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DEFINITION OF TERMS AND ABBREVIATIONS

The terms and abbrewviations of streamflow and other hydrologic data, as
used 1n this report, are defined as follows

Gaging station 1s a particular site on a stream, canal, lake, or reservoir where
systematic observations of gage height or discharge are obtained When used
1 connection with a discharge 1ecord, the term 1s apphed only to gaging sta-
tions where a continuous record of discharge 1s obtained

Crest-stage station 1s a particular site where lhimited streamflow data are
collected systematically over a period of years for use imm hydrologic analyses

Cubic foot per second (cfs) 1s the rate of discharge of a stream whose channel
15 1 square foot in cross-sectional area and whose average velocity 1s 1 foot
per second The volume of water represented by a flow of 1 cubic foot per
second for 24 hours 1s equivalent to 86400 cubic feet 1983471 acre-feet, or
646 317 gallons
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Cubic feet per second per square mile (cfs per sq mi1) 1s the average number
of cubic feet of water flowing per second from each square mile of area drained,
assuming that the runoff 15 distributed uniformly in time and area

Acre-foot (acre-ft) 1s the quantity of water required to cover an acre to a
depth of 1 foot and 1~ equivalent to 43,560 cubic feet o1 325,851 gallons The
term 1s usually used 1n 1elation to storage and volume of 1unoff

Runoff, 1n iches (1n) 1s the depth to which the drainage area would be
covered 1f all the 1unoff tor a ginven time period were uniformlv distributed on 1ts
surface

Dramage area ot a stieam at a spectfied location 1s that area, measured in a
horizontal plane which 1s <o enclosed bv a topographic divide that direct surface
1unoff from precpitation normallv would dramn by gravity into the stream
above the <pecthed pomt Drainage area 1s expressed 1n square miles 1n this
1eport

Contents 13 the volume of water 1n a reservoir or lake and 1s expressed 1n
acre-feet  Volume 1~ computed on the basis of a level pool and does not include
bank stoirage

Stage-discharge relation 15 the relation between gage height and the 1ate of
tlow

Time of day 15 expressed 1 24-how1 time, for1 example 12 30 am 1s 0030, 1 30
pm 151330  All times noted are Mountain Standard Time
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FLOODS OF JUNE 1964 IN NORTHWESTERN MONTANA

By ¥ C Boxer and FrRaNk STERMITZ

ABSTRACT

Noithwestern Montana had the most severe floods of record along both sides
of the Continental Divide following heavy rains of June 7-8, 1964 Precipita-
tion during the 36-hour storm period was as much as 14 inches Streams were
already high from late snowmelt 1unoff So1l moisture was also favorable for
high runoff rates

The principal streams affected by the floods were the St Mary, Belly, and
Waterton Rivers in the Hudson Bay basin, the Dearborn, Sun, Teton, and Marias
Rivers 1n the Missour: River basin, and the Flathead River upstream from
Flathead Lake 1n the Columbia River basin

Peak discharges on streams in the flood aiea ranged from about 2 to 11 5 times
the probable 50-year flood The peak discharge of 5740 cfs (cubic feet per
second) of Street Creek at the international boundary, from 6 0 square miles of
drainage area, was 103 times the 50-yea1 flood On Teton River near Farm-
ington the peak discharge (54,600 cfs) was 115 times the 50-year flood from a
drainage area of 105 square miles Maximum discharge of Middle Fork Flat-
head River at Essex (75,300 cfs) was 39 tunes the 50-year flood and was 4 times
the maximum discharge during the previous 25 years of record

The operation of irrigation and flood-control reservoirs did much to reduce
flood peaks and damage, however, the failure of Swift Dam on Birch Creek
and Lower Two Medicine Dam on Two Medicine Creek caused complete destruc-
tion of numerous buildings and bridges along downstream reaches

Total flood damage in Montana was estimated at $55 million Thirty lives
were lost, 350 persons were 1njured, and about 8,700 persons were evacuated dur-
ing 'the highwater period Damage i1n excess of $1 million in Canada was
1eported

This report has been prepared to furnish hydrologic data for detailed plan-
ning Included aie discussions of antecedent hydrology and the meteorology
of the storm, a description of the floods, information on flood damage, maps of
pincipal urban mmundation, flood profiles, discussions of storage regulation
pevious floods, flood frequency, deposition and degradation of stream channels,
and detailed information of <tage, discharge, and reservoir contents for the
May-June period

Bl
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INTRODUCTION

Past 1ecords ot peak flow, loss of life, and property damage were
greatly exceeded 1n the brief floods of June 1964 1n northwestern Mon-
tana  Streams rose rapidly following precipitation of as much as
14 mches m a 36-hour period on June 7-8 The melt of mountain
snow contributed to the peak flows The flood area, which lies along
both sides ot the Continental Divide, 1s outlined 1n figure 1

The 1egion of highest runoft 1s a rugged timbered mountain area
that, on the eastern tront, rises abruptly from grassy glaciated plains
and low foothills of about 4,500 feet altitude to the Continental Divide
m a distance of 20 to 30 miles Sheer chiffs, hundreds of feet high,
le Just east of the crest. The western slopes are generally not as
steep Numerous peaks of 7,000 teet to more than 9,000 feet altitude
are tound throughout the entire mountain area Marias Pass, lying
at the southern edge of Glacier National Park, has an altitude of
2,236 feet The principal stieams affected by the floods were the
Dearborn, Sun, Teton, and Marias Rivers in the Missour1 River basin;
the Flathead River above Flathead Lake 1 the Columbia River basin,
and the St Mary, Belly, and Waterton Rivers in the Hudson Bay
basin (fig 2)

Thuty persons lost then Iives, nearly all during the rapid 1ise of
streams on the moining of June 8 Damage to transportation facil-
ities accounted for moie than half of the total damage of $55 million.
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The amount of damage prevented by reservoir storage and flood con-
trol systems has been estimated to be greater than the damage actually
caused by the flood

The need for documentation of this outstanding flood prompted
an interagency meeting at Great Falls, Mont , on June 12 to arrange
tor the coordinated gathering and exchange of hydrologic mforma-
tion and 1ts presentation 1 a comprehensive and readily available
report  This 1esulting 1eport imcludes discussions of antecedent
hydrology and the meteo1ology of the intense storm, a description of
the floods, mmformation on flood damage, maps of principal urban
mundation, flood profiles, discussions of storage regulation, previous
floods, flood frequency, deposition and degradation of stream chan-
nels, and detailed information of stage, dischaige. and reservoir con-
tents for the May-June period

ACKNOWLEDGMENTS

The aid of the many individuals, corporations, and governmental
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of the Department of the Army, and the U S Forest Service assigned
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detailed to the flood area Data furmshed by all governmental
agencies are specifically acknowledged where they appear n the text

ANTECEDENT HYDROLOGIC CONDITIONS

The piimary cause of the 1ecord floodflows was the intense high-
volume ram of June 7-8, although antecedent streamflow, mountain
<nowmelt, and abundant so1l moisture had some bearmmg Streams
were st1ll at hngh stages on June 6 1n most of the mountain area because
of snowmelt 1unoft and scattered 1ains of late May There was con-
siderable snow cover m the high mountamns and some snow n well-
sheltered areas at shightly lower altitudes prior to the heavy 1ains.
Snow measurements and observations made after the flood indicate
the net snowmelt contribution to flooding from the higher mountains
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may not have been highly significant. The rain-induced snowmelt at
shghtly lower altitudes and in shaded areas may have been a sigmfi-
cant factor 1 some drainage basins

Soil moisture was near field capacity in areas recently bared of snow
and was presumably above normal 1n the foothill areas because of cool
weather and above-average precipitation i April and May The
meteorological features of the storm of June 7-8 are covered in detail
by the US Weather Bureau m a separate section of the report
(p B16) Five major factors affecting antecedent conditions are
discussed 1 the tollowing sections

PRECIPITATION

Precipitation during January to April 1964 was nearly equal to
the 4-month normal for the standard period 1931-60, but that for May
was nearly double the normal. The January-May monthly precipita-
tion totals for 1964 and normals, shown 1n parentheses, for six Weather
Bureau stations are shown, 1 1nches, in the following table

Weather station Algg,:dc January February March Apnl May
Great Falls. ... .. __._ 3, 664 0 65 0 52 174 191 3 36
(0 61) (0 74) (0 92) (0 98) (2 10)
GibsonDam_________________ 4,590 103 0 45 075 157 619
(0 75) (0 63) (0 93) (1 28) (2 63)
Summb. .. _______ 5,213 5 95 2 50 4 30 3 55 715
(4 26) (3 54) (3 08) (2 78) (2 86)
Babb6NE_ ... _.__..._.__ 4,300 015 0 26 0 93 191 5 61
(0 80) (0 91) (1 06) (1 56) (2 68)
West Glacier. ... _____._._.____ 3,154 374 133 3 68 1 50 4 62
(3 13) (2 42) (181) 187 (2 36)
Kahbspell ... 2,965 124 0 50 126 0 60 2 56
(137 (1 00) (0 60) (104) 19

The general snowfall of May 2-3 was the heaviest on record for May
at Kalispell and Missoula and near record at Helena (U S Weather
Buieau, 1964) Precipitation in that storm ranged from about 2 to
4 mches There was little precipitation thereafter until May 27-29
when significant amounts of rain fell along the summit and east of
the Contmnental Divide The higher mountains may have received
some snow 1n the storm of May 27-29. There was Iittle or no ran
m June until the storm of June 7-8, which 1s treated in detail in a
separate section Cumulative precipitation at West Glacier in the
Flathead River drainage basin, Summit on the Continental Divide at
Marias Pass, and Gibson Dam and Great Falls in the Sun River
dramnage tor May 1 to June 6 1s shown in figure 3 The daily pre-
apitation at Summit tor March through June 1s shown as a bar graph
m the lower part of figure 5
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Ficure 3 —Accumulation of precipitation at four weather stations May 1 to
June 6, 1964

TEMPERATURE

Below-normal temperatures of March to May delayed the usual
mountain snowmelt pattern As a result, many stieams were at a
high level and theie still was o significant amount of high-altitude
snow when the intense rains began  The January-May mean monthly
temperatwes tor 1964 and departure from normal, m parentheses,
for six Weather Bureau stations 1n the mountain and foothill area
are shown, i degiees Fahrenheit, imn the following table
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Weather station A]t(lf?)lde January | February March Apnl May
Great Falls._._____________.__ 3,664 287 330 269 423 54 8
(46 6) (+9 2) (=3 8) (=13 (+1 8)
Gibson Dam..________________ 4, 590 27 4 209 27 0 39 4 47 6
+47) (+5 4) (=2 6) (=03) (=0 6)
Summat_____________________. 5,213 21 0 241 209 328 40 8
(45 6) (46 1) (=27 (=10 (-28)
Babb6NE_ . _.___.__________ 4,300 23 6 2 22 4 36 7 46 2
(+41) (+9 3) (=4 4) (=16 (=14)
West Glacier. ... ._._. 3,154 275 7 391 48 8
(+6 4) +3 4 (=2 6) (-27) (=23
Kahspell .____ ... ____.__ 2,965 24 6 9 279 40 7 49 7
(+4 8) (=0 6) (-39 (-3 0) (=2 5)

Temperatures of January and February had hittle or no effect on the
flood Although temperatures of early March were sufficiently high to
melt much of the snow 1n the plains and the exposed foothill area, the
March mean temperatures were genreally lower than those of the 2
prior months The below-normal temperatures of late March delayed
the progress of mountain snowmelt and may have contributed to the
above-normal soil moisture that existed when the heavy rains began
Daily maximum and mimimum temperatures for Gibson Dam, Babb
6NE, and West Glacier are shown 1n figure 4 for April through June
1964 These stations are in mountain valleys near the Continental Di-
vide The weather station at Summait, on the Continental Divide, 1s at
a higher altitude (5,213 ft) than any other station in the flood area.
Daily mean and daily normal temperatures at Summit for March
to June 1964 are shown on figure 5 with a graph of cumulative depai-
ture from 32° F  The base of 32° for mean daily temperatures 1s suffi-
ciently high to indicate snowmelt conditions during parts of the day at
this altitude and reasonably continuous melt at lower altitudes The
relative coolness of the last half of April and early May 1s very evident

SNOW COVER

Snow survey data are collected for their index value in making fore-
casts of volume runoff from mountain areas These surveys are made
m mountain areas where precipitation data are not generally available
The successive surveys made during the season supply data of accre-
tion and depletion of the snowpack However, they cannot be more
than an approximate measure of the snow-water supply 1n a watershed
at any given time because of wide variations 1n snow cover due to alti-
tude, orographic effects, and susceptibility to melt In general, the
last regular snow surveys are made about May 1, subsequent data are
too few to be fully representative Following the flood, the Soil
Conservation Service, with the assistance of various Federal agencies,
supervised the snow surveys of June 16-18,1964
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The locations of the snow courses are shown on figure 6 The 1den-
tafication numbers used are those assigned by the Soil Conservation
Service Table 1 lists the average water equivalent of the snow at

249-795 O—67——2
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each snow course as determined by the monthly or semimonthly snow
surveys made by many Federal, State, and private orgamzations
The water equivalents of the snow expressed as percentage of the 1943
57 average, are given by watersheds, 1n table 2

TABLE 1 —Water equwalent of snow, wn inches, at selecled snow courses by basins,
March-June 1964

[Figures 1n parentheses are 1943-57 average water equivalent of snow, 1n inches]

Snow course Alti-
t(t}ge March 1| April 1| May 1 | May 15| June 1 |June 15
No Name
Flathead River above Middle Fork Flathead River
14A03 | Hell Roaring Divade_ . - ._.________. 5,770 23 8 35 8 38 8 425 28 2 15
(26 9)] B1 7| (287
14A07 | Weasel Divide._ - _________________. 5,450 30 7 36 378 36 4 218 50
(296)| B34 (47| (B14
Middle Fork Flathead River
13A11 | Beaver Lake_._ __ ________________. 5,900
13B12 | Gunsight Lake 6, 300
13A05 | Manas Pass ... _.._______.._. 5, 250
13A16 { Mineral Creek. . _ ... ._..__.._.._. 4,000
South Fork Flathead River
13A02 | Desert Mountamn_._._. ___._________ 5,600 12 2 17 2 165 |ooo.. ) O T P,
(14 1); (16 6)| (13 0)
13B13 | Holbrook. .. _______________________ 4, 530 98 13 8 50 | el
@9 o1 (12)
13B02 | Spotted Bear Mountain __________. 7,000 113 17 3 16 5 || 0
(14 8)] (156)| (12 6)
13A10 | Strawberry Lake.__________________ 5,600 32 2 44 8 536 (oo oo
(33 7)| (425)| (40 0)
13B11 | Twm Creeks_ .. __._.___________._. 3, 580 12 2 16 0 98 ||
(11 2){ (10 6) 0 8)
Swan River
13B04 | Fatty Creek. .. ... ___.__.____ 5,500 20 4 26 6 28 0 |...._._ 18|
13B01 | Trinkus Lake____________ ___._.____ 6,100 353 46 3 L5728 [ I I,
(36 3)| (41 5)| (41 4)
13B05 | Upper Holland Lake.. .__._.._. .| 7,000 28 0 39 0 46 8 | oo 20 0
(28 4)| (34 3)| (368)
Flathead River below Middle Fork Flathead River
13B03 | BigCreek_ ... ... ... 6, 750 35 6 47 4 51 6 |- 48 4 | _______
(36 6)| (43 4)| (48 4) 39 7)
13A17 | Camp Misery.. ... ... ... . .| 6,400 370 51 1 570 | oo feooooo 380
13B07 | North Fork Jocko River.__. _ ____| 6,330 41 0 53 3 58 1 59 2 41 8 24 2
383) 4| M (28 1
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TaBLE 1 —Waler equwalent of snow, wn wnches, at selected snow courses by basins,
March~June 1964—Continued

Snow course Alti-
t(l}d)e March 1| Apnl 1| May 1 (May 15} June 1 |Junels
t)
No Name

St Mary River

13A03 | Iceberg Lake . ... ________._. 5,600 | foooo.o- (gg %) ................ IO

13A07 [ Mount Allen_ ... ________._______. 5,700 o ... 50 8 |||
47 3)

13A06 | Piegan Pass___.____________.____.... 5,500 (oo oo 45 2 | | el _
(38 4)

13A08 | Ptarmigan. ... 5,800 [oooo oo 46 6 | oo ]...o - e -
(37 8)

Marias River

13A15 | Badger Pass. ... _.__._____._. 6,900 29 4 39 6 464 1 || s

Teton River

12A01 | Freight Creek_ ... . .____________ 6,000 11 2 15 2 196 . . [ __ 0
14 9)| (17 4)
12B01 | West Fork.._ ... . . ... 0, 000 94 14 2 18 3 |ocooo| oo s ol
40 177
Sun River
12B09 | Fave-Bull._ . ______ . ... 5,700 54 58 (V220 PR RPN B
©2| (75
12B07 | Goat Mountain_._ . ... __________ 7,000 98 1 3 126 |ocoeoa] oo oo 0
10 7 (124) 92
12B04 | Wrong Creek .. ... _______._.__ 5,700 13 5 16 8 ) A X R 0
(14 8)[ (16 2)
12B03 | Wrong Ridge.. ... ____._.__.... 6, 800 17 3 220 L (R 26
(20 4)| (23 1)
Others
15C01 | Iloodoo Creek._........______.._.._. 5,900 37 4 49 8 55 2 | oooao. 18 3
46 0)| (53 2)] (469
13C03 | Skalkaho Summut_._________.______ 7,260 20 5 26 4 29 0 28 8 19 6 86
(27 1)| (25 8)
14B01 | TV Mountain. .. __.._.. .___...| 6,800 140 19 6 P23 N O P, 36
(14 9)| (190 (210)
14C08 | Twin Lakes. . .. _._ ___._ .. 3, 580 36 4 47 6 549 | oo | .- 27 4

T\BLE 2 —Waualei equwalent of snow by drainage basin, Maich-June 1964, as
percentage of 1943-567 average

Diainage basin March 1 | Apnll May 1 June 1
Flathead River above Middle Fork Flathead River. ... 95 111
Middle Fork Flathead River. ... ... . __.._____ 80 89
South Foirk Flathead River 93 114
Swan Riwver_______________ 98 112
Flathead River below Mid - 102 114
Total Flathead River 95 110

St Mary Raver. e
Marnas, Teton, & Sun Rivers (includes Marias Pass snow course) . 80 89
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P E. Farnes, So1l Conservation Service, Snow Survey Supervisor
for Montana (written commun ), gave the following résumé of snow
cover 1n the flood area

Snow surveys made near the first of March indicated the water accumulated
n the snow pack was about 5 percent below the 1943-57 average in the Flathead
River drainage above Flathead Lake and 20 percent below average 1n the Marias,
Teton, and Sun River drainages * * * Snow-water equivalent near the first
of April was 110 percent of average mn the Flathead [basin], and 89 percent of
average in the Marias, Teton, and Sun River headwaters Many courses at
high elevations, particulaily in the Flathead River drainage, showed increases
of 10 to 14 inches of water during March

During Apul 1964 there was very little melt even at lower elevations and
almost all courses showed an 1ncrease 1n water equivalent during April Many
low elevation courses had the highest May 1 water equivalent since record began
As of May 1, the water equnvalent 1n the Flathead River drainage 1s estimated
at 128 percent of the 1943-57 average and that in the Marias, Teton, and Sun
River dramages at 117 percent of that average Very little melt occurred to
May 15 and the few higher couises then measured showed increases in water
equivalent Melting on a large scale began in mid-May, dropped off somewhat
a week later, and resumed at a sustained high rate in the last few days of May
Saturated mountain soils and a ripe snow pack contributed to the rapid response
of streamflow to the heavy precipitation of June 7-8 The snow-melt contribution
to the peak flows was greatest on the west slopes of the Continental Divide
because of heavier snow cover

The accumulation and depletion of snow water 1s depicted 1n figure
7 for a few of the snow courses listed 1n table 1

Knowledge of the snow cover immediately prior and subsequent to
the heavy 1ains of June 7-8 1s vague  Streamflow records, presented
m a later discussion, indicate that a substantial amount of snowmelt
had occurred mn the lower and muddle altitudes U S Geological
Survey engineers 1epor ted that there appeared to be little melt of high-
altitude snow m the Flathead River dramage basin as late as June 2,
In the course of an aerial reconnaissance of June 11 to appraise flood
damage to stream gaging stations, one of the authors made some gen-
eral observations of mountain snow cover when visibility permitted
The highest mountains 1n the Middle Fork Flathead River drainage
basin had considerable snow cover and there was more extensive snow
cover 1n the South Fork Flathead River dramnage basin  The highest
mountain peaks 1n the Dearborn and Sun River drainage basins were
largely snow covered and some snow appeared to be newly fallen A
brief glimpse mto the Swiftcuirent Creek dramage basin above Many
Glacier gave the impression of complete snow cover. Farnes and
Cook (1964) noted that the mountamn snowpack remaming on June
16-18 was still above normal and could contribute to further flooding
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K16URE T —Wate1 equivalent of snow at selected snow courses

SOIL MOISTURE

The so1l mantle 1n most ot the mountamn area 1s 1elatively thin, and
so1l moisture was pirobably near field capacity just prior to the flood
The widespread snow and ram of the first few days of May, the general
prevalence of snow cover until about May 20, and substantial rains
along and east of the Continental Divide on May 27-29 support the
assumption

Soi1l-moisture data are being collected at Desert Mountain near
Coram, in the Flathead River basin, and at Summit, on the Continental
Divide, by the Soil C'onservation Service (1964)  Soil-moisture con-
tent m a profile depth of 54 mches for the Desert Mountamm and Sum-
mit stations 1s shown m the following table
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Water content of soils (inches)

Station Period of record Field June 1
capacity
Normal | Range of data 1064
of record
Desert Mountain__._____| 1957-59, 8 4 86 8§ 488 89
1962-63
Summit______________._ 1950-52, 6 5 58 5461 61
1957-63

On July 1 the soil mosture at these two stations was approximately
normal

The general rain and snow of May 2-3, and above-average precipi-
tation for May, probably resulted in at least normal soil moisture n
the foothill area before the June 7 storm

STREAMFLOW

Streamflow was well below average in the flood area prior to winter
and continued to be relatively low through May 1964. Monthly flows
of the Marias River near Shelby for the months of January through
May were 59, 54, 26, 31, and 81 percent, respectively, of the 1948-62
averages The March flow was the second lowest for that month since
1902 and the April flow was the fifth lowest. Monthly flows of the
Middle Fork Flathead River near West Glacier for the months of
January to May were 62, 55, 52, 42, and 84 percent, 1espectively, of the
1948-62 averages. The March flow was the second lowest since records
began n 1940 and the April flow was the third lowest

The 1964 daily discharge and 1948-62 approximate average daily
flow of Middle Fork Flathead River near West Glacier for the period
of March through June are plotted m figure 8 The three hydro-
graphs of figure 9 1llustrate the same general discharge pattern east
of the Contmental Divide Further reference to figures 3, 4, and 5
may be helpful i visualizing the effect of curent precipitation and
temperature upon streamflow The greater 1esponse of Middle Fork
Flathead Raver and Swiftcurrent Creek to the warmer weather that
began about May 30 may indicate relatively greater areal snow cover
in those basins at that time Moust soils, high streamflow, and substan-
tial snow cover at high altitudes accentuated the effect of the intense
storm of June 7-8
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F1cure 8 —Discharge of Middle Fork Flathead River near West Glacier, March
to June 1964

METEOROLOGICAL DEVELOPMENTS CONTRIBUTING TO
THE FLOOD

By R A DicHTMAN, U S Weather Bureau
INTRODUCTION

Any attempt to describe the meteorology of a storm of sufficient
magnitude to produce the extremely heavy rains obseived June 7-8,
1964, along the north half of the Continental Divide in Montana, -
volves the problem of describing complex atmospheric motions and
processes Large-scale motions controlling the Montana storm covered
laige patts of the Northern Hemisphere Medium-scale features in-
cluded general o1ographic effects and wind patterns near the surtace
Small-scale eftfects were local m extent (limited to small areas) and
mcluded effects of wind channeling 1n “dead-end” mountaim valleys,
local nstability, and others In view of the many-faceted importance
of this storm and the resulting floods, these features will be treated in
some detail

The physical processes of the atmosphere that produce the upward
ann motion which finally causes precipitation are well known They
are summarized 1n some detail m a US Weather Bureau (1960b)
technical paper, and are covered 1n texts by Petterssen (1956), Hal-
tmer and Martin (1957), and others. Accordingly, this summary of
storm meteorology 1s limited to brief descriptions of some of the
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Fieure 9—Duscharge at selected gaging stations east of the Continental Divide,
March to June 1964 Numbers 1n parentheses conform with those in table 19
and on figure 2

atmospheric processes involved, to their interrelationships and dimen-
sions, and to an areal depiction of the resulting precipitation. For
a more complete discussion of the physical mechanisms involved, use
of the references at the end of this report 1s recommended.

SYNOPTIC FEATURES

The chimatic history of Montana (US Weather Bureau, 1960a)
points to an annual ramny season from about May 20 to June 30, dur-
mg which nearly all the heavy east-slope 1amstorms of record have
occurred  Obviously then, 1t 1s during this 40-day period that general
atmospheric conditions are most likely to be favorable for producing
rains m central Montana. Seasonally, by early June, the southern
half of the United States has warmed much more rapidly than has
northern Canada Circulations resulting from this annual thermal
gradient have lost little of their late-winter and early-spring energy
by early June, while airmasses trom southern latitudes (Gulf of
Mexico sources m particular) may carry larger quantities of water
vapor than 1s possible earlier i the season at lower temperatures
Meteorological developments of early June 1964 fit this general
pattern



B18 FLOODS OF 1964 IN THE UNITED STATES

At the begmning of June 1964, moist air from the Gulf of Mexico
was spreading north and north-northwest over the westein plamns and
central Rocky Mountains, carried northwaid on generally southerly
(from south quadrant) winds ahead of a series of low-piessure centers
over and just east of the Continental Divide This moist air, becom-
mg mvolved n a series of slow-moving but quite energetic circulations,
caused the first half of June to be very wet over much of the
West These and other larger scale features are discussed by Dickson
(1964) By the atternoon of June 7, when rains associated directly
with the flood disaster started, the airmass still carrying much of 1ts
original Gulf of Mexico-source moisture was entering the northeast
quadrant of a low-pressure area, which centered over Wyoming but
covered most ot the Rocky Mountain area of the United States
This cyclonic circulation extended vertically mto the upper levels of
the troposphere, with the vortex at 500 mb (millibar), about 18,000 ft
msl (feet above mean sea level) and by 1700 hours, June 7, was cen-
tered just northeast of Boise, Idaho

By 1700 hous, June 7, 1amn had become general over the affected
area  Surface and 500-mb maps for that time are shown m figure 10
The most 1mportant large-scale features are the circulations, shown
by these two maps, mvolving the strong westward tilt ot the vortex
between surface (about 900 mb) and the 500-mb level, the tilt sug-
gests flow from easterly directions over north-central Montana This
phenomenon was observed at this time at all levels to well above 500-
mb  Dewpoints near ground surface were very high for the season,
they ranged trom about 55°F 1 eastern and cential Montana to about
60°F 1 northeast Wyoming and the Dakotas and indicated the high
water-vapor content of the airmass Precipitable water (US
Weather Bureau, 1961) from the surface to 500-mb had reached 109
mches at Glasgow and probably exceeded 1 inch over most of northern
Montana north and east of Gieat Falls—a very laige amount for this
altitude (3,000—4,000 ft msl), latitude, and season

All the teatures described above were involved in the early phases
of the storm and were magnified to a considerable extent by the fact
that the observed easterly flow was travelmg upslope 1n the affected
area—sharply upslope the last 10 miles o1 so just east of the Rocky
Mountam ridge For 1700 hours, June 7, figure 10 (bottom) shows
a well-defined cold f1ont at about 5° latitude north of the Canada-Mon-
tana border This front entered the circulation system late i the
storm (figs 11, 12) with significant effects, as will be noted By 0500
hours, June 8, exceedingly heavy ramn had become general on the high
eastern slopes along the Contmental Divide In the very hard hat
area between Browning and West Glacier, some of the heaviest ramns
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reached into enough dramage area of the Middle Fork Flathead River
to produce the highest discharge rates on record for the Flathead
River at Columbia Falls and other points The physical processes
mvolved 1n the atmosphere had changed very hittle by the morning of
June 8, but between sea level and the 500-mb level (fig 11) there was
an even stronger westward tilt of the vortex than 12 hours earlier, this
indicated that a deep and fairly strong easterly flow had persisted
during the night Figure 11 (bottom) shows the cold front from the
north entering the nothern edge of the area of heaviest ramns. This
cold front, as 1t moved southward, undoubtedly played a key role by
mmparting an 1mportant upward-motion component to the airmass
during the last several hours of the storm, as well as sustaining the up-
slope wind pattern In general, the rain ended about 4 hours earlier
m the northern part of the storm near Browning and East Glacier,
than 1n southern areas about 100 miles away near Gibson Dam and
Augusta

By 1700 hours, June 8, rains had ended 1n the flood area except for
a few hight showers By that time, the surface low-pressure center
had moved to central South Dakota and Nebraska (fig 12, bottom)
The primary circulation at 500 mb (fig 12, top) had also moved east-
ward, but with considerable weakening A mnew 500-mb low had
appeared to the southwest over northern California These phe-
nomenona had reduced the effectiveness of the easterly flow over
north-central Montana early 1n the day ; but as the easterly flow dimin-
1shed, the cold wedge from the north continued to supply storm winds
from the northeast and continued vertical lifting of the airmass and
thus extended the duration of heavy precipitation by about 4 hours

All ingredients necessary for rain 1n the affected area were present
a large supply of relatively warm moist air, hfting of this air by sev-
cral methods, and large-scale atmospheric motions that sustained these
overlapping effects for several hours The sustained vertical motion
necessary to produce the rates of precipitation observed in this storm
may be estimated roughly by use of a method attributed to Fulks
(1935), later modified and condensed by Petterssen (1956), Thomp-
son and Collins (1953), and others Assuming that (1) precipitation
rates were 0 50-1 00 inch per hour (rates of 050-0 60 1n per hr were
actually measured on recorders at Summit and Gibson Dam), (2) the
precipitating layer was about 16,000 feet thick (4,000-20,000 ft msl),
(3) the surtace temperature was 50°F and decreased vertically at
about 33°F per 1,000 feet (the saturated adiabatic rate at lower
levels), and (4) the rate of condensation was approximately equal to
the 1ate of precipitation, then vertical speeds from about 75 to 150 cm
pet sec (centimeters per second) would be required (Petterssen,



NORTHWESTERN MONTANA, JUNE 1964 B21

55° 140° 130° 120° 110 100° 90° 80° 55°
% X 07& T =2
53’
22 /s"\) / \‘F
4 L6
\
/ {520 A
dq 5530
D . 4660
SN

]
4 AN - S
. b T o Y t
IR Ave-C%
I -
A QT = v\
EXPLANATION \ P —LN\ J L/ - o,
5520 i/ VIR =S ' f\ \ M
350 Pressure contour i I’—] ! % o / / i/ e
Shows altitude of 500 mallibar o 1 | Il X o
surface  Contour interval 60 3 % ! _L/r 2 p‘x“ A X Lp %D
meters  Datum 18 mean sea \ S H | N \ —‘f \( —
level RN g - / &N ] \
(~ 15} A H ;\;_ - ! v A‘,IO) { \
Line of equal temperature A NNy & \\_‘2\ .t = \‘/,%‘
Shows temperature of 500 mallbar v N )
surface Interval 5 degrees \ o 1 \‘ L—'
Celsrus 3 = i \
~. R N N < -
Low pressure system 9760) = ;
55° 140° 130 120° 110° 1 1o0° 90° 80~ 55°
f -4 Y
992
< ’% ¥
WL/ &
N ; &) o
& )\
&) R X
LU=
L N
< ¢ Q\'l‘ Q
. . § ( -
45 <, \cp@ 5
> 1004 -

SNITED )
Y HE /-L
< EXPLANATION -4 oY AN .
1008 - st 0l \— ul \" \

Line of equal pressure

RShows magnitude of pressure al
9, sea level Interval 4 mllibars

K H L

' -3 N, . H
35°k High-pressure Low pressure i 3 © 2o
system system & A el
T £ - A -
A A A Z- §
Cold front \\ H - N g A §, ! \
— . N j [~ AN\
Warm front Y P\,/ \/ \?.' \
PP i v
: = -} V8
, Stationary front - s

FI6URE 11 —The 500-millibar surface (top) and sea-level pressure (bottom), 0500
hours, June 8, 1964, after heavy rain had persisted about 12-16 hours ovel
flood headwaters Note (1) The advance to the arctic front into northern
Montana, (2) The maintenance of depth and strength of the flow of moist air
from the east Wind-velocity symbol shafts are oriented with the wind direc-
tion, each flag represents 50 knots, each full barb represents 10 knots, and
each half barb represents 5 knots



B22 FLOODS OF 1964 IN THE UNITED STATES

55° 140° 130° 120° 110° 100° 90° 80° 55°
VAR
S\J
~ N Vi
20
222
\5".%
5460,
5520
i T — —
15— 5580°

45°

; \ e,
- s
} - -
EXPLANATION \ | NS )i X
5460- ~ /5’\;4"" [ ? \\ )
Pressure contour - o/ -\ oA
Shows altitude of 500 millibar I 1 A el A ,L"-
surface  Contour interval 60 = N ~ ) ,F
35° meters  Datum 18 mean sea ‘,;\ e
level S v
e H N -~
——(-20—— 7N , "\
Line of equal temperature PR 4 0@0 N \
Shows temperature of 500 mallsbar 1 \ ° J { \
surface Interval 5 degrees o ‘(—IOJ A ‘{
Celsius \ S i ¥
L i N \ L--
High pressure  Low pressure ‘\
system system =
L

SR

, e S Y )

55 <
W
i f ’\/

FIGURE 12 —The 500-millibar surface (top) and sea-level piessuie (bottom),
1700 houts, Tune 8 1964 By this tume, raimns had either stopped o1 dinnmshed
to hght as the cold-front wedge effectively cut off the low-level flon of moist
an fiom the east Wind-yelocity symbol shafts are oriented with the wind
dunection each flag 1epresents 50 hnots each full baib 1epresents 10 knots,
and each half barb represents 5 knots

?}%
Q

EXPLANATION

1008
Line of equal pressure

35° Shows magnitude of pressure at
sea level Interval 4 mllibars \

H L
High-pressure  Low pressure
system systemr

P S N -
Cold front

Warm front




NORTHWESTERN MONTANA, JUNE 1964 B23

(1956). If we assume that winds i the precipitating layer were
casterly at about 30 knots, air involved would have to rise orographi-
cally from about 4,000 feet to the average altitude of the Continental
Divide 1n this area, or to about 8,000~ feet—a rise of about 4,000 feet
in about 20 statute miles The largest part of the lift could be
expected at, or just east of, the ridge line, and this actually 1s the
location of the centers of heaviest storm precipitation If we use a
Ift of 200 feet per statute mile at a speed of 30 knots normal to the
11dge line, by simple arithmetie, we arrive at an orographic compo-
nent of 1 94 ft per sec (feet per second), or 59 cm per sec. Orographic
hfting was probably most strong in the lower few thousand feet of
the precipitating layer and was probably replaced, to an indeterminate
extent, by convection 1n middle and upper parts of the layer.

Orographic hifting therefore appears to have been an extremely 1m-
portant factor Inthe rugged areas in the northern center of heaviest
1ain (fig 13), where lifting of 1,000 feet 1s possible in less than 5 miles,
the orographic lift component was undoubtedly greater than 59 cm
per sec and possibly exceeded 100 cm per sec by a considerable margin
Other factors contributing to upward motion include vertical variation
of vorticity advection, the Laplacian of temperature advection, the
Laplacian of the latent heat of condensation, and low-level friction ef-
fects With an orographic lift of 60-100 cm per sec to build upon,
these factors could account for the hifting necessary for rains with rates
of up to an 1nch per hour in the heaviest rainfall areas (fig. 13).

