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HERSCHLER BUILDING CHEYENNE, WYOMING 82002

September.9, 1988 -

Bary Fritz

istrator, Water Resources Division:

-ment of Natural Resourtces and Conservation
CRa8t Sixth Avenue

na, Montana 59620-2307

letter accompanies a report completed in 1986 by Lau“2:5:
L formex Water Resources Engineer, before

ewstona River Compact, .using the Tongue River
: .3mple. Jheouw is also completlng a revision with aﬁﬁltl
' lnformatlon to more accurately estimate flows of the To :
and how that may effect compact allocations. T will f@rwaxd S
the revised report to vou after my staff has had &m0
‘opportunity to review it. AR

The enclesed.report is arranged into two main sections,
first reviews Article Vv, ¢, of the Yellowstone River CGm@a
and how, in gemeral, allocation should take place: .. T
second portion of the ‘report focuses on an < exanplé ;
computation using the Tont River and how allocation would:
- proceed based on Artiele WV - "The Téngue River example .
contains  fairly ccmplex caic lations based on mean mont ;
flow data to arrive at compact allocation, located beh nd
the final tab in the report

I apelogize for the 1ength of time that elapged in gettlng
you a copy of this repoert. I was awaiting the additional
work being done by Lou, but felt it would be best to forward
on  this original report and then send vou the additional
details after we have rev1ewed the information contained in
the latest report.

Corrected
Exhibit W




Mr. Fritz _
eptember 9, 1988
rge Two

you and your staff are rev1ew1ng thig report, please do
nclear. We look forward to discus ing this proposed
“alternative of how Article Vv, €, specifies the allocations
between the states should proceed.
| With best regards,

.+ (GORDON W. FASSETT
... State Engineer

©GWF/kme

- - " Enclosures

g Grady Moore, Chairman
' Yellowstone River Compact Commission

ot hesitate to contact me if its contents seem vague oOr
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o August 1986

".all ﬁrlhutarles of the Yéilowstone Rlv r\ between the Stateur
Mon-ana and WYGmmng. The feiicw1ng is of gen

l'appilcabllzty to these
four trlbutarles but with particular attentzon ‘to the Tangue River °
Ak situation.

The apportionment question has been addressed in varlous 1evels Qf B

i .detall alm@st szncetheratfflcatlon of the Eompact More rece

that it is a valld approach Wyomlng has ccmmented on the dlfflcultle

in acceptance of the Montana scheme at 1ength and in detail, prev1ous

Wyomlng s 1986 Taﬁgue RlVEI Example Wlll be addressed in deta11 belaw -

following some basic dlStuSSlon__




t éi_ﬁhé'Tong_g

500, ‘.Ton:‘gn"é. River at Miles Ci

Until the limits of post Cﬁmpact (post~1950) water uses and storag_

" under- the Mﬂntana and Wyoming allotations are roached, the water

'“japportloned to eacﬁ State ﬁpuld he expected to ﬁlgnlflCantly exceeé the

tual cimulative dlver31cns ané storage in each State.- Water that

ﬁcould have-been claimed ander the Compactlxn elther State “but due to 1ack

f post-1950 uses and storage‘f’c111t1es: a” nat utlllzeé 'wlli contiie

'flow past the point of meéd

ement lntakt”e YellGWSt@ne Raver. Thls

ater Is allacated to each: Stat

bur is no 10nger phy51ca11y avallable

use. Tt becomes an indicaror of t&é’gﬁéﬁ];;y;ﬁi'water that could be -

_foped in the future by the two States.

. action,

The frequency of ﬁrtigje:
function of the demands 6n'£hé

operational adjustments believ'd to: be necessarv to meet the demands,; g

and of the level of the water ap?iy in the rlver syste This is dlsef._-

cussed further under the Artlcle v, ?aragraph C headlna




:'Yéllbﬁstone Rivet“Compaﬁ -
‘~Discussion and Ebngue Rl &r
August 1986

Article ¥ is str :prov1de tetal depletlon of the four

R T, .

aa,tﬂ-ﬂoniaﬁaaaﬁd w3cmiag; With

: e;achzeved, or. so, in .narmalﬁ‘

Some Years

}f *
uﬂe that water.wouid pass the

the water;

Lows: of such & ag E:

Lnt af measurement.

e A N PO e A oot e .xmixf.i
Article V is specific’ in reference to ative diversions entering

".Iinto'the allocation calcul&tionsg The only r _erence to depletlﬂn in the - .3?‘
*,..that -
_Se'by whlﬂh the water supply af -a dralnage hasln is depleted when " usefully

&

mployed by the activities of man". Article ¥, &, refers to the en joyment

f~water.exnst1ng as of

f‘_yprqprlatlve rights to the beneficial uses.

