l'q¿.2tu/al :

a:cf = t ' a.¿ t -' gt vqrg t ?/A/og = ?/ llel
Ø¿q2 : . . cttt, " -szse+ 4t¿ s74a8 =.'e4{¿:çtl¡a7

Ot¿r+ = g -: (tëq? = 5v ¿¿a/ g + 'çl'6/¿'Ët " -14/o?
ô.û-Ò = 9r' /2â/ -?/ uo/s -- q/ s,ø
o 2 .ê _ a ¿ -?t/zØ_ 9/ trrlg 

= 9/ sv
ê -!it! t é'a/(l,"rseto) ,4i /ø :e . ¿;t(o¡o)= ¿'?//þae{s]pe.d + y,qrs¿te) = st /è}' i

ê = sc¿4 - .àe? . % lr'AA - aré'é/ ¿ rf .¿tls; t,

Õê*-j i . æ7e *{@j/)3.-€rtq(çrs,eã¿k , ÊÐ + (tO) g.- (gî)(sl¡rv- A.$; AtlV
æ/tþ, ' et-+ ëit¿ét = 

g ¿.rU + gø =éNeeëé€ r6rez;îî?.- æ-þú/r/ë)8 - oÊâBt 
= e gt + lõtszø -¿",rn fr -(9eøyÅ4/- llt = g¡/

;yeysø;+)

Ø/ut

:l Qall
rzr.l:?.-Ütrç¿4?)

.:çf.ft't)

t ¿4rr'//.5€4r-æ þ+o-Øt;.-;/ jÙ4q+ g,y+ ,/-dgs w +f /¿./9- FN'= t¡!
êâtó/ .{¿eet'rùaêa 'nî52 + "rltl I*ø .: r.l!¿ têr'a?

q¿i.7': s; aqc-qz ; Í. t¿Ûls + fë.4ø. = t*as
;qè- ',¡ 66r- a =¡¡z2r-7ttc¿3:= Í sV'

,, *, = ¿/e6/ '-¿.¿//'êrs?ø -.t:7.. . a,:sêêÍz -æz = f leg- irys? !"1/:.ae? 9 = Etl

êGþ : aâ? - æ/ rJa¿--.6ìqv- 4y/ : pa{.Ç gt

slç¿ ,¿ ita ' -æT 
.tølr*el : 

-ãA-= o-" '/r¿ ltrat utv.g ¡taofy¿--- 
: 1t aø r- r-æ-r rr itrØ ll :øn;67'--,¡,¿¿æ, .1,e/.v..r.é. ã, :

aaté/ .. ?/tAg'A 5 E;4t
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I 900 ro-ru\
t.l-
I

I aaá€/ =
I C'*o at2t¿ê'4 gy't/rr''

't '/t".,,êl) ¿/ o/1", "ca-q z7ìz¡tg

I
!.

¡,

r'::.

*:a,.:'::

lr:r:i'.

:i a'é€/ -- (oØe) /;::i-';t7:l:,;'"':*':'fl
:-i æá¿/ â e¿t2+{ë,-2}/.r27- taazus;l.t -Øa¿e ¿ ?9. r<8ja}.(?:ìht,/ _ (¿/axe,)r/.,1_9rt 7 9tf1/
.(o.¿'orss,o tot/.1 

=,,aatt',:"ê8¿/i'(mi¿7 z î/Ð - -çtt - (,ro)t¿lt @/aJ þrl : /, oqs ere'i(o 
=J,"rn¿e bi.r) l-o,' oze"r - , ;fo - coz¿:- ,ø¿'.2't. 

= î/99 -itty - Cìroju¿ .r,"rrrrn
i:. ' on7âz = aasî + ¿r¿tit5z+aaf/e. zJr.E) +..gt/tlt t*Ì/1t r. r//y =- lY

'a; ¡!)

aê*r.Z . È6tié;..G +: a _ g+ç+o_4€.,;//=.
:, leê.ls t ¿1.4.?3&øt+ Z, à.9.t n ljÒlg2ea +¡rj-e.ç1¿t6t + 1;¡','4g -/-'er/ -_ /:1/11

a.:¿/ : c ¿ /n!-? =?/S?1 'rlfêa ?/t{al ''t,(tt¿,"/tr'o7
i(aottt'ii ; ?t Þat) crar = c t .:çr : gf ¿¿qtg.+ ?llr'og = ?t l,/al
: .:ct' = ' ' titçt '- -çzss+ ç(ft¡ 5/ /Ja? = 'øt/¿t/øa?
'(@r9 , slr{a?) ç.:tî1 ; , ¡- ct4y'7 = Jry èrels + g/hlog 

' fl,â/at
t aro-o = 7/.1'Z^q/,tc/9? q,/Se

i a = ç'?. t '9t '/ry - t'/t '¿t/'ç = -st se
; Ó =¿'/4 t ¿'d/(,¿,"fçs/O):2t/ø:
i e;l/io"c) = ¿.a/(,/tofçøa6+¡,oes¿¡6r)=5¡7qr
, çst >.o/s-¡..t.t¡;2 o . oat? -'àop = z¡llaa - da; ,?/¿rrls
i (Í-'ú41 >) o= *¿ztz- *zq 

= î/fuaa - ad¿r2:.91arel5:
((øet*-rtu'¡oc,ts'?t/t ¡fii¿¿*+s):::zr:c¿.=:î;,iri J.,""*".:i"-!iïrTi?l;:::r7:::,
(¡*'f *t'9 oas€¿ :avlz a @Aaz?I,- (æe)qt-t- ëë4r e ' fr+ e¡qfir./ul- (fio)(sltïr'- tly = ?¡/v