Many of the medium-scale atmospheric processes and motions of this
storm have been touched upon m preceding paragraphs Upslope,
for example, sometimes 1s considered to be medium scale; but i this
storm, 1t was part of large-scale motions on a front more than 100
miles wide Vorticity, convergence, and instability also were im-
portant, parts of the general circulation in the heavy-storm area The
general flow pattern of the atmosphere at lower levels 1s shown in
figure 14 The maps (depictmg winds at about 2,000 ft above the
surface and at 5,000 ft msl at 1700 hours, June 7) show very clearly
the trajectory of the airmass involved 1n the storm The airmass
moved northward, then westward over northern Montana mto the
storm circulation It was this moisture-laden air at the lower levels
of the troposphere that fed the vertical motions 1n the storm centers
The flow of water vapor was strong and steady 1n the early stages of
the storm, but was cut off by the action of the cold front (figs 10, 11)
1n the storm’s later stages.

A few medium-scale features require comment The channeling
effect of mountain valleys, the angle of flow incidence to mountain
ridges, and the effects of nearly parallel ridges almost normal to the
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125° 120° 115° 110° 105° 100° 95° 90° 85° 80° 75° 70°

FicURE 14 —Wandflow at about 5,000 feet above mean sea level (top) and 2,000
feet above land surface (bottom) into Montana from the Gulf of Mexico at
1700 hours, June 7, 1964 Wind-velocity symbol shafts are oriented with the
wind direction, each full barb represents 10 knots, each half barb, 5 knots
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general flow no doubt caused 1mportant local variations in ramfall
rates However, observations and measurements were not sensitive
enough or were too sparse to detect such local variations with certainty
Mass 1auntall curves tor several stations withm the storm’s boundaries,
but still some distance from the heaviest centers, show a remarkable
steadiness 1n the rates at which precipitation accumulated (fig 15)
Thus, although the degree to which each factor acted to produce
precipitation varied during the storm, the mntegrated effect changed
Iittle during the principal 30-hour storm perrod

The flood-producing precipitation over the Flathead River basin and
other basins to the west of the Continental Divide appears to have
exceeded the magnitudes that can be accounted for by the drift, with
the wind, of snow and r1am formed n the rising air above the eastern

? T |

Summit

ACCUMULATED PRECIPITATION IN INCHES

1964

FIGURE 15 —Mass curves of accumulation of precpttation with time fiom 1e-
cording precipitation gages mm (o1 on edge of) storm area, June 7-8, 1964
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slopes, though no calculations have been made to confirm this. It 1s
surmused that this heavy lee-side precipitation was, m part, the result
of convective cells, which were set off by the windward lift but which
sloped with the wind and extended to the lee side This concept 1s
depicted schematically in figure 16

RAINFALL PATTERN

With the moist easterly flow 1mpinging upon the eastern slopes
along the Continental Divide where the orographic lift was large and
steady, 1t should not be surprising that the area of heaviest rains was
along or just east of the divide ridge for a north-south distance of more
than 100 miles The impact of the storm was staggering (the magni-
tude of the resulting flood disaster 1s covered elsewhere in this report) ,
determination of precipitation amounts was delayed several days be-
cause of disrupted travel facilities and communications. With co-
operation from US Army Corps of Engineers, Bureau of Reclama-
tion, U.S. Forest Service, U.S. Geological Survey, and US Weather
Bureau, a survey of the area was conducted during the week of
June 15 to find sources of precipitation measurements which might
help to reconstruct the storm and to outline the areas of heaviest rain-

Freezing level

D —

Ground profile

EXPLANATION

—— — -
Air motion Trajectory of snowflakes and Boundary of updraft cell
raindrops imbedded n general

cloudmass

Ficure 16 —Concept of a precipitation-releasing updraft cell that is formed on
a windward slope and leans with the wind Upper part of cell lies above lee
valley
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fall Hundreds of good-quality measurements were reported How-
ever, the scarcity of observers severely limited imformation for the
mountain areas where the heaviest precipitation occurred Through
the generous help of the Canada Department of Agriculture, Regina,
Saskatchewan, about 200 measurements were made available for the
southern Alberta area of the storm  All these measurements are histed
m tables 3, 4, 5, and 6, and were used 11 preparing the 1sohyetal chart
for the storm (fig 13)

Table 3 lists precipitation measurements from regular weather ob-
serving stations, table 4 lists supplementary reports from privately
owned 'gages or other receptacles, table 5 contains precipitation data
from the Canada Department of Agriculture and the Canada Depart-
ment of Transport measurements, table 6 gives amounts of pirecipita-
tion, taken hourly, some of which are shown graphically in figure 15
Most of these amounts were plotted and used 1n locating isohyets.
The heavy-precipitation centers were very well located but their mag-
nitude and extent are partly based upon peak stieam discharges of
500 cfs per sq mi or more and several precipitation measurements of
10 mches or more  The altitude of the freezing level remained higher
than mountain ridges throughout the storm area, and the effect upon
snowmelt, runoff was an important consideration It appears that
the snowmelt contribution to peak discharge was probably minor in
the hardest hit areas
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TaBLE 3 —Preciputation, wn inches, at U S Weather Bureau gages, storm of June 7-8,
1964

[(A) ndicates 6-hr-reporting station, 24 hr begins at 0500 hr  (R) indicates recording ramn gage station,
24 hr ends at 2400 hr)

Preciputation collected on—  Total

precipia-
County and station June 7 June 8 tion
Cascade County
Cascade 5 S_ - _ - ... 112 195 3 07
Cascade 20 SSE_ _ . _ . ... 58 1 42 2 00
Great Falls WB Awrport (A)_________._______ 2 02 133 3 35
Kmngs HIM (R) - ____________________________ 77 1 36 2 13
Millegan (R) - ______ 67 52 119
Power 6 SE__ __ __ o ______. 01 370 371
Sun Raver 5SW________ . ____________.__ 93 2 54 3 47
Ulm 8 SE (Twuly) ______ .. _._. 68 2 28 2 96
Chouteau County
Brady (Aznoe) _ - . _.__ 46 192 2 38
Fort Benton.. ______________________________ 18 276 2 94
Fort Benton 20 N (R) . _ .. _____________.._. 92 1 69 2 61
Geraldine. . __ __ . ... 26 2 85 311
Highwood (R)__ . _____ 69 2 52 3 21
Highwood 7 NE___ . ______________________ 178 2 06 3 84
Loma 1 WNW_____________________________ 34 99 133
Lonesome Lake_ _ _ ___ . . ____________.____ 23 81 1 04
Shonkin 7 S___ ... 53 4 99 5 52
Fergus County :
Denton______ . 84 2 43 3 27
Halger_ . o _______ 53 1 62 2 15
Lewistown FAA Awrport (R)_________________ 112 1 86 2 98
Flathead County
Creston_ __ ____ ... 51 1 80 2 31
Hungry Horse Dam_________________________ 58 2 22 2 80
Kalispell WB Awrport (A)_.________________ 64 117 181
Kila_ - 41 1 00 1 41
Olney 1SE_ __ .. 149 31 1 80
Pleasant Valley 4 SE________________________ 22 88 110
Summut (R) - _ .. 78 7 31 18 09
West Glacier_ . ... _________________ 47 3 47 3 94
Whatefish 5 NW_________ ... 63 3 11 3 74
Polebrdge_ - ... 58 2 02 2 60
Glacier County
Babb6 NE_____ . ____ ... 1 06 2 97 4 03
Browning (R) ... ______ 2 03 5 65 27 68
Cut Bank Awrport (R) .. ________________ 82 2 29 311
Del Bomita. - ... 78 2 93 371
East Glaewer______________ . ______. 115 6 80 7 95
Santa Rata 14 N___________________________. 41 2 62 3 03
Granmte County
Drummond Aviation (A) . ___________________ 70 79 149
Philipsburg ranger station_._.________________ 10 1 44 1 54
Judith Basin County
Hobson_ _ _ o __.__ 90 2 85 3 75
Moccasin experiment station.________________ 2 10 170 3 80
Raynesford 1 W____________________________ 60 b 17 577
Stanford 2 NE_____________________________ 95 2 85 3 80
Utiea 11 WSW___ ________ __________._ 68 3 39 4 07
Lake County
Bigfork 10 S_ _ ... 64 2 20 2 84
Polson Awrport_ _ . _____ 43 2 50 2 93
Polson Kerr Dam___________________________ 73 170 1 43
St Ignatws.____ .. 84 2 56 3 40
Swan Lake (R) - oo .. 24 3 44 3 68

See footnotes at end of table
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T \BLE 3 —Precipuation, in inches, at U S Weather Bureau gages, storm of June 7-8,
196/—Continucd

[(A) mdicates 6-hr-reporting station, 24 hr begins at 0500 hr  (R) indicates recording ram gage station,
24 hr ends at 2400 hr]

Preciputation collected on—  Total

County and station June 7 June 8 o tion
Lewis and Clark County
Augusta._ . _____. 0 97 371 4 68
Augusta 11 WNW___________ . _____ 2 39 4 08 6 47
Austin 1 W______ L ____ 41 1 64 2 05
Canyon Creek_____ _______________________.. 37 172 2 09
Canyon Ferry power house.__________________ 31 87 118
Gibson Dam_______________________________ 101 7 80 8 81
Helena 6 N__________ o _____ 25 77 1 02
Helena WB Awrport______________________..__ 54 49 1 03
Holter Dam__._____________________________ 61 1 49 2 12
Lincoln 14 NE_ _ _______ . 73 3 74 4 47
Lincoln ranger station_______________________ 22 2 27 2 49
Marysville____________ . ___________________ 25 2 97 3 22
Liberty County
Tiber Dam_ _ .. __________ o _______ 31 1 62 193
Lincoln County
Fortme 1 N__________ L _____ 69 68 137
Meagher County
Fort Logan 3ESE_______________________.___ 78 86 1 84
Lennep 58W_ _________ o ____ 36 149 185
Martinsdale 3 NNW________________________ 44 116 1 60
White Sulphur Springs_ . ________.________._. 50 123 173
White Sulphur Springs 10 N_________________ 64 68 132
Missoula County
Missoula WB Awrport_ . ________________.___ 55 110 1 65
Missoula 2 WNW _ _ ________ o _______ 40 1 47 1 87
Seeley Lake ranger station (R).______.________ 70 55 125
Pondera County
Conrad_____ e 20 3 59 379
Dupuyer (R) - _ .. 155 4 48 6 03
aler. . _ - 33 4 50 4 85
Powell County
Deer Lodge 3 W______ . _____ 03 107 110
Ellston_ _ _ _ __ __ _ L ___.__ 50 2 05 2 55
Ovando 1 SW_____ . ________ 18 1 02 120
Ovando 7 WNW_ _ ____________ . _____ 19 87 1 06
Sitver Lake _ - _ _ _ _ e eeoo- 00 1 63 1 63
Sanders County
Lonepme 1 WNW (R) ... __________ 40 1 83 2 23
Teton County
Blackleaf . _____ ___ .. 124 4 70 5 94
Bynum4SSE_____ . ____________________ 53 4 12 4 65
Choteau (R)__ . _ . ______.. 114 3 89 5 03
Dutton 6 BE (R) _ - _ . ... 83 1 88 2 71
Farfield_ _ __ . 62 576 6 38
Pendroy_______________ .. __ 12 5 26 5 38
Toole County
Ethrdge_ ... 2 05 170 375
Galata 16 SSW__________ .. 32 2 91 323
Shelby Awport. . __ . ____ .. 38 270 3 08
Sweetgrass_ - . _ ... 46 2 52 2 98

124 hr, 1700 hours to 1700 hours
2 Manual gage total, 8 05 inches
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TaBLE 4 —Supplemental precipitatron data from prwately owned gages, or other
receptacles, storm of June 7-8, 1964

Location
Precipita-
tion Type of gage Evaluation
Town- (inches) of record
Section ship | Range
north

Cascade County
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Chouteau County

27 | 10E 168

26 (9E 35

2 (10E 275

25| 3E 375

25| 6 E 23

25| 7E 32

25 | 8E 25

25| 14E 07

24 (3E 390

24 |5E 30

24| 6E 30-32| Glasstube__._____.__._____________. Do
24| 6E 34 d
2417E 30
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TaBLE 4 —Supplemental preciputation data from prwately owned gages, or other

receptacles, storm of June 7-8, 1964—Continued

Location

Section

Town-
ship
north

Range

Precipita-
tion Type of gage
(inches)

Evaluation
of record

Chouteau County—Continued
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TABLE 4 —Supplemental precipitation data from prwately owned gages, or other
receptacles, storm of June 7-8, 1964 —Continued

Location

Section

Town-
ship
north

Range

Precipita-
tion
(inches)

Type of gage

Evaluation
of record

Flathead County—Continued
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TABLE 4 —Supplemental precipitation data from prwately owned gages, or othe
receptacles, storm of June 7-8, 1964—Continued

Location
Precipita-
tion Type of gage Evaluation
Town- (mnches) of record
Section ship | Range
north
Judith Basm County-—Continued
15| 14E 42
14| 12E 575
14 | 13E 43
14| 15E 60
1415 E 70
13| 12E 45
13| 4E 46
12| 4E 35
Lake County
2619 W 275 | Wedge typeoooooooioieeaee aans Good
251 20W 297
25|19 W 235
24| 21'W 3 00
24| 21'W 325
24 [ 19W 4 0+
24 | 19 W 36
24 | 19W 4 5+
24 | 19W 42
23 | 19W 35
2| 19W 140
217w 22
Lewis and Clark County

2| 8W 80 Sgalpall . Fair
21 | 8W 6 47 | 81n standard ramngage_ . .....__..__ Good
21 | TW 51 Glass tube. ... Farr
20 10W B L U Do
20| 8W 61 Glass tube -« oo oo Do
20 | 8W 60 Rectangular,
20| TW 575 | Glass tube
20 | 5W 50
20 [ 4W 7 4
19 | 8W 1275 |..--.
19 | 8W 83 jo--. 6 L T,
19 [8W 134+ Coffee can..
19 | 8W 11 25 | Glass tube._
19 ([8W 104 |- do.......
19 | 7W 58  |oo--. A0
19| 7W 80 ... A0 L
18| 8W 80 |..__. do.. ...
18| 7TW 55 2-1b coffee can.
18(6W 60 Glass tube. ...
17| 6W 45+ | 6 N
16 | 6 W 61 j___. doo ol
16 [ 5W 43 |..... doo...._.
15| 7W 80 5-gal can. _...______
15{3W 197 | 84n standard rain gage. .| Do
4 2W 38 Glasstube. . ..o oo Do

Liberty County
33| 4E 14 Funnelgage. ... ___________..________ Good
3B |5E 85 | Wedge type. ..o oo Do
B|5E 08 Glass tube_ ... ... Do
31 | 4E 18 5an glass tube. ... o.o_________ Do

See tootnote at end of table
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TABLE 4 —Supplemental precipuation data from prwalely owned gages, or other
receptacles, storm of June 7-8, 1964—Continued

Location
Precipita-
tion Type of gage Evaluation
Town- (inches) of record
Section ship | Range
north
Liberty County—Continued
30(6E 20 51 glass tube -| Good
20| 4E 44 - Do
29(4E 40 Joooooaoo - Do
201 6E 21 51n glass .| Do
28 |7E 22 5%%-n glass tube. ... .- 1. Do
Lincoln County
20 e 371 2TW 127 Wedge type. oo eee Good
Meagher County
14| 3E 190 Wedge type_ ... ______._______. Good
13| 5E 25
12| 4E 28
11| 8E 170
10 | 4E 24
10| 6 E 275
9|6E 2 25
9(10E 190
8| 6E 2 05
8| 6E 225
819E 182
8|11 E 310
8| 9E 182
7{6E 2 05
7(8E 99
7| 8E 2 05
7/10E 2 34
7111 E 34
6| 6E 170
Missoula County
16| 14 W 20 1- lb coffeecan... ... ___ QGood
16 | 16 W 20 (Pald _________________ - Do
21 | 1TW 2 43 8—1n standard ramn gage. .| Do
15 20W 2 99 Wedge type.._...____._ Do
19 17N 26 81n standard ramn gage--_...________ Do
Pondera County
31| 5W 60
30| 4W 60
30| 3W 56
30| 2W 427
29 [8W 801
29 | 6W 70
20| 6W 59
29 | 4W 65
29 (3W 55 do
28|7TW 85 5-n glass tube. ... | R Good
281 6W 6 02 Standard, 8in manual_........_____ Very good
29| 5W 475 do Good
29| 5W 4 81 Very good
2|6W 5 34 .| Do
28|6W 8 054 Fairr
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TABLE 4 —Supplemental precipitation data from prwately owned gages, o1 other

1eceptacles, storm of June 7-8, 1964 —Continued

Location

Section

Town-
ship
north

Type of gage

Pondera County—Continued

28 [4W 45
28 |2W 41
28| 2W 43
28|1W 4 80
28(1E 420
15 28|2E 3 50
27| 3W 55
26 2W 35 5an glass tube
271 2W 47 |
271 1W 2 0 | i el
27| 1E b2 S PP
27| 2E 40 | .
211 2E 46 1%4-mn tube _. ... ...
26| 1E 30 51n glass tube __
29 | 10W 110 Washtub. . . .
nty
15 15
15 13
15 22
15 2 04
15 30
28 o s 15 165
nty
R l 22| 28W | 340 |l il
Teton County
27| 8W 75
21 TW 64
211 5W 65
27| 4W 65
26| 8W 67
26| 6W 60 |- 14 Y
26| 5 W 40 Rectangular__.
26| 5 W 478 |l ool
261 4W 47 Glass tube_. __
26 | 3W 45 | ' o T
25 | 8 W 90
25 | TW 80
25 (5W 4 65
2513 W 40
25 | 2 W 4 85
24 {5W 473
24| 5W 55
24| 5W 521
24 1 4W 50
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TABLE 4 —Supplemental precipitation data from prwaiely owned gages, or other
receptacles, storm of June 7-8, 1964 —Continued

Location

Section

Town-
ship
north

Range

Precipita-
tion
(mches)

Type of gage

Evaluation
of record

Teton County—Continued
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TABLE 4 —Supplemental precipilation data from prwately owned gages, or other
receplacles, storm of June 7-8, 1964—Continued

Location
Precipita-
tion Type of gage Evaluation
Town- (inches) of record
Section ship | Range
north

Toole County—Continued
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TABLE 5 —Supplemental precipitatron data from the Alberta, Canada, area north of
the Montana boundary, storm of June 7-8, 1964

Canada Department of Agriculture measurements

Town- June 7-8 | Total
Section or locality ship | Range | duration | precipi- Gage Evalua-
north (hours) tation tion
(inches)
3 25 25 40 |11-by15m pal.o..._._____... Good
3 24 24 40 | 12- by 15-in pan Do
2 24 23 50 | % n glass_.._ Do
3 24 24 50
2 23 24 45
1 24 24 55
1 24 244 56
1 23 24 52
1 23 24 39
1 22 25 42
1 24 25 65
1 25 24 65
2 25 24 65
3 24 24 55
3 23 24 34
4 23 24 35
4 23 24 25
3 24 24 45
4 25 24 45
3 24 24 38 | ¥4n glass.o . oooooooooo.o. Do
4 23 24 30 | %In glass-. Do
4 23 24 45 |ceeeedOo e Do
________________ 24 113 Department of Transport. Do
5 21 24 166 ... Do
4 22 24 34 %-1n Do
2 21 24 325 | ¥41n Do
2 21 24 36 Do
2 20 24 45 Do
1 21 24 25 Do
1 20 24 40 Do
1 20 24 325 Do
1 19 24 375 Do
2 17 24 2 63 Do
1 17 24 475 Do
1 17 24 30 | %n Do
1 17 24 30 | Yn Do
1 17 24 45 5%-1n Do
1 16 24 45 -1 Do
1 16 24 35 | %m Do
3 17 24 32 1% 1n Do
3 16 24 30 Do
3 17 24 35 Do
3 17 24 30 Do
4 18 34 28 Do
4 19 24 3 32 | Department of Ttansport..... Do
3 19 24 40 Do
4 20 24 25 Do
5 21 24 27 Do
5 21 24 30 Do
4 22 24 325 |%n glass ... _._____ Do
5 25 24 23 | %4 glass. oo Do
________________ 24 2 44 | Department of Transport. Do
2 23 24 442 [.____ L - Do
5 30 24 192 | A0 Do
4 29 24 40
1 18 24 35
5 28 24 25
5 29 25 29
2 28 254 55
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TABLE 5 —Supplemental precipitatron data from the Alberia, Canada, area north of
the Montana boundary, storm of June 7-8, 1964—Continued

Canada Department of Agriculture measurements—-Continued

Town June 7-8 | Total
Section or locality ship | Range | duration | precipi- Gage Evalua-
north (hours) tation tion
(inches)

NEY26. .. ... 2 28 2514 5 48 | Department of Transport..___ Good
NEYM 23 ... __. 2 28 26 6 0 | 11-m diam 5-gal otlcan.. ... Do
NEY14______________. 2 28 26 6 49 | Department of Transport. . Do
SEV19. ... 2 27 2614 725 Y-n glass_ ...
SEM 4 2 27 32 6 75 | 11-in diam bucket
SEY 3 oo 2 27 2514 650 | 5-m glass.._.._.___._________
SEY 20, ... 2 27 27 77 | 11-m diam pall.........
NWY 7 . 2 28 30 6 36 | Department of Transport. .
NWY 4 . 2 28 2714 76 | Y- glass._______._______._. Do
Beltlyt Riverranger | .. .. |.oo.o... 30 8 5 | Department of Transport_... Do

station
NWy 22 ______ ______. 2 27 2614 7 0 | 11-.n diam pail Do
SEY 6. 3 26 26 55 | ¥%-n glass___ Do
NWL{1 3 27 26 65 do Do
SWI{10. . 3 27 29%% 70 Do
NEY 9. oo 3 26 25%4 70 Do
NEY 7 3 27 25 35 Do
NEW 36 oo 2 26 24 40 Do
NEM 15 . ... 2 26 2614 65 54-1n glass. .. Do
SEY{ 17 ... 2 26 30 70 | 11-n diam pail.. Do
NEY 12 2 27 28 6 75 | 5-1n glass___ Do
NEY 24 1 27 3214 85 |- do._... Do
SE{ 10. 1 27 32 75 | 11}4-n” diam Do
SWi4 14 1 27 26 70 |6 %—m diam pail. Do
SEl{ 14.__ 1 27 | . 70 | 11}4-in diam pail_. Do
NwWl{19__ 1 26 27 65 5/5;111 glass_._____ Do
NEY 33 1 26 25 45 | 5Y%-mn pal___ Do
SE{ 35. 1 26 2714 55 | 4an diam can.__ Farr

EY9 2 25 24 60 | 5-n glass..___ Do
NEY 30 2 24 | . 60 |1l diampail. ... _.__ Good
NEY12. .. 3 26 |oeo L 50 | 8% m glass..______________.___ Do
NEW32 2 25 25 40 do Do
SWl 35 o 1 23 27 50 Do
SEY 23 ... 2 25 26 50 Do
SWY 20, ol 1 25 24 50 Do
SWY{ 23 .. 1 25 27 53 Do
NEM 20 ... 3 29 24 3 87 Do
NEV 24 . _______ 3 29 30 525 Do
Nwl{a21 . _________. 2 29 23 75 Do

Wif12 . 2 26 | ... 55 Do
SWY{19_ . ____.. 2 25 26 525 |31 diamean......_.________ Do

Wl 3. . 1 27 29 8 0 | 11-in diam bucket. Do
NwWig4 . 4 29 2744 45 3%-n glass_ . __._._.________. Do
SWY 2. . 1 25 31 4 63 | Department of Transport.___. Do
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TABLE 5 —Supplemental precipuation data from the Alberta, Canada, area north of
the Montana boundary, storm of June 7-8, 1964—Continued

Canada Department of Transport measurements

Total pre- Total pre-
Location cipitation Location cipitation
(inches) (inches)

Caldwell_____ .. 546 || St Mary Dam. ... __....._.__. 2 96
Carway..___..... 4 60 || Beaver Mines_____..__.__ 316
Mountan View 7 09 || Carbondale lookout station 191
Mountain View bridge____.__.__._.___ 594 || Cardston.._._____.______ 3 44
Waterton Lakes Belly River_. _________ 8 50 || Castle ranger station. 307
Waterton Lakes Red Rock____________ 18 39 || Hailstone Butte.......... 168
Waterton Lakes ranger cabin__________ 6 47 || Kananaskia lookout station. . 370
Waterton Park headquarters_ _....._._ 2907 || Magrath..._._.._________ 193
Waterton Dam.___ ... 2 24 || Pincher Creek West ... .____..._.._. 187

11011 also fell June 5-6
2045in fell June 5-6

249-795 0—67——4
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TABLE 6 —Hourly preciputation, wn wnches, at U S

[Tr,
\\
; Qu 0100 0200 0300 0400 0500 0600 0700 | 0800 | 0900 | 1000 | 1100 | 1200
une
N\
24-1202 Browning,
7. R R 003 003[{009{005|006|009]|001
8. . .. 031 025 05 025 010 35 38 34 43 54 48 56
24-1737-3 Choteau,
7. .- -
8. 018 026 016 0 26 0 33 017 046 (04510221016 (018|018
24-2173 Cut Bank,
7. -
8. 015 007 014 007 021 015 019,023 /014|022|013|015
24-2571 Dupuyer,
7. .
- 0 31 012 020 012 0 35 038 0421016 | 021|017 (015}020
24-2584 Dutton,
7.
R 002 002 0 14 024 023 013 002(005(005|004|009|004
24-3119 Fort Benton,
7. - R
8. 001 0 02 017 007 0 06 021 011[007(013]005(019 (013
24-3489 Gibson Dam,
7 002[006 (013
8 018 022 0 52 0 56 0 61 048 034 (035017 19 39 41
24-4120-3 Highwood,
7.
8 R 0 06 013 0 20 015 019 0 03 Tr[018{020|026[009]|012
24-4143-4  Hilger,
7. - 003|005
R 005 0 04 0 001 002 010 032|004]016|012 14013
24-4663-4 Kings Hill,
6 .
7. 001{002(001|001|002|005
8 0 0 0 0 01 0t 010 0 0 01 26
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Weather Bureau wertghing rawn gages, storm of June 7-8, 1964
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trace]
Daily | Storm | Dur-
1300 | 1400 | 1500 | 1600 | 1700 | 1800 | 1900 | 2000 | 2100 } 2200 { 2300 | 2400 | total | total | ation
(inches) [(inches)| (hours)
Glacier County
001{003|/003{010|014( 014|013 |0134[{022[013 022039 2031 . JO R
56 41 13 05| . . R R U 5 65 768 35
Teton County
005{005/005/005/010{013|021{013{010(0101}017 114 | . -
011 27 07 11 21 09 02 R P I 3 89 503 30
Arrport, Glacier County
001003 (008|013|008|010{009|008|011{006]|005 82 -
0 14 27 06 . R .- -|- .- 229 311 26
Pondera County
007{005{005/005{013|015|/024|019|027|005(01t}019 15851 ... . .
35 15 71 29 14 03 02| . IR PO 4 48 6 03 31
Teton County
001{001|0 008{009|008|011{007{001(010|010]|017 083 (. ...
05 08 07 10 31 13 05 01 01 ) .. .- 188 271 33
Chouteau County
. .../009|0011012]|034|008{005{006|016| Tr| 0Ol 0921 .. .. |- -
011|006 04 06 08 10 02 N 169 2 61 29
Lews and Clark County
004|005/013(007|005/008(012|015(011|(016|023|018 160 -
47 27 36 30 27 20 05 04 07 04| . ... 6 49 8 09 37
Chouteau County
- 023|/006(003|003}003{002(010|005|009]005 069 | .. ... .
o201 10 09 10 06 11 06 01 - R 2 52 321 31
Fergus County
007(005{004{00L]|001]0 0 0 003 017‘004 003 053 R
10 10 10 04 02 02 01 03 05 02 R 162 215 36
Cascade County
003|001 - R 003|006 |006|. . .. 019 R
08 14009 (003(001]|003)|002 02 08 12 0310 77 -
24 16 14 16 07 04 05 06 06 06 02| . . 136 213 41
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TABLE 6 —Hourly ptecipitation, in inches, at U S

N
AN
\Hour | 0100 0200 0300 0400 0500 0600 0700 | 0800 | 0900 | 1000 | 1100 | 1200
June\
N
N
24-4985 Lewstown
7. - 004012
8. 0 48 015 012 012 010 010 005(007|011 011 04 02
24-7978-1 Summit
S S, 0 02 001 007 007 005 003(005|/003 (010|013 006
8 - 027 33 35 40 45 54 52 46 40 46 54 30
Grinnell Creek gaging
7. 01 01 01 |01 {01 |01 (01 jO1
8. 02 02 02 02 2 2 3 3 2 2 2 2
NElisec 34, T 29N,R 5 W,
7. 001 001 001
8. 021 0 06 016 027 27 26 30|023(036{022]021|026
NElYisec 26, T 29N, R 6 W,
7. 0 04 004 001]001 - -
8 015 019 0 09 0 09 18 28 31 26 (028|016 (030018

1 USGS tipping bucket on water-stage recorder
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Weather Bureau werghwng 1ain gagces, storm of June 7-8, 1964—Continued

B45

Daily | Storm | Dur-
1300 { 1400 | 1500 | 1600 | 1700 | 1800 | 1900 | 2000 | 2100 | 2200 | 2300 | 2400 | total | total | ation
(inches)|(inches)| (hours)
Arrport, Fergus County
010(010|{006|005{002 Tr Tr Tr|{002{034{008;019 112 -
05 04 01 02 02 01 - - PR N U P 162 274 32
Flathead
002|/003(005(006]006|010(022|[019|032|029 O20Iﬂ‘6 241 (0 ___
44 15 07 . - - . - . ___| - 5 68 8 09 38
station,! Glacier County
01 01 0102 (02 |02 |02 |02 01 (01 01 |01 25 .- -
2 2 - . - - - 30 55 34
Pondera County
- 002{02 [005/021]014|017/006/{002)010]031015 162
008 23 15 03 02 . - .- 332 4 81 28
Pondera County
e .- /001{003]003|012(029/012]017]015[/006)|002]032 142 - -
041 15 33 61 03 (1) B R R P . - 4 02 5 34 29
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MISCELLANEOUS NOTES

In connection with the strong upslope winds along the Continental
Divide and the heavy spillover or lee-side precipitation (fig 16) pre-
viously described, 1t 1s worth noting that a large number of persons
contacted for supplemental precipitation measurements commented
upon the strength of the north to east windflow toward the storm’s
centers At the Federal Aviation Agency station at the Cut Bank Air-
port (the nearest hourly obsetrvation station to any of the storm’s
heaviest rainfall centers), hourly wind 1eadings confirm the strength
of the northeast windflow from midnight until after noon June 8
The observations show that the wind direction 1anged from northeast
to east-northeast during the storm's heaviest period, with speeds fre-
quently gusting to moie than 40 mph (miles per hour) The same
set, of observations also confirms that the cold front from the north
entered the northern parts of the affected area at about the time the
map measurements were taken (0500 hr, June 8, fig 11)

Because Glasgow appears to have been near the center of the moist
awrstream flowimg nto the stoim area, upper an observations made
there just before the storm and duiing its early stages should reveal
the general chaiacter of the airmass mmvolved The Glasgow radio-
sonde observation made at 1700 hours, June 7, 1s shown m figure 17
It shows, among other things, very high mixing ratios—from nearly
12 grams of water vapor per kilogram of dry air at the surface to 26
o per kg (grams per kilogram) at 500 mb  The observed lapse was
conditionally unstable up to 500 mb, but the greatest degree of condi-
tional istabihity was between the surface and about 7,000 ft mst This
layer of gireatest mstability was at the bottom of the larger layer
(reaching to higher than the 500-mb level) that appeats to have been
heading for the storm activity a few hundred miles to the west The
Glasgow sounding was used to calculate precipitable water (surface
Lo 500 mb) content, which at that time was 1 09 mches, and the average
relative humidity tor the same layer was 84 percent

An additional 1item of moie than passing interest was the lack of
thunderstorms 1 the heavy-precipitation areas In view of the
spaisely populated natuie of the areas where the heaviest 1aimns fell,
1t cannot be concluded that thunderstorms did not occur, but 1t 1s
noteworthy that none was 1epoited on June 7 o1 8 by any regula
Weather Bureau station near any of the stoim’s several centers It
seems likely that thunderstoims were widely scattered 1f they did
occur, and that conditional mstability 1elease was mostly of a rather
even mtensity and fairly continuous The steadiness of the ramfall
1ates shown n figure 15 suppott. at least m patt, such a hypothesis
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Ficure 17 —Glasgow radiosonde observation at 1700 hours, June 7, 1964, sam-
pling moist air enroute westward into storm area The airmass was con-
ditionally unstable from the surface (about 920 mb) to nearly 400 mb

METEOROLOGICAL COMPARISON WITH PREVIOUS FLOODS

The record-breaking floods of 1964 and most previous Montana
floods occurred in June when seasonal large-scale meteorological con-
ditions may have been similar  Heavy rainstorms along and near the
castern side of the Continental Divide 1n late May and early June are
cleaily associated with floods of 1894, 1906, 1908, 1916, 1927, 1938, 1948,
and 1953 Mountain snowmelt has generally filled stream channels
to near capacity 1n the same period, and the degiee to which floods have
been ram induced 1s rarely as clear as in 1964 The noteworthy
Springbrook storm of 1921 was centered a considerable distance from
the mountams although general rams appeared to have had some
effect on mountain runoff as well
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Precipitation data from regular stations for all these storms and a
discussion of the flooding of June 1908 appear 1n the appropriate 1ssues
of the monthly publication “Climatological Data, Montana” by the
US Weather Bureau Streamflow data, like precipitation data, are
mote complete n later years and may be found 1n the yearly reports
of the 'S Geological Survey entitled “Surface Water Supply of the
United States ”  Studies of the 1921 (Springbrook), 1906 (Warrick)
and 1938 (Big Timber and Chessman Reservoir) storms have been
dascussed by the U' S Weather Bureau and Corps of Engineers (1945)
Meteorological and hydrologic features of the Maiias River flood of
1948 are discussed 1n the Monthly Weather Review (Dightman, 1950)
The 1953 flood, which was felt particularly in Great Falls area, was
documented m a report of the US Geological Survey (1957) An
examination of the data reveals a fanly strong climatological simi-
larity in the ram-induced floods that generally occur in June, but which
may begim to develop in late May The major meteorological develop-
ments appear to be much the same While vertical motion maxima
may be located m any part of the upper Missour1 River drainage basin,
mcluding the Yellowstone River, depending on the parts of the gen-
eral area traveised by the storm structures, all the storms received
their moist awr supply from the Gulf of Mexico as a result of general
flow northward, then northwestward over the western plains States

The principal differences between previous storms and the 1964
storm were

1 The maximum vertical motion centers in 1964 were apparently
located above the steepest eastern slopes of the northern Rockies,
and were reinfoiced by a larger orographic vertical-motion com-
ponent than was possible 1n any of the earlier 1ecord floods

2 The flow of moist air from the gulf was unusually direct, broad, and
undisturbed until its arrival in the rain area

3 The timing of the entry of the cold front from the north mto the
rain area was critical-—ts “wedging” and continued upslope flow
effects piobably caused a few hours more of heavy rain than
otherwise would have occurred

It would be difficult to design a combination of all factors more
favorable for heavy ranfall than prevailed in this storm  The timing
of the mteracting physical forces and other parameters could hardly
be improved, and 1t 1s therefore not surprising that the dimensions
ot this stoim closely approximate those of probable maximum pre-
cipitation described by the U S Weather Bureau (1960b)
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DESCRIPTION OF THE FLOODS

The disastrous floods of June 1964 1n northwestern Montana struck
parts of the Hudson Bay, Missour1 River, and the upper Columbia
River basins The area of severe flooding extended about 200 miles
northward along the Continental Divide from Helena to southern
Alberta, Canada, mn a band about 70 miles wide Flooding beyond
this area was generally confined to the larger rivers having their
sources along the Continental Divide.

