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Chaptor I
INTRODUCT IOK

The Ads]gnment

le The Hydromoteorological Scctionm has boen requested by the
Us 8o HEngincer Departmont, Corps of Englncors, bto ovaluate tho maximum
possible floodwproducing meteoreological conditions over the Missouri
River Basin above Garrison demsite (figure 1). The presont réport COIlm
tains tontabive cstimatos basod on studios eonplobed to date; furthor
study is necossary for additional rofinoment of rosults.

Z2e Wo study of tho Uppor Kissouri Rivor drainage basin hes boon
undertaken, sincce the original assignmont indicobod that Fort Pock
Resorvoir way be cxpectod to cxerciso full control over this drainago
aroce 48 shown in figurc 1, thore arc onlp, two othor tributarics,
tho Milk and the Yollowsbtono. The Yellowstonoe is by far tho morc
important of the two, and all sbudics bo dote havo beoen concontratod
on its drainago basin,

Aspocts of tho Problom

3¢ Tho Yollowstono Rivor Basin presontod o hydromotcorologieal
problom intormodiatc betweon tho wsual flood-producing situation,
which is depondent primarily on rainfall of relabtively short duration,

and the situotion oncountercd in the Columbia Basin, in which tho

melting of the scasonal accumulation of snow is the primory flood

CausSCa

4e Tho moboorological analysis of the problow in the Yollowstono
Basin wos handicappod by the unusval inadequacy of the moteorological
date avallablo, but the mothod of anolysis was subsbantially tho samo

as in provious Hydromcbeorological studics.
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be Melting snow is o significont contributor to the annwal flood
peaks of the Yellowstone ond is expected to be equally impqrtant in
the maximum possible event. The hydrologic data reguired for thorough
analysis of this problem (see paragraph B, Columbic Basin Report) are,
unfortunately, unovellebles Because of this loack, Index relations
developed by statistlcal method werec used.

8, Approximatoly two thirds of tho streamflow from the Yellow-
'stono River results from melting snow. The maximum pessible volume
of onnual dischargo would rosult from the melting of an exbtremcly
hoavy, mountain snowpack. The soquonce of ovents leading to tho
~moximum possiblo rate of dischorgo is loss obvious. That it will bo
o combination of runoff from molting snow ond from heavy rains is
doefinite, but the relativo contribution from cach source bccomG; a
problom in hydrology boyond tho scope of tho prosent roport. A
qualitotivo discussion of the considerations is includod in chﬁptor
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Chapter II
CLIMATOLCGY AND METECROLOGY

Role of Location and Topography

7. The general olimate of the Yellowstone River Basin ls deteorw
mined primarily by 148 locotion within tho =one of provailing westorlies;
its remoteness from an oceanic moisbture source, and 1ts position j?st
a8 ofrthu ¥orthorn and Liddle Rocky Mowntains. Tho btopography of
the bagln 38 rospongible for the cliwntic varlaticns within it,

8, focotlon within the zone of proveiling wostorlics is associntod
with high frocucncy of frombal vassoges, ospoeelelly in wintore Romotio-
ness from on ncornie meisture source and tho sholtoring offuet of tho
high mour®oin barrior wost of tho basin rosult in lowor nrocipitasion
totals thoan would ordinerily be realized in o rogion so Jroquontly
visited by lov-pressurce systomse Towporaturs rargus are vory large
for the same ronsons.

9« Tho topography of the besin is lorgely rosporsible for the
voariotlons in oonual procipitabions Tho grootest cnnuvel £2l1ls ocour
ot the highor clouvations of the basin, amounting to obout 26 inches
ot about 8800 fuot; at highor clovations the foll is probebly grootow
but thoro arc no actunl moasurcomonts. The smullest cnpual folls, aboud
5 inchos, occur in the lowor portions of tho northorn cnd of the Big
Horn Basine Moy and Junc aro the wobtost months oxcopt in the Upper
Yellowstone above Livingston, Mont., which lios west of +the ibsarcka
Ronges This small oroc is tho only poybion of. the Yollowshone Basin
lying vost of the Recky Houwnteins; it is thorofore most cxuposcd %o
storms moving in from the Pacific Coast and, liko tho Pacific Coasd,

oxporionces its hoaviest rainfell in tho wintors January is the ponk
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month for this part of the Yellowstone Basine The annual snow ranges
from 13—15 inches in the pralries of southeastern Morntana to over 150
inches in the rugged mountains of the western part of the basine. Jon=-
uary is the nonth of greatest snovwfall throughout the hasin,

10s There are orographic barriers om tho south and the southeast,

which 1imit tho emount of prscipltable waier cnbering the basin from

theso direetions. Heisbureebooaring sir muct risc 2 at least 8000

feet o roach the porition of the Yellowstone Bosin vost of the Absaroks
Rorgoe It must rlso almest 7000 Poot to onbor o Big Horn Basin and
about 3500 feob to roach the lower Yellowstone Bosin i sowthoastorn
HMontano.