'ary 1, 1950, which'iS'watgf-not allabateéiunééf.ﬁhé;Cd@@gﬁt. ﬁrticie.V;

EE)

iyes the ?ercentaQES'byitributary rivér-fbf éllocations J.-to each

LE]

& for sterage or direct leErSlOHS for bene'”'xal use...", clearly an

ssion that ‘diversions anﬁ not depietlons ar Vlntended.- Article V,

antains two-references to beheficial use connectlon with allocatlon
ter between Montana and: North Dakota, and peither carries an implica- -
nn that deplerion is to be. the aliocation measure, nor do they invelve

: e.trlbatarles entering from Wyomlng

The measurement of diversion
1te whereas depletlﬂns et

dzrrlgataon,. In those'fe

-he measured it is still nécess Ly
.sthe depletion by dlfference._'
. determlnataoriaccounts for bene_ Fe

should result in the same final water use valﬁe as 1f all depletlans ;;="'*;"“
~could be accurately measured. Dlverﬁlon of & glven quantity of water

results in some quantity of IetUFn~f1°W which is again subgect tci-




_ ."Y_ellewstone Rlver

ns gnifzcant, Return

are normally dastrlbuteﬁ :

4f’erleds, ané are e

from allocat;qn under the Compact, Uses Qf water.under these rlghtsldoes
not enter into the-Compact-allocation caiculations, However, Montana

and Wyomlng would be expected to_measure the- storage and dlverszons

ma'ntaln records; to the L

.each State

ragraph A, Thxs

quantlty of water is to make whole the” pre'lgﬁﬂ watetr rlghts -and the

1ﬁtent to exclude it frcm1tmeallocat10n calculatlons is obvious. The

paragraph continues with the percentages for allocation to each State:




owstene Rlver Com*

;'daver51@n dams, and measurlno dev1ces.

Paragraph # allows modlflcatlon of the'all;aatlens upon the

e thls refers o xhe_~

raph ‘the- 1ntent

_ges, and nﬂt tha

the fou: trlbutary rivers named.ln.zhe Compact,. Paragraph C says:

€. The quantity of w&teerubject to the percentage allocations,



ver Compact
“Tongue River:

f any year .

The - quantlty eﬁ wat; ¥ _
measurement in the stream durlng tha_p rled from Gctober ist'
that glvgp_date,

The -first sentence of

casurement woul

tiof i% conce
The second sentence cont' ns four clauses cribing how the.quénﬁity”

to which the percentages are e ‘determined. It also.

refers to the ietermlnatlon Gf this quantlty_ 1o _Gctcber ist "thréugh '

& given date". This given date. is Aot restr cted, except that it cannot. -
extend beyond the water year for whxch allocatlons ‘are belng determlned

The quantity may, therefore,_be éeterm' __t any:. tlme or times, durlno

the water year. It may be determlned-at_ he1endgquthe.water year,




4 periodic ever

of water to _e allacated isg pe ified as an, algebralc

Thls is &

_pact al Bcatlons. The al_abralc

'joperatlon study of a rivey system.




o ";_::.o_nt_:ent pahli_a. _ Tm.s--. methcd wo 1 s




allocations:

Clause % 1nc1ude

'*nmeasurement 1n the st

given date" in the alloc

is readily measured at

Commission for esdch of ‘the ! ané is.

?‘;1vezs

r ‘matter of record

will always carry a poéiti_“;sigﬁ,

Any water pa351ng the 901nt of measuremﬁnt is: water that could have e

been utlllzed but was not, although its use is. allocated to the two States.'




The recorded volumes of dlver51ons ané chanoes in storage for postw ;*u”

= 1950 vses. should bé malntalned separately for each State, and thls would g




alibcation'df wé;er_xn_

dlfference) or ‘may 1ncrease'(pos _1ve dlffere

The. entire calculatzon proceéure 1s:read11y aéa

'.the caiculatlens performed on.the tabulation s

' adaptable to-a computer format'for calcuiatlon_and record




'“-”The-accounted storage

- when the reservoir has f

CFill, as sefie -of ‘the wat

into storage.

Some-cbmﬁiaatiGHSBQifstrEam; reservoir, and .storage re!

merit attention fof7com§ac




“water ignored.

and the released water is

reservoir.

The subsequent diversi the released water i5 somewha

te the diversion'of imported water, except that its "source’ is




will experience some degree

- consumption by riparian veg
. stream from unmeasgred tr
or rainfall or direct pre

is considéred a losing re:
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ongue River Example

xample. The ‘example "mo

Umerons assomptions and approxamatlons, partlcularly for the Montana

1__@ort10n of the river systém.

Mhntana 5 1984 example 1njecteé aft allocatlen calculatzon schempe

_£hat 1n part appears to cxrcumyent Article V, Paragraph C, of the Yellow—

stone Rlver Compact. Wy@ang is not convinced this is a proper apprﬂach,

:: fand belleves the Artlcie ¥; €, procedure is 31mple and sufficient. This

1986 example is based on. the alloeation procedure set out in Article V,
.C. Moptana may wish to. test its scheme against this example to see if

tive same results are-obpamﬁeé, and with similar ease.

In actual practlce, allacatlons under the Compact would be made with
imeasured diversions, changes in storage, and flow passing the poimt of
measurement. These hould a11 be a matter of record and readily available.
"The example includes hvpothetzcal future ras&rv01rs and diversions for
which there are no measurements or records. Slmplliyzng assumptions are

also necessary, such &s 'umpxng the diverSIQBs in & given reach into 8~

smngle diversion in the raath3= An operaﬁlon galculation of the approx1~-_f'

_ mated system to fnclude apprep,latmve rlghts exlstzng or assumed both

‘before and after the Compact date is necessary to derive the values for -

the allocation simulation. The example asesumonthly calculations.