The mtense rain of about 30-hours duration, falling on the remains
of the mountain snowpack, generally produced sharp peaks which were
the highest of record at many gaging stations and greatly exceeded
historical maximum stages on many streams The destruction of 200-
year-old trees at public campgrounds noted by U S. Forest Service
personnel and the uprooting of old trees and the channel enlargernent
described by others imndicate the rare magnitude and extent of the 1964
floods The estimated flood damage of $55 million 1n Montana was
never previously approached Newspaper accounts indicate that
damage 1n Canada was 1 excess of $1 million

HUDSON BAY BASIN

The flood-producing area in the Hudson Bay basin 1s almost entirely
i Glacier National Park in Montana and the adjomning Waterton
Lakes National Park in Canada The principal streams in the flood
area are the Belly, Waterton, and St Mary Raivers, which dramn
northeastward to the Saskatchewan River

Monetary damage in the Belly River drainage basmn in the United
States was light as there are no roads or habitations The peak stage
on the Belly River near Mountain View, Alberta, was about half a
foot lower than the previous known maximum stage of 1908 Severe
flooding of the lowlands forced the evacuation of about 250 persons on
the Blood Indian Reserve near Stand Off, Alberta. A Hutterite
colony, north of Stand Off, was also threatened, and all 150 residents
fled to higher ground No mjuries to residents were reported, but
more than 200 head of cattle and 300 sheep were behieved drowned
Flooding and bridge washouts closed most highways across the Belly
River

Much of the town of Waterton Park, Alberta, bordering Waterton
Lake, was mundated by flooding along the shoreline of Waterton
Lake and by overbank flow of Cameron Creek The nearby Waterton
Lakes National Park headquarters reported 9 07 inches of ramn on
June 7-8, and the 24-hour rainfall of 7 53 inches exceeded the previous
record by 4 63 mnches The lake level rose 4 feet in a 3-hour period
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early on June 8 The park was closed, and nearly 150 residents of the
townsite were evacuated and housed m the Prince of Wales Hotel
A Dbrief 70-mph north wind created waves that smashed boats at the
Waterton Lake piers and blew down a wide strip of fir trees on the
mountainside near the southern edge of the townsite Damage
the area was estimated at more than a million dollars. The peak dis-
charge of 25,700 cfs on the Waterton River downstream from Water-
ton Lake exceeded the previous record of 1908 by 5 percent In
Glacier National Park, runoff rates were probably as outstanding
Street Creek, a tributary to the Waterton River with a drainage area
of 6 square miles, had a peak flow of 5,740 cfs on June 8  Assignable
monetary damage to the primitive United States drainage was hight

Runoff was extremely high i the upper reaches of the St Mary
River dramage basm  The peak flow of Swiftcurrent Creek, a St
Mary River tributary, at the outlet of Swiftcurrent Lake was treble
the previous maximum of 2,250 cfs for the period of record begimmng
m 1912  The biidge at the lake outlet was submerged, and so about 50
employees at Many Glacier Hotel were 1solated ILake Sherburne,
which held the upstieam floodflow of Swiftcurrent Creek, had a peak
mflow of about 10,000 cfs from an area of 637 square miles The
10ad between the town of Babb and the Many Glacier area was blocked
by slides and gravel deposits and was washed out opposite the mouth
of Boulder Creek The resort town of St Mary (fig 18) was evacu-
ated when Divide Creek overflowed 1ts banks Water was nearly 3
feet deep on the streets early on June 8 A highway employee
drowned at St Mary when a roadway, undermined by Divide Creek,
collapsed  The peak discharge ot 16,500 cfs on St Mary River down-
stream from Swiftcurrent Creek exceeded the previous maximum,
however, the collection of streamflow records at this station has been
mntermittent

Kennedy Creek washed out a bridge on US Highway 89 anl a
nearby section of the St Mary Canal on June8 A Cardston, Alberta,
man drowned after he drove his car into the highway washout St
Mary Canal diverts water from the St Mary River near Babb and,
after discharge into North Fork Milk River, serves 1rrigation needs
along the Milk River in the United States A limited temporary
supply for the canal was obtained by diverting Kennedy Cieek into
the canal from June 19 to July 11 Repairs to the canal were made
and normal operation was resumed July 17 The peak flow of the
St Mary River at the international boundary was 21,000 cfs, whereas
the peak of 1908 was considered to be 40,000 cfs ILee Cieek, which
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Freure 18.—S8ilt and debris deposits by Divide Creek at resort town of St. Mary.
Photograph by Montana Highway Department.

heads in (Glacier National Park, washed out the diversion dam for the
municipal water supply at Cardston, Alberta, washed away six homes
and several commercial buildings in Cardston, and drowned more than
100 cattle in a feed lot. Discharge hydrographs for selected gaging
stations in the Hudson Bay basin are presented in figure 19.
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Ficure 19 —Discharge at selected gaging stations in Hudson Bay basin, June
7-13, 1964 Numbe1s 1n parentheses conform with those given 1n table 19 and
on figure 2

MISSOURI RIVER BASIN

The part of the Missour: River basin covered in this report 1s the
main stem and intervening tributary draimage areas from Toston to
Fort Peck Dam, except for Musselshell River and Dry Creek dramn-
age basins The Milk River basin upstream fiom Fresno Reseivoir
1s also included The flooding which occurred in local areas outside
the above boundaries was of a lesser magnitude or was 1n an area where
discharge mnformation 1s lacking

Peak flows of the Missour: River and tributaries upstieam from
Canyon Ferry Reseivoir were not 1ecord high Although Canyon
Ferry Reservoir was nearly full on June 6, 1t held nearly all the up-
stream flood flow until June 12 when the passage of inflow did not
cause additional flooding at Gieat Falls Tenmile, Sevenmile, and
Prickly Pear Creeks flooded adjacent lowlands in the Helena Valley
and affected a few homes and ranches The peak discharge of Ten-
mile Creek near Rimini was 556 cfs, wheieas the peak of 1917 was
781 cfs

One biidge was washed away and several sections of State Second-
ary Highway 434 were damaged by Wolf Creek near the town of Wolf
Creek The maximum flow of the Dearborn River apparently oc-
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curred near the mountain front and diminished in a downstream direc-
tion because intervening tributaries had peaked earher Somewhat
hazy information from local residents indicates the peak stage and
discharge of the Dearborn River in 1964 exceeded those of 1908 and
mtervening years throughout the river’s length The sparsity of
development along the narrow valleys of the Dearborn River and trib-
utarles restricted property damage to a few ranches, approaches to
a county bridge near Bean Lake, and the loss of two gaging stations
Hardy Creek, a tributary to the Missour: River upstream from Cas-
cade, undermined both piers of the bridge on U.S Highway 91, and
closure of this bridge nearly doubled the road distance between Helena
and Great Falls

Flooding along the Sun River was severe, particularly in the broader
and more populous valley from Simms to Great Falls In the rather
primitive area along the North and South Forks of Sun River above
the Gibson Dam, summer homes, trails, and a gaging station were dam-
aged or destroyed The irrigation reservoir formed by Gibson Dam
below the confluence of the two forks began to overflow at about 1400
hours on June 8. Water spilling over the parapet walls of the concrete
dam (fig. 20) reached a maximum depth of 323 feet between 1900
and 2000 hours on June 8. Beaver Creek, which enters the Sun River
just below the dam, was also high and destroyed the access bridge to
the dam and a large storage building

Much of the town of Augusta, on Elk Creek (locally called South
Fork ‘Sun River), was mnundated Flooding, described as much worse
than the “big flood of 1953,” damaged 34 homes and 17 business estab-
lishments as water depths reached up to 3 feet The peak stage was
1eported to have occurred at about 2200 hours on June 8 An elec-
trical powerline servicing the town was ripped out on the evening of
June 9 Water over the road and the washed-out bridges on State
Highways 287 and 20 nearly 1solated the town until repairs were
made

The valley of the Sun River below the mouth of Elk Creek 1s ap-
preciably wider and the gradient, flatter Overbank flow affected
many farms and residences, however, ample warning and organized
evacuation mmimized property damage, and no lives were lost The
town of Sun River (fig 21) was completely flooded, and the nearly
100 residents were evacuated A new suburban residental area on the
flood plamn at Vaughn was flooded to an average depth of about 8 feet,
and a number of homes were washed away The small community
of Manchester, about 3 miles west of Great Falls, was almost com-
pletely mnundated to depths up to 7 feet
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A ot

IF1cURe 20.—Flow over parapet of Gibson Dam on June 9, 1964. Photograph by
U.S. Forest Service.

The flat gradients of the Missouri River and Sun River at Great
Falls caused considerable overbank flow of the low flood plains along
both streams, and severe flooding lasted for several days. The Mis-
souri River upstream from the Sun River held a fairly steady flow
of about 22,000 cfs, which largely originated below Canyon Ferry
Dam. Flood depths of 10-12 feet were noted on several homes in
low-lying areas. Nearly 3,000 persons were evacuated from the
flooded area, where 631 homes and 24 business establishments sustained
rarious degrees of damage. At the 14th Street Bridge across the Sun
River, the flood stage of 15 feet was exceeded from 2100 hours on
June 8 to 0800 hours on June 15, and the peak occurred at 0100 hours
on June 10. The peak stage on the Missouri River at the city of Great
Falls waterplant, just upstream from the mouth of the Sun River,
held steady between 0400 and 1200 hours on June 10. The extent of
flooding at Great Falls is shown in the inundation map of figure 22,
and figure 23 is a view of much of the flooded area at 1010 hours on
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F1cUre 21.—Inundation of the town of Sun River on June 10, 1964. Photograph
by United States Bureau of Reclamation.

June 10. Stage hydrographs for Sun River near Vaughn; Sun River
at 14th Street Bridge, at Great Falls; and Missouri River above Sun
River (at city waterplant), at Great Falls, are shown in figure 24.

The' Missouri River is well entrenched in a narrow valley from
Great Falls to the mouth of the Marias River, and Fort Benton is
the only city or town adjacent to the river in that reach. KErosion
damage in the vicinity of the Fort Benton sewage lagoon required
construction of an emergency dike. Flooding of some lowland hay
meadows was probable as stages approached those of 1953. Belt and
Highwood Creeks, which are tributary in this reach, had peaks that
were substantially less than the 1953 peaks. A washed-out railroad
bridge lodged against the bridge on U.S. Highway 87 at Belt. Seven-
ty youths at a camp in the upper Highwood Creek area were stranded
because of several road washouts and the loss of more than 10 bridges.

Discharge and damage were high along the entire length of the
Teton River, which enters the Marias River just above its mouth. A
bridge, 1 mile downstream from the South Fork Teton River, was left
high and dry when both approaches were eroded and the Teton River
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Ficure 23.—View of city of Great Falls showing extent of flooding at 1010 hours,
June 10, 1964. Photograph by Montana Highway Department.

cut a new channel several hundred feet south of the original channel.
The many irrigation works along the river were destroyed, and there
were several washouts on canals leading to offstream reservoirs.
Floodwaters from the Teton River and a tributary, Spring Creek,
combined to flood the town of Choteau (figs. 25, 26) on June 8. The
entire population of nearly 2,000 residents was hastily evacuated as
water as deep as 6 feet damaged 640 homes and business establish-
ments. Deep Creek, which enters the Teton River downstream from
Choteau, flooded low-lying areas and washed out the bridge on State
Highway 287. U.S. Highway 89 was closed when one span of the
Teton River bridge was destroyed.

249-795 0—67—-5
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F1cURE 24 —Stage of Missour: River above Sun River at Great Falls, Sun River
near Vaughn, and Sun River at Great Falls, June 8-13, 1964 Numbers 1n
parentheses conform with those given 1n table 19 and on figure 2

The Teton River occupies a rather narrow valley downstream from
Choteau, and the peak flow mncreased slightly through tributary con-
tributions as 1t moved downstream The flood peak exceeded the
normal channel capacity and flooded the bottom lands U S High-
way 91 was closed for several weeks after the bridge north of Dutton
was destroyed, and overbank flow washed away much of the roadway
across the valley  Only three of about eight bridges across the Teton
River remained, and these required repairs to approaches There was
some damage to US Highway 87 and the Great Northern Railway,
which parallel the Teton River for a few miles near Loma The scat-
tered ranches in the narrow Teton River valley sustained consider-
able damage to lands, buildings, fences, and roads The residents of
Loma, at the mouth of the Teton River, were evacuated although no
residential flooding resulted at this point

Flooding 1n the Marias River basin upstieam from Tiber Reservon
was widespread and extremely severe It was compounded by failure
ot two 1rrigation dams and a commumty water supply dam The
farlumie of Swift Dam on Birch Creek (fig 27) released more than
30,000 acre-ft of stored water shortly after 1000 hours, June 8, 1n
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Fieure 25.—Extent of flooding at Choteau. Based on information furnished by
the U.S. Army Corps of Engineers.

what has been reported to be a very brief time. The instantaneous
peak discharge of 881,000 cfs, calculated for an indirect measurement
site 17 miles downstream from the dam, substantiates the reports of
a sudden failure. The Birch Creek valley, downstream from the dam,
presented a scene of vast devastation. All the trees and most of the
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Ficure 26.—Flooding in city of Choteau. Photograph by Montana Highway
Department.

brush were swept away, as were the buildings and bridges that stood
in the way of what has been described as a 20-foot wall of water.
Masses of tree stumps and other floating debris were left stranded
or choked irrigation canals miles away from the normal stream chan-
nel in the vicinity of Valier. . The flood wave moved so rapidly that
very few people received advance warning. In all, 19 residents along
the creek lost their lives. Of those who perished, eight were mem-
bers of one family. Another family of four was last seen floating
down mile-wide Birch Creek on a log raft. During the first 6 hours
after dawn on June 9, more than 100 persons were airlifted out of
isolated areas along the creek. Dupuyer Creek, a Birch Creek tribu-
tary, washed out a bridge on U.S. Highway 89, and water was a foot
deep in the town of Dupuyer. Most basements were flooded, but the
town’s 125 residents did not evacuate.

The somewhat gradual failure of the dam on Lower Two Medicine
Lake (fig. 28) in Glacier National Park released a flood wave on
Two Medicine River on the afternoon of June 8. A radio station
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F1cure 27.—Remains of Swift Dam looking downstream from the reservoir
area. Arrow points to a part of the right end of the upstream face of the dam.
Photograph by Bureau of Reclamation.

warning did not reach all residents because electric power was dis-
rupted and many persons living in river-bottom areas had little time to
evacuate. A pickup truck carrying 17 persons stalled when the driver
missed the trail across an inundated meadow and drove into a depres-
sion. The driver left in search of help. Two persons were pulled
to safety with a spare tire attached to fence wire, five were rescued
by boat, and the remaining nine died. Midvale Creek, a tributary
to Two Medicine River, flooded parts of Kast Glacier; and South
Fork Two Medicine River caused considerable damage to U.S. High-
way 2 between East Glacier and Summit. At the gaging station on
Two Medicine River, 11 miles southeast of Browning and 30 miles
downstream from Lower Two Medicine Lake, the peak flow occurred
about 3 hours prior to the failure of Lower Two Medicine Lake Dam.
Badger Creek, which enters Two Medicine River downstream from
that gaging station, washed out bridges and overtopped the roadway
of U.S. Highway 89 (fig. 29). Two Medicine River, which includes
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Ficure 28.—Remains of Lower Two Medicine Lake Dam. Photograph by
Bureau of Reclamation.

Birch Creek, joins Cut Bank Creek to form the Marias River. Willow
Creek, a tributary to Cut Bank Creek, flooded many homes at Brown-
ing; and (‘ut Bank Creek washed out the bridge on State Secondary
Highway 464.

The Marias River washed out a steel truss bridge on a county road
north of Valier and the roadway to the south bridge approach on U.S.
Highway 91 (fig. 30) south of Shelby. The flow of the Marias River
was effectively stored in Tiber Reservoir until downstream floods had
subsided. On June 8, Sullivan Reservoir, in an unnamed gulch about
one-half mile from Shelby, breached and flooded a small part of the
city north of the Great Northern Railway tracks. Two other up-
stream reservoirs on the same gulch were brimful, and the northern
third of Shelby was evacuated on June 11 when additional rainfall
seemed imminent.

Flooding along the Missouri River from the mouth of Marias River
to Fort Peck Reservoir was confined to a few ranches and left silt de-
posits up to 2 feet deep in the James Kipp State Park. Big Spring
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Fiecure 29.—Damage to Badger Creek bridge on U.S. Highway 89, typical of the
many highway washouts caused by streams draining the eastern side of the
Continental Divide. Photograph by Montana Highway Department.

Creek, a tributary of the Judith River, flooded 20 homes and 14 busi-
ness establishments in a 3-block area of Lewistown. Cottonwood
Creek, west of Lewistown, washed out the Glengarry bridge and a
large culvert.

The Milk River basin flooded in the headwater area near Glacier
National Park. State Secondary Highway 464 was closed for a time
because several bridges and culverts and some roadway were lost.
Low-lying ranch lands and a few other roads sustained some damage.
Peak flows generally diminished below Del Bonita, and Fresno Res-
ervoir near Havre prevented any downstream damage.

Discharge hydrographs for selected gaging stations, on streams
tributary to the Missouri River, are presented in figure 31. The time
distribution and relative magnitude of peak discharges at selected
caging stations on the Missouri River main stem are illustrated by
the hydrographs in figure 32.
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Fieure 30.—Marias River flooding U.S. Highway 91 south of Shelby. Arrow in-
dicates gaging station on left bank downstream from bridge. Photograph by
Montana Highway Department.

UPPER COLUMBIA RIVER BASIN

The chief flood-producing area of the Columbia River basin was
that part of the Clark Fork drainage basin which lies near the Conti-
nental Divide in the northern half of Montana. Severe flooding was
confined to the upper reaches of the Blackfoot River and Flathead
River drainage areas. A noteworthy exception is local flooding at
Deer Lodge, where Cottonwood Creek, a Clark Fork tributary, dam-
aged 100 homes, destroyed 2 bridges, and prompted the man-caused
destruction of 2 other bridges, when lodged debris aggravated over-
bank flooding.

The water was a foot deep in the east end of Lincoln, and several
miles of the highway to the east were flooded as the Blackfoot River
and tributaries overflowed. Several bridge approaches were lost and
seven persons were isolated along Landers Fork. The North Fork
Blackfoot River peaked at 11,800 cfs contrasted to a peak of 4,380 cfs
in 1948.  Damage along the Blackfoot River, downstream from the
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Ficure 31 —Discharge at selected gaging stations 1n Missourl River basm, June
7-13,1964 Numbers 1n parentheses conform with those 1n table 19 and figure 2

North Foik, was not severe although the peak of 19,200 cfs near the
mouth was the highest since 1ecord began 1mn 1940 'With the entrance
of the Blackfoot River flow, the peak ot the C'lark Fork aboye Missoula
exceeded the 1948 peak by only 200 c¢fs  The peak of 1908 was con-
siderably higher at Missoula than either that of 1948 o1 1964  Rattle-
snake Cieek, which ente1s the Clark Fork i Missoula, flooded a num-
ber of homes and Iittered gardens and lawns with debris  Dikes and
sandbagging prevented flooding of the low-lying Orchard Homes area
along the Clark Fork i the southwest part of Missoula The peak
flow of the Bitterroot River, which enters the Claik Fork just west
ot Missoula, was about 5 percent higher in 1948 than m 1964 At
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Ficure 32 —Discharge at selected gaging stations on the Missour: River, June
7-14, 1964 Numbers 1n parentheses conform with those 1n table 19 and on
figure 2

St. Regis, about 25 miles upstream from the Flathead River, the Clark
Fork peak discharge was about 13 percent greater in 1948 Discharge
hydrogiraphs at selected gaging stations on the Blackfoot River and
Claik Fork are shown i figure 33

The Flathead River basin upstream from Flathead Lake underwent
the most severe flooding m modern times ~ All main bridges upstream
from Columbia Falls were washed out or rendered unusable Up-
stieam from the Middle Fork Flathead River, the drainage of the
main stem of the Flathead River 1s largely m public land that 1s
spaisely settled Recreational camping facilities at Big Creek and
Tuchuck wete on the flood plain and were extensively damaged by
scout, silt, and debris Nearly 70 percent of the damage reported in
this diamage area was to roads and bridges Peak discharge of the
Flathead River at Flathead, British Columbia, near the international
boundary was 16,300 cfs, o1 1,700 cfs greater than the highest peak
recorded during the past 35 years Just upstream from the Middle
Fork Flathead River, the 1964 peak flow was double the maximum
peak of the previous 35 years of record Eastern tributaries from
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F1cURE 33 —Discharge at selected gaging stations on Blackfoot River and Clark
Fork, June 8-15, 1964 Numbers 1n parentheses confoim with those in table
19 and on figure 2

Glacier National Park had higher unit 1unoft than western tributaries
along the main stem Flathead River because of greater storm precipi-
tation and snowmelt

Extremely high runott in the Middle Fork Flathead River drainage
basm caused extensive damage to highways and railroads m narrow
valleys along the southern edge of Glacier National Park A natural
gasline was broken, and nearly 17 miles of U.S Highway 2 along
both Bear Creek and the river hterally disappeared (fig. 34). The
peak dischaige of Bear Creek near Essex was 8,380 cfs from a drain-
age area of 207 square miles .\ steel bridge on US Highway 2
across the Middle Fork Flathead River at Essex was washed away
The r1ver at Essex peaked at 75,300 cfs an amount five times the maxi-
mum discharge of the previous 25 years of record

The mainhne tracks of the Great Northern Railway sustained heavy
damage from shdes and washouts, principally by tributary streams;
and at one point the Middle Fork Flathead River overtopped a tunnel
portal (fig 35) Two freight trains were marooned near Essex Rail



B68 FLOODS OF 1964 IN THE UNITED STATES

Ficure 34.—Damage to U.S. Highway 2 (arrows) along Bear Creek. Photo-
graph by Montana Highway Department.

traffic was rerouted through Helena on Northern Pacific Railway
tracks for about a month while repairs were being made.

In the Nyack Flats area, along the Middle Fork Flathead River
downstream from Issex, 30 residents were evacuated by air. Typical
damage to transportation facilities by fill and debris from tributary
streams is shown in figure 36.
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Ficure. 35.—Great Northern Railway tunnel overtopped by Middle Fork Flat-
head River. Photograph by Guest Photo, Kalispell.

At West Glacier, the main highway bridge to the west entrance of
Glacier National Park was damaged beyond repair. An old low
single-arch concrete bridge was completely submerged, but the arch
was not seriously damaged by drift. This bridge was redecked and
restored for temporary use.

Downstream from West Glacier a rocky canyon constricted flow
and, for a time, part of the Middle Fork Flathead River actually
flowed upstream along MecDonald Creek into Lake MceDonald in
Glacier National Park.  Many homes, resorts, and lakeshore facilities
were damaged. The peak flow of the Middle Fork Flathead River
near West Glacier (downstream from McDonald Creek) reached about
140,000 cfs, or an amount four times the maximum peak of the previous
25 years of record.

Flow of the South Fork Flathead River was completely regulated
at Hungry Horse Dam. Upstream from the dam widespread flooding
damaged forest roads, trails, logging operations, and resort facilities.
All roads in the area were closed because of washed-out bridges or
approaches, slides, or roadway washouts. The previous peak of record
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F1cure 36.—Debris deposits at mouth of Moccasin Creek near West Glacier.
P’hotograph by Guest Photo, Kalispell.

of South Fork Flathead River near the mouth, and prior to regulation,
was 46,200 cfs in 1916. The computed 1964 peak inflow to Hungry
Horse Reservoir was about 78,000 cfs.

The peak flow of the Flathead River at Columbia Falls, downstream
from the three forks, was 176,000 cfs. Studies by the Corps of Engi-
neers indicate that the peak at Columbia Falls would have been ap-
proximately 245,000 cfs if the South Fork Flathead River had not been
regulated. Prior to this regulation, the previously recorded maximum
peak was 102,000 cfs in 1948, and the historic peak of 1894 was 142,000
cfs. bout 50 homes in the Columbia Falls area were damaged.
The Anaconda Co. aluminum reduction plant continued operation
with standby fuel instead of natural gas and by pumping from three
ground-water wells on high ground.

Between Columbia Falls and Flathead Iake, the Flathead River
flooded an extensive area of lowlands totaling approximately 25,000
acres. More than 350 homes were flooded east of Kalispell in the
Days \cres area and the Kvergreen area (fig. 37). The Evergreen
area also contains many small businesses such as motels, drive-ins,
gas stations and nurseries, recreation facilities, and a city park. The
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Fiaure 37.—Flooded Evergreen area east of Kalispell. Photograph by Guest
Photo, Kalispell.

Days Acres area was flooded about 4 hours after the Evergreen area
was by water backingup in the Stillwater River. Several thousand
gallons of gasoline from ruptured bulk tanks of the Jet Oil Co. joined
the floodwaters and created a fire hazard east of Kalispell. Dikes
along the lower Flathead valley near the lake held, but were badly
cut by the high flows. The flooded area from Columbia Falls to Flat-
head Lake is shown in plate 1. The peak flow of the Swan River, a
direct tributary to Flathead Lake. was about 4 percent less than the
previous record of 1948 at the gaging station near Bigfork. Up-
stream at Strom’s Store, near Condon, the 1948 peak discharge was
exceeded by about 20 percent.

The peak stage of Flathead Lake at Somers was 2,894.27 feet, re-
corded at 1230 hours on June 12. This is the highest lake stage ob-
served since upstream regulation by Hungry Horse Dam began in
September 1951. The Corps of Engineers estimate a maximum stage
of 2,896.8 feet would have occurred in 1964 if there had been uncon-
trolled outflow from Flathead Lake after May 1 and no flood-control
storage in Hungry Horse Reservoir. The stage of 2,896.26 feet in
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1933 1s the highest lake stage since continuous record began in April
1909  The historic peak stage of 1894 was 2,900 feet All Flathead
Lake elevations given are referenced to Somers datum To convert
from Somers datum to datum of 1929, supplemental adjustment of
1947, subtract 1 00 feet Livestock losses 1mn the Flathead River basin
totaled nearly 1,200 with cattle, hogs, and pets making up the majority
of drowned anumals Three barge loads of animal carcasses were
taken from Flathead Lake and buried in a central disposal pit Not
one horse wasn the group

At the outlet of Flathead Lake, at Kerr Dam, the Flathead River
had a peak of 66,800 cfs The highest previous peak since record
began 1n 1910 occurred 1n 1928 and was 82,800 cfs The 1894 historic
peak discharge was computed to be about 110,000 c¢fs 1n a lake eleva-
tion-discharge study The relation of lake stages to inflow and out-
flow may be better understood 1f 1t 1s realized that a change of a foot
m lake level 1s equivalent to a storage change of about 120,000 acre-ft

In the Jocko River Valley, US Highway 93, south of Arlee, was
flooded 1n two places by Agency Creek Many small bridges on coun-
ty roads were damaged, washed out, or sustained approach damage
Neaily 300 feet of Northern Pacific Raillway track was washed out by
the Jocko River near the Jocko Cabin Camp A local resident since
1915 reported he had never before seen flooding of this magnitude n
the Jocko River Valley Revais Creek, a Flathead River tributary
west of Dixon, washed out an approach to the bridge on U S Highway
10A

Dnscharge hydrographs for selected gaging stations in the Flathead
River basin are shown 1n figure 38

EVALUATION OF FLOOD DAMAGE

The very 1apid 11se of stieams near the Continental Divide left
little time for protective measures Many of the 30 persons who lost
then Ines had little o1 no warning, some perished while attempting to
reach safety or to save a few possessions Farther downstream, the
warnings of flood as much as a day mn advance 1educed casualties and
permitted saving of some property Nearly 350 persons were mjured
The Red Cross reported mass shelter and food were provided for
about 8,700 persons durmg the highwater period Total damage mn
Montana was estimated by the Corps of Engineers (1964a, 1964Db),
U S Department of the Army, at $55 million after prompt detailed
surveys by various agencies No monetay damage was assigned to
the effect of the extensive scarring of stream channels upon fish and
wildlife habitat Damage mn excess of $1 million occurred in Canada
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The statistical breakdown of losses by principal stream basins and
by categories was generally available in the compilation of damage
prepared by the Corps of Engineers A major exception was in the
extensive Lewis and Clark National Forest where subsequent break-
downs prepared by the US Forest Service were inserted i the Corps
of Engineer listings No stream-basin breakdowns were available
for public domain and public facilities in that part of Glacier National
Park lying east of the Continental Divide This area mcludes much of
the Hudson Bay drainage and small parts of the Marias and Milk
River basins

DAMAGE EAST OF CONTINENTAL DIVIDE

Flood damage east of the Continental Divide (table 7) in the Hud-
son Bay and Missour: River basins totaled $30,714,500 In the head-
water areas, in the Lewis and Clark National Forest, almost all the
fish habitat on 155 miles of major stream channels and 320 miles of
minor stream channels sustained severe damage No moneta1y value
was assigned to the loss of fish and wildhife habitat Alluvium, rang-
mg from a few inches to several feet in depth, was deposited at the
mouths of most small streams It was estimated that shghtly more
than 3,000 acres of flood plains was denuded in the Lewis and Clark
National Forest Much of the heavy sediment load that reached the
larger streams was deposited along the flatter reaches outside the
National Forest

Downstream from the headwater areas, an estimated 120,400 acres of
land was mundated by the flooding waters More than 5,500 persons
were evacuated from their homes, and damage to 1,870 homes and 186
business establishments was reported

TaBLE 7 —Summary of flood damage east of the Continental Dwide by basins

[Based on damage estimates compilett by the U S Army Corps of Engineers and the U S Forest Service]

Stream basin Rural Urban Transportation Total
Sun River_ ... ... $4,107 700 $4, 913, 000 $3, 302, 800 $12, 323, 500
Manas River___________._ 9, 220, 000 1, 262, 900 5,037, 200 15, 520, 100
Missour1 River main stem. , 400 142,700 293, 000 472,100
Others ! 372, 900 132, 500 1, 893, 400 2, 398, 800
Total . ie. 13, 737, 000 6, 451, 100 10, 526, 400 30, 714, 500

1 Includes public domain and facilities 1n Glacier National Park
RURAL DAMAGE

Rural damage (table 8) to crops, farmsteads, fences, 1rrigation
works, national-forest facilities, and lands totaled nearly $14 milion
Damage to more than 300 farmsteads and rural nonfarm residences,
stored feed and gramn, and farm equipment and the loss of livestock
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represented about 25 percent of the total, or about $3 5 million  Flood
damage to irrigation works throughout the area was about $3.7 mil-
lion, about 50 percent of which was accounted for by the loss of Swift
Dam on Birch Creek and Lower Two Medicine Lake Dam. Erosion
and deposition of debris, silt, and weed seeds onto farmland account
for 17 percent of the total rural damage Crop and pasture losses
amounted to about 17 percent of the total, and the major part of the
crop loss was 1n the irrigated areas Debris-laden streams caused
nearly $700,000 damage to fences in the stream valleys

The remaining 8 percent of the total rural damage was to gravel
pits, recreation facilities, various U.S. Forest Service facilities, and
rural schools The costs of evacuation and care of rural inhabitants,
clearing of debris jams from stieams, and stabilization of streambanks
at critical points, particularly at campgrounds mn the Lewis and Clark
National Forest were also considered Forty-five percent of the
Forest Service telephone lines were destroyed, and the remainmng
telephone lines sustained 10-50 percent damage In Glacier National
Park damage to buildings, utilities, and campgrounds totaled nearly
$400,000

TaBLE 8 —Rural flood damage east of the Continental Dwvide
[Based on damage estimates compiled by the U S8 Army Corps of Engineers and U 8 Forest Service]

Stream Acres Farmsteads Fences Crop and
flooded pasture

Sun River. ... ... 32, 600 $578, 200 $324, 400 $302, 000
Marias River

Teton River.____ 44, 600 743, 800 115, 900 1, 136, 800

Birch Creek...._.. 16, 670 562, 000 146, 800 481, 000

Two Medicine River. 8, 660 1, 109, 000 60, 700 153, 900

Cut Bank Creek._............. 8, 680 424, 000 41, 000 84, 800

Main stem and tributaries. .. 8, 590 79, 000 10, 000 171, 500

Miscellaneous areas '. . . . ... 600 6, 500 600 2, 800

Total. .. 120, 400 3,502, 500 699, 400 2, 332, 800

Stream Land TIrrigation Other 2 Total
works

Sun River_ ... $1, 222,900 $1, 223, 800 $456, 400 $4,107, 700
Marias River

Teton Raver . ... . ________..._... 780, 100 7, 000 171,700 2, 955, 300

Birch Creek. .___..__ 156, 900 1, 145, 000 17,200 2, 508, 900

Two Medicine River. 91, 400 1, 300, 000 59, 000 2, 774, 000

Cut Bank Creek._____ 44,200 9, 600 11, 500 614, 500

Main stem and tribut: 85, 800 20, 000 1,000 367, 300

Miscellaneous areas !___ 100 100 399, 200 409, 300

Total. i iiiiciceees 2, 381, 400 3,704, 900 1, 116, 000 13, 737, 000

1 Includes Missour1 River main stem and minor tributaries, St Mary Raver, Milk River, and Glacier
National Park
2 Includes damage to U S Forest Service facilities and costs of stream channel clearing and stabihization
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URBAN DAMAGE

The largest city flooded was Great Falls where damage was est1-
mated at $4 4 million, of which nearly $3.2 million was for residences
and more than $1 million was for streets and utilities. Overflow
from the Sun and Missour: Rivers flooded the southwestern part of
the city, requiring evacuation of about 3,000 persons

Choteau was almost completely flooded when the Teton River over-
flowed mto Spring Creek, which courses through the town Hurried
evacuation of the entire population of nearly 2,000 persons was nec-
essary, and damage to homes, businesses, and municipal property
exceeded $1 million Damage to 14 other communities totaled about
$1 million  Urban flood damage estimates are given 1n table 9.

TABLE 9 —Urban flood damages east of the Continental Diwvide
[Compiled by U § Army Corps of Engineers)

Stream bastn and 1960 Resi- Com- Munict-
caity or town P(Epula.- dential mercial | Utilities pal Other Total
10n
Sun River
Augusta__ - ____________ 450 $30,400 | $32,400 [------__ $2, 800 $1, 000 $66, 600
Sun River. 100 68,100 | 60,500 |______.___ 10, 000 9,000 | 147,600
Vaughn._._._____ 265 201,400 f._.._..___ $40,000 |____._.... 11, 000 252, 400
Manchester ) 46,600 [__________ 200 500 200 47, 500
Great Falls. 55,357 | 3,161,200 199,700 | 456,000 | 546, 000 47,000 | 4,409,900
Marias River
East Glacier 350 13,700 |ococao.o 65, 000 2,200 5, 000 85, 900
Dupuyer 125 5, 600 1,000 500 8, 300
Brownin 2,011 14,800 | 400 |coooool|eoiaoeaan 7,000 22, 200
Shelby.- 4,017 66, 900 5, 400 , 600 11,900 900 106, 700
Choteau_ 1,966 558,600 | 339, 300 42, 000 90, 500 7,800 | 1,038,200
Loma.._ .o ooooo.._ 100 |l 1,600 joooooooooo 1, 600
Missour1 River
(main stem)
Fort Benton.._________ 1,837 | . 113,200 oo 113, 200
Others
1, 500 500 oo 2, 000
________________________________ 1,000 [o________ 1, 000
11,200 3,100 500 500 200 15, 500
3,700 95, 800 2, 500 30, 000 500 132, 500
$4,183, 700 | $738,300 | $741,000 | $698,000 | $90,100 |$6, 451,100

1 Less than 100

TRANSPORTATION DAMAGE

The damage to transportation facilities (table 10) was more than $10
mullion, of which the county road system sustained neatly $1 million
and ratlroads about $300,000 TLosses to the Federal axd primary and
secondary systems, exclusive of Glacier National Park and Forest
Service roads 1n the area, account for nearly $2 6 million Approxi-
mately 60 road bridge crossings were affected, as well as several culvert
crossimgs and many miles of roadway Damage ranged from loss of
approaches and abutments to complete destruction or loss of crossings.
In the Lewis and Clark National Forest, 20 percent of the 112 miles
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of forest roads was destioyed and an additional 50 percent was so
heavily damaged as to make reconstruction necessary Of the 15
bridges on forest roads, 5 were completely destroyed, 1 was damaged
beyond 1epair, and 9 required extensive repair, replacement of ap-
proaches, or realinement of the channel The Pretty Prairie airfield
1 the Sun River basin, was damaged beyond repair  The Gates Park
aifield, also m the Sun River basin, was severely damaged More
than a third of the 977 males of forest trail was completely destroyed
and damage of 10 to 50 percent occurred to the rest. All major pack-
horse trail bridges were destroyed. The loss to public transportation
{acilities was estimated at $5 83 million 1n the Lewis and Clark National
Forest.