Storm

ke s S e

Types, :

1le Storms nroduzing henvy proelpitation over some portion of the
basin can be classifiod into throe gonoral types. Typos I and III arc
morc important bocauso thoy occur more froquently bhan Typo II, and
also bocouse they can ocour at any time of the yoor whilo Typo IT is
rostricted to the summor months, when thoro is no snow.molt problom

i

involved.

12« In the Type I storm tho basin is undor tho influcncc of
relativoly high prossure and cool or cold, modificd polar maritime
or modified polar continontal airs Tho principal sourco of procipie
tation is the molsturc brought ovor the basin by a worm current of
modificd tropical maritimo air from the Gulf of Moxico, overrunming
tho cocler surfaco aire Tho dircetion of tho flow, from tho south
or southoast, doponds on the location of tho associated Low conter,
which may bo in Novede, Utch, Colorado, Arizonn, or Now Moxico. Tho

11f% of tho worm, molst olr duc to upeslopo motion ovor orographic
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barriers and over the cooler, demser air in the basin is sufficient

to releorco a considerable amount of raln or snowe Because of the
height of tho Absaroka Range, this flow poabtorn is not vory cffoetive
in precducing procipitation in thoe part of tho basin west of tho rango.
The sborws of Sopbembeor 27-30, 1623, August 24-28, 184Z, and June 3-10,
1941 wore Typo I storms.

13, Strictly speaking, Typo II is not o siorm but o porsistont
pressure pobtborn producing e conbtinucus norvhward ©ow of modified
trepical maritime alr into the basine Tho source of the molst ailr
is usually thoe Guif, although somotimes the sourco rogion is tho
Pacific side of Mexicoe The chiof idontifying feabturce of this type
is the extensivo pressurc trough lying in an aperoximetoly northe-south
position botwoon tho Rockics and the Pocifice Onco gstoblished, such
o pressuro patborn usually porsists for about onc wook, during which
warm, moist air is fod nlmost continuously inte tho basine Since
tropical moaritimo air is convectively unstablo, tho woathor over tho
bagin whon undor its influonce is charcctorizod by goncral showors,
thundorstorms, and local cloudbursts., The condition is usually broughtb
to an ond by tho passage of an activo low-prossurc systom north of tho
baein, followed by an invasion of.polar moritimo oir into tho rogion.
Typo II, being rostrictod to tho summor sosson, ncod not be considerod
in combination with snow molte Tho sporadic rature of the rainfall
rondors it less of o flood hazard for large arcos than the other
typose Tho storms of July 21-27, 1923, and August 10«20, 1930, arec
Typc IIs Tho storm of July 6-18, 1937, is a combination of Typos
II ond ITT,

14 Type III is the usual migratory low-prossurc systom moving

into tho rogion from tho west, with tho Low conter gonorally passing
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north of the basine Since the Pacific 1s definitely the moisture
source, with moisture flow predominemtly from the southwest, this
storm type is most effective in producing precipitation over the
Mbseroks Range and over the portion of the basin just wesﬁfof the
rango. Hosvy precipltation may also be produced over the northeast
end of tho basin (southeastern Montana) whon tho storm intonsifios
cast of the Continontal Divide and draws in now moisturc from tho
southoasts The hoaviest precipitation results when the antcocodent
métoorological conditions pormit a prolonged transport of modificd
tropical air into tho basine Precipitntion is usually limited to
small amounts in the Big Horn Basin, sineo it is well protectoed
from this type of storm by tho Absaroka and Wind Rivor Ranges on the
wosts Tho sbtorms of Juno 30-July 4, 1812, Junc 19=-22, 1916, and Juno
15-20, 1921, belong to Type III, although the 1916 storm bocame

Type I bofore 1t ondede



Chaptor III

MAXTMUM PRECIPITATION

Moximua Sonsonal Accumulobion of Snow

15, Preliminary studios have shown thot tho distribution of mcan
anpuel procipltation in northoastorn Wyoming is a function of objective
topographic paramobors, tho corrulation accounting for sbout 80%
of tho variancee At loast as closc a rolabion may bo oxpectoed bobwoon
those paramcters cnd moan annual snowfalle By use of o stabistical
rogrossion botwoeon meoan monbhly procipltation and temporature, neglocte
ing station clovations, thoe wator cquivalont of moan nnnual snowfall
for procipitotion stations in northeastorn Wyoming was csbimatod to bo
4,9 inches, or 36% of the moan annucl procipitation of 1347 inchose
This mothod wes used bogause procipitation records fail to distinguish
botvoon rain and snow, and snow-survey rccords fail to indieate total