The example is descrlbed belou, with flgures, tabulations, and
calculations included f0110w1ng the description. Some of the narrative
may seem overly elementary, but this is done to give all readers a common

base for evaluating the éxamplg,ia@d to provide answers to those questions




Vﬁ'siéﬁrand TonguN

50f the eaicﬁiétion fofms‘are ‘provided.

ht”cap he_aﬁtiéiﬁatéd

théijthﬂy”cah:bgéCGpieﬁbaﬂ ed. zn,calculatlons with other assumed

‘_d'thls be. d951xed

ows and/or diversion varia

.t_ JS’”ematxc Flgare 1 xi'ustrates rhe - mgdel“ of the S@stem in -

] - ate floWS, reserv01rs dlverslons, river

ches, trlbatarles, and reaﬁh galns are shown in their spatlal Sequences; T
ﬁough_not 1o any scale. The lrrlgated acreages are shown for fhe 1umped:'
1gat10n dlver&lons, along:wzth the estlmated return flow percentages.

& strial dzver31ons shﬁw the assumed tenstant dlver51on fﬁr -each montlh.

-plrs show the actual or assumeé capacity for éach. Relatlve

orlty dates for each reservolr and diversion: are shewn as pre- '50 or

’5@ for those in ex;stence, and as post> 1986 for the hyp@thetlcal

i}wzth Eheir USGS 1dent1fylng number and & ncdfﬁnumher for the Operatlon

“calewlarions. These stations’ dzd not necessarily have the same period of

“record, but nearly all had some overlap in their periods of record. There
are new, or have been in the past, several other USGS stations in the basin,

. -but these had too short a_péfiod of record to be meaningful and were ignored.

'measured 1nflows, ﬂhere~ rr1gat19n was 1nd1cated helow the gage, the

trlhutary gage was adjust ifﬁr the 1rr1gatlﬂn use. to obtain the * measure

inflow to the main stem., Unm&asured trlbutarles were assamed to be part

. of ‘the unmeasured reach g&ln.

The letter prefixes and't___:_ bols used” are ‘indicated in the legend'
onr ¥Figure 1. The identifiers are further deflned ‘and explained in the :

" 5-sheet "Dictionary”.

A MT-00950




* Yellowstone R;ver'Compac'
Discussion and Tongue Rl
August 1986 .

1 and the operation

Arrangement is

di Flows at the USGS gaglng statlons deemed to have a. suitable

rlad-af record were used as. the base for the. operatlon model £lows.

Ea'h.gaglng Station record was examlned and. the wedian tlow for each Bf

welve months was determlneé for the station.’  These are shown in
- Table 1. '

~ Each HSGS station carries an B-digit 1dent1fy1ng number. Siace all
in the Missouri River drainage carry the basin prefzx "06”, this was
'drqpped The final two dlg;ts are generally "@O" but may contain _
hﬁﬁﬁers other than zeroess " If these were zeraes, thay were dropped,  If

other than zeroes, they. aere carr1ed as the dﬂﬁlm&l nnmbers in the oider

USGS method., A number such as 06307740 wES, for brevlty, carried as 38}? e

in most of the tsbulatiocns ané calculatl@ns

The US6GS stations used, ané their periodsof record utilized in the
example, are: _ '  .

North Fork Tongue Rlver.naarfﬁaytun 2965 = '.Sﬁpt:_1955

. Sept. 1945

South Fork Tongue. Rlver

Sept,

nghlxne DPitch near:B ytsn,_29‘5 {dlmer310n} . Qcr. 1920 - Sept

Tongue River near ﬁay#oﬁ _ f _ Oct. 1919 - Sept. 1982,1
Little Tongue River near Dayton, 29851 o : Jan. 1951 - Septw-lgﬁkj.

Wolf Creek at Wolf, 29951 = | Jan. 1945 - Sept. 1982
Goose Creek below Sherldgn,_sess: | Oct. 1942 - Sept. 1982
Squirrel Creek near Deékef"ﬁT’ 3061: ' Sept. 1975 -~ Sept. 198%

- Prairie Dog Creek mear Acme, WY, 3062. 51 June 1965 - Oct. 1980
Toéngué River at State LGe,.near Decker,, 3063: Sept. 1960 — Sept. 1982 )

18-

Bec,;IGSS
1972f;f
1982_fj"




¥éliqwstoné;
Anpust, 1986

Tongue Riv

with the USGS gaging station
prlmarzly located to fac111tate

of tributaries are d851gnated by the lmmedla‘”_

the suffix A attached.

- on the mainstem carries the sufflx B.

ﬂrs nf water to the Tongue River, partzcularly in Montana, but may "

Zy;;mpqrtagt in the water supply plc;u;e. o

:T e flow values ané, 11 other numerlcai
! ) ndreds for-: “utrabl

questlonabie."

Galculation points, ‘of node

p: ollewe& by a,number._

June 1539
‘Sept,IJE?B
e

Oct. 1973

Apr. '1938.