The National Park Service estimated the damage to roads and trails
at nearly $1.5 million for that part of Glacier National Park lying
east of the Continental Divide

T\BLE 10 —Transportation flood damage east of the Continental Divide

{Based on damage estimates compiled by the U S Army Corps of Engineers and U S Forest Service)

State and federal
Stream basin County roads highways, Railroads Total
and hridges bridges and
airfields !
Sun Riwver_ o ______________ $99, 500 | $3, 129, 300 $74, 000 $3, 302, 800
Marias River
Teton River__ .. ______ 368, 100 1, 820, 300 69, 100 2, 257, 500
Bireh Creek.._____.___ 45, 200 1,256,300 |_.__.______ 1, 301, 500
Two Medicine River___ 13, 200 918,200 |________._ 931, 400
Cut Bank Creek.__.___. 43, 800 199,000 |- __._.__._ 242, 800
Main stem and tribu-
tares___.______.__._ 105, 500 66, 500 132, 000 304, 000
Miscellancous Areas 2______ 205, 300 1, 962, 800 18, 300 2, 186, 400
Total .. ____._______ $880, 600 | $9, 352, 400 | $293, 400 | $10, 526, 400

! Includes damage estimates to roads, trails, and airfields in the Lewis and Clark National Forest
N-’ Includes 1:('hssourl River main stem and minor tributaries, St Mary River, Milk River and Glacier
ational Parl

DAMAGE WEST OF CONTINENTAL DIVIDE

Flood damage west of the Continental Divide was estimated at
$24 5 million, of which $17 6 million was for transportation facilities
The second highest category of damage, as reported by the Corps
of Engineers, includes that to buildings, contents and 1mprovements,
and so forth, for a total of $3 8 million Damage to land, crops, live-
stock fences, and farm equipment was estimated at nearly $1 8 million
The remaiming four categories of damage total $1 3 million The
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damage estimate compiled by the Corps of Engineers 1s summarized
m table 11 The breakdown by stream basins, or reaches, points up
the preponderance of damage 1n the sparsely settled Middle Fork Flat-
head River drainage basin and the more populous area along the Flat-
head River from the Middle Fork Flathead River downstream to
Flathead Lake.

Damage to transportation facilities accounted for about $12 6 mil-
lion, or nearly 95 percent of the total damage, i the Middle Fork
Flathead River dramage basin where U.S Highway 2 and the Great
Northern Railway tracks were in the narrow valleys Earth shp-
page and the washout of bridges and trackage by tributary streams
accounted for a large part of the raillroad damage The timber in-
dustry of the Flathead Valley depends greatly upon the forest roads,
and 1t 1s reported that the road damage caused a setback of about a
month 1 that imndustry Nearly 180 miles of trails in the Flathead
National Forest will require restoration, and several livestock and foot
bridges that were destroyed will require replacement. Damage to
trails and 10ads 1n Glacier National Park was severe

The category of buildings, contents and improvements, and auto-
mobiles and trucks covers rural and urban areas and does not dis-
tinguish between commercial and residential damage The fact that
50 homes near Columbia Falls and 350 homes near Kalispell were
flooded indicates urban damage may represent a substantial part of
the damage 1n this category for the area along the Flathead River
below the Middle Fork Flathead River Facilities around Flathead
Lake sustained some damage when the level of Flathead Lake ex-
ceeded the upper limit for controlled regulation of 2,893 (0 feet eleva-
tion (Somers datum)

The chief agricultural area affected by the flood was along the Flat-
head River from Columbia Falls to Flathead Lake The rapid 11se of
flood waters contributed to a substantial livestock loss

Among the losses to utilities was damage to a natural-gas pipeline
m the narrow valleys of Bear Creek and the Middle Fork Flathead
River About 100 miles of forest telephone lime needed repair or
replacement

The upper reaches of the Blackfoot River and its tributaries and
most of the streams m the Flathead River basin, both i and outside
Glacier National Park and the Flathead National Forest, are good
trout habitat The US Forest Service estimated that 105 miles of
main stream and about 240 miles of tributary streams of the Flathead
River were scarred to the point of seriously affecting fish and wild-
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TABLE 11 —Summary of flood damage west of the Continental Dwvide by basins
[Compiled by U S Army Corps of Engineers]

Highways,
Land, crops, Buildings, roads and
livestock, contents and railroads, Utihties,
poultry, fences | improvements, 1ncludes 1ncluding
Stream basin and farm and autos bridges, re- | power and com-
equipment and trucks routed trains munications
and traffic
nterruptions
Upper Clark Fork_.___________________ $118, 500 $70, 500 $536, 000 $38, 600
Flathead River above Middle Fork
Flathead River. ... ___._._.._.. 17,000 62, 000 152, 700 700
Middle Fork Flathead River excluding
Bear Creek. ... __.____.__.__ 77, 300 232, 600 8, 203, 900 135, 700
Bear Creek....o.- . . ... __ 1, 000 17, 600 4, 319, 300 200, 200
Other tributary streams 1n upper Flat-
head Riverbasin_____________________ 193, 100 602, 700 1, 940, 600 700
Flathead River below Middle Fork
Flathead River 1, 343, 900 2, 841,000 2, 332, 600 100, 500
Total._.._... $1, 750, 800 $3, 826, 400 $17, 675, 100 $476, 400

Flood protec-

tive works,
Refugee care, | Employee and | 1rrigation sys-
Stream basin Red Cross, business tems, and Total
and flood losses pumping and
fighting pumping
plants
Ulpper Clark Fork._ . ____.__....._.___.. $28,700 |-l $103, 200 $895, 6500
Flathead River above Middle Fork
Flathead River__.._..____________..__ 200 $7,000 |- 239, 600
Middle Fork Flathead River excluding
Bear Creek._.. . ... 9, 800 7,200 |ococciceeooos 8, 756, 500
Bear Creek ... oo 1,600 |- oo 4, 538, 700
Other tributary streams 1n upper Flat-
head Riverbasin_..______._____.__.____ 1,900 500 1,200 2, 740, 700
Flathead River below Middle Fork
Flathead River_______________.______ 231, 000 140, 000 314, 000 7, 303, 0600
Total .. $273, 200 $154, 700 $418, 400 $24, 475, 000

hfe habitat The loss of nesting areas for upland and migratory
birds was also mentioned as serious in the Flathead National Forest
No monetary value was placed on these items.

FLOOD-CREST STAGES

Flood-crest stages imn the Missour: River basin are given for the Sun
River and one of its major tiibutaries (table 12) and for the Teton
Raver (table 13) 1n the area flooded during June 1964 In the upper
Columbia River basin, flood-crest stages are given for the Flathead
River upstream from Flathead Lake (table 14), the Middle Fork
Flathead River and one of 1its tributaries (table 15), the Stillwater
River and one of 1ts major tributaries (table 16), and the Swan
River (table 17) Most of the information presented in the tables
was furnished by Corps of Engineers



B8&0 FLOODS OF 1964 IN THE UNITED STATES

TABLF 12 —Flood-c) est stayges, Sun River basun, floods of June 1964

[Data mostly fuinished by U 8 Army Corps of Engineers]

Stream, location, and time

Miles above
mouth of
Sun Rivel

Elevation

(feet)

June 8

Left bank Sun Rive:, approximately 4 miles north of
Augusta, old telephone pdle about 700 ft west of State
Highway 287 and 150 ft northwest of old concrete
bridge piersec 27, T 2IN, R 6 W________________

Left bank Sun River, approximately 4 miles north of
Augusta, 50 ft north and 40 ft east of State Highway
287 bridge abutment mnsec 27, T 21 N, R 6 W_____

Left bank Elk Creek, approximately 0 5 mile upstream
from State Highway 287 bridge i Augusta, 260 ft
north of a steel truss road bridge in sec 17, T 20 N,
R 6 W, at 2200 hours__ - . _ . _ . o _.__

Left bank Elk Creek, 0 4 mile south of Main St , Augusta,
on State Highway 287 Northeast corner of timber
bridge abutment msec 17, T 20 N, R 6 W________

Left bank Elk Creek, on north gate of west entrance to
Augusta rodeo grounds msec 17, T 20 N, R 6 W___

Left bank Elk Creek, on northeast corner of outside
tollet at residence about 400 ft south-southwest of
American Legion buillding mm Augusta m sec 17, T
20N, R 6 W_____ ..

Right bank Elk Creek, 34 mile east of Augusta at Sofie
Malataire residence  Northwest corner of porch on
television antenna pole msec 17, T 20N, R 6 W

71 5

71 3

73 4

72 4

715

71 4

71 0

3,973

3,970

4,089

4,076

4, 068

4, 064

4, 056

52

21

98

06

28

70

80

June 9

Right bank Sun River, approximately 450 ft northeast
of mile post 36, Great Northern Railway, and 100 ft
west of communication marker pole in sec 8, T 20
N, R 5 W._ o eo__._

Right bank Sun Raver, 125 ft northwest of Riebling
Station railroad siding sign msee 8, T 20 N, R 4 W_

Right bank Sun Raver, 40 ft south of upstream abutment
of Great Northern Railway bridge at mile 27 3 in sec
12, T 20N, R 4 W_____ e _

Right bank Sun River, on south side of Simms gramn
elevatormsec 12, T 20 N, R 3 W at 0200 hours.___

Right bank Sun River, on power pole 8-56—-R7 south of
Great Northern Railway about 1 5 miles cast of Simms
msee 8, T 20N, R 2 W_______________._________

Left bank Sun River, 200 ft north of county bridge 122
on road from Fort Shaw to Asheulot about 0 5 mile
north of Fort Shaw, on gate post on west side of road
mseec 2, T 20N, R 2W_______________________.__

Raght bank Sun River, approximately 0 5 mile southwest
of Sun River on northwest corner of gran elevator in
sec 34, T 21N, R 1 W___________ __________._.__

Left bank Sun Riaver, 600 ft northeast of State Highway
20 bridge crossing at Sun River, on Montana Highway
Commission sign msec 34, T 21N, R 1 W_________

Right bank Sun River, mside of Farmers Union oil
station at Sun Rivermmsec 34, T 21N, R 1 W______

65 1
58 1

44 4

42

[*¥

381

320

315
31 4

3, 868
3,755

3,716
3,561

3,534

3,473

3,416

3, 410
3,414

14
78

44
69

18

75

56

85
56
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TABLE 12 —Flood-cicst stages, Sun Ruer basin, floods of June 1964—Continued

[Data mostly furnished by U S Army Corps of Engineers]

Stream, location, and time

Miles above
mouth of
Sun Rivet

Elevation

(feet)

June 9—Continued

Right bank Sun River, light pole at northwest corner of
Union 76 service station at southwest end of State
Highway 20 bridge over Sun River in sec 34, T 21
N, R I W e

Left bank Sun River, 4 9 miles southwest of Texaco
service station at Vaughn, 50 ft south of US High-
\Iv{ay 8}3, State Highway 20 in NE{ sec 29, T 21 N,

1

Left bank Sun River, 1 8 mile northeast of comn-operated
laundry and 2 9 miles southwest of Vaughn on power
polemseec 28, T 21N, R 1 E____________.______.

Left bank Sun River, 300 ft east of Texaco service
station at Vaughninsee 34, T 21N, R 1 E________

Left bank Sun Raver, 25 ft cast of road on corner of
corral fence at Eidel Ranch in sec 23, T 21 N, R
2 E, 1800 hours_ . _ _ _ ..

Left bank Sun River, imn southwest corner of barn on
Sam Lenz farmmsec 35 T 21N, R 2 E__________

Right bank Sun River, above main door of barn on
Ochsner farmmseec 2, T 20N, R 2BE_____________

Left bank Sun River, on corral post just east of livestock
shed at Waldenberg residence, about 0 25 mile south
of KFBB television station at Great Falls in sec 5,
T 20N, R 3B _ e

Left bank Sun River, northeast corner of small building
at Great Falls Trap and Skeet Club._______.________.

Left bank Sun River, 200 ft east of Central Ave bridge
west of Great Falls, on upstream side of road.____._

Left bank Sun River, corner of Central Ave West and
34th St, NW, Great Falls, on north side of large
building

Left bank Sun River, 150 ft cast of residence at 2719
Central Ave West, Great Falls_____________________

Left bank Sun River, top of window frame at 121 25th
St,SW, Great Falls_____ .. ______________________

Left bank Sun Raver, 114 blocks west of 24th St, SW,
and Sunset Rd 1intersection, Great Falls_____________

Left bank Sun River, 14 block west of 24th St, SW,
and Sunset Rd intersection, Great Falls_____________

Left bank Sun Raver, power pole at 2217 Sunset Rd,
Great Falls_ . _______________ . ___._

Left bank Sun River, power pole at 2129 Sunset Rd,
Great Falls

Left bank Sun River, power pole at 2105 Sunset Rd,
Great Falls_ . ___________ . __ ___ . _..___.

Left bank Sun River, power pole at 2013 Sunset Rd,
Great Falls_ _ _ ____ .. ..

Left bank Sun Raver, power pole at 2010 Sunset Rd,
Great Falls

22 8

20 4
181

10 8

[
oc

—

NN NN NN N W L
NN N O @

3, 412

3,373

3, 355
3, 349

3,338
3,335
3,334

3,330
3,330
3,329

3,329
3,328
3,327
3,328
3, 328
3,327
3,327
3,327
3,327
3,327

72

74

18
19

79
35

71
64
24

09
73
83
12
10
82
80
41
96
61
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TABLE 12 —Flood-crest stages, Sun Rwer basin, floods of June 1964—Continued

[Data mostly furnished by U S Army Corps of Engineers]

Miles above Elevation
Stream, location, and time mouth of (feet)
Sun River
June 9-10

Left bank Sun River, greenhouse at corner of 5th Ave

and 14th St, SW, Great Falls_____________________ 18 3,327 27
Left bank Sun River, north side of residence at 721 14th

St, SW, Great Falls___________ . _ _________________ 17 3,326 71
Left bank Sun River, power pole at 825 14th St, SW,

Great Falls_ _ __ _ - 16 3,326 85
Left bank Sun Raver, residence at 917 14th St, SW,

Great Falls_ _ ____ ___ o _________ 16 3,325 80

June 10

Left bank Sun River, in garage at 1337 10th Ave , SW,

Great Falls_ _ ________ _____ ... 13| 3,326 30
Left bank Sun River, telephone pole at 1118 10th Ave,

SW, Great Falls, at 0100 hours_ ___________________ 12| 3,324 11
Left bank Sun River, power pole at 1019 10th Ave,

SW, Great Falls_ _ _ ______ ________________________ 12 3,324 17
Right bank Sun River, 200 ft east of Great Northern

Railway and 200 ft south of river in Great Falls______ 11 3,322 94
Left bank Sun River, storage shed at 1010 10th Ave,

SW, Great Falls. . _ _______ ___ ... 09 3,322 56
Left bank Sun River, large cottonwood tree at entrance

to 92815 10th Ave, SW, Great Falls_____.__________ 08| 3,322 86
Left bank, Sun Raver, large cottonwood tree south of

208 10th Ave, SW, Great Falls..__________________ 01 3,318 34

TaBLE 13 —Flood-crest stages, T'eton Rwer, floods of June 1964

[Data mostly furnished by U 8 Army Corps of Engineers]

Location and time Miles above Elevation
mouth (feet)
June 8

Right bank, post of fuel-tank stand on Crawford Ranch

msec 33, T 25 N, R 6 W_______________________ 169 4 4, 229 61
Left bank, 20 ft southwest of camp fireplace about 4 8

miles north of Choteau on US Highway 89 in sec

4, T 24N, R 5 W_______ . 162 8 3,972 95
Left bank, foundation of Gus Depner residence about

2 9 miles north of Choteau mn SW sec 11, T 24 N,

R 6 W_ oo 160 4 | 3,910 96
Left bank, telephone pole on west side of US Highway

89, 1 5 miles north of Choteau 1in sec 14, T 24 N,

R 5 W e eeeeeo 159 1 3,860 71
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TABLE 13 —Flood-crest stages, Teton Rwer, floods of June 1964—Continued

[Data mostly furnished by U 8 Army Corps of Engineers)

B83

Location and time Miles above Elevation
mouth (feet)
June 9—Continued
Left bank, 4 block west of corner of 3d Ave NW, and
Weaver St in Choteauinsec 24, T 24 N, R 5 W____ 158 7 3,832 94
Left bank, northwest corner of barn at intersection of
7th Ave NW and Main St 1 Choteau 1n scc 24,
T 24N, R 5 W__ . 158 7 3,832 85
Left bank, foundation of residence approximately !4 mile
west, of Choteau school nsce 25 T 24 N, R 5 W__ 157 6 3, 819 48
Left bank, northwest corner of Teton County shop
building in Choteau msec 25, T 24 N, R 5 W______ 157 3 3,812 24
Left bank, northwest corner of housc foundation on
southeast corner of 2d St SW, and 9th Ave SW, n
Choteau._ _ . _ oo 157 2 3,811 89
Left bank, large cottonwood tree at T H Hammond
home about 10 mile south of Choteau in sec 30,
T 24 N, R 4W____ . 156 2 3,795 22
Right bank, door of Quonset building at Ferns farm-
stead mscc 24, T 24 N, R 4 W, at 2000 hours.____. 147 3 | 3,675 81
Right bank, 200 ft north of dwelling on power polec 1n
sec 22, T 25N, R 2 W__________________________ 123 7 3,445 25
June 8-9
Right bank, west side of road crossing in SEY sec 12,
T25N,R 1W___ ... 104 5 3,315 61
June 9
Right bank, south foundation of Bill Maurer homc
sec 22, T 25N, R 3 E ,at1200 hours_____________ 75 2 3,132 95
Left bank, 400 ft northeast of Dent Bridge 1n sec 35,
T25N,R4E__ .. 62 5 3,059 84
Right bank, steel pier of bridge about 5 miles north of
Carter mn NEYsec 9, T 24 N, R. 6 E, at 1800 hours._ . 38 9 2,913 72
June 9-10
Right bank, 0 2 mile west of red grain clevator on brace
pole 1n center of sec 13, T 24 N, R TE____________ 19 8 2,780 16
Left bank, guard rail on northwest corner of F A S 223
road bridge in S¥sec 9, T 24N, R S E.____._____ 159 2,738 61
June 10
Right bank, 200 ft south of bridge on west side of road
near centerof sec 1, T 24 N, R 8 E_______________ 11 2 2,684 26
Right bank, power pole leading to farmstead in NW% sec
5T24N,R9E__ ... 80| 2659 67
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T\BLEL 14 —Flood-ciest stages, Flathead Rwer, floods of June 1964
[Based on data furnished by U S Army Corps of Engineers}

Location and time

Miles above
Flathead Lake

Elevation

(feet)

June 9

Right bank, sticamward face of 10ck outcrop 9 ft up-
stream from axis of proposed Glacier View Dam, 16
miles downstiecam from Camas Creck, and 1214 miles
northwest of West Glacier________________________.

Right bank, streamward side of 24-in fir tree, 15 ft
above ground, 09 mile upstream fiom Big Creek,
i SE¥SE}, see 15, T 33 N, R 20 W, and 11%4 miles
northwest of West Glacier_______ ________________._

Right bank, Flathead River and left bank Big Creek,
on streamwaird face, downstream edge concrete bridge
pter, 13 ft above ground, bridgec at mouth of Big
Creek, in SW14SWigsee 22, T 33 N, R 20 W, and
11 miles northwest of West Glacier_ . . ______________

Right bank, 1%-in 1ron pipe, 02 foot above ground,
30 ft upstream from intersection of new and old North
Fork roads, 03 mile downstieam from Deep Creek,
in SEY sec 34, T 33 N, R 20 W, and 9% miles
northwest of West Glacter_________________________

Right bank, shoreward side of twin 8-n cottonwood
tree, 15 ft downstream from 10ad culvert, 4 3 miles
downstream from Big Creek, n W%W; sec 2, T 32
N, R 20 W, and 8 miles northwest of West Glacier. _

Right bank, chiseled “X” on steep rock face, stream-
ward from 24 in corrugated metal pipe on North Fork
10ad, 38 miles upstream from Canyon Creek,
SEMSWl, sce 11, T 32 N, R 20 W, and 7% miles
northwest of West Glaeer_ ________________________

Right bank, shoreward side 15-in fir tree, 3 ft above
ground, in vicinity of Foolhen Hill, m N% sec 14, T
32N, R 20 W, and 7 miles northwest of West Glacier_.

Right bank, shoreward side of 12-in twin top fir tree,
upstream from rapids, 1 6 miles upstream from Canyon
Creek, n SEYNWY sec 23, T 32N, R 20 W, and
7 miles west of West Glacier- - ____________________.

Right bank, root on downstream side of 14-in_fir tree,
0 1 mule upstream from Canyon Creek, n SWYNEY
sec 27, T 32 N, R 20 W, and 7 miles west of West

Gaging station on right bank, 1% miles downstream from
Canyon Creek, near center of W% sec 35, T 32, N,
R 20 W, and 9 miles northeast of Columbia Falls, at
0900 hr___ __ .

Right bank, shoreward sidc of 18-in pine tree, 55 ft
above ground, at point opposite high rock chffs on the
left bank, 1 7 miles downstream from Canyon Creek,
m NEYSWY sec 35, T 32 N, R 20 W, and 6%
miles west of West Glacier_._______________________

Right bank, at former gaging station site, upstream shore-
ward corner of wooden gage house, 30 mm_ above
ground, 11 miles upstream from Middle Fork, in
NEYNEY sec 12, T 31 N, R 20 W, and 8 miles
northeast of Columbia Falls________________________

Left bank, shoreward side 18-in cottonwood tree, 4 5 ft
above ground, at first curve in road from Blankenship
bridge, 0 1 mile downstream from Middle Fork in El%
%ec 7, T 31 N, R 19 W, and 3% miles north of

orum

72

71

70

67

66

64

64

62

60

59

59

56

t

3, 338

3, 331

3, 282

3, 265

3, 245

3,229

3,212

3,187

3,164

3, 160

3,123

3,115

27

81

86

34

‘82

33

29

98

08
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T\BLE 14 —Flood-crest stages, Flathead Rwer, floods of June 196/—Continued
(Based on data furnished by U 8 Army Corps of Engineers)

Location and time

Miles above
Flathead Lake

Elevation

(feet)

June 9

Left bank, downstream side of 30-in stump, 30 1n above
ground, at end of trail from buildings to river, 22
miles downstream from Middle Fork, in SEY; sec 17
T 31 N, R 19 W, and 2 miles north of Corum______

Left bank, upstream shoreward corner of log cabin, 30
m above ground, at end of access road from U §
Highway 2, 1n NE)4sec 19, T 31 N, R 19 W, and
1} miles northwest of Corum

Left bank, 8 ft above ground on streamward side of steel
leg of middle pier, second pier from left bank of Great
Northern Railway bridge, in NE¥ sec 32, T 31 N,
R 19 W, and ¥ mile southwest of Corum___________

Left bank, center aluminum tag, south corner timber of
wooden structure east of pump house, 0 5 mile down-
stream from Abbott Creek, near center S} sce 5, T
30N, R 19 W, and at Martin City__________.______

Left bank, shoreward side, 8-in fir tree, 20 ft stream-
ward from edge U S Highway 2, 0 6 mile downstream
from South Fork, m Slsec 1, T 30N, R 20 W, and
3 miles west of Martin City

Left bank, downstream side of 20-in larch tree, 3 ft
above ground, 1 3 miles downstream from South Fork,
in NE¥NElY sec 11, T 30 N, R 20 W, and 3 muiles
cast of Columbia Falls_ __ _________________________

Right bank, downstream side of 15-1n cottonwood tree,
3 ft above ground, 3 6 miles downstream from South
Fork near linc between secs 4 and 9, T 30 N, R 20
W, and 1 mile northeast of Columbia Falls_ _________

Left bank, northwest wingwall of wooden box culvert
under State Highway 40, J4 mile from interscetion with
US Highway 2, near center of west cdge sec 15, T
30N, R 20 W, and 1% miles southeast of Columbia

Right bank, concrete bridge abutment, 0 2 ft below con-
crete jomnt, 10 ft upstream from downstream edge
northwest corner, at new steel bridge on State High-
way 40, m NWl4fsec 16, T 30 N, R 20 W, and 1
mile southeast of Columbia Falls____________________

Gaging station on right bank, 200 ft downstream from
county bridge, 58 miles downstream from South
Fork m NW¥SE% sce 17, T 30 N, R 20 W, and
% mile south of Columbia Falls, at 0500 hrs__________

Right bank, east side of 36-in cottonwood tree, 55 ft
above ground, about 0 3 mile south of Great Northern
Railway underpass, in SEY sec 24, T 30 N, R 21
W, and 2% miles southwest of Columbia Falls_______

Left bank, center 8-in 45° clbow between hose and valve,
1 ft below valve center, on irrigation pump intake line,
pump near residence on left bank, m NEY sec 31,
T 30 N, R 20 W, and 4 miles southwest of Columbia,

Left bank, shoreward side multiple birch tree, 1 ft above
ground, 10 ft downstream from fence line, in EX sec
6, TF29 N, R 20 W, and 5 miles southwest of Colum-
bia Falls

53 1

49 6

47

=~

44

-t

42 2

41 1

40 9

40 05

359

34 8

3, 098

3, 088

3, 074

3, 054

3, 036

3,031

3, 016

3, 010

3, 006

3, 003

2, 986

2,974

2, 965

85

38

19

34

63

88

78

22

37

33

34
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T\BLE 14 —Flood-crest stages, Flathead Rwer, floods of June 1964—Continucd
[Based on data furmished by U S Army Corps of Engineers)

Location and time

Miles above
Flathead Lake

Elevation

(feet)

June 9

Right bank, shoreward side of 20-m pine tree, 30 1
above ground, 50 ft streamward from fence on top
left bank of old highwater channel, 4 miles upstream
from McWenneger Slough drain, on hine SE!4 sec 14
and NE!; sec 23, T 29 N, R 21 W, and 7 miles
northeast of Kalispell . . - ________________________.

Right bank, power pole, 4 ft above ground, 50 ft south-
east of bridge over slough, 14 miles upstream from
McWenncger Slough dram, m NW¥% sec 35, T 29 N,
R 21 W, and 5!3 miles northeast of Kalspell_._______

Right bank, flood plan, cast face of power pole, north-
east corner intersection LaSalle Rd and Spring Creek
Dr, near center sec 33, T 29 N, R 21 W, and 3%
miles northeast of Kalspell. . ______________________

Right bank, flood plain, on concrete curb, cast cdge of
road across from Evergreen School, 200 ft south of
intersection, near center of north edge sec 4, T 28 N,
R 21 W, and 3 miles northeast of Kahspell . ________

Right bank, on left upstrcam abutment of bridge over
second slough 0 2 miles west of Flathcad River bridge
on US Highway 2, m NE}{sec 3, T 28N, R 21 W,
and 4)4 miles northeast of Kahspell . ________________

Right bank, 0 83 ft above pont of survey stake on power
pole on downstream side of US Highway 2 between
first and sccond sloughs, west of Flathead River bridge
m NE!4sec 3, T 28 N, R 21 W, and 414 miles north-
cast of Kalspell . __ . ____________________________.

Right bank, upstream corner of bridge abutment, U S
Highway 2, m NW¥sec 2, T 28 N, R 21 W, and
414 miles northeast of Kahspell . . _____________.______

Right bank, downstream side of steel case bridge pier,
steel bridge on old US Highway 2, m NE4NWY
sec 10, T 28 N, R 21 W, and 3 miles northecast of
Kalbspel.__________ L ___.__

Left bank, streamward side, downstream pole of “H”
frame of cableway, m NE!{scc 15, T 28 N, R 21 W,
and 214 miles cast of Kahspell___ __________________.

Left bank, streamward side ,of 36-in cottonwood tree,
2 9 ft above ground, 0 1 ft below railroad spike, along
road from dam across Bradley Channel, in NW sec
15, T 28 N, R 21 E, and 2 miles cast of Kalspell__.

Right bank, base of streamward side of power pole, 30
ft upstream and opposite driveway to farm house, 0 8
mile downstream from Stilllwater River, n vicimity of
former gage at Demersville, in NEY; sec 28, T 28 N,
R 21 W, and 2% miles southeast of Kalispell________

Right bank, strcamward side of power pole, 4 8 ft above
ground, 20 ft south of gravel road center line, 2 0
miles upstream from Ashley Creek, i vicimity of
former gage at Jetty, m SW3; sec 34, T 28 N, R 21
W, and 3% miles southeast of Kalspell.___._________

28 8

27 4

27 4

27 4

26 3

24 4

24 3

21 7

18 8

2, 944

2,927

2,920

2,018

2,920

2,920

2, 920

2,915

2,906

2, 906

2, 905

2, 904

30

67

59

73

28

31

92

77

44
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T\BLE 14 —Flood-ciest stages, Flathead Rwe:, floods of June 1964—Continued
[Based on data furmished by U S Army Corps of Engineers])

Location and time

Miles above
Flathead Lake

Elevation
(feet)

June 9-10

Right bank, at foimer gaging station at Damon’s Ranch,
ground level at 19th fence post upstream from north-
cast corner of cultivated field just west of farmstead,
3 1 miles downstream from Ashley Cieek, in NW4 sec
32, T 28 N, R 20 W, and 6% miles southeast of
Kalispell ... _ ...

Right bank, at former gaging station at Therriault Ferry,
14 in above ground level shoreward side of largest
twin cottonwood trec, 25 ft upstream from old ferry
landing n W¥see 4, T 27 N, R 20 W, and 8% miles
southeast of Kalspell_____________________________

Left bank, at former gaging station at Keller's Ranch
ncar Holt, upstream side of power pole, 200 ft north of
road, 500 ft cast of concrete bridge, m NW4 sec 23,
T 27 N, R 20 W, and 2% miles northwest of Bigfork.

Left bank, shoreward side upstrcam pole support of
overthead beam, 18 ft above ground, on wood bridge
at Holt, n SWY¥ sec 23, T 27 N, R 20 W, and 2
mules northwest of Bigfork_ ________________________

13 7

Co
o 2]

Cv
<

2,899 53

2, 897 36

2,894 14

2,894 24

T\BLE 15 —Flood-ciest stages, Middle Fork Flathead Rwer basin, floods of June 1964
[Based on data furmished by U S Army Corps of Engineers]

Stream, location, and time

Miles above
mouth

Elevation
(feet)

June 8

Middle Foirk Flathead River

Right bank, 4-mn fir tree, 1Y ft above ground, at
mouth of Bear Cicck, in W¥% sce 31, T 29N, R
15 W, and 4 miles southeast of Essex____________

Gaging station on right bank 4 miles downstream
from Bear Creek, in NE¥SWlisec 14, T 29 N,
R 16 W, and 07 mile southeast of Essex, at
1830 ha_ - ...

Left bank, root on sticamward side of 10-in fi1 tice
at toe of slope 30 ft north of dirt access road to
U S Highway 2, 0 1 mile downstream from Park
Creek,insec 2, T 29 N, R 16 W, and 25 mules
north of Essex_ . _ . ___._____________________.__

Left bank, shoreward side of 6-in laich tiee on
cdge of foot traul, 0 8 mile downstream from Paola
Creek, insec 21, T 30 N, R 16 W, and 5 miles
northwest of Essex___________________.________

Left bank, 8-1n rotten stump, 3 ft high, on top of
bank, 0 2 mile downstream from Tunnel Creek, 1n
sec 7, T 30N, R 16 W, and 7% miles northwest
of Essex

44 5

36 2

32 15

279

3,677 18

3, 598 33

3, 507 96
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T \BLE 15 —Flood-ciest stages, Middle Fork Flathead Rwer basin, floods of June 1964

—Continued
[Based on data furmished by U 8 Army Corps of Engineers]

Stream, location, and time Miles above

mouth

Elevation

(feet)

June

Middle Fork Flathead River—Continued
Left bank, upstream side of 8-1n fir tiee, 1 ft above
the giound, 0 1 mile upstream from Coal Creek,
in center of N¥;sce 26, T 31 N, R 17 W, and
11 miles northwest of Essex 23 4
Left bank, shoreward side of lone 30-in fir tree, 7 0
ft above ground, 35 ft strcamward from edge of
US Highway 2, 06 mile upstream from Wahoo
Creek, m SWlisec 21, T 31 N, R 17 W, and
12} miles northwest of Essex___________________ 20 8
Left bank, streamward side of 10-in cottonwood
tree, 24 ft above ground, 600 ft northwest of Great
Northern Railway Red Eagle station, 1 1 miles
upstream from Nyack Cicek, m SWlisec 17, T
31 N, R 17 W, at Nyack, and 9 miles southeast
of West Glacier_____ ____________________._._.. 18 8
Left bank, streamward side telegraph pole, 3 ft
above ground, 11 miles upstream from Lincoln
Creek, near center of EYNWY sec 35, T 32 N,
R 18 W, and 5% miles east of West Glacier_.____ 12 7
Left bank, base of streamward side of 4-in pine
tree, at top of Great Northern Railway cut, 01
mile upstream from Kootenar Creek, in NW!4 sec
33, T 32N, R 18 W, and 3% miles cast of West
Glacler. . _ __ - 10 4
Left bank, shoreward side of 12 1n fir tree, 2 ft above
ground, 60 ft upstream from center line of con-
crete arch bridge, near center of N3 sec 36, T 32
N, R 18 W, and 4 mile east of West Glacier___
Left bank, 2 5 ft below chiseled square on upstream
strcamward corner of concretc bridge girder foot-
mg, on Gomg to the Sun Highway n NE!{NE4
scc 35, T 32 N, R 18 W, at West Glacier

- 6 7

3, 443

3, 387

3,353

3,303

3,286

3,187

3, 180

30

17

44

38

June 9

Rught bank, upstream side of 9-in pine tree, 0 4 ft
above ground, 01 mile downstream from Mec-
Donald Creek, m NW!4SEl4sec 27, T 32 N, R
19 W, and 1 mile west of West Glacier, at 0300 hr_ 4

Left bank, shoreward side of 6-in pine tree, 2 ft
above ground, m NWlsseec 8, T 31N, R 19 W,
and 414 miles southwest of West Glacier_________ 015

McDonald Creek

Left bank, strecamward side of 28-in  cottonwood
tree, between cabins 6 and 7 of Village Motor Inn
at outlet of Lake McDonald, in NW!4NW!4 sec
23, T 32 N, R 18 W, and 2 mules north of West
Glacier_ __ _ o ___._ 22

<]

3,161

3,119

3,162

71

06

46
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TABLE 16 —Flood-crest stages, Stillwater Rwer Basin, floods of June 1964
[Based mostly on data furmished by U 8§ Army Corps of Engineers]

Streams and location Miles above Elevation
mouth (feet)

Stillwater River (mainstem)

Right bank, 4 ft lower than spike at base of 24-in
cottonwood tree on top of right bank, 4 7 miles
upstream from Whitefish River, near center of sec
31, T 29 N, R 21 W, and 214 miles north of
Kalspell _________ o __.__._ 74| 2,956 5

Right bank, 51 ft lower than spike 1n streamward
side of 16-in fir tree 400 ft upstream from access
10ad to utihty building at municipal golf course,
2 7 miles upstream from Whitefish River, in E1j
sec 6, T 28 N, R 21 W, and 14 mile north of
Kalspel.___.________ ... 54| 2,940 6

Whitefish River

Gaging station on left bank mn SE{NWI{ sec 34,
T 30 N, R 21 W, and 8 miles north of Kahspell_ 12 6 | 2,973 20

Left bank, 42 ft lower than railroad spike n
streamward side of 24-1n pimne tree 50 ft north-
cast of northeast corner of bridge in SEY{ sec
20 ,T 29 N, R 21 W, and 4 miles north of

Kahspell . _ .. 53 2,922 3
Left bank, 4 4 ft above railroad spike, on down-

stream side of transformer pole, cast of gravel

road, 150 ft northeast of northeast corner of

wooden bridge in SWi{sec 4, T 28 N, R 21 W,

and 2 miles north of Kalspell. . ___________._____ 01 2,913 96

The records of flood stages may be a usetul guide to the limitations
on the occupancy of lands along these rivers They also furnish basic
data on the velocity of flood crests and on valley or channel storage
The profile sites are described 1n enough detail so that they can be ve-
located for comparison with crests of other floods Other informa-
tion at each site 1 the tables includes the date (and the hour, when
known) that the crest occurred; the distance above the mouth, m
river miles; and the elevation, in feet above sea level

The lower reach of the Flathead River between the discontinued
gagimg station near Kalispell (mile 26.3) and Flathead Lake has
been subjected to high flood-crest elevations i 1928, 1933, 1948, and
1964  Table 18 1s a summary of these elevations at discontinued gag-
mg station sites converted to sea level datum of 1929, supplemental
adjustment of 1947 [Elevations of Flathead Lake referred to
elsewhere 1 this report are to Somers datum

249-795 O - 67 - 7
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TaBLE 17 —Flood-crest stages, Swan Rwer, floods of June 1964
[Based mostly on data furnished by U S Army Corps of Engineers]

Miles above Elevation
Location and time mouth (feet)

June 9-10

Raght bank, on center piling of 3 piling, on upstream side
of bridge abutment, 1 mile upstream from Porcupine
Creek, m SW scc 35, T 25 N, R 18 W, and 3%
miles south of Swan Lake___ _______________________ 28 95 3,081 29

Right bank, shoreward side of 56-in cottonwood tree,
1% ft above ground, 165 ft north of boat launching
area at Swan Lake Camp Ground, near north cdge sec
14, T 26 N,R 19 W, and }4 mile northwest of Swan Lake. 23 0 3,071 9

June 10

Gaging station on left bank, at outlet of Swan Lake, 1000
ft downstream from Johnson Creek, in SE¥SW; sec
11, T 26 N, R 19 W, and 5 miles southeast of Big-
fork, at 1200 hours_ . _____ . _______________________ 14 6 3,069 6

Right bank, downstream end of concrete abutment,
4 25 ft below alumimum tag, bridge 1 mile upstream
from Bigfork Dam, in SEl;sec 32, T 27N, R 19 W,
and 2 mules east of Bigfork_____ ____________________ 27 3,012 18

Left bank, shoreward side of 6-in birch tree, 1 0 ft above
ground, on stream ward side of drive in Big Fork State
Park, n NEYsec 36, T 27 N, R 20 W, % mile south-
west of Bigfork. . _ ____________ . ____._ 01 2,893 87

TABLE 18 —Flood-crest elevations, wn feet, on the Flathead Ruwer between Kalispell
and Flathead Lake

[Elevations referenced to datum of 1929, supplemental adjustment of 1947]

Miles Year of flood
Name of gaging station above
mouth
1928 1933 1948 1964
Flathead River
Near Kahspell. _____ 26 3| 2,912 96 | 2,912 28 | 2,913 0 2,915 31
At Demersville._____ 217 |2,903 3 2,903 82 | 2,903 1 2,905 44
At Damon Ranch___| 13 7 | 2,898 5 2,899 85 | ________ 2,899 53
At Thernault Ferry__| 7 5 |._________ 2,897 37 | 2,896 7 2,897 36
At Keller Ranch____| 3 8 | 2,896 4 2,806 0 [12,895 8 2,894 14
Flathead Lake at Somers_.| 0 2,894 92 | 2,895 26 | 2,895 01 2,893 27

L At site 3 0 miles above mouth
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Profiles of flood-crest stages in the Missour: River basin along the
Sun and Teton Rivers are shown 1n figures 39 and 40 The profile
of the Sun River extends from State Highway 287, north of Augusta,
downstream to the mouth. The Teton River profile extends from a
point about 11 miles upstream from Choteaun to the mouth.
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Ficure 40 —P1ofile of flood-crest elevations on the Teton River upstieam from
the mouth

Flood-crest profiles in the upper Columbia River basin are shown
m figures 41 to 44 for the Flathead River upstream from Flathead
Lake, the Middle Fork Flathead River, the Stillwater River and one
of 1ts major tributaries, and the Swan River Figure 45 1s an en-
largement cf a part of the profile in figuie 41, showing the reach of
the Flathead River from Columbia Falls to within 3 miles of 1ts
mouth at Flathead Lake Also shown are the flood-stage elevations
for 1948 and 1933.