æ98 
= C/ /i,

¿.. z?/Ss .:/ H. Qú?'- ;7:5'V .:J.at
ec4,Çaz/Q ./a-ei-o¿ rt'.? y'/¿ë (r/d.-rv xa r.,r¡¿:.
ptz tL.'¡ øzez"f '? il: )y'J_y-cþ ¿ evdua3 .,e/

ooiz = 2lO
aaa/ = 2d

2âéí/-) !¿1,f - (o?Q)/^/iL - I'o./e o?O

€ê8îz = aìoa¿; +aa¿t/ t þaj/ry + 4/Jy ¿llM
aat/,/ . aâ,4{&/)s'-(.,2¿/*:; r-aeas/. = c.þ + (lo) s-- (8c1.þ.}n4l- l¡T = øltv

4449,. t ¿22e,/ t Oegît 7.tg/y + gl! :.61V

; Íþeã)

,,[,?¿;e")
ç:î,ftr)

eea¿;t -- r,ee:);. àrat/':¿..'1,rV + u/f4 t*A = rt(y¿ |¿¡ot '
&4. =.;a;;ea-cí1 

tÍ qs + F/y.e6t = l.tdl¿?
':.:';ã,,2.,--t.¿ Ø? - a = Í¿ãàr ¿.7.:t!q! i. =.'7.sû.

¿2A' = ¿ '/ør s é'ë/1tor9 2a -' I ,t 2à/

,@': æ¿62 -æt? = Tttag,'- ef? -'l/rlç

.i
,:rl.

JW

aq? â a 9../
.eê/tî , 

"¡Yeg 
P: lù't



*á'.ta¿r-
,î q1

'fifq-&rti/;..@!. z¿'t¡?ea 4-l;..::¿þ,tL,st. ¿àede.',.1i4

"--ít¡t*l 
Q¡¡ttît.ie;tit &l¡a. / 9a ¿ë: ; : ãe4tret¡¡. Jitq7P -- , æ¡*

|1// :L.¿2tu¿ 1 p¿¿t¿>

E3e /8&
5lo¿<lr Z-r¿Ð ' edrt! = A-tæ ' 252æ = d
i&17: ea st6or//a' t o 4ølz = çeÐ a ::

ôsr. zslê..!-t¿/!= 2'¿,to : - ¿;¿o

iÈÞ?r.t È tþ4,t è Slra¿!Ê Zsaib'+-.o z zí.aaa: çt4J¡:.3¿r.q¿;:,:;,;,
.- Eatil Plys t Êeo.r.,Ptp, + a4'= Nøaar.â4dt /%2e ;"',''i,]..,1ì
':,i14. 

^// 
-Sf€'zl + tØ sir.f f ,v.:t + Êa.?. 2/u¿ -.+ 4q) ríaoq¿ zfà€'7à?ê . ,,.,,i.,t.j,ì:-..:':fè..,,t.t-oaç ?àø-tzoø = f6o6.. . ,' {rtteiøêtlrrÐ i l

tv¿;. ^ti- 
/h/(r)(æ) *Ezt6! . ¿aoà-ì. (.ti(r z4)+éoo t ,tú' 6rt2 ú/¿ Itu.i,tê,t) ll

*";i::::="fflrlf, -Ííit': = â,îr""?-,./t¿a'=r/aÒ 
'êØ' 

(,y'¿4 ars*.1ooo,^,r'o)],
Dé SÁO¡l : ,ræ -&O.'racf: /æ - '3êt = êaë - ("W S Æslúlt /æ)

1¿.8 3. '7 - ft!/í4 (o5) - øø-.rc|- oe sle.l + 6e= ¿øe- l./,4Úlø;-¿*-.oo 
"rroó - )-Jra ì' 

t 
.

fuq. ¡v6 + Á/1.q = 5:tdê t 4cô = :92a :

¡¡ ¡p z ¡¡ l -flz(s)(ùÊ) -.5{A?) + :¿;3 .'í?ta - t ísl¡¡4 -'s{'€'¡) + ¡tea =:íaae ]

N ¡t = )V/ø * ,v /A', ' é.Øc + zÐ2é = ?î!tÒ i

rv./z. a ,V// - it1/(5)(þ/./) -/t/¿ê)(Ð/Ð:.;64 s 77ø -t lr.{æ; -¿#)(zi4+ /tø , È 5êa Q,.ra t.-})
¡ r,:

srerj. frêi4lò¿¿rà),,,i',
t<. ¿u1¡l) . -i 

'1,.ì:l:,1(é,tø,r --s/é.ê /s) : : -.:,,.a

! .r:l

t.| :.

(¿o¡tts s 6ó æ)'
.:
(Eo// /¿ 3 lded)

n¡/l -- âya./ - 3lt¿<,/5 +.Ð'ES/tt lt Deegjtrlî- -gf¿..e/¿ +¡1tt s,t¿rl .r.ç.,/¿c,4

= O - 0 =- A -ô -o JDa ìrJ,- : t?êa

gl¿¿c l¡t : .þeÞ - gd*J /ó ' 4."?e - +ë "ê 
: a

&lE' {O/75tà./ + Þee-s¿arð/¿.? = (a'ta }1,2.¿¡
Pr/ /¿: (Ð/t.tt",/ ) ,/a. z . ¿lz, o
AS l€ . s/tr¿ l€ - E l,t!î.= u -t . I
.ð S /à --.Sla''t /L-.¿c/ /¿i = t-t";
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