; mlSSlng wznter records.

f

Sept. 1
$ept. _

K I

-i

Strlct analyszs would requlre i

La&l statzons. For an exampie

ekéﬁpie. ‘Some are small

ues except decimal fractions, o

_-culatlons in the exampie,-

?“.make any greater

a gaglng station is located, but are.

peratlon calc'latlons Nodes at the_mpﬂtﬁs

upstream node %umbér;

A second tributary’ above the next downsteam node -

N I



Yéllowstone River Co
. ‘Piscussion and Tongu
August 1986

* The o-nlg_z node

jrlgated acres. Future {post«lgﬁé}TMQntana 1rr1gatlon estlmatlons

by=the 1984 Mentaﬂa exampie.

Thefpostw1986 1rrlgat10n was.

aming{ consistent with -
t was estlmated to have i

*-a constant 15@Glacre~feet per'month dlver31on ra Based on some personal

knnwledge of the situatien, a 20 peraent return flbw was estimated. &
future {post-1986) industrial demand for 1000 acremfeet per month was

assumed, .again consistent w1th the 1984 ﬂontana example. It was further

assumed that there was a dlrect flow right for this that would allow

diversion of up to 600 acrefﬁeet per month, The balance of the 1000




" rexained for the two Tengue River Reservoar pa”ls.'

. the source s{ream, the adcres, and the max1mﬁ

iYelioﬁStone River Coempa
Biscussion and Tongue
August, 1986

utﬁn:tical.po$x~1988'

acre-feet per month wﬁﬁié L
This posc-1986 indes

_reseérvoir on the South Fork.

trial use was assumed to have no

Each example dzverslen i 4 5! B followed by

,”n downstream order, w1th seme_ xceptlons, Dl was 1n1t1a11y 1ntendeé
for “the dlver31on Gf water. o the post—1986 1ndustr1alwuse,_but after
'“further consideration it was dlscarded witholt renumberlng the~other

L dlver31ons. 315 and bi6 were dropped for 51mx1ar reasons, and t

Table 2 lists the &1vers1on poxnts by 1den£1f1er ‘number, and shows

'nthly.dxversaon volumes at

- 2.cfs per 70 acrea and at 1 cfs per H acre_;__ ,each- ﬁotatlens are 1nc1ﬁded= '
__whereapproprlate, The acres and the maximum monthly dlver31en volumes are '

rounded to hundreds.

USGS gage 06297505, would.serve as a guide to-zhg_perGEﬁtages of the

1 ¢fs/70 acre irrigation diversion rate that ﬁight be.appliéd-each month.
Estimations of the percentage ‘of the maximum'diversien velume for each month
were made, comsidering the dzfierent coadxtxens encuuntered from the Highline
'DltCh.dlversnon.to the month,ef ‘the. river. The results axe.irrzgatlen

-¢W} an& fer-Montana {EMY.

diversion fractlons for eachmmanth.ﬁor Wyomlng:

Sﬁbsequent work and thQUOht suocests that these fracrions may be low

in some momths, and possxbly Shﬂulﬁ approach'a vaiue of 2,00, Available

time has not allowed pursuit. of this. Wyom _ a\g,allows a diversion

rate of 2 cfs/70-acres under certain condltlo,s."The'lQS& Montana example

used the 2 cfs/70 acres for all irrigation dlverszons in both States,

Diversions for post-1950 ?urposes must enter the allocation calcula-

tion. All diversions must be considered in the example operation.

=2lm




Yellowstone River Cempac
_.“B;iJSC'L'IS-SiOﬂ and TOngue: R
- ﬁugust 1986

.'”ié'égn Flows Return:fiﬁw

,:rposes where. the water il 2 e
'ffgenerally assumed to have

of the diversion. This perc

. @:rigation.with_a pneflgsﬂyp

"was:assumgﬂ-tb;rétu:n3én1¥-

i return,flowa are assumed o occur in the same.reach and in’ the same month
&8 the dlver51on. The exception is the nghllne Bltch D2, which has a

”1-_ node (NS) between the dlver51on and the uses.

. assumed to have a 2. percent return flow. A part’ of thlS water has been

iuseé for oncewthrough“ cooling at a powerplant and may be. so useé agaxa,

The 20 percent figure may_bevlpw‘ A1l future-zﬁdgstraal divérsions would
be expected to have no return flow, due to ¢ost and water quality considers-

tions.

Return flows do mot enter into the Compact ailocatlons, except as

subsequent . d}?&fs&Oﬁs of ‘the returned wateru: They;must h@wever, ‘be

conSIdereﬁ 1n the axampwe~operat1on of the system@ as.thev become a parz o

-of the water avallable o ‘downstrean dmver510ns.-.-5fw

Raservoars Two reservoirs are considered in thzs-Example Dne in Wy0m1ng'

is hypothetical, and the pre~1930 Tongue River Reservoir in Montana ‘has.
a post-1950 enlargement. The tesnlt is, effectlvely, three reserv01rs,
two of which enter the Compact allocation. All must be considered for

operation of the system "modei™.