The profiles shown were based primarily on data furnmshed by the
Corps of Engineers
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Ficurr 45 —Profile of flood-crest elevations on the Flathead River from 40 05
to 3 0 miles upstieam from the mouth at Flathead Lake

STORAGE REGULATION

Lake Sherburne stored all inflow during the critical flood period;
thus 1t reduced the peak on Swiftcurrent Creek by about 10,000 cfs
and resulted 1 some beneficial effects on the flow of the St. Mary
River About 25,000 acre-ft of floodwater were stored during the
period June 7-10.
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Canyon Ferry Reservon on the Missourt River, near Helena, re-
duced the peak flow of the Missourr River t1om about 24,000 cfs to
about 5,000 cfs at that point for a period of nearly 3 days This
reduction had a favorable effect at Great Falls where the combined
record flow of the Sun River and high stage on the Missour: River
caused great damage 'The Coips of Engineers estimated this re-
duction prevented about $60,000 damage Hauser, Holter, Black
Eagle, Rainbow, Cochrane, Ryan, and Morony Dams on the Missour!:
River above and below Great Falls had little effect on discharge
regulation

The Bureau of Reclamation estimated that Gibson Dam on the Sun
River 1educed the peak flow of the Sun River near Great Falls and the
Missour: River downstieam from the Sun River by about 4,000 cfs
The net 1eduction of the Missourl River flow below the Sun River by
Gibson Dam and Canyon Fer1y Dam was estimated to have been about
23,000 cfs

The failure of Swift Dam on Buch Creck, at about 1000 hours on
June 8, 1eleased about 30,000 acre-feet of stored water in a short time
and greatly increased the natural peak flow of that stream. The
discharge diminished as 1t moved downstream. Failure of Lower
Two Medicine Lake Dam although less abiupt than that of Swift Dam
resulted 1n unnaturally high flow for a considerable distance down-
stream from the dam However, the maximum discharge of Two
Medicine River at the gaging station southeast of Browning occurred
prio1 to the arrival of water released by the dam failure Storage by
the dam, prior to failuie, was probably favorable to peak-flow
1eduction along much of Two Medicine River

Tiber Reservoir on the Matias River near Chestet, with a dramnage
area ot 4,923 square miles that includes Bitch Creek and Two Medicine
River where dams failed, had a peak inflow of about 200,000 cfs
Daily outflow from the 1ese1von was mereased from 1,150 cfs on June
8 to about 10,000 cfs on June 11 Nearly 285,000 acre-tt of water was
stored during the 3-day period of June 9-11 The 1egulation and
storage by Tibet Dam and Resetvorr averted flooding of a number of
tanches and the town of Loma and prevented an estimated $600,000
damage along the lower Matias River and the Missout1 River upstieam
trom Foit Peck Reservon

Fiesno Reservon on the Milk River, 13 miles west ot Havie, stored
about 15,000 acre-feet during the flood period while downstream
1eleases for 1m11gation continued .\s the natuial peak flow was not
unusually high, the regulation benefit was probably mino:

Fort Peck Reservour on the Missouri River, upstream from the Milk
River, 1s one 1eservoi of a system of large 1eservoirs on the main stem
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of the Missour: River operated by the Corps of Engineers Damage
prevented by these main-stem reservoirs and local Federal flood-control
projects were estimated to be nearly $63 million Bureau of Rec-
lamation 1eservoirs were credited, by the Corps of Engineers, with an
additional downstream benefit estimated at about $11 million

Hungry Horse Dam on the South Fork Flathead River reduced
outflow from about 3,000 cfs at the beginning ot the flood to 500 cfs
Peak inflow to the reservoir was computed at about 78,000 cfs. A
stage reduction on the Flathead River of 4 feet at both Columbia Falls
and Kalispell was attributed to reservoir storage (estimate by the
Corps of Engineers) The corresponding prevention of damage was
estimated at $10 mallion

RECORDS OF PREVIOUS FLOODS

Information on floods prior to the turn of the century 1s very scarce
for the area east of the Continental Divide The Waterton, Belly,
and St Mary Rivers of the Hudson Bay drainage basin had high
flows 1 1902, 1908, and 1953 The 1953 flood 1s discussed 1n detail
by the Department ot Northern A ffairs and National Resources (1953),
Ottawa, Canada. Noteworthy floods in the Missourt River basin,
upstiecam trom Fort Peck Reservoir, occurred m 1908, 1916, 1927,
1948, and 1953 A report of the 1953 flood and a general review of
some previous floods have been published by the U.S Geological
Survey (1957)

Information obtained trom 1esidents and weather records indicate
that the June 1908 and June 1953 floods 1in the Waterton, Belly and St
Mary River basins were caused by exceptionally intense 1tamfall The
maximum stages 1n 1908 on the Belly River near Mountain View,
Alberta, and Waterton River near Waterton Park, Alberta, were
slightly higher than i 1964.

The peak discharges ot 1964 1 the St. Mary River drainage basin
upstream fiom Babb muy have exceeded those of 1908 The peak dis-
charge of the St. Mary River at the international boundary was 21,000
cfs 1n 1964 and about 40,000 cfs 1 1908

The floods 1n June 1908 1 the Missour: River basim above Foit Peck
Reservoir were considered record floods 1 the memory of residents,
and st1ll stand as the record floods 1m much of the area The longest
continuous record of streamflow in the basin started in 1891 on the
Missour: River at Fort Benton The June 1908 peak of about 140,000
cfs 18 nearly double the next highest peak of 78,700 cfs 1n June 1953
The 1964 peak of 77,400 cfs ranks third, and the fourth highest known
peak occurred in June 1892 Storage m Canyon Ferry Reservoir re-
duced both the 1953 and 1964 peaks
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The June 1916 peak on the Sun River at the diversion dam north-
west of Augusta was 32,300 cfs compared with the June 1908 peak
of 20,000 cfs and the June 1964 peak of 59,700 cfs Storage in Gib-
son Reservon 1educed the 1964 peak by about 4,000 cfs On Elk
Creek at Augusta, the June 1908 peak was the highest recorded during
the years 1904-24, when streamflow records were bemng collected. Al-
though records were not obtained during the June 1953 flood, local
residents indicate the 1953 flood was higher than the 1908 flood and
the 1964 peak exceeded the 1953 peak The June 1964 peak stage
at the Sun River near Vaughn gaging station exceeded the June 1908
peak by about 3 feet

The peak discharge of 241,000 cfs on the Maiias River near Shelby
greatly exceeds any discharge since 1902, when intermittent record
began. The peak discharge of 1908 may have been shightly higher
than the 40,000 cfs recorded for 1948. Records at the discontinued
station on the Marias River near Brinkman hist the 1908 peak dis-
charge at about 70,000 cfs and the 1948 peak at 50,000 cfs  Intermedi-
ate inflow between these sites was believed to have been much less 1n
1948 than 11 1908 The 1948 flood 1n the Marias River basin has been
discussed by Dightman (1950).

The peak stage ot the Missour: River at Virgelle was about 2 feet
higher 1n 1908 than 1n 1953 The 1953 peak discharge was 122,000
cfs as compared with 105,000 cfs in 1964,

The Milk River basin underwent flooding 1n 1899, 1906, 1908, 1948,
1952, and 1953, serious flooding occurred 1n the central and lower parts
of the basin. There was no serious flooding mn this reach in June 1964
Very Iittle 1s known of floods 1 the upper Milk River basin prior
to 1905, except that the Milk River at Havre had a peak n 1899 of
about 20,000 cfs, the highest known prior to completion of Fresno
Dam 1m 1939 The peak of the Milk River 1n 1964 evidently exceeded
the peak of 1908 and subsequent years i the Del Bomta area

West of the Continental Divide severe general floods are known
to have occurred in 1894, 1899, and 1948. Iesser or more localized
floods occurred in 1913, 1916, 1928, and 1954. The floods of May-
June 1948 and May 1954 are discussed by the U'S Geological Survey
(1949, 1959)

The Clark Fork upstieam from Missoula had its highest peak flow
m 1908, according to information of local residents The Clark Fork
peak discharge of about 48,000 cfs i 1908 at the Milltown Dam, just
downstream from the mouth of the Blackfoot River, was the highest
known The peak discharge of 1894 1s not known but was probably
the second highest, followed 1n dimimishing order by the 1899, 1964,
and 1948 peaks
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The Blackfoot River near Bonner was probably higher in 1894 and
1908 than 1in 1964 The 1964 peak 1s the highest recorded discharge
during the periods 1899-1904 and 1940-64 However, the upper
Blackfoot River near Lincoln was higher in 1899, 1908, and 1953 than
mn 1964, according to information of local 1esidents

The 1948 peak discharge for the Clark Fork below Missoula was
52,800 cfs and 1s the highest since record began mn 1929 The 1964
peak 1sthe second highest Higher flows are assumed to have occurred
m 1894, 1899, and 1908 The summation of the peak discharges for
Clark Fork at Missoula and Bitterroot River near Missoula for
June 20, 1899, indicates a peak discharge for Clark Fork below Mis-
soula of at least 70,000 cfs

At St Regis the Clark Fork peak discharge in 1948 1s the highest
since gaging station records began m 1911  This peak 1s followed 1n
order of dimmishing magnitude by the peaks of 1913, 1956, and 1964
As 1s generally assumed within this basm, peak discharges in 1894,
1899, and 1908 probably exceeded the 1948 peak

In the Flathead River basm, quantitative information 1s meager for
floods prior to 1910 The 1894 flood of 142,000 cfs on the Flathead
River at Columbia Falls was the highest known until the discharge of
176,000 cfs 1n 1964 The 1964 peak discharge would have been about
245,000 cfs 1f the South Fork Flathead River had not been regulated
by Hungry Horse Dam The maximum known elevation of Flathead
Lake (about 2,900 ft, Somers datum) occurred m 1894 The maximum
elevation of 2,894 27 feet mn 1964 was exceeded six times between 1909
and 1964 The Corps of Engineers estimate that the storage in
Hungry Hoise Reservoir reduced the potential maximum elevation of
Flathead ILake 1n 1964 by 2 5 feet

FLOOD FREQUENCY

The evaluation of the flood potential of a stream 1s of primary n-
terest to persons concerned with location and design of structures
subject to possible flooding The probable veturn frequency (1ecur-
rence interval) can be determined by analysis of flood 1ecords for
gaging stations Regional flood characteristics are developed from
statistical study of flood experience on a number of streams The
rehiability of calculated 1eturn fiequencies may be expected to vary
with the areal coverage and number of years of flood records on which
they are based A fair degree of confidence 1s mdicated for recurrence
intervals as great as 50 years, extension of curves beyond that period
1s not recommended A flood having a 1ecurrence mterval ot 50 years
will be equaled o1 exceeded once m 50 yeais, on an average, i other
words, 1t has a 2-percent chance of occurring i any year
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Comparison of the peak discharge at a gaging station for a gtven
flood with the probable 50-year flood as determined by flood-frequency
relations provides an approximate measure of the severity of the flood
The floods of June 1964 were outstanding, particularly on streams that
dramed the mountain slopes on both sides of the Continental Divide

In the Hudson Bay dramnage basin, most streams had peak dis-
charges that were more than twice the discharge of the probable 50-
year flood The peak of Street Creek at international boundary was
10 3 times the probable 50-year flood This may have been exceeded
on some streams where\peak discharges were not determined

Peak discharges in the Missour: River basin were also outstanding
m the upper drainage areas of the Sun, Teton, Marias, and Milk
Rivers The ratios of the peak discharge to the probable 50-yem
flood ranged from about 3 1n the upper Sun River area to more than
10 mm the Teton River drammage Peak discharges of 5 to 10 times the
probable 50-year flood were common on Two Medicine Creek (called
Two Medicine River downstream from lower Two Medicine Lake),
North and South Fork Birch Creek, Badger Creek, Dupuyer Creek,
and South Fork Milk River The highest determined ratio was 115
for Teton River near Farmington

West of the Continental Divide, ratios of the June 1964 peak dis-
charge to the probable 50-year flood were generally less than 2 1n the
Clark Fork dramnage except in the upper Blackfoot River area. In
the upper Flathead River basin, the peak discharges determined
ranged from 2 to 4 times the probable 50-year flood except in the
Middle Fork Flathead River basin where the ratios approached 9

Table 19 lists the calculated flood-recurrence intervals or ratios to
the probable 50-year flood for gaged sites susceptible to analysis
through 1epoits of the US Geological Survey on the magnitude and
fiequency of floods The 1epotts for the upper Columbia Ruver basin
and for the Missour:1 River basin have been prepared by the U S
Geological Survey (1964, 1966) The report for the Hudson Bay
basin will be published after completion of studies

The variation of flood characteristics east of the Continental Divide
led to the regional areal separations shown in figure 46 The peak
discharges for the June 1964 flood have been plotted against dranage
area 1n each appropriate region and area as shown 1 figuies 47 to 55
Recurience-interval hnes for the 10-year flood and the 50-yea1 flood
are shown to aid compatison Extension of the recuirence-mterval
lines 1 these figures 1s not advised

In general, flood-frequency relations are based upon natural stream-
flow conditions However, the Missour: River peak flows have been
affected by a relatively constant degree of regulation during most of



113° 112° 111° 110° 109° 108
X% /HUDSDN ' ! I ' f
& BAY) 2 Revel
49°f— ' BASIN a _ 4 "caNADA _ _ __
’ ~ UNITED STATES 3 e
Babbf 3 - S
2
Lake k. % Fresno <
Creé ,
McDonald b k Cut Bank Ha \ eservorr
% / /Ugtownmg B =N ‘%p e =T 273
e%’(}lacle e, s "’a,,q oShelby % e, /8 & %
d ) to-g0? s B} 22,
Libby Columbia*Fallso Rz“"’ %_ @" & bia
= » el 5 L
~ Kalispelly i“ g p"ap ~ C\‘““‘c
% Somers,, MISSOURI RIVER BASINEP‘“,;( G
N
age- w/ Fathe 4 ‘b_/\—
g 3
- Polson_ Fort Pecky_
) Reservour >
&
&Y
UPPER COLUMBIA
(St Regis RIVER(BASIN
oArlee
EXPLANATION
47° -
Missoula
Hydrologic area
Hydrologic-area boundary
Flood-frequency region . : LY
eecesccccccce .0’.
Flood-frequency region boundary «®® ° 8
.
0 10 20 30 MILES 3
S R — oy
a6 | | YW

F1GURE 46 —Flood-frequency regions and hydrologic areas

co1d

SHLVIS dELINA dHL NI $961 A0 SAOOTA



NORTHWESTERN MONTANA, JUNE 1964 B103

30000 T I [ | | I
L]
17,
20,000 — o]

[a]

Z

o

Q9 10000}

(2]

14

w

['S

m s

w 5000 —

[

Q

g

3 3000

z

w2000 —

[0

[+

<

I

Q

2]

Q 1000}

, .18
500 o2 | | ] | | | i
3 5 10 20 30 50 100 200 300 500

DRAINAGE AREA IN SQUARE MILES

F16URE 47.—Relation of 1964 peak discharge to 10- and 50-year floods 1n Hudson
Bay basin  Numbers conform with those 1n table 19 and on figure 2



B104 FLOODS OF 1964 IN THE UNITED STATES

100 T R T T T T

114
* Te83

10

05—

DISCHARGE IN THOUSANDS OF CUBIC FEET PER SECOND

03 ‘

02—

57
0116

58

|

82

117

01 | | S S| | | IR |
1 2 3 5 10 20 30 50 100

DRAINAGE AREA IN SQUARE MILES

200 300

500

F1cure 48 —Relation of 1964 peak discharge to 10- and 50-yeai floods 1n 1egion
A,ateal Numbers conform with those in table 19 and on figure 2



NORTHWESTERN MONTANA, JUNE 19064 B105

20 000 T T | T T |

10 000 r—

I

5000

3000 |—

IN CUBIC FEET PER SECOND

2000

DISCHARGE

1000 |—

| | 1 1 1t
10 20 30 40 50 100 200 300 500 1000
CRAINAGE AREA, IN SQUARE MILES

500 L] |

Ficure 49 —Relation of 1964 peak discharge to 10- and 50-year floods 1n region
A, area 2 Number conforms with that in table 19 and on figure 2

4000 T T L — T 527

2000 —

1000 —

600 —
400 —

49 54
100 | ° * -

IN CUBIC FEET PER SECOND

@
S
T
.
w
©
]

20 t~

DISCHARGE

10 —~ 50

30

6 o

| | [ | | L1 | | 1 |
5
0406 1 2 4 6 10 20 40 60 100 200 400 600 1000 2000

DRAINAGE AREA IN SQUARE MILES

F1eure 50 —Relation of 1964 peak discharge to 10- and 50-year fioods 1n region
A, area 4 Numbers conform with those in table 19 and on figure 2

249-795 O - 67 - 8



B106 FLOODS OF 1964 IN THE UNITED STATES

60 | T | T T r

DISCHARGE IN THOUSANDS OF CUBIC FEET PER SECOND

) s | 1 | | |

20 30 50 100 200 300 500 1000
DRAINAGE AREA [N SQUARE MILES

Ficure 51 —Relation of 1964 peak discharge to 10- and 50-year floods in region
B, area 1 Numbers conform with those 1n table 19 and on figure 2



NORTHWESTERN MONTANA, JUNE 1964 B107

70 | T T T T T T
67

70.

50 — —]

DISCHARGE, IN THOUSANDS OF CUBIC FEET PER SECOND

L]
03l L l | L | 1

910 20 30 50 100 200 300 500 1000 2000
DRAINAGE AREA IN SQUARE MILES

FIGURE 52 —Relation of 1964 peak discharge to 10- and 50-year floods 1 region
B, area 2 Numbers conform ~with those in table 19 and on figure 2



B108

FLOODS OF 1964 IN THE UNITED STATES

100 000 T VT T R T [T T T T

50,000

30 000 —
20 000|—

10 000 —

5000

I

3000 —
2000

1000

500

300 —
200

DISCHARGE IN CUBIC FEET PER SECOND

100 —

50 —

30—
20—

RED
o33 J18

98 .

Illll||122.

P Y E N RN VY RN S N Y BN N R Y

%19

03 05

1 2 3 5 10 20 30 50 100 200300 500
DRAINAGE AREA IN SQUARE MILES

1000

2000

F16URE 53 —Relation of 1964 peak discharge to 10- and 50-year floods in region
B,area 3 Numbersconform with those 1n table 19 and on figure 2



NORTHWESTERN MONTANA, JUNE 1964 B109

8000 T [T ] T T [T T T U LR

5000

3000

]

2000

1000

500 —

300

200 — —

+108

DISCHARGE IN CUBIC FEET PER SECOND

126

20— —

107I |
10 [ | [ B | | I B |
2 3 5 10 20 30 50 100 200 300 500 1000 2000 3000

DRAINAGE AREA IN SQUARE MILES

F16URE 54 —Relation of 1964 peak discharge to 10- and 50-year floods 1n region
B, area 4 Numbers conform with those 1n table 19 and on figuie 2

the period tor which 1ecords have been collected Figure 56 shows
the peak discharges of June 1964 and the 10-year and 50-year flood
Imes for gaging stations on the Missour: River main stem between the
Gallatin River and Foit Peck Reservoir

The flood-frequency formulas tor the arca west of the Continental
Dnide (US Geological Survey, 1964) were developed from the
parameters of dramage area, average annual runoff, areas ot lakes
and ponds, and a numerical geographic factor Examples of derived
1ecurrence intervals fo1 discharges at selected gaging-station sites aie
gwenm figure 57

The 1elations ot peak discharge to dramage area provide casy com-
parison of the unmt discharge of the 1964 flood peaks (figs 58 and 59)
The same information for fowr pomnts along the Teton River 1s given
m figure 60 to 1llustrate the downstream reduction in unit discharge
and to provide a means of estimating the umit discharge at any
intermediate point.
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EROSION AND DEPOSITION CAUSED BY FLOODS OF
JUNE 1964 IN NORTHWESTERN MONTANA

By RicHArp F HADLEY

INTRODUCTION

This section of the report 1s concerned with the physical changes
produced by the flood on stream channels and on landforms such as
mountain slopes. Many of the changes in the landscape after such
catastrophic floods as those of June 1964 1n northwestern Montana are
apparent to observers, but most changes cannot be verified quantita-
tively. Opportunities for comparison of natural features before and
after the flood, by surveys or photographs, are lIimited  Therefore, the
data presented here are a combination of quantitative measurements
and qualitative observations of geomorphic changes produced by an
outstanding flood

The author wishes to express his thanks to Frank Stermitz, District
Engineer, Helena, Mont , and personnel of the Surface Water Branch,
U S. Geological Survey, for assistance 1n the collection of field data
and photographs

FIELDWORK

A reconnaissance of the area was made during the period September
1-10,1964 During this brief trip, field observations and surveys were
made 1n several large river valleys and 1n valleys of smaller tributaries
1n the area affected by the flood Channel cross sections were surveyed
at U.S Geological Survey gaging stations where channel dimensions
were known for the period before the flood. At other sites, where
exact preflood measurements were not available, an estimate of chan-
nel dimensions was made from photographs and topographic maps

GENERAL FEATURES OF THE FLOOD AREA
LOCATION

The greatest damage caused by the flood was concentrated in an area
bounded by the Dearborn River on the south, Interstate Highway 15
on the east between Helena and Great Falls, Middle Fork Flathead
River on the north, and Flathead River on the west This roughly
rectangular-shaped area includes about 12,000 square miles, and the
Continental Divide trends northwest through it

TOPOGRAPHY
The topography 1s diverse  Altitudes reach 8,500-9,000 feet in the

rugged peaks along the Continental Divide, in the Flathead Range,
and 1 the mountains of Glacier National Park west of the Divide.
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On the east side of the Divide, the northern Great Plains and foot-
halls abut the mountains, and the general altitude of the area ranges
from 3,300 feet at Great Falls to almost 5,000 feet in the foothills and
to more than 8,500 feet 1n the mountains 10 miles away

GEOLOGY

The Rocky Mountains which bisect the flood area and form the
Continental Divide are composed of sedimentary, metamorphic, and
1gneous rocks ranging from Precambrian to Quaternary m age
These 10cks are folded and faulted into complex structural patterns.
The sedimentairy 1ocks are chiefly hmestone, sandstone, and shale.
The metamorphic rocks are predominantly quarzite, and the igneous
10cks are diorite and gabbio  On the Great Plams east of the Rockies,
the rocks are chiefly Tertiary and Cretaceous sandstone and shale
Some areas are mantled with Pleistocene glacial drift and moramal

deposits
PHYSIOGRAPHY

The mountain valleys are generally narrow and steep, their shapes
being contiolled to a large degiee by geologic structure The valley
side slopes are heavily forested, and the surficial mantle 1s thin and
rocky The stream channels are mecised mn the bottom of V-shaped
troughs and most have very narrow flood plams One reason for the
heavy damage to roads and railroads 1s the lack of 100m on the moun-
tain valley floors for rights-of-way. Most roadbeds are high fills
which tend to impinge on the riverbanks Immediately east of the
mountains most 11ver valleys and the flood plains widen maikedly,
and the slope of the rivers and upland areas 1s much flatter There
18, therefore, a significant difference n the kind of flood damage m
the two physiogiaphic types

EROSIONAL EFFECTS OF THE FLOOD

UPLAND AREAS

The steep upland slopes in the mountaimous areas have a thin soi
mantle which was probably saturated o1 near saturation because of the
above-average snowpack Therefoie, when rammfall of such quantities
and mtensities as occurted on June 7-8 fell on the steep, relatively
unstable slopes, the erosion on mountaimn slopes was extraordmary
Gullymg m small mountamn 11lls and movement of debris on steep
valley slopes weie pronounced m the dramage area of Middle Fork
Flathead River between Summit and West Glacier, Mont

For example, in sec 36, T 32 N, R 18 W, on Moccasin Creek, a
tributary of the Middle Fork Flathe:.d River where the slope of the
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valley floor is 20 percent and the valley side slopes exceed 50 percent,
an estimated 3.8- to 4-foot thickness of rock and alluvium was removed
from the central part of the valley in a trench 32 feet wide. Boulders
with maximum diameters of 334 feet were scattered along the channel
banks. On the upland slopes covered with ponderosa pine, trees up
to 1 foot in diameter had been uprooted and moved down the slopes
(figs. 61, 62). Less than 100 yards below the section shown in figure
62, U.S. Highway 2 was closed by a debris cone that was transported
from the Moccasin Creek drainage basin of about 2 square miles. In
the area between Summit and Hungry Horse Dam, Mont., the flood
discharge was extremely high, and erosion was severe from all head-
water stream and mountain slopes.

On the east side of the Continental Divide, upland erosion was also
severe and comparisons of aerial photographs taken before and after
the flood reveal that upland slopes near the junction of the West Fork
and South Fork Sun River were intricately gullied. The antecedent
moisture in the soil mantle was probably responsible, in large part,
for the high rate of discharge and upland erosion in the mountain-

Fieure 61.—Moccasin Creek near West Glacier, Mont. showing debris moved
down steep mountain slopes by flood.
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F16UrRe 62 —Channel cross section on Moccasin Creek near West Glacier, Mont

ous areas  On the High Plains east of the mountains, there was little
gullying on the grassed upland slopes and most erosion was confined
to the channels and valley floors

CHANNEL EROSION

Data for determining channel erosion were obtained primarily at
U S. Geological Survey gaging stations Figures 62, 63, 68, and 72
show six channel cross sections before and after the flood Although
only a small sampling of 11vers affected by the flood 1s mcluded, 1t
1s representative of both mountain and plains streams The range 1
dramage area 1s from 8 to 1,380 square miles Surveys of these
cross <ections and observations at other locations indicate that most
channels were considerably deepened and widened by the flood al-
though the changes may be temporavry

DETAILED DESCRIPTION OF CHANNEL CHANGES
SKYLAND CREEK NEAR ESSEX, MONT.

The drammage basin of Skyland Creek 1s very repiesentative of the
small, forested headwater basins west of the Continental Divide that
1eceived the brunt of the flood The dramage area at the Skyland
Creek gaging station 1s 8.09 square miles, and the maximum known
peak discharge prior to the 1964 flood was 284 cfs  The flood of 1964
produced a peak discharge of 3,580 cfs, and velocities must have been
extremely high judging by the amount and size of debris that was
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moved nto the valley. The channel was completely filled by uprooted
trees up to 8 mches in diameter and by boulders as much as 2 feet
m longest dimension. The stream now occupies a channel to the left
of the gage house and shghtly higher than the old channel (figs.
63, 64).

15 7

Right bank

10 | Left
Left bank Postflood channel

s —
) T - —
= ~
g 57 AN /
o ~ Preflood channel
[
é - | 1
[y 0 25 50 75 100 125 150
o
E WIDTH, IN FEET
w A
>
&8
< 20 —
- Right bank
w
rg
15 — Road [~
z fil)
= Left bank
5 10 —
[
I Preflood channel
Che —
Postflood channel
| | | 1 i
0 25 50 75 100 125 150
WIDTH IN FEET
B

Ficure 63 —Channel cross sections on Skyland Creek near Essex, Mont, (4)
and on Bear Creek near Essex (B)
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B, View on September 5, 1964, showing debris that has completely obliterated
the channel. Gage house was not moved by the flood.

F16UuRre 64 —GAGING STATION ON SKYLAND CREEK NEAR ESSEX, MONT.
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BEAR CREEK NEAR ESSEX, MONT

The Bear Creek cross section 1s downstream from the Skyland Creek
gaging station The drainage area 1s 20 7 square miles The gaging
station 1s 1 a nariow valley bounded by a steep bedrock valley wall
on the left bank and an ea1th-fill 10ad embankment on the 11ght bank
The previously known maximum discharge was 696 cfs, and the peak
discharge on the 1964 flood was 8,380 cfs The channel does not ap-
pear to have been severely eroded by the high peak discharge Heavy
growth of trees and shrubs on the flood plamn was relatively undam-
aged, and there 15 little evidence of deposition on the low terrace along
the right bank; however, approximately 3 feet of channel scour was
accompanied by minor widening (figs 63, 64, 65, 66)

249-795 O - 67 - 9



Gaging station on Bear Creek near Essex, Mont., looking upstream,
June 26, 1948.

Ficure 66.—View of Bear Creek near the gaging-station site on September 5.
1964, showing erosion along channel sides.
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MIDDLE FORK FLATHEAD RIVER AT ESSEX, MONT.

On the Middle Fork Flathead River at Kssex, below the mouth at
Bear Creek, the gaging station and a highway bridge were destroyed
by the flood. Datum that could have been used to survey the eroded
channel was not recovered, but qualitative observations of channel
erosion and deposition were made near the gaging station site. The
drainage avea at this site is 510 square miles, and the maximum dis-
charge during the flood was 75300 cfs. For about a quarter of a
mile upstream from the bridge site and U.S. Highway 2 crossing,
the channel had been widened about 135 feet and a house was left
hanging over the edge of an 8-foot high raw cutbank. On the right
bank and downstream from the highway crossing, fine sand and silt
had been deposited in a Forest Service campground to a depth of 5
to 6 feet (fig. 67). Kstimates of the depth of deposition were aided by
the near burial by sediment of fireplaces in the campground. The fine
sediment may have been derived from erosion of the left bank immed-
lately upstream.

F16URE 67..—View of flood plain of Middle Fork Flathead River at Essex, Mont.,
showing deposition of fine-grained material in Forest Service campground.
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TWO MEDICINE RIVER NHEHAR EAST GLACIER, MONT

On the east side of the Continental Divide, the channel erosion was
equally as severe as on the west side and 1n some places was more spec-
tacular because of the failure of dams The gaging station site on Two
Medicine River near East Glacier 1s a quarter of a mile downstream
from Lower T'wo Medicine Lake Dam and 1eservoir on a drainage area
of 511 square miles Comparison of channel erosion with rainfall
amounts and mtensities o1 runoff 1s not meaningful because the
greater pait of the erosion and deposition 1n the valley 1s due to the
failure of the dam and the subsequent extremely high peak discharge
Nevertheless, the channel changes are noteworthy as an example of
the erosional forces of the flood The peak discharge at the gaging
station was 63,500 cfs  Prior to the 1964 flood the maximum known
discharge was 1,390 cfs mn 1918 The channel at the gaging site was
not, deepened much by the flood presumably because of the rock con-
trol. However, the width of the channel was increased nearly four-
fold (fig 68) Much of the vegetation along the banks was removed
by the flood (fig 69) and cobbles up to 12 inches 1n longest dimension
were deposited on the flood plain (fig 70)
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I'IcURE 68 —Channel cross section on Two Medicine River near East Glacier,
Mont
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A, View on June 8, 1963.

B, View on September 5, 1964. Two tall conifers in middle background appear
on A to the right gage house. Coarse debris was deposited by the flood of
June 1964.

FIGURE 69.

GAGING STATION ON TWO MEDICINE RIVER NEAR EAST
GLACIER, MONT.
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Ficure 70.—Cobbles that were transported onto flood plain of Two Medicine
River near East Glacier, Mont., by the flood.
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NORTH FORK SUN RIVER NEAR AUGUSTA, MONT.

The North Fork Sun River heads on the Continental Divide at an
altitude of about 8,500 feet and drains an area of 258 squaie miles
of heavily forested, rugged mountain country The gaging station
1s 1n a narrow, steep-sided valley. The channel floor 1s covered by
coarse gravel and boulders. The maximum discharge during the
flood was 51,100 cfs  As shown 1n figure 71 the channel was widened
and deepened several feet at the gaging station cableway The max-
immum channel deepening was 55 feet, and the channel was widened
about 25 feet. Although the flood stage rose higher than the bank on
the left side, there 1s no indication of scour or fill on the low terrace
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Fi1cure 71 —Channel cross section on North Fork Sun River near Augusta, Mont
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TETON RIVER NHAR DUTTON, MONT.