.,

srowfalle By adjustmont for station olovabion ond croamolovation dise
/

tribution, tho estimate of wator cquivalont of snow may be doubled tolf
about 10 inchese Such an adjustment implios om incroasc also in tho
value assignod.to meen onnual preeipitation; furthormors, the basis
of such adjustmont hos not boon complotoly studied nor oxtonded to
the basin as o wholes For thoso roasons, the first ostinnte of 449
inchos can bo retainod for use in compubing runoff from snow by
indox rolationse It is o roasoncble assumption that o like avorage
ratio of snmowfall to total proeipitotion oxists olsuwhore in the
bosin.

16+ Tho cstimoted uppor limits of seasonal ccewmlation of snow

in tho Yollowstonc Basin, ns o function of mean omnual procipitation and




sizo of.aroa, oro shown in figuro 2. Tho 'data of tho figuroc ore basod
on an onvolopmont of rcoords in and noar tho project basin (northe
onstorn Wyoming), with somc modificobionss Ono modification is theo
rosult of o considoration of figurc 22 of tho Columbin Roport, which
cxprossos maximum rocordod amnual procipitation for statc arons os a
percentage of tho normal amnuel procipitation for tho rospeetive stotos.
Of tho stotos hoaving o climato comparablo to tho projeet basin, South
Dakoto has tho highost ratio of moximw: to moon ammual procipitotion =

S 180% of o noan annual procipitation of 18 inchese This ratio applios
to the full yoare Actually almost all tho snowfall occurs in tho wintor
and spring scasons and a combination of tho maximun preeipitaticn amounts
rocordod in thoe winter and spring in South Dakeotn rosults in 2 volue
184% of mormal for tho two sceasons combincd. I tho porcontago wore
bascd on o combinabion of nmaxinue months it would bo ovon highore.

Thoso porconbagos apply bo tho wholo stato nrcod Considorabion of

the variction of procipitotion intonsity with sizo of aroa indicates

tho ordor of nognitudo of tho valuos that must be ineludod in figurc

2e For an arca of 50,000 squoarc milos ond a-mcan annual proeipitation
of 16 dnches, for oxonplo, tho cstimatod moxinun possible snow accumis
lation is ostimatod at 72% of the noan onnual, or 108 inchos wator
aquivalontes This is purcly an indoﬁ valuce It is doublo tho ratio

of noon cmmual snowfoll Yo moon annual procipitation provicusly obe
tainod for northecastorn Wyonming without corrcetion for arca-~olovation

distribution, and 220% of thu 4.9 incheos for moan annunl snowfall.




»

17« Because of ‘the close correlation betweon mean annual preciplie
tation and topography, the influence of topogrephy on snowfall is ine
corporated in figure 2 by the use of mean annual procipitoation as a
parameter.

B

The Moximum Possible Snowstorn

18, In addition to the snow scocumulation already discussed, con=
sideration must bo given to the possiblo additional accumulation pro-
ducod by o moximum possible valley snowstorm occurring late in the
soasone Investigoation of snowlfall rocords throughout the country in-
dicates that o record snowstorm can ocour in any month in which appro=
ciable snow 1s possiblos At Londor, Wyo., o snowfall of 15.4 inches
ccourred as late as June 3«4 in 1838, The woter eéuivnlenﬁ of the
maximum possible snowstorm can be sstimoated from o comperison of tho
precipiteble water that con exist aloft over froczing temporaturoes at

he surfoce with tho precipitable wator that hos charactorized the
groatost storms over ogual arcas. Applying the ratio thus obtained to
the onveloping rainfoall valucs rosults in o moximum possible wator
cquivalont of about two inchos (avoersnge dopth over tho Yollowstono
Basin) in a labte valluy snowstorms Ovor croas of o fow hundrod squarc

milos extromo dopths of cbout four inchos aro possibla,

Tho Meximun Possiblo Rainstorm

19« In the aﬁsonco of o dynamic storm model, testod by obsor-
vations from actunl storms, and applicablo, with or without modifi-
catiorns, to the range of storm typos, the basie mothod for ostimoting

the moxinum possible storm is by adjustment of actual mojor storms
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for possible moisture conbtents It has been shown in earlier Hydro=-
meteorological Reports that in storm sltuations values for the actual
and for the maximum possible moisture charge can be adequately extra=
polated from surface dewpoints, storm-cbserved or maximum recorded,
rospectively. Although adjustment by this method assumes extreme
dynamic officiency in the storm so adjusbed, the assumption is rees-
onablo if a sufficient numbeor of storms of major character are conwe
sidercd. In the Yollowstone séudy, howovoer, becousc the availabloe
gtorm da&a worce too fow to mako tho assumption ontirely safe, the
tochniquo was modificd.