The future hypothetical reservoir in -Wyoming, designated'hy-ﬁﬁmbexil,

assumes a capdcity of 25,000 acre-feet, with_the-yiéldkdédicated to




Yéllpwstene River Com
-Discussion and Tongw

. ver Example
" August, 1986 o '

.i"_"supplementlng the direct fl-ow 2]

;Dﬁ» An initial. content <o

has assumed for‘the operaalﬂ_”

The Capé@ﬁity and the- Lot

"fassumed 1n,the Moutana

-;PﬂSGS gage on the South Fork was 1ocated downstream of the presumed site .

..'(node Z, or VZ) Inflow to. the-reservolr, Bl, was estimated as 80 percent
-of the N2 flow, based on terraln, tributaries above and ‘below the site, = -

HJané relative dralnage areas.

_ Conveyance loss for reservoir releasesconveyed in the river to the
D6 diversion po&nt was‘assumeﬁ to be 30 percent ‘for this example, The

ﬂquantlty of. stored water needed at the D6 dlver31on, d1v1ded hy 0,70

_ equals the ‘amount of water that Mmust be released from the reservoir. For

_ Slm?llﬂlty, the Ieserv01r release is dedﬂcte' f“thE;stgrgge, but;onlg};f

the amount needed at D6 1sﬁ_ounte§ through the intervening node céltuiétiﬁ:ﬁ
This procedure precludea the diversion of the water needed at. D6 at some
upstream dlver51on_palnt, and eliminates the need to continually track a

diminishing quantity of water through several nodes.

in storage quantity of this® reserv01r is necessary tc the allocatlon cal—

culatlon.

The Tongue River Reservoxr in Montana can be treated in the example -
as a pre-1950 reservoir with: 66 000 acre-feet’ nf capacity, and a- post—"
1950 reservoir with 4,000 acre-feet of capaczty, as in the 198§ Montana

Example. System calculatlons-for the current example and actual water

23—




Yellowstone Rlver Compact _
Discussion and Tongue River Examp
August, 1986

 administration accounting W two reservoir concept

n this_examp}e,_tﬁe:@fefigﬁﬁifét ryvoir giéiﬁnumbEI 15;43ndf1f”

post~1950 enlargement reservoir

~ The change ln _storage, conveyance loss, and quar
-determlnanlons far eath reservalr prlorlty date weuld be. handlei T the"
same manner as’ éﬁscrlbad_aboga,ﬁor the Wyoming reserveir, The chang

storage for the post-1950 portion would be reqﬁiréd_for Compact allaca§

determination. The change in 'Storage for the pre-1950 reservoir is
fiecessary to the Qperati@nrcaleniatiqns, but would not enter into the

allocation.

The pre-1950 reservoir storage is used for supplemental snpply for

pre;lQSG-1rr;ga;19n.d1?erslo§$ D7 and.D2ﬁh asﬁpggéed! The. post—lgﬁo

teservolr stor&ge'Sapplemehté the post-1950 irmigéiion'dlverslon.Blﬁ‘

This 1?86 exampla uses Wysmlng laws appllcable to reservoirs to: govern

the reservoir operations, although Montana laws - may daffer Information on
Montana's statutes for reservoirs was not avallable. In either case, the

change in storage over a typical water year should approach Zero.

Wyoming allows~on1y”éﬁe'filling per yeaf

f?ﬁé storage spate that

can be filled is-the vacant’ _pace at the be 'nnlng“of the water year,

or the reservoir capac nt on Qctober Ist, The

minus “the storage

reservoir fill is deter :ed_by aeccnntmng.the_r er actually stored

the water that could have ‘been stored but was, not and water stored"

but immediately releasged to 1ts spec1f1ed use. T & is often referreé

to as "paper storage”, where the numbers aﬂd up to the reservoir capa01tyﬂ”_,--:”
but the actual or phvsical storage content may be a lesser quantlt? '

The above strict "rule" was applled in the 1986 example, with both paper

storage and physical storage cons;deted for the operatlons.

- MT-00957 -




'erliuwstone River’ e e i
Discussion and- Tbngue‘R;ver Example

.':-August 1986 -

. Montana Stotkwater A court decre

'e&étiﬁg the Tonguefﬁ v

E}?’fﬁll‘, I'BQQII‘ES a SEGC

'_allable detalls on the &e

It WAS- assumed that thls wat_ _uld he avaliable, along WIth other o ;lﬂ”'

s natural Flow and[or reservolr re_eases, to meet:- dcwnstream leﬁISl@R needs.

":-Slnce this quantlty, desi nated as Stock" in- the example model, is natural -
) 8

3f10w any losses would appear 1n the reach galn est&matlons,

JReach"Galns Mater flowlng ,:_n"E rrean channel. islsﬁbject te g variety

'gether to prgduce an 1ncrease or 'a
The

3be & net gain- or[a net 10ss in:flow

ural phenomena that wur

hat_entered & ngen stream ra“”h;

the purpose of the operation calcu—

ons 1n thzs example, a 1oss is treated as a negatlve gain.

_he exampie calculatlon .

gains;. -tﬁ%%‘é?iﬂ e
5, or N.C. 'The median
_flows uséd in the example re'7esent apprcx1mately:£he mld—ievel fiow

reglmen with pre*195ﬁ water uses'lnclnéed

'115between USGS statlons~xs referred to as the Net:

Those tributaries with gaglng statiens, adgusted for irrigation below
the . statlon represent measured inflows or Measured Galns, M.G. in the
'example. Diversions from the’ reach for pre—lQSO water rights must have
.been supplled from available hater and should be con51dered as they

_represent depietions.