On the plamns east of the Rocky Mountains, the Teton River 1s
representative of the rivers affected by the flood At the gaging sta-
tion near Dutton, Mont , the 1964 peak discharge was 71,300 cfs as
compated with the previously known maximum discharge of 1,310
cfs The dramnage aiea at the suiveyed cross section 1s 1,308 square
miles The valley 1s wide and flat with few obstructions to flow
In spite of the large flood there was very hittle scomr m the channel,
and the widening was undoubtedly due to scour around the bridge
abutments before the bridge was washed out (fig 72) In a study
of erosion caused by floods of 1955 in Connecticut, Wolman and
Faler (1958) found that where channel width was small compared to
valley width, scour was generally shight This condition seems to be
true for the Teton River near Dutton where the channel 1s less than
15 percent of the valley width The flood plain showed no evidence
of scom, even though 1t was completely mundated i the reach
exammed
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FicuRE 72 —Channel c1oss section on the Teton River near Dutton, Mont

DEPOSITION CAUSED BY FAILURE OF SWIFT DAM ON BIRCH CREEK

The floods 1 the valley of Biich Cieek weie extiemely seveie be-
cause ot the tailure of Swift Dam and the dischaige of the contents
of Switt Reservon imto the valley The maximum capacity of the
1eservoll was approximately 30,000 acie-ft, and evidence suggests that
the dam failed suddenly The peak discharge of 881,000 cfs from
an area of 105 square miles was determined by indirect measurements
near Dupuyer, Mont, which 1s 17 miles downstream The force of
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the flood was remarkably demonstrated on the valley floor of Birch
Creek in the half-mile reach directly below the dam. Several large
blocks of rockfill material from the dam were moved a quarter to
half a mile along the valley floor without being broken up. The strat-
ification in the fill material was still visible in these large blocks in
September 1964 (fig. 73). The largest block observed contained ap-
proximately 475 cubic yards of material and several others exceeded
100 cubic yards. The angular rock fragments in the fill material from
the dam contrast sharply with the rounded cobbles and gravel of the
flood plain on which they came to rest. Farther downstream on
Birch Creek north of Valier, the channel was widened approximately
70 feet near the bridge crossing, and scour of the channel bed into
bedrock probably exceeded 5 feet.

Ficure 73.—Block of earthfill material from Swift Dam on Birch Creek that
was carried intact from the damsite downstream about one-half mile by the
tlood. Stratification of earth fill is still discernible. Note the contrast in the
blocky material from the dam and the rounded cobbles on the flood plain.
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DETERMINATION OF FLOOD DISCHARGES

The operation of a stream gaging station consists principally of the
measurement, of stage and discharge and the definition of the stage-
discharge 1elation from which discharge can be calculated for a given
stage The development of a stage-discharge relation 1s based upon
current-meter measurements throughout the range of stage experi-
enced, or through a sufficient part of the range so that the discharge
corresponding to the maximum stage can be obtained by a reasonable
extension of the stage-discharge relation, or rating curve Short
extensions of a rating curve are usually made by logarithmic plotting,
from velocity-area studies, or by the use of other hydraulic or hydro-
logic principles.

Because of the record-breaking magnitude of the June 1964 floods,
1t was 1mpossible to obtain current-meter measurements at or near peak
stage at many of the gaging stations In some places, measuring
facilities were destroyed, in others, access roads and bridges were
flooded or washed out ; and 1n some of the small streams, the durations
of the flood peaks were too short to permit measurement.

For many of the gaging stations at which no high-water current-
meter measurements were made and for ungaged sites where peak dis-
charge data were desired, peak discharges were obtained by slope-area
measurements, contracted-opening measurements, or other types of
indirect discharge measurements These indirect measurements are
based on channel geometry and high-water profiles obtained by field
survey and are computed by established hydraulic principles They
are mdirect only 1n the sense that the data are collected subsequent to
the passage of the peak discharge A general description of the n-
direct measurement methods used by the Geological Survey 1s given
by Johnson (1936), Dalrymple and others (1937), and Corbett and
others (1943) More detailed information concerning the latest tech-
niques 1s available in recent reports by Kindsvater and others (1953),
Bodhaine (1963), and Tracy (1957)

SUMMARY OF FLOOD STAGES AND DISCHARGES

Maximum stages and discharges at 204 gaging stations, crest-stage
stations, miscellaneous sites, and reservoir stations are summarized 1n
table 19  The reference numbers 1n the table correspond to those on
the location map (fig. 2) and aid in locating the sites at which peak
discharges were determined

The derivation of the maxima data 1s explained 1n the station de-
scriptions for each site  The peak discharges in table 19 are those ac-
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tually determined; that 1s, no adjustments for storage, regulation, or
daversion have been made For reservoir stations the maximum stage
and contents are given, and for some, the computed peak inflow 1s
given

Explanation of data i the 13 columns 1n table 19 follows

Number—The number by which each station 1s 1dentified at refer-
ences 1n this report. The numerical order follows the Geological Sur-
vey’s standard downstream order of listing stations

Permanent station number —The number used m the Geological
Survey’s water-supply papers of surface-water supply in the United
States and the annual reports of surface water records of Montana
Blank spaces 1n the column indicate that a station 1s at a miscellaneous
site or 1s a station operated by Canada, and no number has been as-
signed to 1t. The number for each station includes the part (Geologi-
cal Survey’s geographical division of principal river basins) numbel
Station 1-19 are in Part 5 (Hudson Bay basin), stations 20-142 are
in Part 6-A (Missour: River basin above Sioux City, Iowa), and sta-
tions 143-204 are in Part 12 (Pacific slope basins in Washington and
upper Columbia River basin).

Stream and place of determanation.—The permanent name adopted
for the site to whach the listed data apply, each name 1s unique

Drainage area —The gross draimnage area, 1n square miles, above the
station site as determined by the topography

The last nine columns of the table give data for all known floods
at the site

Period.—The period of known floods prior to June 1964 This
period does not necessarily correspond to that i which continuous
records of discharge were obtained, but for many records 1t extends
back to an carlier date

Year —The calendar year, in the period of known floods before
June 1964, of the maximum stage or discharge

Date—The date of the maximum stage or discharge during the
floods of June 1964

Gage height and discharge —Data m cach pan of columns are
assoclated with the year or date in the preceding column The 1964
peak dischaiges, m cubic feet per second per square mile, have been
given for sites not significantly affected by regulations or diversions

Recurrence wmterval —The average interval of time 1n which the
peak discharge of June 1964 can be expected to be equaled or exceeded
once Where the recurrence imterval 1s greater than 50 years, the ratio
of the peak discharge to the discharge of the 50-year flood 1s shown
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EXPLANATION OF STATION DATA

The mam purpose of a flood repoit 15 presentation of stage and
discharge data on streams These data a1e presented 1n the following
section 1n sufficient detail so that the hydrographs of the flood peaks
may be accurately constructed The hydrologist who needs more
detailed data may find them in the Helena district office of the
Geological Survey

The data consist of a description of the station or site, a table
showing the daily discharge at gaging stations for May—June 1964,
and tables of stages and discharges at indicated times for many of the
gagimg stations

The station description gives imformation 1elative to the location
of the gage, size of the dramage basin above the gage, nature of the
eage-height 1ecord obtained during the petiod covered by this report,
datum of gage, definition of the stage-discharge 1elation, maximum
stage and discharge during the June 1964 floods and previous
maximum during the period of record, maxima data for floods outside
the period of record, effect of 1egulation and diveision, and other
pertinent general information

The table of daily mean discharge gives data for the 2-month period,
May-June 1964, to cover not only the period of major flooding but a
sufficient length of time to show discharges during antecedent and
1ecession periods. The monthly figures of the table show the monthly
mean discharge, m cubic feet per second. the volume of monthly
runoff, m acre-feet, and the volume of monthly 1unoff, m nches, at
selected stations. Monthly figures for a few stations downstream
from a 1eservoir have been adjusted for change 1 contents of the
1¢s€1 Vol

The table of stages and discha1ges at imdicated times gives sufficient
data so that hydrographs of stage and discharge can be drawn.  The
petiod of time covered 15 fiom prior to the start of the major rise
to an arbitrary cutoft point on the 1ecession and 1s not the same for all
stations.

The stages and associated dischaiges given should not be used 1n
preparation of a stage-dischaige relation (1ating curve) for use outside
the flood period  For many stations the 1elation used to compute the
discharge was shifted from the basic 1ating for yailous 1easons, such
as backwater from debris blockage o1 other changes m contiol
cond1tions.
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Table 19 --Summary of flood stages and dlscharges

Maximum previously known Maximum June 1964
Permanent Dr:igige Gage . Discharge
f det inati e
No station Stream and place o etermination (sq mi) Period Year height Discharge Day height Recur-
number (cfs) g
(feet) (feet) cfs Cfs per rence
sq mi interval
(years)
Saskatchewan River basin
1 5-100 Belly River at international boundary 74 8 1947-64 1953 6 66 2,450 8 10 16 12,000 160 a3 10
2 5-107 Mountain View Irrigation District Canal, - 1935-64 1961 - b 155 8 - b 162 - -
near Mountain View, Alberta
3 | 5-110 Belly River near Mountain View, Alberta 121 1908 1908 12 (c) - - - - -
1911-64 1953 6 64 4,500 8 11 40 16,400 136 a?2 93
4 5-115 Waterton River near international 61 O 1947-64 1954 6 51 2,710 8 11 S5 12,400 203 a3 77
boundary
5 5-120 Street Creek at international boundary 6 0 1947-55 1953 4 5 437 8 13 6 5,740 957 alo 3
6 5-125 Boundary Creek at international boundary 21 0 1947-64 1950 5 3¢ - 8 - 5,930 282 a 401
1953 - 904 - - - - -
7 - Waterton Lake at Waterton Park, Alberta'g/ 146 1950-64 1953 4,199 5 - ] 4,206 76 - - -
8 5-130 Waterton River near Waterton Park, 238 1908-64 1908 e9 5 24,000 9 9 22 25,700 108 a272
Alberta
9 5-140 Grinnell Creek near Many Glacier 3 47 1949-64 1950 3 45 242 8 4 88 536 154 al 43
10 5-145 Swiftcurrent Creek at Many Glacier 31 4 1912-64 1937 £6 89 2,250 8 £ 10 00 6,700 213 a3 38
11 5-155 Lake Sherburne at Sherburne 63 7 1915-64 1961 | 4,788 1 g 66,370 11 4,780 88 g 54,320 - -
8 - h 10,000 157 a2 95
12 5-160 Swiftcurrent Creek at Sherburne 64 3 1912-64 1916 e 7 85 i 2,280 11 8 37 12,360 - -
13 5-175 St Mary River near Babb 278 1302, 1902 e 6 50 8,300 8 12 96 i 16,500 59 4 al 56
1911-25,
1951 -64
14 5-185 St Mary Canal at St Mary Crossing, - 1918-64 1936 - b 767 7 - b 706 - -
near Babb
15 5-190 St Mary Canal at Hudson Bay Divide, near - 1917-64 1837 - b 758 8 - b 816 - -
Browning
16 5-200 Kennedy Creek near Babb 60 6 Jk190S - - - 8 - 15,000 248 a 4 56
17 5-205 St Mary River at international boundary 469 1902-64 1908 ] e 12 75 40,000 8 12 06 1 21,000 - -
18 - Rolph Creek near Kimball, Alberta d/ 90 6 1911-16, | 1953 7 21 1,290 8 4 80 630 6 95 1
1935-64
19 - Lee Creek at Cardston, Alberta g/ 117 1909-14, | 1951 10 49 7,820 8 12 59 11,400 97 4 a2 10
1920-64
Missouri River main stem
20 6-545 Missouri River at Toston 14,669 1890, 1948 11 77 32,000 12 10 00 22,000 1 50 5
1910-186,
1941-64
Deep Creek basin
21 6-566 Deep Creek below North Fork Deep Creek, 2 33 329 221 38 4

near Townsend

87 7 |1959-64 I

1964|

| 296
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v -
Missouri River main stem
22 6-570 Missouri River near Townsend 15,343 1892-1916,] 1894 3,811 7 38,400 13 3,809 6 22,900 1 49 5
1948-64 1963 £ 3,813 - - - - - -
23 6-585 Canyon Ferry Reservoir near Helena 15,904 1953-64 (x) 3,800 00{ g2,043,000 23 3,800 00| g2,043,000 - -
Spokane Creek basin
24 | 6-587  [Mitchell Gulch near East Helena 1 8 09 [ 1959-64 | 1963] 141 107 [ -] - 0 - -
Prickly Pear Creek basin
25 6-615 Prickly Pear Creek near Clancy 192 1909-16, | 1927 - 900 9 6 01 700 3 65 8
1921-33,
1945-64
26 6-617 Jackson Creek near East Helena 3 44 1961 -64 1962 2 49 16 8 2 64 19 5 52 -
27 6-618 Crystal Creek near East Helena 3 77 1961-64 | 1964 1 52 16 8 1 64 21 S5 57 -
28 6-619 McClellan Creek at city diversion dam, 33 2 1960-64 1962 1 48 175 8 2 59 330 11 7 al lz2
near East Helena
29 6-625 Tenmile Creek near Rimini 32 7 1914-64 1917 e 4 38 781 9 377 563 17 2 al 63
30 6-627 Little Porcupine Creek tributary near 48 1959-64 1964 74 38 8 117 59 12 3 -
Helena
31 6-645 Lake Helena near Helena m/ . 610 1945-64 (k) 3,635 60 g 11,790 1 3,634 90 g 10,240 - -
Missouri River main stem
32 6-650 Hauser Lake near Helena m/ 16,876 1945-64 (k) 3,635 60 g 53,630 1 3,634 90 g 51,050 - -
33 6-660 Holter Lake near Wolf Creek 17,149 1936-64 1851 3,564 25 g 83,110 26 3,563 75 g 80,730 - -
34 6-665 Missouri River below Holter Dam, near 17,149 1945-64 1948 11 70 i 34,800 19 10 04 127,100 1 58 8
Wolf Creek
Little Prickly Pear Creek basin
35 6-711 Little Prickly Pear Creek at Sieben 270 1962-64 1964 - b 600 9 578 972 3 60 10
Ranch, near Wolf Creek
36 6-712 Lyons Creek near Wolf Creek 29 4 1959-64 1962 1 57 158 8 3 80 490 16 7 a 1l 57
37 6-713 Little Prickly Pear Creek at Wolf Creek 381 1962-64 1964 5 13 1,120 9 7 65 3,110 8 16 a l 64
Dog Creek basin
38 | 6-714 lDog Creek near Craig | 15 9 | 1959-64 [melj 4 40 1,160 l 8 [ 1 97 ssl 4 09 -
Wegner Creek basin
39 | 6-716  [Wegner Creek at Craig | 35 0 [ 1959-64 T1961 [ 2 54 | 408 | 8 ] 0 54 60 | 171 1
Dearborn River basin
40 6-730 Dearborn River near Clemons m 130 1921-23, | 1953 & 20 3,200 9 9 15 n 17,400 134 a 3 39
1929-53
41 - South Fork Dearborn River near Crailg 32 0 - - - - 8 - 1,230 38 4 16
42 - AuchardCreek near Craig 157 - - - - 8 - 353 22 5 4
43 6-735 Dearborn River near Craig 325 1945-64 1953 9 58 7,960 9 13 5 n 15,400 47 4 al?5s9
Hardy Creek basin
4 - Hardy Creek near Cascade 9 46 - T -1 - - [ ] - ] p_440 46 5 -

See footnotes at end of table
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Table 19 --Summary of flood stages and discharges--Continued

Maximum previously known

Maximum June 1964

Permanent Drzigise Gage N Discharge
No station Stream and place of determination (sq mi) Period | Year neisht Discharge Pa heigﬁt Recur-
number (cfs) y gl ce T
(feet) (feet) cfs S per | rence
sq mi interval
(years)
Missouri River main stem
45 8-740 Missouri River at Cascade 18,493 1902-15, | 1908 |e 3,354 2 54,250 26 |m3,348 61 - - -
1950-64
Smith River basin
46 6-750 Smith River Reservoir near White Sulphur 72 3 1938-50, | 1950 5,488 6 g 11,600 | (k) 5,488 45 g 11,450 - -
Springs 1959-64
47 6-756 Five Mile Creek near White Sulphur 6 00 1960-64 1963 2 06 20 8 116 8 1 33 =
Springs
48 6-760 Newland Creek near White Sulphur Springs 6 74 1946-53, | 1953 3 50 56 8 2 59 13 1 93 -
1960-64
49 6-767 Sheep Creek near Neihart 5 30 1960-64 1964 1 67 78 8 2 12 113 21 3 -
50 6-768 Nugget Creek near Neihart 1 48 1959-64 1964 1 07 15 8 77 10 6 76 -
51 6-770 Sheep Creek near White Sulphur Springs 54 4 1941-64 1953 e 5 80 460 9 4 93 362 6 65 15
52 6-775 Smith River near Eden 1,594 1951-64 1953 10 46 12,300 10 5 48 3,860 2 42 17
1963 f 12 50 - - - - - -
53 6-7177 Smith River tributary near Eden 1 63 1960-64 1962 72 45 8 24 14 86 -
54 6-778 Goodman Coulee near Eden 21 8 1959-64 1964 4 02 150 8 3 58 110 5 05 -
Missouri River main stem
55 6-782 Missouri River near Ulm 20,941 1953 1953 17 35,000 22 14 44 127,500 131 3
1957-64 1959 11 26 19,100 - - - - -
1959 £12 20 - - - - - -
56 - Missourli River above Sun River, at Great 21,175 1930-64 1953 3,317 B4 - 10 3,318 2 - - -
Falis
Sun River basin
57 6-785 North Fork Sun River near Augusta 258 1911-12, | 1948 7 03 4,840 8 15 82 51,100 198 ab 57
1945-64
58 6-790 South Fork Sun River near Augusta 252 1911-12 1911 46 2,740 8 - 28,800 114 a 3 19
59 6-795 Gibson Reservoir near Augusta 575 1930-64 1940 4,725 5 g 107,100 8 4,732 23 g 116,400 - -
8 - h 60,000 104 -
60 6-796 Beaver Creek at Gibson Dam, near Augusta 20 3 1959-64 1962 2 45 496 8 - 4,360 215 al 77
61 6-800 Sun River near Augusta 609 1888-90, | 1916 11 4 32,300 9 15 7 i 59,700 98 0 a l 96
1904-64
62 - South Fork Willow Creek near Augusta 26 9 - - - - 8 - 2,790 104 41
63 - Sun River at State Highway 287, near 827 - - - 9 - 146,700 56 5 al 23
Augusta
64 6-835 Ford Creek near Augusta 19 4 1906-12 1909 55 1,230 8 - 2,700 139 al 99
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65 6-840 Smith Creek below Ford Creek, near 74 O 1945-52 1948 57 1,830 8 13 4 6,140 83 0 al 96
Augusta
66 - Elk Creek near Augusta 145 - - - - 8 - 12,000 82 8 a2 16
67 - Sun River at Simms ml,224 1941-64 1953 (13,557 1 - 9 3,561 6 1 69,800 57 0 a 2 84
68 6-879 Muddy Creek tributary near Power 3 15 | 1963-64 | 1964 2 26 284 8 13 220 69 8 -
69 6-885 Muddy Creek at Vaughn 314 1908 1908 24 (c) 9 12 24 3,720 11 8 25
1925-26, | 1953 17 7 7,600 - - - - -
1934-64
70 6-890 Sun River near Vaughn 1,854 1908 1908 20 4 (c) - - - - -
1934-64 1953 16 38 117,900 9 23 4 1n 53,500 28 9 al 6l
71 6-893 Sun River tributary near Great Falls 211 1956-64 1964 3 94 215 8 5 46 470 22 3 4
72 - Sun River at Great Falls 1,937 1908 1908 3,328 - 0 113,324 6 - - -
Missouri River main stem
73 6-903 Missouri River near Great Falls 23,292 1953, 1953 - 66,600 10 - q 72,000 3 09 40
1956-64
Belt Creek basin
74 | 6-905 [Belt Creek near Monarch [ 368 [1es1-64 [1953] 1012] r11,000 [ 9] a7 81] 4,710 128 | 18
Highwood Creek basin
75 - [Highwood Creek near Highwooa | 752 | 1955 [1953] - | 5,220 [ 8] - | 1,830 243 | az299
Missouri River main stem
76 | 6-908 [Missourl River at Fort Benton 24,749 ‘ego-1964 1908 | 185 | 140,000 [ 10 13 44| 1 77,400 ] 313 ] 36
Marias River basin
77 - Two Medlcine Creek above Trick Falls, 26 8 - - - - 8 - 13,600 507 a7 95
near East Glacler
78 - Dry Fork Two Medicine Creek near East 7 66 - - - - 8 - 3,940 514 -
Glacler
79 6-909 Lower Two Medicine Lake near East Glacier 50 2 1938-64 1944 4,875 67 g 14,800 8 4,883 3 £ 20,930 - -
80 6-910 Two Medicine River near East Glacier 511 1912, 1918 e 7 85 11,390 8 - t 63,500 - -
1918-24,
1962-64
81 - South Fork Two Medicine River near East 78 2 - - - - 8 - 25,600 327 a6 75
Glacier
82 6-920 Two Medicine River near Browning 317 iggz-g:, 1907 e8 6 p 7,950 8 s 14 0 100,000 315 a9 35
83 6-925 Badger Creek near Browning 133 1951-64 1953 6 28 4,220 8 10 37 49,700 374 a 878
84 B North Fork Birch Creek near Dupuyer 19 0 - - - - 8 - 8,890 468 a 6 68
85 - South Fork Birch Creek near Dupuyer 25 3 - - - - 8 - 9,770 386 3 592
86 6-940 Swift Reservoir near Dupuyer 75 3 1916 1916 4,959 94 g 36,070 8 4,956 30 g 34,300 - -
1936-64 1953 4,948 38 g 30,620 - - - -
87 6-350 Birch Creek near Dupuyer 105 1909-37 1916 10 O pi17,000 8 - t 881,000 - -
88 - Blacktail Creek near Dupuyer 62 17 1948 1948 - 4,680 8 - 3,730 59 5 allé
89 - Cartwright Coulee near Valier 21 8 1948 1948 - 2,890 8 - m 2,950 135 a 3 35
S0 6-980 Dupuyer Creek near Valler m129 1912-37 1934 7 40 3,330 8 - 21,600 167 a7 91
1948 1948 - 7,370 - - - - -

See footnotes at end of table
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Table 19 --Summary of flood stages and discharges--Continued

Maximum previously known

Maximum June 1964

Drainage Discharge
Permanent area G Gage
No station Stream and place of determination Period Year age Discharge 3 Recur-
(sq mi) height Day | height
number (feet) (cfs) (feet) ofs Cfs per | rence
sq mi interval
(years)
Marias River basin--Continued
31 - Laughlin Coulee near Valier 8 4 1948 1948 - 820 8 - 912 109 -
92 - Two Medicine River below Birch Creek, 1,288 - - - - 9 - t 204,000 - -
near Ethridge
93 - Willow Creek at Browning 23 6 - - - - 8 - 1,230 £2 1 al 34
94 6-990 Cut Bank Creek at Cut Bank 1,065 1905-20, | 1908 e ll 04 10,400 9 814 2 16,600 15 6 a 1 55
1922-24,
1951-64
95 6-995 Marias River near Shelby m3,242 1802-7, 1948 17 75 40,000 9 23 64 t 241,000 - -
1911-64
96 6-997 Middle Fork Dry Fork Marias River near 20 2 1960-64 1964 s 4 57 401 8 s 6 56 4,240 210 a5 08
Dupuyer
97 - Lake Frances tributary near Valier 083 1948 1948 - 20 8 - 39 470 -
98 6-1002 Heines Coulee tributary near Valiler 80 1960-64 1960 120 9 8 s 10 57 64 107 -
99 - Lone Man Coulee above Miller Coulee, 11 3 1948 1948 - 1,820 8 - 1,460 129 a2 52
near Valier
100 - Miller Coulee near Valier 19 1948 1948 - 197 8 - 282 148 -
101 6-1003 Lone Man Coulee near Valier 14 1 1960-64 1964 m 72 180 8 m 2 38 m 1,740 123 a 2 60
102 - Dry Fork Marias River at Ledger m 263 1948 1948 - 13,000 8 - 7,870 29 9 al 79
103 6-1013 Tiber Reservoir near Chester m4,923 1955-64 1959 2,986 47 g 834,800 13 3,001 91 {g1,116,000 - -
9 - ht 200,000 40 6 -
104 6-101S Marias River near Chester m4,927 1921, 1947 (c) Ecg 16 10 63 10,400 - -
1945-47, | 1948 16 c - - - - -
1955-64,
1948
105 Pondera Coulee near Chester 588 - - - - 8 - 1,950 3 26 3
106 6-1016 Marias River tributary No 3 near 32 1962-64 1962 3 18 29 8 137 11 34 4 -
Chester
107 6-1017 Cottonwood Creek tributary near Chester 2 28 1963-64 1963 4 08 99 8 98 10 4 39 -
108 6-1018 Cottonwood Creek tributary No 2 near 24 6 1963-64 - - o] 8 2 35 75 3 05 -
Chester
103 6-1019 Dead Indian Coulee near Fort Benton 2173 1963-64 1964 219 13 8 64 2 - -
110 | 6-1020 5|Marias River near Loma mé6,995 1908 1908 (u) 70,000 | 16 8 72 110,800 - -
1959-64 1961 4 62 3,050 - - - - -
111 6-1021 Dry Fork Coulee tributary near Loma 84 1959-64 1959 4 02 71 - - 0] -
112 6-1022 Marias River tributary at Loma 1l 62 1956-64 1962 211 20 - - o} - -
113 6-1023 Marias River tributary No 2 at Loma 25 1956-64 1956 2 97 20 - - [o] - -
114 6-1025 Tenton River near Farmington 105 1947-54 1948 5 32 2,780 8 - 54,600 520 all 5
1850 £ 7 34 - - - b -
115 6-1058 Bruce Coulee tributary near Choteau 170 1963-64 1963 65 18 8 176 148 87 1 -
116 | 6-1060 |Deep Creek near Choteau m 269 1911-24 | 1916 10 5 3 700 8 - 41,800 155 a4 40
117 - Teton River below Deep Creek, near Choteau 510 - - - - 8 - 64,300 126 a4 20
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118 - Muddy Creek near Collins 385 - - -- - 8 - 13,900 36 1 a2 50
119 6-1080 Teton River near Dutton 1,308 1954-64 1958 5 96 1,310 9 19 8 71j500 54 5 a 5 80
1959 e 8 68 - - - - -
120 6-1082 Kinley Coulee near Dutton 9 67 1963-64 1964 3 74 139 21 80 364 37 6 20
121 6-1083 Kinley Coulee tributary near Dutton 2 65 1963-64 1964 2 28 49 8 2 98 76 28 7
122 - Teton River near Carter 1,762 - - - - 9 - 84,300 47 8 a5 73
Missouri River main stem
123 6-1095 Missouri River at Virgelle 34,379 1908 1908 25 ¢ c) 10 21 27 1 105,000 3 05 25
1935-64 1953 p 23 4 1 122,000 - - - - -
Judith River basin
124 6-1098 South Fork Judith River near Utica 58 7 1958-64 1962 4 90 277 8 s 7 4 v 1,290 22 0 a 2 48
125 6-1100 Judith River near Utica 328 1919-64 1927 5 70 1,120 9 5 77 1,070 3 26 9
126 6-1117 Casino Creek tributary near Lewistown 3 53 1960-64 1964 3 67 44 8 3 27 40 11 3 -
127 6-1121 Cottonwood Creek near Moore 47 9 1957-64 1962 6 77 683 9 7 68 1,220 25 5 al 54
Missouri River main stem
128 6-1150 Missouri River at powerplant ferry, near 40,763 1934-64 1947 £ 30 16 - 11 19 74 1 114,700 2 81 30
Zortman 1953 22 20 1 137,000 - - - -
Musselshell River basin
129 [ 6-1305 lMusselshell River at Mosby l 7,846 Lleze-sz, 1944 [ e 14 4ﬂ 1 18,000 J 21 i 10 ool 14,920 ‘ 0 63 ‘ 2
1934-64
Missouri River main stem
130 ] 6-13-15 ]Fort Peck Reservoir at Fort Peck | 57,500 E957-64 J1948 | 2,244 80 w 18,170 } 30 } 2,231 5 I W 15,220T - I N
Milk River basin
131 6-1322 South Fork Milk River near Babb. 68 6 1961-64 1963 f 5 33 500 8 6 61 12,000 175 a 6 49
132 6-1322 5(Livermore Creek near Babb 25 0 1962-64 1962 3 43 152 8 - 4,880 195 a 5 08
133 - South Fork Milk River below Livermore 101 - - - - 8 - 14,900 148 a 6 34
Creek, near Babb
134 6-1323 Middle Fork Milk River near Babb 14 O 1962-64 1962 2 62 107 8 2 96 558 39 9 30
135 6-1324 Dry Fork Milk River near Babb 17 4 1962-64 1962 3 96 394 8 5 20 1,880 108 a 2 44
136 6-1327 Milk River near Del Bonita 325 1905-30, | 1308 els 4 13,000 8 90 17,300 53 2 a 347
1962-64
137 6-1330 Milk River at western crossing of the 397 1931-64 1948 e 6 83 4,750 9 8 77 7,930 20 O a 1 40
international boundary
138 6-1335 North Fork Milk River above St Mary 61 8 1911-64 1953 7 55 2,120 8 4 91 653 10 6 6
Canal, near Browning
139 6-1340 North Milk River near international 91 8 1909-64 1948 e 6 47 2,950 8 7 98 1,940 211 36
boundary
140 6-1345 Milk River at Milk River 1,036 1909-64 1927 11 41 8,730 9 10 40 8,110 7 83 26
141 6-1348 Van Cleeve Coulee tributary near 10 8 1963-64 1964 2 08 35 - - o] -
Sunburst
142 6-1350 Milk River at eastern crossing of inter- 2,588 1909-64 1952 S 34 9,530 11 671 7,770 3 00 16
national boundary 1952 £ 13 65 - - - - -

See footnotes at end of table
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Table 19 --Summary of flood stages and discharges--Continued

Maximum previously known Maximum June 1964
Permanent Dr:.;::ge cage dage Discharge
No station Stream and place of determination (sq mi) Period Year height Discharge Day height Recur-
number (feet) (cfs) cfs Cfs per | rence
(feet) sq mi |interval
(years)
Pend Oreille River basin
143 - Landers Fork above Copper Creek, near 78 0 - - - - 9 - 5,120 85 6 a4 73
Lincoln
144 - Copper Creek near Lincoln 40 8 - - - - 8 - 803 19 7 al 75
145 [12-3355 Nevada Creek above reservoir, near Finn 1186 1939-64 1953 e 6 00 1,800 9 4 22 524 4 52 5
1953 ef 7 40 - - - - - -
146 (12-3380 North Fork Blackfoot River near Ovando 228 1921-23 1922 7 58 2,300 8 - 11,800 51 8 a 3 43
1948 1948 90 4,380 - - - - -
147 [12-3398 Blackfoot River near Potomac 2,046 1957-64 1959 8 54 10,900 10 11 33 17,500 8 55 al 40
148 |12-3399 West Twin Creek near Bonner 7 47 1959-64 1961 91 128 8 110 150 20 1 -
149 12-3400 Blackfoot River near Bonner 2,290 1899-1901,( 1953 ell 65 18,300 10 10 89 19,200 8 38 al 35
1903-5
\ 1940-64
150 |12-3402 Marshall Creek near Missoula 5 47 1959-64 1964 105 50 8 28 10 183 -
151 |12-3405 Clark Fork above Missoula 5,999 1908 1908 (c 48,000 1C 13 35 31,700 5 28 al 22
1929-64 1948 15 07 31,500 - - - - -
152 |12-3410 Rattlesnake Creek at Missoula 79 7 1899, 1899 e 6 25 2,050 10 15 1,830 23 0 al 99
1958-64, | 1948 - u 2,400 - - - - -
1948
153 [12-3530 Clark Fork below Missoula 9,003 1929-64 1948 12 08 52,800 10 11 45 50,100 5 56 al 03
154 [12-3534 Nigger Gulch near Alberton 8 02 1959-64 1964 82 50 9 101 67 8 35 -
155 |12-3538 |Thompson Creek near Superior 12 2 1961-64 1962 82 85 8 40 72 5 80 -
156 [12-3538 5jEast Fork Timber Creek near Haugan 272 1961-64 1962 - 45 8 71 32 11 8 -
1964 87 - - - - - -
157 [12-3540 St Regis River near St Regis 303 1910-17, | 1917 e 8 65 7,740 8 6 16 5,120 16 9 4
1958-64
1933 1933 14 5 (c) - - - - -
1954 1954 9 4 11,000 - - - - -
158 112-3541 North Fork Little Joe Creek near St Regils 14 7 1960-64 1961 1 88 185 8 191 212 14 4 -
159 {12-3545 Clark Fork at St Regis 10,708 1910-64 1948 19 96 68,900 10 18 54 60,900 5 69 47
160 {12-3550 Flathead River at Flathead, British 450 1929-64 1948 91 14,600 8 s 86 16,300 36 2 a 1 20
Columbia
161 - Trail Creek near Polebridge 64 6 - 8 - 2,100 32 5 4
162 - Bowman Creek near Polebridge 44 0 - - - - 8 - 2,780 63 2 a 2 14
163 - Big Creek at Big Creek ranger station, 84 2 - - 8 B 2,130 25 3 6
near West Glacier
164 |12-3555 Flathead River near Columbia Falls 1,548 1910-17, | 1954 el2 25 31,500 9 18 60 69,100 44 6 a 2 06
1929-64
165 (12-3557 Middle Fork Flathead River near Essex 408 1957-61 1959 11 32 10,500 8 - 57,900 142 a 3 34
166 112-3560 Skyland Creek near Essex 8 09 1946-52, | 1948 2 15 284 8 9 55 3,580 443 -
1954,
1959-64
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167
168

169

171
172

173
174

175
176

177
178

179
180

181
182
183
184

185
186
187
188
189

190
191
192
193
194
195
196
197

199

200

12-3565
12-3570

12-3573

12-3574

12-3585

12-3590

12-3595
12-3598

12-3600
12-3605
12-3606
12-3610

12-30l15
12-3618
12-3619
12-3620

12-3625
12-3630

12-3639
12-3650
12-3660

12-3700
12-3705
12-3709
12-3711

12-3715

8

Bear Creek near Essex
Middle Fork Flathead River at Essex

Essex Creek at Essex .
Park Creek at Essex B
Wahoo Creek near West Glacier
Moccasin Creek near West Glacier

Ousel Creek near West Glacier.