20s In addition to adjustmont of wetual storms occurring within
tho arca of inberest for possible moisturc-chargo differonco, the onw
voloping valuos of maximum rocordod Unitod Stoatos rainfall wore also
so adjusted. Thosc valuos are shovm in toble le For tho ostimato of
tho moisturc charge charncterizing tho onvoloping valucs, the dovpoints
within the storm controlling tho porticulor valucs woro studiod.

21. Sinco not all tho months of the eritical scason from March
to Cetobor wore reprosonted by the rainfall valucs usod for adjustmont,
o furthor dynomic factor was imbroduced, This was o moasuro of tho
possible wind voriction, the intonsity of a storm varying not only
with moisburc chargo but with the intonsity of maritimo~air flow.

The fackor wes found in the monthly variation of the momam volocitics
of tho winds from the south (southoast and southwost guadrents) atb
five kilomotoré over Choyonne (from the Us 8e Alrway Motcorological

Atlas)e It was assumed that tho variation of tho mean volocity of
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winds from this direction {which is also the direction of moisture
inflow) was the same as the variation of the maximum possible speed
of inflow of meritime aire With the meximum possible storﬁ estimated
on o reasonably secure basis for one particulor month, it was then
nossible To use both moisture and dynamic faotors to adjust the
values thus obtained for occurrence in other months.

22+ Doepth=durationearea date were aveilable from just two mojor
5LOIIS occurring within the basine Both belong to Type I. Tentative
voalues up to 10,000 squore milgs are glven in teble 2 for the storm of
Moy 27=-30, 1924, over the Big Horn Basin. The storm of Sepbombor 27-30,
1923, occurred over northoastern Wyoming, with center ot Savagotou;
its tenbative valuss up te 50,000 square miles arc given in table 3.
As o further check on possiblo wveluos vithin the rogion ond at compare
able olevations, the storm of Junc 15-20, 1921, in oastorn lonitono
(contor at Springbrook) wns olso studiod. This study yiolded o
tentative valuo of 544 inchos in 24 hours ovor 10,000 squarc milos.

23+ Tho Moy storm wae first adjusted upword for maximum possiblo
moisture chorge in May - on tﬁo basis of the surfoce doevwpoints, obscrved
in the storm's warm scobor and meximum recorded, tho ratio uscd boing
the roatio of tho two wvalucs of the procipitablemwntor (ﬁ%) contont of
tho atmosphere oxtropolated from thoso dewpoints in accordanco with
figurc 1403 of Hydromotcorclogical Roport No. 2. Tho oxtropolation
was to 200 mbs  Noxt, the Soptomboer stornm wos adjustod for possible
occurrence in May, on the basis of both moisturc charge aﬂd inf low~wrind

differoncos Finally, the Us. S. onvoloping valuos wero adjustod dovmward




by the moisture-charge methods Included in all these moisture adjust-
ments wos the factor of elevation = since both the May and the S@ptembef
storms had occurred at elevalions above 3500 feet (Lhe olevation of the
inflow barrier to the largost portion of the Yellowstone Basin) and the
enveloping storms hod ocourrdd ot about sea lovels An additional
moisture adjustment resulted from an investigation of the applicabilitby

of the "I extrapolation from surfaco dewpoint in the region boing

P
studieds In figure 1,03 of Hydromoteorclogical Report No. 2 Wy is
computed on the assumption of o pseudow~ndishatioc lapsc rate of the
dewpoint., Howevor, when compared with Wb computed from the mean
monthly radiosonde data at Denver (vhore data wore available), tho
pseudo=cdiabatically extrapolated ﬁb voluo ig too high fér tho warmor
months and too low {for the celdor months. A W@ corroction dorived
from thoso date was thorofors used in adjusting tho Sopteombor storm o
Moy and olso later in tho dorivation of tho moximum storms for ethor
months e