: . ' ' MT-00958"




':Dlscn351an and Tungue Rl,
- August 1986 '

d:iy the Net Galn

ver in one

:‘wcml’d ip—

r_e-been under or over estimated for the dlvetﬁlon.
Table 3 collacts values needed for the operatxan calculations, except

for the dlver31en qmant1t1es other than the D2 medlan diver51on. The

S maxmmum,dlve151on qnantzt&es fcr each diversion are shown in. Table 2z,

o d i n dlvers1,:s, and gaged'trlbutary 1nfiows a_gnsted when necessary

'3:for 1rzlgatlon dcwastream of the gage

Ca}culation Forms Blank calculatlon forms are 1ncluéed follow1nc Table 3,

.and the completed calculatlon forms for this example are appended.

Form Form 1 Form 1 is 6931gned to facilitate the calculatlon of the

estlmated reach gains. At the tep of the form there is prﬁvlslqn-for

~26-




Yellowstone River Compac
... Discussion and Tnngue.K
-._August 1986

gﬁtering the month, the“léve ‘&iahs5 in this:éxamplQQ,'

. and the diversion fractions Other netes s"'

~ outline basic informatién for baslc assumptlﬂn,'whlch

s probably very nearly corr “Flows and other

.. parameters. Yepresent pre-Comp

The reach galns are- not needed fcr allocatzon of water under the

Compact. They are necessary to thfﬁoperatlon of- the syctem in the exampie

- "model” whereby the estlm,

_ he valﬁes used in Article ¥, €, are

derlved,

4 cautionary note isin ordéff‘ The reach gains are dlrectly and

strongly 1nf1uenced by the d&ver31on fractions, fW and oM M, that are nseﬁ

for each ménth, Prellm ary work indicates these frazt;on$g¢igﬁt be

increased or ﬁecreased.lnﬁ ast some months. - For example-'the3month

of May as shown 1n the examp: calculations, has negatzxe reach gains for

65 and G, P051t1ve #irue waalé result if M vere assamed to he 1. 60

or- greater. Time" has not lowed further 1nvest13atzon of this, or for

correctlon of the subsequent'calculatlons if it was found necassary
The Net Gain between USGS gages at nodes N14 and N18 is nggatlme.xn
Gctober, May, - Juiy-, 'Augu-é't,- a’nﬂ September, but the caleulated Unmeasured

. Gain fer the: present exam'1e~1s only negative 1n May. DSince the Unmeasured

gage median flows ‘the median . flaws can

nd ng errors) throngh the,eystem eperatlen “with

the: pre—lQSG CDndltlQﬁ icken and egg” sxtuag;qni Sufficient

diversion records need_tg_ thained to more reliably estimate the

monthly f% and £ diversion fractions.

Form 2 Form 2 providéé;é_systematic procedure for calculation of
" the example, with post-1950 water uses imposed. Notes are added on per-
tinent lines as reminders of 1imit$. Provisions are made at the top for
entering basic data for fhe'apﬁiicable month. These include the month

and the interation number if it is necessary. The first calculation for

~27= -
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.-Y5119wstone Riw rrcﬁmpacn ;;1'5 :':' : |
. Discussion and Tongue River Example A
August, 1986 _

- the month wuulﬁ be 1cerat10 s not an iteration.

The water supply level medf noted, as are the

mlver51&nfractlnnsfw and

Reservnlr data,shﬂuld 'eservclr, The;pape 3c

- f lzng, 1s ente ed as a. Beglnn. g of _
,Menth content for aach o BGMl,_BOMIS ané_BOMlﬁ The phy51ta1 or actua}_ ‘ e
content pf eacb reservmar}ls entered for BOMj Phys, BOM15 Phys, anéﬁB@Hl '

"-f@r accountzﬁg toward rese o

Phys. These values are ass med , as initiating values, for Gctober, an

would be equal in a’ glﬁen _eservolr For subsequent months,’ they ane :

 the Fnd of Month or EOM, correspandlng reservoir contents from the

previous month.

o Th& eﬁamﬁlerCaltuiétioh:USQS'aumeriCal détg¢£rgm Table 3,?gxcépt for .

th& -maximum ﬂlV@YSlOﬂ values from Table 2. Thé'first'calcuiation is te

determlne the space avalla 1e fbr storage in Reservclr 1, and to 11m1t

the water stare .

3Store 1, to the inflow NI or:te the amount needed to
ccmplete~the fllllng. TﬁE£IGQle€d reléase from Reservolr 1 1is estimated,
assuming the first 6@8—atre—feet of the D& diversion will be met from
dlre;t_flqw and if so, then 4&0 acre~-feet (D6 Short) will be needed at the
diversion pmint; This.wdﬁléiréquire 600.acrenﬁeet he released.(?el 1)

to allew for the canveyance loss. The change ig:$t§:age_f0r.the month, _
1151 15 then zhe dlfference*}Stoxe'l - Rel_l;’??ﬁisﬁéﬁaﬁlﬂ befnﬁted at the
bnttom of the sheet for lat : ;f@#ation'ﬁée}:ifi': T

The EOML and EOM l Phys. calculatlons mereiy add the "paper s;orage
and the actual change in. storage {+ or -3} to £ BOMl and BOM1 Phys.; uan-  

tities.