Middle Fork Flathead River tributary at
West Glacier

McDonald Creek above Lake McDonald, near
West Glacier

Middle Fork Flathead River near West
Glacier

Bruce Creek near Hungry Horse

South Fork Flathead River at Spotted
Bear ranger station, near Hungry Horse

Spotted Bear River near Hungry Horse

South Fork Flathead River above Twin
Creek, near Hungry Horse

Twin Creek near Hungry Horse

Lower Twin Creek near Hungry Horse

Soldier Creek near Hungry Horse

Sullivan Creek near Hungry Horse

Logan Creek near Hungry Horse

Graves Creek near Hungry Horse

Wounded Buck Creek near Hungry Horse
Emery Creek near Hungry Horse .
Hungry Horse Reservoir near Hungry Horse

South Fork Flathead River near Columbia
Falls
Flathead River at Columbia Falls

Rock Creek near Olney
Stillwater River near Whitefish
Whitefish River near Kalispell

Swan River at Stroms Store, near Condon
Swan River near Bigfork .
Dayton Creek near Proctor

Teepee Creek near Polson

Hell Roaring Creek near Polson

Flathead Lake at Somers

109
1,128

16
958

184
1,160

170
146

05
97

92
10

3

dOOKH Lo
©

18

41

1946-52
1939-54,
1956-64

1959-64

1960-64

1939-64

1948-57,
1959-64
1948-56

1948-56
1948-56
1948-56,
1959-64

1948-56

1951-64

1910-16,
1923-64
1894
1922-23,
1928-64
1961-64
1930-50
1928-50

1948
1922-64
1959-64
1960-64

1948
1954

1960
1961

1960

1954

1948

1954

1954
1948

1954
1350
1955
1916

1894
1948

1964
1948
1948
1850
1948
1948
1961
1961
1917

1894
1933

13

14

PO
(9]

3,561
e 16

2,900
2,896

43

27

(628

[e]¢]
40
33
25
29

70

26

696
18,000

120

34,500

22,000
5,480
2,790
1,200
2,750

1,520

w 3,461
46,200

142,000
102,000

25
4,330
1,290

1,350
8,400

w 2,208

nNNooo
1OV OD®DO® fecleoiooeo) @ © [e:]es] 0 @@ W) OCcoO® feaioo)

.
OCOOO® I WWOm®

12
10

ny
»~

36

20

813

s 8

3,560

|
RO

2,894

~ N

32

46

47
87

8,380
75,300

2,760

7,180

161
(x)

4,160
8

21,200
140,000

988
36,700

20,200
50,900

5,830
5,110

206
5,020

2,310
2,710
706

832

W 3,429
h 78,000
118,000

1 176,000

1,480
1,400
1,670
8,100

w 1,952
h 128,000

405
148

263
183
1,450
80
194
124

61
38
110

122

446

a4 61
a4 23

al 25

az 20
al 54

a2 54
a3 70

al 46
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Table 19 --Summary of flood stages and discharges--Continued

Maximum previously known Maximum June 1964
Drainage
Permanent areag Gage tae Discharge
station Stream and place of determination (sq mi) Period Year height Discharge Da height Recur-
number (feet) (cfs) 4 (regb) cfs Cfs per | rence
sq mi interval
(years)
Pend Orellle River basin--Continued
12-3720 Flathead River near Polson 7,096 1894 1894 21 110,000 12 17 99 i 66,800 - -
1907 -64 1928 el7 2 82,800 - - - - -
12-3743 Mill Creek near Niarada 28 0 1959-64 1961 1 42 140 8 62 24 86 1
12-3757 South Fork Garden Creek near Hot Springs 3 29 1959-64 1964 1 02 45 8 93 40 12 2 -
12-3890 Clark Fork near Plalns 19,958 1910-64 1948 19 17 134,000 11 17 48 i 128,000 - -

SR“HFIERMHOACTE

Ratio of peak discharge to 50-year flood

Dailly mean discharge

Unknown

Canadian gaging station

At different site or datum, see station description
Affected by backwater, see station description
Contents, in acre-feet

Computed rate of peak inflow

Affected or regulated by reservoirs Contents, in thousands of acre-feet

Record incomplete, see station description Debris movement in extremely steep channel may have affected floodmarks

More than once, see station description surveyed, indicated discharge in excess of 10,000 cfs
See station description

Exceeds and .s highest sunce flood of June 1908

Flood of June 1908 was higher, see station description
Highest since June 1908

Flood of June 1908 was several feet lower

From outside floodmark, see station description

Affected by dam fallure

Greatest known, at site upstream, see station description
Highest since 1927

XE<SSC OO
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NORTHWESTERN MONTANA, JUNE 1964 B143

STATION DATA

SASKATCHEWAN RIVER BASIN
(1) 5-100 Belly River at international boundary
(International gaging station)
Location --Lat 48°59'50", long 113°40'50", in NWi sec 2, T 37 N , R 16 W {unsurveyed),

on right bank 200 ft upstream from international boundary, 11 miles southeast of
Waterton Park, Alberta, and 15 miles northwest of Babb, Mont

Drainage area --74 8 sq mi

Gage-height record --Water-stage recorder graph Altitude of gage 1s 4,500 ft (from
Topographic map)

Discharge record --Stage-discharge relation defined by current-meter measurements
béTow 1,000 cfs and extended above by logarithmic plotting, and on basis of
records for station near Mountain View, Alberta

Maxima --June 1964  Discharge, about 12,000 cfs 1900 hours June 8 (gage height,
10 16 ft
1947 to May 1964 Discharge 2,450 cfs June 4, 1953 (gage height, 6 66 ft)

Mean discharge, in cubic feet per second, 1964

Day May June Day May June Day May June
1 - 685 11 - 2,080 21 1,210 888
2 - 758 || 12 400 1,810 || 22 1,040 856
3 - 934 13 468 1,740 23 771 868
4 - 1,200 || 14 483 1,690 || 24 612 1,000
5 - 1,350 15 466 1,500 25 510 1,110
6 - 1,410 18 457 1,310 26 461 1,080
7 - 1,570 17 527 1,180 27 457 1,020
8 - 8,200 || 18 691 1,100 || 28 510 998
9 - 7,830 || 19 830 1,010 || 29 604 842
10 - 3,520 20 1,050 946 30 645 715
31 655 (- - - - -
Monthly mean discharge, in cubic feet per second - 1,707
Runoff, 1in inches - 25 46
Runoff, in acre-feet - 101,600

Gage helght, 1n feet, and discharge, in cubic feet per second, at indicated time, 1964

Gage Dis- Gage Dis- Gage Dis-
Date Hour helght charge Date Hour height charge Date Hour | ont| charge
June 7 | 0000 4 81 1,380 June 8| 1200 9 31 9,410 June 91} 1200 8 66 7,590
08600 4 80 1,370 1500 9 92 11,200 1600 8 26 6,590
0900 4 83 1,390 1800| 10 12| 11,900 2000| 7 86 5,660
1500 5 03 1,570 1900| 10 16 12,000 2400 7 51 4,920
1800 518 1,700 2000| 10 15 12,000
2400 5 63 2,140 2200| 10 10| 11,800 10| 1200§ 6 60 3,360
2400 9 97 11,400 1800 6 23 2,860
8| 0200| 6 00 2,570 2400} 5 95 2,510
0400 6 62 3,390 9| 0400 9 57 10,200
0600 7 29 4,490 0800| 9 10 8,790

(2) 5-107 Mountailn View Irrigation District Canal near Mountain View, Alberta
(International gaging station)
Location --Lat 48°06'00", long 113°4l'30” in NWi sec 4, T 2,R 28 W , fourth merid-
an, in Alberta, on left bank 1% miles downstream from headgate, 5 miles south-
west of Mountain View, and 7 miles north of international boundary

Gage-height record --Water-stage recorder graph Datum of gage is 4,377 26 ft above
mean sea level (Irrigation Surveys datum

Discharge record --Stage-discharge relation defined by current-meter measurements

Maxima --June 1964 Daily discharge, 162 cfs June 8
1935 to May 1964  Daily discharge 155 c¢f's June 9, 1961
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Mean discharge, in cubic feet per second, 1964, of Mountain View Irrigation District Canal
near Mountain View, Alberta

Day May June Day May June Day May June
1 23 40 11 8 4 20 9 21 53 6 4
2 14 7 35 12 70 19 8 22 53 50
3 33 2 35 13 6 7 17 5 23 50 45
4 19 2 32 8 14 6 4 151 24 50 38
5 12 4 65 9 15 53 13 8 25 48 36 3
6 7 4 64 8 16 53 13 8 26 48 41 4
7 88 71 4 17 53 12 4 27 48 29 7
8 77 162 18 48 10 4 28 53 23 2
9 77 63 4 19 53 10 8 29 5 0 70
10 77 25 2 20 53 6 4 30 45 48
31 45 |-----
Monthly mean discharge, in cubic feet per second 7 59 26 6
Runoff, in acre-feet 467 1,590

(3) 5-110 Belly River near Mountain View, Alberta
(International gaging station)

Location --Lat 49°06', long 113°42', in NEL sec 5, T 2, R 28 W , fourth meridian, in
Alverta, on right bank 2 miles downstream from intake of Mountain View Irrigation
District Canal, 5 miles southwest of Mountain View, and 7 miles north of inter-
national boundary

Drainage area --121 sq mi

Gage-height record --Water-stage recorder graph except 1400 hours June 8 to 0600
hours June 9, when graph was reconstructed on basis of high-water mark Datum of
gage 1s 4,344 90 ft above mean sea level {Irrigation Surveys datum)

Discharge record --Stage-discharge relation defined by current-meter measurements

Maxima --June 1964 Discharge, 16,400 cfs about 1900 hours June 8 (gage height,
TT 40 ft from floodmark)
1911 to May 1964 Discharge, 4,500 cfs June 4, 1953 (gage height, 6 64 ft),
from slope-area measurement
Flood 1in June 1908 reached a stage of about 12 ft

Remarks --Natural flow affected by diversion in Mountain View Irrigation District
Canal since 1935

Mean discharge, in cublc feet per second, 1964

Day May June Day May June Day May June
1 225 1,030 || 11 563 2,910 || 21 1,610 1,310
2 368 1,140 12 585 2,590 22 1,400 1,230
3 693 1,340 13 677 2,380 23 1,110 1,270
4 653 1,550 {| 14 709 2,330 24 886 1,480
5 550 1,660 || 15 653 2,110 || 25 725 1,530
6 465 1,730 || 16 638 1,860 || 26 645 1,460
7 429 1,970 || 17 793 1,710 27 661 1,400
8 423 10,700 18 1,040 1,610 28 759 1,360
9 452 9,520 19 1,210 1,490 29 912 1,170
10 550 4,440 || 20 1,470 1,390 || 30 972 1,030
31 989 |- - - - -
Monthly mean discharge, 1n cubic feet per second 768 2,290
Runoff, in acre-feet 47,240 136,300

Gage height, in feet, and discharge, in cubic feet per second, at indicated time, 1964

Gage Dis- Gage Dis- Gage Dis-
Date Hour height | charge Date Hour height charge Date Hour height charge
June 7 | 0000 4 05 1,680 June 8| 1200{ 10 12 13,300 June 9| 1500 7 32 7,890
0800 4 0S 1,680 1400] 10 60 [ 14,400 1800 6 82 7,010
1200 4 12 1,760 1700{ 11 10 15,700 2100 6 47 6,430
1800 4 42 2,160 1900 11 40 16,400 2400 6 15 5,900
2400 4 89 2,800 2200 10 89 15,200
2400| 10 51 14,300 10| 0600 5 54 4,930
8 | 0400 5 44 3,800 1200 516 4,350
0700 6 71 6,000 9] 0300 9 91 13,000 1800 4 82 3,840
0900 7 83 8,190 0600 9 40 11,900 2400 4 49 3,340
1000 8 49 9,490 0900 8 88 10,900
1100 9 38 11,500 1200 7 85 8,850
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(4) 5-115 Waterton River near international boundary
(International gaging station)
Location --Lat 48°57120", long 113°54100", in NWi sec 23, T 37 N , R 18 W (unsurveyed),

on right bank 100 ft downstream from Olson Creek, 3 miles south of international
boundary, and 7 miles south of Waterton Park, Alberta

Drainage area --61 0 sq mi

Gage-height record --Water-stage recorder graph Altitude of gage is 4,200 ft (from
“Topographic map)

Discharge record --Stage-discharge relation defined by current-meter measurements
below 1,900 cfs and by slope-area measurement at 12,400 cfs

Maxima --June 1964  Discharge, 12,400 cfs 1700 hours June 8 (gage height, 11 55 ft)
1947 to May 1964  Discharge, 2,710 cfs May 20, 1954 (gage height, 6 51 ft)

Mean discharge, in cubic feet per second, 1964

Day May June Day May June Day May June
1 - 1,020 |)f 11 - 1,660 || 21. 1,410 1,010
2 - 1,080 12 - 1,760 22 1,010 1,010
3 - 1,290 13 480 1,680 23 691 1,290
4 - 1,550 || 14 556 1,670 || 24 514 1,750
5 - 1,400 15 535 1,590 25 427 1,720
6 - 1,480 || 16 530 1,460 || 26 386 1,470
7 - 1,470 || 17 663 1,370 27 436 1,380
8 . - 7,280 | 18 869 1,200 (| 28 646 1,130
9 - 5,850 [ 19 979 1,100 i 29 773 887
10 - 2,500 || 20 1,280 1,090 || 30 827 863
31 905}~ - - - -
Monthly mean discharge, 1n cubic feet per second - 1,734
Runoff, in inches - 31 71
Runoff, in acre-feet - 103,200

Gage height, in feet, and discharge, in cubic feet per second, at indicated time, 1864

Gage Dis- Gage Dis- Gage Dig-
Date Hour height charge Date Hour height | charge Date Hour height| charge
June 7 | 0000 513 1,380 June 8| 1400} 11 09 10,800 June 9| 0800| 10 24 7,350
1000 5 18 1,420 ® 1600] 11 34 11,700 1200 9 48 5,580
1600f 5 19 1,430 1700( 11 55| 12,400 1800| 8 52 3,980
2000 5 34 1,550 1900 11 05 10,100 2400 8 07 3,370
2400 5 67 1,820 2100| 10 63 8,540
2400| 10 31 7,600 10| 0600| 7 70 2,880
8 | 0400 6 46 2,590 1200 7 36 2,430
0800 8 69 5,510 9| 0200 10 49 8,100 1800 7 07 2,070
1200| 10 57 9,350 0500 10 57 8,340 2400 6 89 1,870

(5) 5-120 Street Creek at international boundary
(International gaging station, discontinued 1955)
Location --Lat 48°59'20", long 113°52'40", in NEX sec 11, T 37 N , R 18 W (unsurveyed),

on Ieft bank half a mile upstream from mouth, three-quarters of a mile south of

international boundary, and 5 miles south of Waterton Park, Alberta Gage de-
stroyed by flood

Drainage area --6 0 sq mi, approximately

Gage-height record --Floodmarks at gage site Altitude of gage was 4,400 ft (from
Topographic map)

Discharge record --Peak discharge by slope-area measurement

Maxima --June 1964 Discharge, 5,740 cfs June 8 (gage height 13 6 ft, from flood
profile)

1947-55  Discharge, 437 cfs June 3, 1953 (gage height 4 5 ft, from floodmarks)
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(6) 5-125 Boundary Creek at international boundary
(International gaging station, discontinued June 1964)
Location --Lat 48°59'50", long 113°54'20", 1n NE% sec 3, T 37 N , R 18 W (unsurveyed),

on right bank a quarter of a mile upstream from mouth a quarter of a mile south
of international boundary, and 4 miles south of Waterton Park, Alberta

Drainage area --21 0 sq mi

Gage-height record --Water-stage recorder graph to 1300 hours June 5 Station de-
stroyed by flood on June 8 Altitude of gage is 4,300 ft (from topographic map)

Discharge record --Stage-discharge relation defined by current-meter measurements
beIow 450 cIs and by slope-area measurement at 5,930 cfs  Discharge for June 6,7
estimated on basis of records for nearby stations

Maxima --June 1964 Discharge, 5,930 cfs June 8

1947 to May 1964 Discharge 904 cfs June 4, 1953 (gage height, 5 24 ft),
gage height, 5 34 ft June 21 or 22, 1950, from floodmarks

Mean discharge, in cublc feet per second, 1964

Day May June Day May June Day May June
1 - 293 11 - - 21 363 -
2 - 333 || 12 - - 22 232 -
3 - 411 [ 13 164 - 23 178 -
4 - 450 14 162 - 24 149 -
5 - 434 || 15 140 - 25 132 -
6 - 475 16 140 - 26 129 -
7 - 525 17 191 - 27 155 -
8 - - 18 237 - 28 188 -
9 - - 19 284 - 29 209 -

10 - - 20 349 - 30 224 -
31 254 - - - - -

(7) Waterton Lake at Waterton Park, Alberta
(Canadian gaging station)

Location --Lat 49°03'15", long 113°54'20", in NEf sec 23, T 1,R 30 W , fourth merid-
Tan, 1n Alberta, on boat dock directly behlndgthe National Park offices in the
town of Waterton Park

Drainage area --146 sq m1 (to Bosporus Narrows)

Gage-height record --Once-daily staff-gage readings at 0800 hours, except May 2, 3,
7-10, 16-18, 23, 24, 30, 31, June 6-16, 18-21, 27, 28, when lake stages were
estimated on basis of outflow record at downstream gaging station

Maxima --June 1964 Elevation, 4,206 76 ft, from floodmark, 0200 hours June 9
1950 to May 1964 Elevation 4,199 5 ft June 3, 1953

Remarks --No regulation Records furnished by Department of Northern Affairs and
National Resources, Canada

Elevation, in feet, 1964

Day May June Day May June Day May June
1 4,193 8| 4,197 0 11 4,195 5| 4,200 9 21 4,197 8| 4,197 4
2 4,194 5| 4,197 2 12 4,195 5] 4,199 9 22 4,197 9| 4,197 67
3 4,195 2| 4,197 5 13 4,195 6 4,199 4 23 4,197 5| 4,197 67
4 4,195 4| 4,198 O 14 4,195 8| 4,199 1 24 4,187 0| 4,197 95
5 4,195 4| 4,198 2 15 4,195 9| 4,199 0 25 4,196 7| 4,198 23
[} 4,195 4{ 4,198 3 16 4,195 9| 4,198 7 26 4,196 4| 4,198 28
7 4,195 5| 4,198 5 17 4,196 1| 4,198 46 27 4,196 2| 4,197 8
8 4,195 4| 4,203 2 18 4,196 5| 4,198 1 28 4,196 3| 4,197 7
9 4,195 4| 4,206 O 19 4,196 7| 4,197 8 29 4,196 4| 4,197 65
10 4,195 5| 4,203 1 20 4,197 2| 4,197 & 30 4,196 6] 4,197 4%
31 4,196 8f{ - - - - -
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(8) 5-130 Waterton River near Waterton Park, Alberta
(International gaging station)
Location --Lat 49°07', long 113°50', in NEL sec 8, T 2,R 29 W , fourth meridian, 1n
~ Alber

erta, on right bank 300 ft downstream from highway bridge, a quarter of a mile
upstream from Crooked Creek and 5 miles northeast of Waterton Park

Drainage area --238 sq mi

Gage-height record --Water-stage recorder graph Datum of gage is 4,154 19 ft above
mean sea level (Irrigation Surveys datum)

Discharge record --Stage-discharge relation defined by current-meter measurements

Maxima --June 1964 Discharge, 25,700 cfs 0400 hours June 9 (gage height, 9 22 ft)
1908 to May 1964 Discharge, 24,000 cfs June 6, 1908 {gage height, 9 5 ft, at

site within 200 ft of present site and at datum then in use, from graph based on
gage readings), from rating curve extended above 7,000 cfs by logarithmic plotting

Mean discharge, in cublc feet per second, 1964

Day May June Day May June Day May June
1 331 2,340 11 1,140 8,220 21 3,240 2,790
2 495 2,620 || 12 1,170 6,230 || 22 3,170 2,660
3 9645 2,940 | 13 1,280 5,450 || 23 2,830 2,660
4 1,140 3,370 || 14 1,390 5,030 || 24 2,340 2,940
5 1,130 3,690 15 1,420 4,710 25 1,980 3,240
6 1,130 3,870 16 1,420 4,320 26 1,710 3,280
7 1,080 4,130 [} 17 1,570 3,940 {| 27 1,600 3,210
8 1,040 13,700 || 18 1,850 3,540 {| 28 1,640 3,080
9 1,030 22,700 || 19 2,160 3,210 || 29 1,820 2,680
10 1,080 13,400 20 2,680 2,970 30 1,980 2,430
31 2,140 ~ - - - -
Monthly mean discharge, in cubilc feet per second 1,610 4,980
Runoff, in inches 7 81 23 34
Runoff, in acre-feet 99,080 296,200
Gage height, in feet, and discharge, in cubic feet per second, at indicated time, 1964

Gage Dis- Gage Dis~ Gage Dis-
Date | Hour|, ignt | charge|| Date |Hour] 9ore] charge| Date | Hour|, 320:| charge
June 7 | 0000 3 91 3,870 June 8 300 8 08 19,900 June 10| 0600 7 05 15,100
0600 3 90 5,840 2100 8 66 22,800 1200 6 57 13,100
1200 3 94 3,940 2400 9 00 24,500 1800 6 18 11,500
1800 4 08 4,320 2400 5 83 10,100

2400 4 32 5,000 9 | 0400 9 22 25,700
0600 9 20 25,600 11| 0600 5 52 8,960
8| 0600 5 00 7,150 1200{ 8 83| 23,700 1200 5 28 8,110
0900 5 68 9,550 1800 8 18 20,400 1800 5 05 7,320
1200 6 53 12,900 2400 7 60 17,600 2400 4 92 6,890

1500 7 39 16,700

(9) 5-140 Grinnell Creek near Many Glacier, Mont

Location --Lat 48°46'20", long 113°41'50", in SEL se

zocavion s , ¢c2l, T35 N, R
gn rlgh§ bank 500 ft upstream from trail crosglng, 1,000 ft downstigag(g?g;rveyed)’
rinnell Lake, 3 quarter of a mile upstream from mouth, 3 miles southwest of M:
Glacier, and 133 miles southwest of Babb any

Drainage area --3 47 s5q m1

Gage-height record --Water-stage recorder
topographic map) & graph

Discharge record --Stage-discharge relation der
ined by current-
below 115 cfs and by slope-area measurement at 536ycfs Ae-meter measurements

Altitude of gage 1s 5,000 ft (from

Maxima --June 1964 Discharge, 536 cfs 1300 hours Jun
s e 8 (gage height
_T 1949 to May 1964 Discharge, 242 cfs June 22, 1950 éaée height’ g 258 IEH
rom rating curve extended above 120 cfs by logarithmic plotting ’

H
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Mean discharge, in cubic feet per second, 1964, of Grinnell Creek near Many Glacler, Mont

Day May June Day May June Day May June
1 17 74 11 . 24 162 21 73 90
2 24 80 12 24 192 22 59 86
3 24 103 13 28 157 23 37 98
4 22 117 14 27 121 24 26 115
S 18 115 15 24 108 25 ez 107
6 16 113 16 27 395 26 21 93
7 14 119 17 39 96 27 27 83
8 12 342 18 47 90 28 42 71
9 15 334 19 55 85 29 65 64
10 26 196 20 72 94 30 61 66
31 62 (- - - - -
Monthly mean discharge, in cublc feet per second 34 1 122
Runoff, in inches 11 32 3,929
Runoff, in acre-feet . 2,090 7,270

Gage helght, 1n feet, and discharge, in cubic feet per second, at indicated time, 1964

Gage Dis- Gage Dis- Gage Dis-
Date Hour height | charge Date Hour height charge Date Hour height charge
June 7 { 0000| 2 34 110 June 8] 1100| 4 20 395) June 9| 0400| 4 02 361
1200 2 35 112 1200 4 65 486 0800 4 19 393
1500 2 37 114 1300 4 88 536 1000 4 00 357
1800 2 45 122 1400 4 50 455 1100 4 11 378
2100 2 59 139 1500 4 40 435 1200 4 06 368
2400 2 77 16l 1800 4 25 405 1400( 3 90 339
2100 4 11 378 1800 373 308
8] 0300 3 08 203 2400| 3 92 343 2400 3 37 248
0600 3 40 253

0900 3 79 319 9| 0100] 4 00 357 10| 1200 2 97 188
1000 4 00 357 0200 3175 312 1800 2 86 173
2400 2 81 166

(10) 5-145 Swiftcurrent Creek at Many Glacier, Mont
(International gaging station)
Location --Lat 48°48'10", long 113°39'20", in SEL sec 11, T 35 N , R 16 W (unsurveyed),

on right bank 100 ft upstream from outlet of Swiftcurrent Lake at Many Glacier,
Glacier National Park, and 11 miles southwest of Babb

Drainage area --31 4 sg mi

Gage-helght record --Water-stage recorder graph, except 1200 hours to 2200 hours
June 8, when graph based on high-water mark in gage house was used Altitude of
gage 1s 4,860 ft (from topographic map)

Discharge record --Stage-discharge relation defined by current-meter measurements
below 1,000 cfs and by flow-over-dam measurement at 6,700 cfs

Maxima --June 1964 Discharge, 6,700 cfs 1600 hours June 8 (gage height, 10 00 ft,
rom high-water mark in well, backwater from bridge)
1912 to May 1964 Discharge, 2,250 cfs June 13, 1937 (gage helght, 6 89 ft,
backwater from bridge)

‘

Mean discharge, in cubic feet per second, 1964

Day May June Day May June Day May June
1 126 514 11 230 682 21 753 440
2 173 571 12 218 720 22 548 426
3 181 686 13 280 766 23 377 458
4 166 808 14 290 728 24 270 567
5 150 779 15 252 633 25 2zl 586
6 131 783 16 252 567 26 206 517
7 114 820 17 349 525 27 233 458
8 112 4,130 || 18 495 484 || 28 536 412
9 140 2,480 19 548 447 29 514 356
10 221 970 20 678 444 30 499 326
31 476 | - - - - -
Monthly mean discharge, in cubilc feet per second 308 769
Runoff, in inches 11 30 27 34
Runoff, in acre-feet 18,920 45,780
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Gage height, in feet, and discharge, in cublc feet per second, at indicated time 1964, of
Swiftcurrent Creek at Many Glacler, Mont

Gage Dis- Gage Dis- Gage Dis-
Date Hour height charge Date Hour height charge Date Hour height charge
June 7 | C0CO 4 02 753 June 8| 0400 5 80 1,550 June 9 | 0600 7175 3,120
0800 4 02 753 0600 6 60 1,960 1200 6 80 2,260
1200f ¢ 08 779 0800| 7 52 2,880 1800 6 06 1,680
1600 4 16 812 1200 9 09 4,990 2400 5 42 1,210
2000 4 39 909 1400 9 74 6,200
2200 4 57 985 1600| 10 0O 6,700 10| 0600 S 09 1,070
2400| 4 83 1,100 1800 9 84 6,390 1200| 4 82 964
2400 8 78 4,480 1800 4 54 854
8§ 0200 521 1,270 2400 4 33 774

(11) 5-155 Lake Sherburne at Sherburne, Mont
(International gaging station)

Location --Lat 48°49'50", long 113°31'10", in SEL sec 35, T 36 N , R 15 W , in gate-
house at Lake Sherburne on Swiftcurrent Creek, 4% miles southwest of Babb

Drainage area --63 7 sq mi

Gage-height record --Water-stage recorder graph except May 1-20, 1700 hours June 11
to 0§%U hours June 18 and 0900 hours June 19 to 2400 June 30 when graph was re-
constructed on basis of outside gage readings Datum of gage is at mean sea
level (levels by Bureau of Reclamation)

Discharge record --Inflow computed from change in contents adjusted for outflow

Maxima --June 1964 Contents, 54,320 acre-ft 0630 hours June 11 (elevation,
4,780 88 ft) Rate of inflow, 10,000 cfs 1500 hours June 8
1915 to)May 1964 Contents, 66,370 acre-ft June 30, 1961 (elevation,
4,788 1 ft

Remarks --Reservoir is formed on natural lake by earthfill dam completed in 1921
Prior to 1919, flashboards on a temporary dam provided limited storage Storage
behind main dam began in 1919 Capacity, 66,200 acre-ft between elevations
4,726 £t (6 ft above lowest outlet gate 31115 and 4,788 ft (spillway crest)
Streambed above gages prevents withdrawal of storage to sill elevation Dead
storage is negligible Water 1s used for irrigation on Milk River projects of
the Bureau of Reclamation Figures given herein represent usable contents

Elevation, in feet, and contents, in acre-feet, at 2400 hours and daily computed inflow, 4n
cubic feet per second, on indicated day 1964

D May June

2y Elevation Contents Inflow Elevation Contents Inflow
1 4,731 77 2,680 260 4,751 18 17,880 720
2 4,732 14 2,910 350 4,752 56 19,200 840
3 4,732 74 3,280 520 4,754 17 20,770 990
4 4,733 84 3,990 560 4,756 31 22,940 1,180
5 4,735 13 4,850 440 4,758 33 25,130 1,110
6 4,735 88 5,360 260 4,760 32 27,250 1,070
7 4,735 76 5,280 210 4,762 74 29,990 1,380
8 4,735 02 4,770 220 4,773 74 43,640 6,890
9 4,734 37 4,340 270 4,779 00 51,400 3,920
10 4,734 00 4,090 340 4,780 77 54,160 1,830
11 4,733 90 4,020 420 4,779 75 52,600 1,040
12 4,733 90 4,020 430 4,778 35 50,420 1,240
13 4,734 02 4,100 470 4,777 42 49,030 1,640
14 4,734 18 4,210 480 4,776 58 47,770 1,340
15 4,734 07 4,140 410 4,775 78 46,590 1,070
16 4,733 80 3,960 370 4,774 95 45,420 950
17 4,734 31 4,300 640 4,774 17 44,260 790
18 4,735 10 4,830 760 4,773 78 43,640 780
19 4,736 28 5,640 940 4,773 70 43,580 640
20 4,738 09 6,930 1,150 4,773 70 43,580 760
21 4,739 79 8,180 1,080 4,773 70 43,580 710
22 4,741 26 9,300 860 4,774 10 44,150 640
23 4,742 30 10,130 600 4,774 82 45,230 720
24 4,742 96 10,670 400 4,775 82 46,650 730
25 4,743 57 11,160 350 4,776 90 48,250 820
26 4,744 17 11,640 340 4,777 87 47,700 750
27 4,744 81 12,150 360 4,778 71 50,960 650
28 4,745 82 13,040 560 4,779 35 51,960 520
29 4,747 31 14,280 740 4,779 87 52,790 440
30 4,748 68 15,510 740 4,780 44 53,660 450

31 4,749 89 16,690 710 - - -

Change in contents - +14,200 - - +36,970 -
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Computed inflow, in cubic feet per second, at indicated time, 1964, of Lake Sherburne at
Sherburne, Mont

Date Hour Inflow Date Hour Inflow Date Hour Inflow
June 7 0000 1,080 June & 1500 10,000 June 9 1800 2,760
1200 1,180 1800 9,000 2400 2,290
1800 1,470 2100 7,900
2400 2,410 2400 6,810 10 0600 2,010
1200 1,790
8 0300 3,480 9 0300 5,800 1800 1,630
0600 4,900 0600 4,900 2400 1,500
0900 6,600 0900 4,100
1200 8,600 1200 3,580

(12) 5-160 Swiftcurrent Creek at Sherburne, Mont
(International gaging station)
Location --Lat 48°50'00", long 113°30'50", in SW: sec 36, T 386 N , R 15 W , on left

ank 1,000 ft downstream from outlet of Lake Sherburne Dam at Sherburne and
4% miles southwest of Babb

Drainage area --64 3 sq mi

Gage-helght record --Water-stage recorder graph Datum of gage 1s 4,720 81 ft above
mean sea level (Bureau of Reclamation bench mark)

Discharge record --Stage-discharge relation defined by current-meter measurements

Maxima --June 1964 Discharge, 2,360 cfs 1630 hours June 11 (gage height, 8 37 ft)
1912 to May 1964 Discharge, 2,280 cfs June 17, 1916 (gage height, 7 85 ft,
at site within 1,000 ft of present site and at datum then in use)

Remarks --Flow regulated by Lake Sherburne (see station 11)

Mean discharge, in cubic feet per second, 1964

Day May June Day May June Day May June

1 163 123 11 450 1 A20|| 21 447 713
2 240 172 12 426 2,340 22 300 351
3 327 202 13 429 2,340 (| 23 188 180
4 201 81 14 438 1,970 24 131 17
5 36 25 15 447 1,660( 25 102 16
6 29 23 16. 457 1,540 26 105 17
7 254 S 4 17 466 1,380 27 107 16
8 469 77 18 491 1,060 28 110 16
9 488 29 19 529 700 || 29 115 16
10 475 448 20 497 761 || 30 118 16

31 119| - - - - -
Monthly mean discharge, in cubic feet per second 293 602
Runoff, in acre-feet 18,040 35,840

(13) 5-175 St Mary River near Babb, Mont

Location --Lat 48°50'00", long 113°25'00", in SEi sec 34, T 36 N , R 14 W ,
on right bank half a mile upstream from outlet of Lower St Mary Lake and 2 miles
southeast of Babb

Drainage area --278 sq mi

Gage-height record --Water-stage recorder graph, except 1800 hours June 8 to 1200
hours June 14 Peak stage from high-water mark in well Datum of gage is
4,468 13 ft above mean sea level, datum of 1929

Discharge record --Stage-discharge relation defined by current-meter measurements
elow 6, cfs and by slope-area measurement at 16,500 cfs

Maxima --June 1964  Discharge, 16,500 cfs about 1400 hours June 8 (gage height
12796 ft, from high-water mark in well)
1902,1911-25, 1951 to May 1964 Discharge observed, 9,300 cfs July 4, 1902
(gage height, 6 50 ft, at site 32 miles downstream and at datum then in use)

Remarks --Entire flow of Swiftcurrent Creek below Lake Sherburne is diverted into
ower St Mary Lake above station Flow of Swiftcurrent Creek 1s regulated by
Lake Sherburne (see station 11)
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Mean discharge, in cubic feet per second, 1964, of St Mary River near Babb, Mont

Day May June Day May June Day May June
1 346 1,840 | 11 1,080 9,100 || 21 2,180 3,190
2 456 1,950 | 1z 1,100 7,900 || 22 2,340 2,950
3 658 2,200 13 1,140 7,000 23 2,260 2,610
4 790 2,480 || 14 1,170 6,160 || 24 2,060 2,450
S 730 2,680 15 1,210 5,540 25 1,830 2,470
6 670 2,840 | 16 1,240 5,130 || 26 1,640 2,500
7 670 3,060 17 1,330 4,850 27 1,490 2,490
8 802 7,700 | 18 1,480 4,400 [} 28 1,460 2,390
9 927 15,600 || 19 1,640 3,850 || 29 1,560 2,220
10 1,020 11,400 [ 20 1,880 3,460 || 30 1,670 2,030
31 1,740 - - - - -
Monthly mean discharge, in cubic feet per second 1,310 4,480
Runoff, in acre-feet 80,470 266,700

(14) 5-185 St Mary Canal at St Mary crossing, near Babb, Mont

(International gaging station)

Location --Lat 48°56'5C", long 113°22:30", in SWi sec 19, T 37 N , R 13 W , on left
ank 50 ft upstream from inlet of St Mary siphon, 7 miles northeast of Babb,

and 9 miles downstream from intake

Gage-height record --Water-stage recorder graph

Topographic map)

Altitude of gage 1s 4,440 ft (from

Discharge record --Stage-discharge relation defined by current-meter measurements
Maxima --June 1964 Daily discharge, 706 cfs June 7

1918 to May 1964 Dally discharge, 767 cfs June 19, 28, 1936

Remarks --Canal diverts water from left bank of St Mary River near Babb and dis-

charges into North Fork Milk River

Mean discharge, in cubic feet per second, 1964

Day May June Day May June Day May June
1 133 683 11 616 34 1 21 643 481
2 181 685 1z 616 19 2 2z 654 451
3 290 690 13 618 15 4 (| 23 668 461
4 346 696 14 618 12 3 24 668 517
S 503 700 15 618 10 2| 25 662 519
& 499 700 16 620 32 26 662 471
7 523 706 17 624 14 27 675 432
8 598 624 18 624 14 28 675 392
9 610 103 19 629 95 5 || 29 679 343
10 616 47 3 20 635 499 30 679 316
31 681 - - - - -
Monthly mean discharge, 1n cubic feet per second 576 357
Runoff, in acre-feet . 35,430 21,240

(15) 5-190 St Mary Canal at Hudson Bay Divide, near Browning, Mont

(International gaging station)

Location --Lat 48°59', long 113°04', in sec 5, T 37 N , R 11 W , on right bank
miles upstream from canal outlet and 30 miles north of Browning on Blackfeet.