24s Tho adjustmonts, as oxplainced above, of tho Moy 1924,
Soptembor 1983, ond Ue Se onvoloplng wvelucs, rosulbed in throo sots
of valuos closo cnough to onch othor to suggost cnvelopment of all of
thom for tho best ostimato of the moximum possible storm for the middlo
of Maye It is conmsidered on tho safc side to plocc the shborm in the
middle of the nonth sinco the possiblo moisture charge incroasos
steadlly during this month. The finol valuos arc givon in figurc 3

cnd toble 4, Thoy arc for arcas with inflow barricr of 3,500 féot,

in particular the Lowor Yellowstono Basin (oxeluding the Big Horn)
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above Sidney and below Billings, on area of 38,320 square miles, The
two other portions off the basin must be dealt with separatoly. The
Big Jorn Rasin, hroa 19,580 square miles, has an inflow barrior of
7,000 fect; the Upper Yellowstone above Billimgs, area 11,5850 square
miles, has an inflow borrior of 8,000 feoot, By moilsture adjustmont
of the mid-icy moximum storm over tho Lower Yollowstono, the mid-May
moximm storms ovor tho othor two basins woro dorivod. The lattor
values aro glvon in figurcs 4 and 6§ and tablosd and 8.

25, From those throo mideMey valuos, it was possiblo to obtoin
the voriation of the meximum storm from March through Octobor, tho
soason of interost. The adjustmont fuectors used wore moximum monthly
molsgture chargo, the monthly‘ﬁp corruetlion dorivod from the Donvor
mean radiosonde valucs, and the inflowve=wind variation shown at Choyonnoa
In terms of porcontoge of tho mid-May maximum storm, the scosonal
variation of the mexinum possiblo storm is shovm in figure 6, o scparabe
curve for oach basine Tho poreontages mey bo applicd to all aroas and
durafions, tho actunl range of individually applicable pereantagos
boing roletivoly smalle In vntoring tho choart with o prodetorminod
datc for the moximwm poesiblo rainstorm, it is suggostod that the highost
porcontage within o half month oither sido of tho dato bo usod.

26s Tho most eritical site for contering tho maximum possible
storm is in tho Lower Yellowstono Basine Sinec tho arcn of this
basin is only 38,320 squoro miles, a 50,000~squaro-nile storn would

also cover an arca of ot loast 11,680 squaro milos outsidoe tho bosin.
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The storm would bo most offoctive at Garrison damsito if‘this 0XCOSS
aroo were solectod so that tho draincgo would be into tho Missouri
River butweon Fort Fcck and Garrison. The depthearca curves of figurc
3 and “ho correspoﬁding values of tablc 4 aro for o meximum pessiblo
storr assuned o bo locatod in this way. EBxeopt for tho addition of
depths for aroas botwoon 38,320 and 50,000 squarc miles, tho curves
also apply to tho Lowor Yollowstone as proviously defined, boosusc

the inflow barricrs would hoavo the sanc hoipght throupghout.
B




Chapber IV
MAXIMUM FLOODS

Charactpristio Yellowstone Floods

27. The floods characterizing the streamflow regime of the YeiloWh
stone Basin can be separated into three classes:
le An eorly spring (March) rise resulting from melting of
the valley snow, sometimes augmented by lco jams.
Ze A Juno flood resulting from the molting of tho
mountain snow plus o conbribution from rainfali,
S« A loto summor flood, primarily from heavy rains (as
in July and in Scptomber, 1923).

28, It is cerbain that floods of Class I will never approoch tho
limit of the moximum possibles. Beoause of the possibility of heavier
roins associcted with Class 3 thon with Class 2, only hydrologle trial
con dotormine which willl result in tho maximun floode Tho magnitudo of
the Closs 3 flood may bo compubod from the maximum possible proeipitations:
snowr melt will contributo no moro then o baso flow as rocession from
the June peak of the sn0w~holt runoff,

29, In Class 2 floods thore are soveral possible scquonces of
cventbs:

te A poriod of hoavy snow ncli, followed by o hooaty valley
snow, and succooded in turn by tho moaximum possible rain-
storm for the time of year.

be A poriod of molting roaching the moximum possiblo poak
from snow nclt, followod immediotely by the moaximum

possible rainstorm for the timo of yoars



ce A poriod of melting roaching tho maximum possible snovre

molt ponk, followed after considcrable dolay by the
moximua possiblo rainstorme This soquonce is ossontially
an intcrmediante classification botweon tho Class 2b and
the Class 3 floods
Factors which will influonco the scloetion of tho critical soquences
in the (lass 2 flood aro:
te Sonsonal varioation of tomporaturc.
De Soason@l varicotion of melting rotess
c. Contributing arce for rainfoll runoff.
de Conbributing aroca for snow-mclt runoff.
ce Possiblec magnitudo of wvalley snowstorme
fo Scasonal voristion of maximum possible rainfalle
#e Roto of rocossion of snow=-melt hydrographe
The dofinitely motoorological factors are discussod belowe

Snow‘Mblfing Rdtes

30. Figuro 2, showing the meximum possible accumulation of snow,
provides tho basic data for the ostimetc of volumo of snow melts Tho
proboble loss from tho snowpack to cvaporation and infiltration is
boyond the scopc of this roport.