Determ&naton of N4 involves subtracting the quantltv stored from the
reservoir inflow, adding the quantlty reieaseé for D6 with the convevante
loss removed from the rélease, and adding the horth Fork flow, N3, and

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




'1iewstone River ﬁompact :
. :fﬁmsc3561on and Tongue River Exam
“August, 1986

“Flow at N5 is the N4 flc

is diverted a short dist ;iand all return

ﬁitch diversion,
_ eccaf'déwnstream of NS & _
';at N5 and Nﬁ mﬁst EQﬁal orF “eXce -delivery to D6 (D6 Shor?};wésjthis

';15 ownerﬁhlp uater

- N6 islobtaineﬂzby'deﬁuéf

' {the return from DZ).and.thé

“The D3 deﬁié%i@a'is""'
tefmined'fram“the_@&}guéntiﬁg_ iplied by the dlver510n

" fraction fW and the return flow fracti i thls case.

The N7 calculation adds the trlbutary_lnflow from Little Tongue River
i{Né%} £ the N6 flow, The value for NbA wf_ stlmated oa the correspondlng

_ After calcnlatlng 87, th“lé“ ﬁnePthlrd _
of the G2 reach gain is assumed to have accrued upstream of the B élVEfﬁlon
Bﬁ (D6 Direct) lsithen N? plus one—thlrd

of G2, which 13 water avallabla at the D5 dlver51on, minus. the b5 dlver31on

fThe direct flow avallahle3

The D5 return flow is d1sregarded because it may. not be avallable at the

D6 diversion. D6 Direct. cannot exceed 600 acre—feet per month irs

assumed direct ilaw watﬁr feht, If the D6 dlrect.value_zs nega§1Ve,
' ~all of the D6 demand must b ' &
- DS will be- short by the Bﬁ Birect negatxve:amau

_:I.._ '.Ke}_@a-sg 'a;nd e

The shortage to the '}emand D6 Short,tls the tntal demanﬂ of

IQOC écrewféet per moft 1nus'D6 Direct. It w111 beat least ﬁ@@ dere-

'feet per moath, but no greater than 1000 acre—{eet ‘per month, Dﬁ Short

~divided by 0.7 gives the.quant;ty to be released from the reservoir,

" Rel 1. If D6 Short differs from that estimat@d.for tﬁe-reSQrvoir calcu-
Iations, an iteration is ﬁeﬁéssary to adjust the system. (The adgusted

release can be assumed present and the operation continued to see 1f

29—
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r_fcalculatlons.

-_._diversian'ﬁli, Note the BlZQdi ersi;

':Yeilowstene River: Compact i
“BDiscussion and Taﬁgue Riwver Example .
. August., 1986 :

other adjustments might be neec
" the D6 totai quant;ty at the,

g the iteration.) Note

fd%'later allocation

- The N8 through M13 cal
1o calewlating N12, should &

-diversion D12 must bear thé5éﬁp

to those described a

;1vétﬁf2 value), post
et Tsary to-meet the pre~1950

_ . fquantlty at the botirom of the's;e_
" for later uvse in the'allccatipn,';' -

Ni3 rep;eséﬂts the simuiatgd'fldw entering Montana. Diﬁgrsibﬂ:§}§
is assumed to-bccur'betweén,$;3‘and_Tongue Rivet.ReServoir; In viéQ of."'
the steck water-decree, tﬁéfiéSSEI“of 9900 acre_féet”per ﬁonth or the
inflow to the reservoir will be passed through BE upavailable for sterage

bit is asspmed avallahle-éewnstream for leEISlORS-'

Water available for storag'ilu Tongue. Rlver Res&rv01r Avall is
estimated From the h13 fiow manué the D14 depletlon minus 9900. If the
-result is negative, the stock water bypass, Stock will be N13 reduced
by the D14 depletion, and no waigr will be stored.

]e~1950 and the post—iQS@ portlons of the

Calculations for the ;
rate reservoirs. The postw'

' wed o store water

o acre—feet. The two sets of’reservozr calcula iong- are carried along

-together, bu; kept dlStlnCt

Releases for D17 Short and D28 Short from the pre~1950 portion, and _:'
for D18 Shert from the post—1959 portlon, of the reservoir can only be

estimated at this stage. The initial estimates would normally be zero.

=30-im e e



Yellawstone Rlver

H14 flow.. Avall ls, eéuau

”to the Nl& flow There may be. Some 1rr1gat10n between Nlé and N'S

was not apparent from the avallable information examlned.

&ny shortage to. the- Dl? pre 1950 1rr1gatlon diversien is. es'
‘from. the dlver91on requlrement_mlnus the N15 flow mlnus on

aiue fo;_Dl?'”