31« Tho moximurn possibleo melting tomporaturos can be dotorminod
from o syanthotic season based on the oxtremes of record., Figurc 7 is
a chart showing tho monthly moen Semporaturcs as o funetion of clovation.
Figurc 8 shows coxtrome dopartures of moaxirnmum and minimum tomperaturcs
from normal for ooch nonth for dwrations of 7 and 30 deyse This figuro
is based on on onvolagmont of tho record and a comparison of sinilar
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ostimatos for tho columbia‘Basin (figuro 28, Columbie Roport)s Tho
velucs are for olevations of approximatoly 5000 foote. The possible

range botwoon oxtronos of maxirmum and miniﬁum increascs with olevation.

A statistical mmalysis indicatos this inercase to be about 1°F por

1000 foct of ¢lovation, ie0s, ot an olovation of 10,000 foot the possiblo
dovintions of tho oxtromo maximum from nornal aro sbout 2 1/2° groator
than indicatoed by thoe ecurves of figurc 8s The margin of orror in
defining figurs &, howcver, is of tho same order of magnitude, so that
odjustnent for clovation has little sipgnificancc oxcopt as a safety
foctore.

32« Figures 7 ond 8 moy be combined te symthesize almost any
scasonal progrossion of tomporcoturce Tho most critical soason pro-
sunobly would bo one in which corly scason nelt is restriotod by low
tonperaturcs, runoff boing concontrated in o short poriod charncterized
by abnornmally high tomporaturos.

33s Sinec no thoorotical nothed for computing maximum melting ratos
is aﬁailablo, ;n ompirical over=-all bagin factor has boon developod.
This focter was dorived from tho mass curvos of figure 9, where acoumue
lated poreontages of total snow-melt runoff arc plotted against accumu-
lated dogreo doys abovo 32°F aftor Morch 1, for 10 of the highest wator
yoars. The s%oopost sognonts of theso curves, roprosonting naximm
- degroc-day factors, were thon combined into one curve, shown in figuro
10, The latter curve is thus analagous to an intensity-duration curvo,
showing maximum snow nolt as o function of tho magnitude of dogreoeday
accunulations It can be applied to the synthotic tomporature éoason

in ordor to comstruct a limiting snow-1i0lt hydrogrophe The deshod
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portion of the cwrve indicates the relative insecurity of the data deter-
mining the short-period degree-day factors.

24, Although the curve of figure 10 naturally shows a decrensing
rato with inereasing magnitude of degroo-day accunulation, tho decroasing
rabo is not chromologically truce Experience indicates that tho poeriod
of movimum molt should be rostrictod to the lato spring « botweon May
15 and Juily le Tho scasonal inercaso in incoming s0lar rodiation and
the scosonnl variabion of tho contribubing arcoe arc probobly controlling
foctors. An avorage ratc of dogroo-doy accumulation during tho soason
ot Lerdor, also based on the datn of figure 9, is given in figuré 1ia

35, Sinco 0.15 inch of molt por degroo day is a roasomable dogroo-
doy factor for the luto valloy smow (paragraph 18), a mooan tomporaturo
of 46°F for 24 hours would bo sufficiont to melt tho snow of 2winch
wakor contonte. This riso of tomporaturc must intorvono botwoon tho
ond. of the subfroozing weather accompanying tho snow and the onset of
tho roine Some of tho snow would thoreforc begin to melt bofore tho
rain, but tho procoss of riponing and tho lﬁg botwoon molt ond runoff
%o tho stroam would dolay the runoff from tho snow sufficiontly to
pormit the assumption of o molting rato proportional to and synchronizod

with tho mass curve of rainfall for o criticol combinatione.