66 reach galn, A 2ero or neg

ort indica
Lis no shortage: o the dlvers' - : ;
greater than zero), an 1tera*
water from reservoir 15,
'nunder the assumption that' 11

- shertages to D18 and D20, e

The D18 post-1950 1rrloat10n dlver31on 15 next checked for a
estimation. The total dlverSIQﬂ requlrements for Dl? plus D18

N15 flow minus ope-third of the G6 reach gain estimates any sh0b ,-




D18 Short. Again, th

B ﬁ” p1etf g:the N1S: flow for Dl? a _
'”*f:Gé, 1f N16 is. negat;ve there is 0b¥1ously

:”]ﬂané/or D18, and an 1terat10n ma 5be necessa

D18 is a post 1959 oF gunlor.

reservoir 16 storage. The’ D17 dlver51on can call" water from 318 beforef"

-drawzng on reserv01r 15 stora

Enter the 318 dlver51on Quantlty at. the

bottom of the' sheet for use in the allocanmen;“_'-

Calculation for Nl? adds the Pumpkln Creek 'rlbutary 1nflﬁw, Kiéﬁ

- to the Flow at 516. Thls zs the'suppiy to DZG s

N18 is obtained bf depieting the N17 flew for the BE@”pre—l?SO
diversion. Return flow from 320 is assumed to. ‘eniver the Ssystem downstream

of the point of measurement, NIB and therefere ids not c0n31dere& . This

1f the calculatioﬁ for -

.;13 consistent. with the 1981

tana‘Example BY
D20 Short is

£o'this quantity, and
he gbétei?ﬁﬁiﬂiﬁ_"'”

| x-diversion or-to supplement from reservoir 15

'?1 51 .In the actusl situat uld probably not be

. *obta 'ab1e, and . a small i

_Jould be acaeptable.

If the N18 flOW‘lS 51gn1f1cantlv greater than zero, an iteration mav be

_ posslble to decrease Rel 15 and/or Rel 16, or to~1ncrease storage, provided

water is avallable at the reserv01rs for addltlonal .storage. It may also

be pcsqlble to imcrease all or part of the 1rr1gat10m diversions,. up to

MT-00965




L scussion and Ton
- August ;1986

'  water p3551ng the pslnt of measurement K18 or the

"the allocation,

Fcrm 3 Form 3 prov1des an allacatlon calculatloniprecedure for

this. TongueRlvex'example. The quantltles needed for the allocatlan werem[f

 .ier1ved on the Monthly Gperatlon Calﬁulatlon sl S ff%fm 2} ‘and, recorded

“. at the bottom of -each sheet._  ' e iver eperatlan unﬂer the'

'3-Compact prov1510ns ‘these values wo&lﬁ ‘be meas d_a matter of record
 The operational exercises as on. Fbrms 1 and” Z_wou;ﬂ ot be necessary ta"

the allocation * 1n real llfe

The brevity ef -each allbcaiian determinéfﬁf.ffar the exam@le allows

_ three month and/or iteration allocatlens per. sheet. When operations on
Form 2 nequlre iteration, only the final results»farmtheuallocailnn need

be brought tc Form 3.

Eac-h' 'maﬁthl:y bi—ocik- on provides for e 6.
e to the. heet Where~the allonatLOﬁ
the valﬁes For each
"meiniqg-them”in the

s'far each State

separate, the total use for e ch State can b ed’ WIth that,State S

"

allocation. There is provigien for a "yes" ot 1terat10n decigion,

and space for notes to ocutline "why", or for any'other brief pertinent

notes. A "Comments” space is provlded at the bo_ m of each sheet for

‘use as needed.

w33~
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) Yellawstane River Compact
;_Dlscu551on and Tongne Riv
o August 1986

" Within a block there ‘are he:

2 “P{evlous,Accum

:',ﬁth uuﬁer the Sub»_

béttam of the Form 2 sheﬁt.;'
“hralc Bum ot each’ column A
: ‘Ca"ly summed across . .
) or Ehat State, Flnally,; Sy
ﬂt r5Gage NﬁB are. aigebralcaliy

I acrosg 1nto the “Allocahie" column._~ 

Below the tabulatlon, the allocations are determlned for Wy

oming and
utana by mnlﬁlplylng the “Allocab}e quantlty by 0 40 and 0.60

. respectlvelyﬁ

te's ailocation, and an Lt
o called for,

Adjustment s to 1ncrease water ut -1za ion Hay be p0351h1e,
would #lso require iteratiom. .o

The Porm 3 allocation proceéure conforms to Article V, C, of the

Compact. In use, it is 51mple and stralghtferward and can be acccmpllshed

for a given month much more rapldly than the ahove descrlptlon can. be read




- Yellowstone Rlver Corpact
" Discussion and Tbngue River Exampl
August, 1986

© & more complex example, or ould require

%5 obtain dzversxon records from. both State s

terming the fraction

':"needed

2. thazn better detaaled 1nf0rmat1un £r”' :taaa on,waterivses; S

The GOG
system in itself, and probably 1ncludes most oﬁ_'

:ﬁlver310n records and water - rlghts.

“a compiex

he post—IQSO storage and

_ leeISlODS in the system

4, Expand the det311 on- d'
_ancluﬂzng any. post- ~1950 dlv_u_

‘Tongue River main stem,

5. Explere passmbllltle'ffﬁr 1nzrf:s' ‘f#gé in thHe system..
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