Contributing Areon

36, To doal with tho problem of contributing aroa, the apparont
sonsonal veriation in snow-line clevetion has boen plotted in figurc 12.
Only scanty doto worc available, howevor, and those wore not anclyzod
for verying station oxposure and othor foctors. In addition, the year-

to=ycar variation of tho dato of disappearanco of the snow lino at

- 18 =



particular stationsg has bcén ns great o8 one month each side of the mean.
Tn the use of bthe curve of figure 12 for estimating ovailable contributing
cren for rainfall runoff, tolerances of plus and minus one month are thus
permitteds In the year of maximum snow accumulation it is reasonable
to assume that the great volumes of snow would delay the roecession of
the snew 1inve
gomany,
37+ The exact combination of evoents which will result in the
moximun possible flood must be dotermined by hwdroeloglic triale The
offfects of the various factors aro swmarized os follows:
o Maximum possible preciplitation incroasos as tho soason
progrossos (figurc 6).
bs Tho possiblo melting tomporatures increcsc as the
sorson progroegscs (figure 7 ond 8).
¢e The aron contributing to snow mold deercascs as the
soason advoances (figuro 12).
de Combining b and ¢, tho moximwn possible peak from mountoin
snow 1s rostricted to the poried from Moy 15 to July 1.
0. & valloy sacwstorm con occur ot nny time up fo June 16
and contribute to the moaximum floods The cold woabther
accompanying its occurrcncc would ond the melbting of
mountein snow, decronsing tho contribution from that
sourcce 4 rocession of discharge from the mountain
snovr for two doys would procode the boginning of runoff

from tho soguenco of valley snow and roinfoll.

- 19 -



fu 4 recossion of ono day in tho runoff from tho mountain

snow would proccde the boginning of runoff from the
maciman possible rain alonc.

Subjoet to the rostriction £, tho maximum possible reoin
can coinecide with tho pook runoff from the mountoin snove
Howovor, it may be that a moro oeriticnl combination con
oceur lator in the soeson vhon both reinfoll and aroa

contribubing to rainfall runoff will be groator.

o 20 -




Table 1

ENVELOPING VALUSS OF MAXIHUY RECORDED
U,8s RAINFALL (INCHES)
(Revised October 1G45)

.A'rea. -  Duration (1_:’150111’.5)' |
(squnio) 12 - o4 kg 72 96
2,000 194k LR 2843 29,6 2949
5,000 14,0 . 18,3 2149 2344 . 23.8
10,000 10,0 1347 17,0 . 18,8 195
11,550 9.3 12,9 1642 18,0 18,8
19,580 . Te2 1042 134 1545 16,4
20,000  Tel 10,1 1343 15,4 . 1643
38,320 52 7:8 10.8 12,9 13,8
504000 L6 740 949 . 12,0 1249
Table 2 |

STORM OF MaY 27-30, 1924, BIG HORW BASIN

ares Duration (hours)

(squmis) 12 2l Lg 72 96
2,000  1.b -2y 349 o L,5 - U6
5,000 o Le . 23 3.3 X 3.9

10,000 1,0 1.9 2.7 3 3.2

Table 3 |

STORM OF SEPTa 27-30, 1923; WoH, WYOMING

Cromnt) pyrotion (o) 2 56
2,000 =R Ll T2 10,1 12,6
54000 242 3.8 5e9 8.1 10,0

10,000 . 240 3e3 - 50 6.7 8,1

20,000 1.7 248 ol a5 | . Bh

38,320 Sl 2.1 348 446 542

50,000 L3 23 346 b3 k.8



MAXIMUM POSSIBLE MID-MAY STORM FOR LOWER YELLOWSTONE

Table 4

(XNLUDING BIG HOR) BETWEEN BILLINGS AND SIDNNY (INOHES)

~

Area ‘Duration (hours)
(scomia) 12 2k 48 72 96
2,000 743 9.3 11.5 12,6 13.0
5,000 5e2 7.0 943 10,6 11,0
'10,000 3.8 Bel 763 8.6 G40
20,000 2.7 308 Selt R 6.9
38,320 2,0 340 4.1 448 Bl
£0¢ 000 1e8 2.7 3e7 bk 5.0

Table 5
MAXIMUM POSSIELE MID-MAY STORM FOR BIG HORN BaSIN (INOHES)
?ﬁ:?mi,) 12 aﬁuration (houﬁg) 72 96
2,000 4.3 5e5 649 7.6 7.9
5,000 3ol 4e2 546 6ok 6.7
10,000 2.3 3.l 4oi 5s2 5e5
19,580 1.6 2.3 3.2 3.9 4,2
Poble 6
MAXIMUM passmLﬁB zg%@% ?ggzsm(?%g HEE‘,I?;ER YELLOWSTONE BASIN

Ares, Duration (hours)
(sqemis ) 12 24 Lg 72 96
2,000 3¢5 Yok 5okt 549 640
5,000 245 3.3 4,3 4,9 51
10,000 1.8 245 3.4 4,0 4,2
11,550 1.7 23 362 348 4,0




U. S. DEPARTMENT OF COMMERCE

SCHEMATIC GHART OF MISSOU

WEATHER BUREAU

HYDROMETEOROLOGICAL SECTION
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U, 8. DEPARTMENT OF COMMERGE ' WEATHER BUREAU HYDROMETEORGLOGICAL SECTION. -

WATER EQUIVALENT OF MAXIMUM POSSIBLE ACCUMULATED
SNOW IN PERCENT OF ANNUAL PREGIPITATION

MONTANA AND NORTHEAST WYOMING.
90 SEE————
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. 5. DEPARTMENT OF COMMERGE WEATHER BUREAY HYDROMETEOROLOGICAL SECTION

MAXIMUM POSSIBLE DEPTH-AREA CURVES
MID-MAY STORM OVER YELLOWSTONE BASIN
(below Billings - excluding Big Horn Basin)
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U. 5. DEPARTMENT  OF COMMERCE WEATHER SUREAU HYDROMETEOROLOGICAL SECTION

MAXIMUM POSSIBLE DEPTH-AREA CURVES
MID ~MAY STORM, BIG HORN BASIN A@OVE 5T, XAVIER

\‘J Z/ W C( a/?} ,}4/
% % I s
B ¥ N
?O ()OO B I CI: SERR—— n B S M ..m._.‘.... .A"?\/.mw., [ SRR AR S _.,,,‘_/’.J_'_:,' ':::‘._’[':::L:,’ - “E,—% o
: - ' “Basin Areq 19 580 sq mi
tO OO0
7 O O O e
0 6000
=
F 5000
w
4
<
3 4000
<X i) 4 :
¢ 3000 \ N \
2000 s
000
Q | z 3 4 5 6 7 a8 9 10

DEPTH (INGHES) .
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U.s. DE?AF?TMEN'%‘ OF COMMERCE WEATHER BUREAU - HYDROMETE.OEOLQ;G!"CAL SECTION

- MAXIMUM POSSIBLE DEPTH-AREA CURVES |
MID MAY STORM, YELLOWSTONE BASIN ABOVE BILLINGS.
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J. S. DEPARTMENT OF GOMMERCE WEATHER BUREAU HYDROMETEOROLOGICAL SECTION
SEASONAL VARIATION OF MAXIMUM POSSIBLE STORM
MARCH THROUGH OCTOBER
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U.S. DEPARTMENT OF COMMERGE WEATHER BUREAL HYDROME TEOROLOGICAL - SECTION:

VARIATION OF MEAN MONTHLY SURFACE TEMPERI&T&)QES
WITH ELEVATION, NORTHEAST WYOMING

80

MEAN MONTHLY SURFACE TEMPERATURE (°F)

T e ,«-—«g_.-,w\__:,,»w--w_ o ‘:_
ELEVATION (THOUSANDS OF FEET ABOVE SEA LEVEL)

FILE 45029 o FIGURE T




U 5. DEPARTMENT OF COMMERCE WEATHER BUREAU HYOROMETEOROLOGICAL SSE’ICT!O.N

EXTREME DEPARTURES OF T7-DAY AND
30-DAY MEAN TEMPERATURES FROM
MONTHLY NORMALS, NORTHERN WYOMING
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U. 5. DEPARTMENT OF COMMERCE WEATHER BUREAU HYOROMETEOROLOGIGAL  SEGTION

SNOW-MELT RUNGFF VS. DEGREE DAYS
BIG HORN BASIN ABOVE THERMOPOLIS
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U. S. DEPARTMENT OF COMMERCE WEATHER BUREAU HYDROMETEOROLOGICAL SECTION.

MAXIMUM VALUES OF SNOW-MELT RUNOFF
FOR VARIOUS ACCUMULATIONS OF DEGREE-DAYS

BIG HORN BASIN ABOVE THERMOPOLIS
{From Figure 9)

PERCENT OF ANNUAL RUNOFF FROM MELTING SNOW

500 1000 1500 2000 2500 3000
DEGREE-DAYS ABOVE 32°F AT LANDER, WYO. e
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U, S. DEPORTMENT OF COMMERCE ~ WEATHER BUREAU - r'w‘on'o'mE"rEOROLOGsCM_-"SzeblT'i'ON.'.'_[
AVERAGE DEGREE-DAY ACCUMULATION AT LANDER, WYO. .
oo MARCH THROUGH SEPTEMBER
S . (Based on Fig. 9)
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U U.7S. DEPARTMENT OF COMMERCE . - WEATHER QUREAU - HYDROMETEORGLOGICAL.

AVERAGE DATE OF DI‘SAPPEARANCE OF SNOW
| ON GROUND NORTHEAST WYOMING

_ LEGEND ol
Each point is the mean first dote of e -
zero snow depth in the spring for a
Weather Bureau Station. Numbers
- indicate length of record in years.
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