Indian Reservation

Gage-height record --Water-stage recorder graph

Topographic map)

Altitude of gage 1s 4,380 ft (from

Discharge record --Stage-discharge relation defined by current-meter measurements

Maxima --June 1964 Daily discharge, 816 cfs June 8

1917 to May 1964 Daily discharge, 758 cfs June 13, 1937

Remarks --Canal diverts water from left bank of St Mary River near Babb and dis-

charges i1nto North Fork Milk River
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Mean discharge, in cubic feet per second, 1964, of St Mary Canal at Hudson Bay Divide,
near Browning, Mont

Day May June Day May June Day May June

1 133 674 11 607 25 9 21 629 480
2 150 682 12 607 10 6 22 637 434
3 260 684 13 607 55 23 654 418
4 311 687 14 602 18 24 659 450
3> 418 696 15 610 18 25 652 484
6 486 693 16 605 38 26 647 460
7 484 703 17 622 26 27 667 424
8 542 816 18 605 7 28 672 386
9 588 380 19 612 2 29 672 343
10 585 70 8 20 619 208 30 672 323

31 674 | - - - - -
Monthly mean discharge, in cubic feet per second 558 351
Runoff, in acre-feet 34,310 20,860

(16) 5-200 Kennedy Creek near Babb, Mont
(Gaging station, discontinued 1912)

Location --Lat 48°55'00", long 113°26'10", in SWi sec 34, T 37 N , R 14 W , 12 miles
upstream from mouth and 4 miles north of Babb

Drainage area --60 6 sq mi

Maxima --June 1964  Discharge, about 15,000 cfs June 8, from slope-conveyance
measurement

Remarks --Discharge measurements only in 1901,1903-4, 1906-7, 1911-12 Daily rec-
ord in 1905, maximum not determined

(17) 5-205 St Mary River at international boundary
(International gaging station)

Location --Lat 49°00'10", long 113°18'50", in SW: sec 5, T 1, R 25 W , fourth merid-
1an, in Alberta, on right bank a quarter of a mile north of international bound-
ary, 21 miles downstream from Boundary Creek, 7 miles southwest of Kimball,
Alberta, and 11 miles northeast of Babb, Mont

Drainage area --469 sq mi

Gage-height record --Water-stage recorder graph  Altitude of gage 1s 4,120 ft (from
Topographic map)

Discharge record --Stage-discharge relation defined by current-meter measurements

Maxima --June 1964 Discharge, 21,000 cfs 1630 hours June 8 (gage height, 12 06 ft)
1902 to May 1964 Discharge, about 40,000 cfs June 5, 1908 (gage height,
12 75 ft, from floodmarks, at site within a quarter mile of present site and at
datum then in use), from rating curve extended above 6,000 cfs by logarithmic
plotting

Remarks --Diversions by St Mary Canal at St Mary crossing, near Babb (see
station 14) Flow partly regulated by Lake Sherburne (see station 11)

Mean discharge, in cublc feet per second, 1964

Day May June Day May June Day May June
1 372 1,590 {| 11 872 11,600 21 2,260 3,580
2 639 1,760 1z 882 10,100 22 2,280 3,340
3 1,160 2,110 13 945 8,960 23 2,100 2,920
4 1,160 2,480 14 966 8,190 24 1,820 2,750
5 783 2,710 )} 15 956 7,250 25 1,540 2,730
6 589 2,920 16 987 6,610 26 1,300 2,800
7 525 3,320 || 17 1,170 6,190 || 27 1,130 2,720
8 572 12,700 || 18 1,350 5,720 || 28 1,130 2,650
9 746 17,000 19 1,560 4,840 29 1,320 2,530
10 842 14,300 || 20 1,880 4,000 30 1,420 2,310
31 1,490 | - = - = -
Monthly mean discharge, in cubic feet per second 1,185 5,423
Runoff, in acre-feet 72,880 322,700
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Gage helght, in feet, and discharge, in cublic feet per second, at indicated time, 1964, of
St Mary River at international boundary

Gage Dis- Gage Dis- Gage Dis-
Date Hour height | charge Date Hour height | charge Date Hour height| charge
June 7 | 0000 6 31 2,980 | June 8 | 0800 8 99 9,950 June 9 {0600 11 09 17,000
0600 6 32 3,000 1200| 10 24 13,800 1200 | 11 16 17,300
1200 6 38 3,140 1400} 10 73 15,600 18001} 11 31 17,800
1800 6 56 3,540 1600] 11 86 20,100 2400 10 96| 16,600
2400 6 87 4,260 1630} 12 06 21,000
1800] 11 48 18,400 10 | 0600 | 10 51 15,200
8 | 0200 7 10 4,810 2000] 11 08 17,000 1200} 10 22 14,300
0400| 7 52 5,920 2400| 10 64 | 15,600 1800| 9 89 13,300
0600{ 8 16 7,590 2400] 9 64| 12,500

(18) Rolph Creek near Kimball, Alberta
(Canadian gaging station)

Location --Lat 49°07'30", long 113°08'30", in NW: sec 15, T 2,R 24 W , fourth
meridian in Alberta, about 3 miles above mouth and 43 miles northeast of Kimball

Drainage area --90 6 sq mi

Gage-height record --Twice-dally staff-gage readings, graph based on floodmark and
observed readings June 8-10 Altitude of gage is 3,860 ft (from topographic map)

Discharge record --Stage-discharge relation defined by current-meter measurements
below 35 cfs and extended above by logarithmic plotting

Maxima --June 1964 Discharge, 630 cfs 1800 hours June 8 (gage height, 4 80 ft,
Trom graph based on gage readings)
1911-16, 1935 to May 1964 Discharge, 1,290 cfs about 1800 hours June 3,
1953 {gage helight, 7 21 ft, from high-water mark)

Remarks --Records furnished by Department of Northern Affairs and National Re-
sources, Canada

Mean discharge, in cublc feet per second, 1964

Day May June Day May June Day May June
1 17 8 714 11 44 0 143 21 71 42 5
2 31 2 59| 12 . 33 8 132 e2. . 59 36 4
3 185 50 13 24 3 97 1 23 50 30 9
4 230 4 2 1¢ 18 5 77 2 24 5.0 26 9
5 262 37| 15 23,8 74 9 || 25 50 25 3
6 167 28| 16 19 0 66 4 || 26 50 2¢ 3
7 162 35| 17 1z 8 120 27 53 23 8
8 113 265 18 95 76 O || 28 56 20 9
9 85 6 183 19 95 57 4 29 6 2 19 9
10 61 3 136 20 81 65 3 || 30 53 20 4
31 75)---~-
Monthly mean discharge, in cubic feet per second 51 0 59 9
Runoff, in inches 0 65 0 74
Runoff, in acre-feet . 3,140 3,560

(19) Lee Creek at Cardston, Alberta
(Canadian gaging station)
Location --Lat 49°12'00", long 113°17'45", in NWi sec 10, T 3,R 25 W , fourth merid-

Tan, in Alberta, upstream from St Mary River Reservoir, 2 miles above mouth,
and about 600 ft downstream from bridge on Highway 2 at Cardston

Drainage area --117 sq mi

Gage-height record --Water-stage recorder graph, except 1500 hours to 2000 hours
June 8, when graph was reconstructed from high-water mark Altitude of gage is
3,710 ft (from topographic map)

Discharge record --Stage-discharge relation defined by current-meter measurements
elow 8, cfs

Maxima --June 1964 Discharge, 11,400 cfs about 1700 hours June 8 {(gage height,
12 59 ft, from high-water mark)
1909-14, 1920 to May 1964 Discharge, 7,820 cfs June 24, 1951 (gage height,
10 49 ft, from high-water mark)

Remar’-s --Records frunished by Department of Northern Affairs and National Re-
sources, Canada

249-795 O - 67 - 11
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Mean discharge, in cubic feet per second, 1964, of Lee Creek at Cardston, Alberta

Day May June Day May June Day May June
1 130 254 11 339 1,180 21 430 298
2 302 258 || 12 330 1,020 || 22 330 250
3 767 276 || 13 375 850 || 23 272 226
4 741 285 14 348 760 24 254 212
) 536 276 || 15 321 692 25 236 192
[ 375 303 16 312 692 26 228 176
7 415 341 17 385 750 27 245 165
8 334 5,340 18 445 602 28 285 156
9 339 2,750 || 19 420 514 29 326 142
10 385 1,560 20 450 371 30 280 142
31 262 |- - - - -
Monthly mean discharge, in cubic feet per second 361 701
Runoff, in inches 3 56 6 69
Runoff, in acre-feet 22,210 41,720

Gage height, in feet, and discharge, in cubic feet per second, at Indicated time, 1964

Gage Dis- Gage Dis- Gage Dis-

Date | Hour|, ' ont| charge| D2%¢ |HOUl|ycigne| charge| D2 | HOUTlpoione| charge

June 7 [ 0000[ 4 53 2801 June 8| 0200 5 34 663 | June 8| 2400 8 58 5,020
0800| 4 57 298 0600 6 20 1,530

1200 4 56 294 0900| 7 48 3,370 9| 0300 7 64 3,610

1600 4 62 321 1200 9 00 5,650 0600 7 27 3,060

1800| 4 72 366 1700| 12 59 { 11,400 1200 6 97 2,610

2200 5 05 492 2000( 11 25 9,160 1800 6 61 2,100

2400| 5 16 554 2200| 9 96 7,100 | 2400| 6 44 1,870

MISSOURI RIVER MAIN STEM
(20) 6-545 Missouri River at Toston, Mont
Location --Lat 46°08!45", long 111°25'15", in NWi sec 36, T5 N , R 2 E , on left

bank 2 miles southeast of Toston, 4% mi1les upstream from Crow Creek, and 7 miles
downstream from Sixteenmile Creek

Drainage area ~-14,669 sq m1i

Gage-height record --Water-stage recorder graph Altitude of gage is 3,920 ft (from
topographic map)

Discharge record --Stage-discharge relation defined by current-meter measurements
Maxima --June 1964  Discharge, 22,000 cfs 2200 hours June 12 (gage height, 10 00 ft)
1890,1910-16, 1941 to May 1964 Discharge, 32,000 cfs June 6, 1948 (gage

height, 11 77 ft)

Remarks --Flow partly regulated by six reservoirs on tributaries (combined capacity,
567,200 acre-ft) Diversions for irrigation of about 535,000 acres

Mean discharge, in cubic feet per second, 1964

Day May June Day May June Day May June
1 4,850 11,800 (i 11 5,200 20,600 || 21 8,640 20,500
2 5,850 11,000 || 12 5,400 21,600 || 22 11,800 20,600
3 6,740 10,500 [} 13 5,290 21,100 || 23 12,100 19,900
4 6,530 10,600 || 14 5,510 19,000 || 24 11,400 20,500
5 6,220 11,200 || 15 5,850 17,900 || 25 10,200 20,300
6 5,800 12,000 || 16 6,240 18,400 || 26 9,120 19,700
7 5,440 13,800 || 17 7,060 19,100 || 27 8,760 19,700
8 5,180 17,500 || 18 7,960 19,700 || 28 8,550 19,800
9 5,010 19,300 ([ 19 8,700 20,500 | 29 10,100 20,000
10 4,950 19,800 || 20 9,340 20,600 || 30 11,400 19,000
31 11,800 - = - - -
Monthly mean discharge, in cubic feet per second 7,645 17,870
Runoff, in acre-feet 470,100| 1,063,000
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DEEP CREEK BASIN
(21) 6-566 Deep Creek below North Fork Deep Creek, near Townsend, Mont
(Crest-stage station)

Location --Lat 46°20', long 111°17', in SE¥ sec 25, T7? N , R3 E , at bridge on
county road, 11 miles east of Townsend

Drainage area --87 7 sq mi

Gage-height record --Crest stages only  Altitude of gage 1s 4,440 ft (from topo-
graphic map)

Discharge record --Stage-discharge relation defined by current-meter measurements

Maxima --June 1964 Discharge, 296 cfs June 8 (gage height, 2 21 ft)
1959 to May 1964 Discharge, 329 cfs May 18, 1964 (gage height, 2 33 ft)

MISSOURI RIVER MAIN STEM
(22) 6-570 Maissouri River near Townsend, Mont

(Gaging station, discontinued 1904, U S Weather Bureau stage
station 1902-16 and since 1957)

Location --Lat 46°20'10", long 111°31'55", in SWiNwi sec 30, T7N , R2 E , at
highway bridge, 1 mile northwest of Townsend

Drainage area --15,343 sq m1

Gage-height record --Wire-weight gage read at 0730 hours Maximum from graph of
gage readlngs, based on shape of graph at the Toston gage Datum of gage is at
mean sea level, adjustment of 1929

Discharge record --Stage-discharge relation defined by current-meter measurements

Maxima --June 1964 Discharge 22,900 cfs 0100 hours June 13 (elevation, 3,809 6 ft,
Tom graph of gage readings)
1892-1916, 1948 to May 1964 Discharge observed, 38,400 cfs June 3-5, 1894
(elevation, 3811 7ft), elevation, 3,813 0 ft about Feb 6, 1963, result of 1ce jam,
but may have been higher in November 1959

Remarks --Daily stage record furrished by the U S Weather Bureau Flow partly reg-
ulated by six reservoirs on tributary streams (combined capacity, 567,200 acre-ft

Elevation, in feet, at 0730 hours, of indicated day, 1964

Day May June Day May June Day May June
1 35,805 84 3,807 62 f| 11 3,80¢€ 02 3,809 25| 21 3,807 26 3 809 46
2 3,806 10| 3,807 58 || 12 3,806 14 | 3,809 45 || 22 3,807 4€] 3,809 41
3 3,80€ 50 3,807 35( 13 3,806 11 3,809 48 || 23 3,807 73 3,809 21
4 3,806 52 3,807 35 || 14 5,806 12 3,809 23 || 24 3,807 64 3,809 20
5 3,80€ 42 3,807 42 15 3,806 27 3,808 94 25 3,807 40 3,809 15
6 3,806 30| 3,807 57 || 16 3,806 35| 3,808 851{ 26 3,807 10} 3,809 11
7 3,806 19 3,807 81| 17 5,806 52 3,809 10| 27 3,806 97 5,809 09
8 3,806 12 3,808 45| 18 3,806 /4 3,809 01 28 3,806 92 3,809 06
9 3,806 02 3,809 10| 18 3,806 94 3,809 32| 29 3,807 00 3,809 05
10 3,805 98 3,809 25| 20 3,807 09 3,809 42 30 3,807 46 3,809 10
31 3,807 57| - - -~ = -
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(23) 6-585 Canyon Ferry Reservoir near Helena, Mont

Locatlon --Lat 46°39:00", long 111°43'40", in SEZSE} sec 4, T10N , R1 W , in

ock 17 of Canyon Ferry Dam, 15 miles east of Helena

Drainage area =--15,904 sq mi

Gage-helght record --Water-stage recorder
[Tevels by Bureau of Reclamation)

Maxima --June 1964
~ 3,800 00 ft)
1953 to May 1964

1956, 1962 and June 23, 1964 (elevation, 3,800 00 ft)

Datum of gage 1s at mean sea level

Daily contents, 2,043,000 acre-ft June 23 (elevation,

Daily contents, 2,043,000 acre-ft at times in July 1955,

Remarks --Reservoir 1s formed by concrete dam, construction began in 1949, completed
Tn 1953 Storage begen in March 1953

controlled spillway elevation (23,800 ft)
Minimum operating level, 3,728 ft for on-site power generation
Water is used for power production, flood

vation 3,650 ft

(usable contents, 428,000 acre-ft)

Usable capacity, 2,043,000 acre-ft at
Dead storage, 8,000 acre-ft below ele-

control, irrigation, recreation, and supplemental water supply for city of
Helena Elevations and capacity table furnished by Bureau of Reclamation
Figures given herein represent usable contents

Elevation, in feet, and contents, in acre-feet, at 2400 hours of indicated day, 1964

May June May June

Day Day
Elevation| Contents |Elevation| Contents Elevation| Contents |Elevation| Contents
1 {3,791 o2 [1,740,000 {3,794 35 |1,852,000 16 [ 3,792 64 [1,795,000 | 3,799 84 |2,038,000
2 3,791 15 |1,744,000 |3,794 39 |1,854,000 17 | 3,792 69 11,796,000 | 3,799 97 |2,042,000
3 3,791 59 |1,759,000 |3,794 39 (1,854,000 18 | 3,792 74 1,798,000 |3,799 95 |2,041,000
4 3,791 95 |1,771,000 {3,794 43 |1,855,000 19 | 3,792 74 (1,798,000 |3,793 95 |2,041,000
5 3,792 21 |1,780,000 | 3,794 SO |1,857,000 20 [ 3,792 75 |1,798,000 [3,799 95 |2,041,000
<] 3,792 49 }1,790,000 {3,794 S5 {1,859,000 21 13,792 77 }1,799,000 |3,799 95 |2,041,000
7 3,792 63 (1,794,000 | 3,794 75 |1,866,000 22 | 3,792 88 (1,803,000 {3,799 98 2,042,000
8 |3,792 57 |1,792,000 |3,79¢ 23 |1,882,000 23 |3,793 22 {1,814,000 |3,800 00 |2,043,000
9 3,792 53 |1,791,000 |3,796 20 |1,915,000 24 3,793 55 1,825,000 |3,799 98 |2,042,000
10 | 3,792 44 1,788,000 |3,797 18 |1,948,000 25 [ 3,793 75 |1,832,000 |3,799 96 |2,042,000
11 3,792 44 (1,788,000 [3,798,14 11,980,000 26 | 3,793 89 1,837,000 (3,799 85 |2,038,000
12 3,792 45 |1,788,000 |3,798 €69 [1,999,000 27 3,793 96 |1,839,000 |3,799 72 {2,033,000
13 | 3,792 45 [1,788,000 |3,799 06 (2,011,000 28 | 3,794 00 (1,841,000 {3,799 63 |2,030,000
14 | 3,792 50 11,790,000 |3,799 36 |2,021,000 29 | 3,794 11 |1,844,000 |3,799 63 |2,030,000
15 3,792 57 (1,792,000 |3,7992 67 (2,032,000 30 13,794 20 |1,847,000 3,799 73 ;2,034,000

31 | 3,794 30 [1,851,000 - -

Change in contents - +110,000 - +183,000

(24) 6-587 Mitchell Gulch near East

SPOKANE CREEK BASIN

(Crest-stage station)

Helena, Mont

Location --Lat 46°34', long 111°49', in NWi sec 2, T 9N , R 2 W , at culvert on
U S Highway 12, 4 7 miles east of East Helena

Drainage area --8 09 sq m

Gage-height record --Crest stage only

graphic map)

Altitude of gage is 4,060 ft (from topo-

Discharge record --Stage-discharge relation defined by current-meter measurements

Maxima --June 1964
1959 to May 1964

No flow

Discharge, 107 cfs Feb 4, 1963 (gage height, 1 41 ft)
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PRICKLY PEAR CREEK BASIN
(25} 6-615 Prickly Pear Creek near Clancy, Mont
Location --Lat 46°31'05", long 111°56145", in NELSW: sec 23, T9 N, R3 W , on
right bank 100 ft upstream from bridge on U S Highway 91, 31 miles downstream

§rgm Lump Gulch Creek, 4 miles northeast of Clancy, and 7 miles southeast of
elena

Drainage area --192 sq mi

Gage-helght record --Water-stage recorder graph Datum of gage is 4,067 1 ft above
mean sea level, datum of 1929

Discharge record --Stage-discharge relation defined by current-meter measurements

Maxima --June 1964 Discharge, 700 cfs 1100 hours June 9 (gage height, 6 01 ft)
1909-16, 1921-33, 1945 to May 1964 Discharge, about 900 c¢fs about June 9,
1927 (estimated on basis of hydrographic comparison)

Mean discharge, in cubic feet per second, 1964

Day May June Day May June Day May June
1 89 173 || 11 a7 310 || 21 213 249
2 104 171 || 12 86 271 || 22 201 260
3 79 177 || 13 97 247 || 23 169 225
4 70 178 || 14 108 243 || 24 156 213
5 80 175 || 15 112 260 || 25 158 205
6 8l 180 || 16 127 267 || 26 144 207
7 76 239 i 17 153 316 || 27 138 209
8 73 373 || 18 172 247 || 28 157 187
9 74 540 || 19 178 288 || 29 250 172
10 82 376 || 20 196 288 || 30 217 166
31 186 |- - - - -
Monthly mean discharge, in cubic feet per second 133 247
Runoff, in inches 0 80 1 44
Runoff, 1n acre-feet 8,160 14,700

Gage height, in feet, and discharge, in cubic feet per second, at indicated time, 1964

Gage Dis- Gage Dis- Gage Dis-
Date Hour height charge Date Hour height | charge Date Hour height| charge
June 7 | 0000 3 37 202 June 8 | 1000 4 86 426 June 9| 1100 6 01 700
Q700 3 82 256 1200 4 88 430 1400( 5 70 632
0900 3 82 256 1400 4 85 424 1800 5 17 520
1600 3 63 233 1800 4 60 377 2400 4 75 440
2000 3 61 231 2100| 4 51 362
2400 3 86 261 2400 4 59 375 10 | 1000 4 41 375
1800( 4 25 348
8 | 0400 4 22 314 9 | 0400 4 96 452 2400 4 17 335
0600| 4 54 367 0800| 5 68 617

(26) 6-617 Jackson Creek near East Helena, Mont
(Crest-stage station)

Location --Lat 46°28'20", long 111°51'10", in SE: sec 4, T8 N , R 2 W , 300 ft up-
stream from mouth, 8% miles southeast of East Helena

Drainage area --3 44 sq mi

Gage-height record --Crest stages only Altitude of gage is 4,990 ft (from topo-
graphlc map]

Discharge record --Stage-discharge relation defined by current-meter measurements

Maxima --June 1964 Discharge, 19 cfs June 8 (gage height, 2 64 ft)
1961 to May 1964 Discharge, 16 cfs June 2, 1962 (gage height, 2 49 ft)
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(27) 6-618 Crystal Creek near East Helena, Mont
(Crest-stage station)

Location --Lat 46°29'00", long 111°51'40", in NW: sec 4, T 8 N , R2 W , a quarter
of a mile upstream from mouth, 8 miles southeast of East Helena

Drainage area --3 77 sq mi

Gage-height record --Crest stages only  Altitude of gage is 4,860 ft (from topo-
graphic map)

Discharge record --Stage-discharge relation defined by current-meter measurements

Maxima --June 1964  Discharge, 21 cfs June 8 (gage height, 1 64 ft)
1961 to May 1964 Discharge, 16 cfs May 28, 1964 (gage height, 1 52 rt)

(28) 6-619 McClellan Creek at city diversion dam, near East Helena, Mont
(Crest-stage station)

Location --Lat 46°32'00", long 111°52140", in SEf sec 17, T 9 N , R2 W, 300 £t up-
stream from diversion dam, 4% miles southeast of East Helena

Drainage area --33 2 sq mi

Gage-height record --Crest stages only Altitude of gage is 4,200 ft (from topo-
graphic map]

Discharge record --Stage-discharge relation defined by current-meter measurements
beTow I00 cfs and by flow-over-dam measurement at 390 cfs

Maxima --June 1964 Discharge, 390 cfs June 8 (gage height, 2 59 ft)
1960 to May 1964 Discharge, 175 cfs June 2, 1962 (gage helght, 1 48 ft)

(29) 6-625 Tenmile Creek near Rimini, Mont
Location --Lat 46°31'30", long 112°15'20", 1n SWiNEL sec 20, T 9 N, R 5 W , on left
T bank :

a at Moose Creek ranger station, 500 ft upstream from Moose Creek and 3 miles
north of Rimini

Drainage area --32 7 sq mi

Gage-height record --Water-stage recorder graph Altitude of gage is 4,850 ft (from
“Topographic map)

Discharge record --Stage-discharge relation defined by current-meter measurements
elow cfs and by contracted-opening measurement at 556 cfs

Maxima --June 1964 Discharge, 563 cfs 0300 hours June 9 (gage height, 3 77 ft)
1914 to May 1964 Discharge 781 cfs May 27, 1917 (gage height, 4 98 ft, at
site 40 ft downstream and at datum then in useﬁ

Remarks --Flow partly regulated by two reservoirs on tributary streams (combined
capacity, 2,340 acre-ft)

Mean discharge, in cubic feet per second, 1964

Day May June Tr Day May June Day May June
60

21 141 11 35 203 21 202 1
% 21 145 12 41 173 22 172 160
3 18 153 13 53 154 23 149 137
4 17 149 14 68 150 24 130 123
S 15 138 15 86 144 25 123 110
6 15 134 16 123 142 26 114 106
7 15 152 || 17 168 140 | 27 117 95
8 17 310 18 164 121 28 145 86
9 23 412 19 157 162 gg %gs é?

26 20 202 16

1o o ® 31 145 - - - - -
Monthly mean discharge, in cubic feet per second 95 3 156
Runoff, in acre-feet 5,860 9,260
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Gage height, in feet, and discharge, in cubic feet per second, at indicated time, 1964, of
Tenmile Creek near Rimini, Mont

Gage Disg- Gage Dis- Gage Dis-
Date Hour height | charge Date Hour height | charge Date Hour height| charge
June 7 | 0000 2 44 145 June 8| 0700 2 82 310 June 9| 0100 373 546
0600 2 44 145 0900 274 273 0300 377 563
1400 2 39 127 1300 273 268 0600 3 59 486
2000 2 49 164 1600| 2 68 246 1000| 3 43 418
2300 2 60 210 1700 2 69 250 1030 3 32 375
2400 2 75 278 2000 2 85 278 1100| 3 37 394
2100 3 05 324 1900 3 18 322
8| 0300F 2 99 395 2200 3 50 515 2000 3 20 329
0330 3 14 319 2300 3 68 533 2400 3 15 310
0600] 3 02 264 2400 3 65 515

(30) 6-627 Little Porcupine Creek tributary near Helena, Mont
(Crest-stage station)

Location --Lat 46°35', long 112°16', in SWi sec 29, T10N , R5 W , at culvert on
U S Highway 12, 11 miles west of Helena

Drainage area --0 48 sq m

Gage-height record --Crest stages only Altitude of gage 1s 5,360 ft (from topo-
graphic map)

Discharge record --3tage-discharge relation defined by current-meter measurements
elow cfs and by flow-through-culvert measurement at 5 9 cfs

Maxima --June 1964 Discharge, 5 9 c¢fs June 8 (gage height, 1 17 ft)
1959 to May 1964 Discharge, 3 8 cfs May 17, 1964 (gage height, 0 74 ft)

(31) 6-645 Lake Helena near Helena, Mont
Location --Lat 46°46'00", long 111°54'10", in SEX sec 29, T 12 N , R 2 W , at Hauser
am on Missouri River, 12 miles downstream from Prickly Pear Creek, and 13 miles
northeast of Helena
Drainage area --610 sq m1, above dam and control works on Prickly Pear Creek

Gage-height record --Water-stage indicator at Hauser Dam read daily at 2400 hours
Datum of gage Is at mean sea level (levels by The Montana Power Co )

Maxima --June 1364 Contents observed, 10,240 acre-ft 2400 hours June 1 (elevation,
3,634 90 ft)
1945 to May 1964  Contents observed, 11,790 acre-ft Aug 2, 1960, Dec 10,
1962, July 19, 20, Sept 4, 1963 (elevation, 3,635 60 ft)

Remarks --Gage heights collected at Hauser Dam are effective on Lake Helena at
control dam Prior to April 1945, contents of Lake Helena included with records
of Hauser Lake Since that date, a dam and control works has separated the two
lakes to allow independent regulation of Lake Helena if needed Usable capacity,
10,450 acre-ft at elevation, 3,635 00 ft No dead storage Water is used for
recreation, wildlife, and power production through Hauser Dam Records fur-
nished by The Montana Power Co  Figures given herein represent usable contents



B160

FLOODS OF 1964 IN THE UNITED STATES

Elevation, in feet, and contents, in acre-feet, at 2400 hours on indicated day, 1964, of
Lake Helena near Helena, Mont

Da May June Day May June
v Elevation |Contents| Elevation | Contents Elevation | Contents | Elevation | Contents
1 3,634 90 10,240| 3,634 90 10,240 16 | 3,635 40 11,340 | 3,634 00 8,450
2 3,635 20 10,890 ( 3,634 20 8,830 17 3,635 40 11,340 | 3,633 90 8,270
3 3,634 80 10,030 3,633 70 7,900 18 3,634 90 10,240 3,634 20 8,830
4 3,634 50 9,420 3,634 20 8,830 19 3,634 60 9,620 3,633 60 7,720
5 3,634 70 9,820 3,634 30 9,020 20 3,634 00 8,450 5,633 20 7,030
6 3,634 30 9,020 3,634 40 9,220 21 3,634 00 8,450 5,633 20 7,030
7 3,634 70 9,820 3,634 50 9,420 22 3,634 20 8,830 3,633 20 7,030
8 3,635 00 10,450 3,634 50 9,420 23 3,633 80 8,080 3,633 40 7,370
9 3,635 00 10,450 3,634 50 9,420 24 3,633 60 7,720 3,633 90 8,270
10 3,635 10 10,670 3,633 90 8,270 25 3,633 70 7,900 3,634 00 8,450
11 3,635 00 10,450 3,633 30 7,200 26 3,634 30 9,020 3,634 00 8,450
12 3,634 80 10,030} 3,634 10 8,640 27 3,634 50 9,420 | 3,634 00 8,450
13 3,634 50 9,420 3,634 10 8,640 28 3,634 00 8,450 3,634 10 8,640
14 3,634 60 9,620 3,634 00 8,450 29 | 3,633 90 8,270 | 3,633 30 7,200
15 3,635 20 10,890 3,634 00 8,450 30 3,635 30 11,110 3,633 40 7,370
31 3,635 40 11,340 - -
Change in contents - +450 - -3,970

MISSOURI RIVER MAIN STEM

(32) 6-650 Hauser Lake near Helena, Mont

Locatlon --Lat 46°46'00", long 111°54'10", in SE} sec 29, T 12 N
on Missouri River, 12 miles downstream from Prickly Pear Creek, and 13 miles

northeast of Helena

Drainage area --16,876 sq mi
Gage-helght record --Water-stage indicator read daily at 2400 hours Datum of gage

1s at mean sea level (levels by The Montana Power Co

Maxima --June 1964
34 90 ft
1945 to May 1964

i

Contents observed, 53,630 acre
1962, July 19, 20, Sept 4, 1963 (elevation, 3,635 6

-ft Aug 2,
0 ft)

, R2 W , at dam

Contents observed, 51,050 cfs 2400 hours June 1 (elevation,

1960, Dec 10,

Remarks --Reservoir is formed by concrete dam completed in 1907, separated from Lake
Usable capacity, 51,420 acre-ft (52,090 acre-ft prior to
Nov 28, 1949) at elevation 3,635 00 ft (not including capacity of Lake Helena)

Helena in April 1945

Dead storage, 46,810 acre-ft below elevation 3,617 0 ft
below 3,621 00 ft (8,870 acre-ft)

Records furnished by The Montana Power Co
contents

Not normally drawn
Water 1s used for power and recreation
Figures given herein represent usable

Elevation, in feet, and contents, in acre-feet, at 2400 hours on indicated day, 1964

Day May June Day May June
Elevation [ Contents | Elevation | Contents Elevatilon | Contents | Elevation | Contents
1 3,634 90 51,050 3,634 90 51,050 16 3,635 40 52,890 3,634 00 47,770
2 3,835 20 52,150 3,634 20 48,490 17 3,635 40 52,890 5,633 90 47,410
3 3,634 80 50,680 3,633 70 46,700 18 3,634 90 51,050 3,634 20 48,490
4 3,634 50 49,580 3,634 20 48,490 19 3,634 60 49,950 3,633 60 46,350
5 3,634 70 50,310 3,634 30 48,850 20 3,634 00 47,770 3,633 20 44,950
6 5,634 30 48,850 3,634 40 49,220 21 3,634 00 47,770 35,633 20 44,950
7 3,634 70 50,310 3,634 50 49,580 22 3,634 20 48,490 3,633 20 44,950
8 3,635 00 51,420 3,634 S0 49,580 23 3,633 80 47,060 3,633 40 45,650
9 3,635 00 51,420 3,634 50 49,580 24 3,633 60 46,350 3,633 90 47,410
10 3,635 10 51,780 3,633 90 47,410 25 3,633 70 46,700 3,634 00 47,770
11 3,635 00 51,420 3,633 30 45,290 26 3,634 30 48,850 3,634 00 47,77
12 | 3,634 80 | 50,680 | 3,634 10 | 48,130 || 27 | 3,634 50 | 49,580 | 3.63¢ 00 | 41’970
13 3,634 50 49,580 3,634 10 48,130 28 3,634 00 47,770 3,634 10 48,130
14 3,634 60 49,950 3,634 00 47,770 29 3,633 90 47,410 3,633 30 45,290
15 3,635 20 52,150 3,634 00 47,770 30 3,635 30 52,520 3,633 40 45,650
31 3,635 40 52,890 - -

Change in contents

- +740

- -7,240
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(33) 6-660 Holter Lake near Wolf Creek, Mont

B161

Location --Lat 46°59'30", long 112°00'30", on line between SE} sec 5 and NEY sec 8,
T 14 N , R3 W , at Holter Dam on Missourl River, 3% miles southeast of Wolf

Creek

Drainage area --17,149 sq ml

Gage-height record --Water-stage indicator read at 0800 hours daily

Ts at mean sea level (levels by The Montana Power Co )

Datum of gage

Maxima --June 1964 Contents observed, 80,730 acre-ft 0800 hours June 26 (elevation,

3,563 75 ft)
1936 to May 1964
3,564 25 ft)

Contents observed, 83,110 acre-ft Aug 31, 1851 (elevation,

Remarks --Reservoir is formed by concrete dam completed in 1918
Dead storage, 158,500 acre-ft below
Not normally drawn below 3,548 0 ft (16,660 acre-ft)
Records furnished by The Montana Power

;920 acre-ft at elevation 3,564 0 ft

elevation 3,543 0 ft

Water 1s used for power and recreation
Co Figures given herein represent usable contents

Usable capacity,

Elevation, in feet, and contents, in acre-feet, at 08CC hours of indicated day, 1964
May June May June
Day Day
Elevation | Contents | Elevation | Contents Elevation | Contents | Elevation | Contents
1 3,562 10 73,050{ 3,563 35 78,840 16| 3,562 30 73,970 3,562 80 76,280
2 3,562 50 74,890| 3,563 35 78,840 17| 3,562 70 75,810 | 3,563 00 77,210
3 3,562 70 75,810 3,563 10 77,670 18 3,563 00 77,210 3,563 30 78,610
4 3,563 30 78,610 3,562 70 75,810 19 3,563 45 79,320 3,563 00 77,210
5 3,563 50 79,550} 3,562 00 72,600 20| 3,563 10 77,670 | 3,563 00 77,210
6 3,563 40 79,080 3,562 40 74,430 21 3,563 00 77,210 3,562 60 75,350
7 3,563 50 79,550 | 3,562 90 76,740 22| 3,562 95 76,970 3,563 00 77,210
8 3,563 50 79,550| 3,563 10 77,670 23| 3,563 40 79,080 | 3,563 20 78,140
] 3,563 60 80,020 | 3,563 20 78,140 24| 3,563 60 80,020 | 3,563 20 78,140
10 3,563 30 78,610 | 3,563 25 78,370 25| 3,563 75 80,730 | 3,563 80 80,020
11 3,563 35 78,840 | 3,563 10 77,670 26| 3,563 70 80,490 | 3,563 75 80,730
12 3,563 20 78,140 | 3,563 00 77,210 27| 3,563 60 80,020 | 3,563 60 80,020
13 3,563 10 77,670 3,562 90 76,740 28| 3,563 45 79,320 | 3,563 50 79,550
14 3,562 40 74,430 3,562 80 76,280 29 | 3,563 30 78,610 | 3,563 40 79,080
15 3,562 30 73,970 3,562 70 75,810 30 3,563 30 78,610 3,563 00 77,210
31| 3,563 20 78,140 - -
Change in contents - +11,920 - -930
(34) 6-665 Missourl River below Holter Dam, near Wolf Creek, Mont
Location --Lat 46°59'40", long 112°00'50", in S3 sec 5, T14 N , R 3 W , on left
ank a quarter of a mile downstream from Holter Dam and 3 miles southeast of
Wolf Creek
Drainage area --17,149 sq ml
Gage-height record --Digital-recorder tape punched at 15-minute intervals Datum of

gage 1s 3,464 11 ft above mean sea level, datum of 1929

Discharge record --Stage-discharge relation defined by current-meter measurements
Mean dally dlscharges computed from 96 punch-tape recordings per day

Maxima --June 1964 Discharge, 27,100 cfs 2115 hours June 19 (gage height,

10 04 ft)
1945 to May 1964

Discharge, 34,800 cfs June 8, 1948 (gage height, 11 70 ft)

Remarks --Flow regulated by rine smaller irrigation reservoirs and powerplants
aving a combined capacity of 710,970 acre-ft and by Canyon Ferry Reservoir (see

station 23)
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Mean discharge, in cubic feet per second, 1964, of Missouri River below Holter Dam, near
Wolf Creek, Mont

Day May June Day May June Day May June
1 3,060 12,500 | 11 7,530 6,890 || 21 11,400 21,100
2 3,410 13,800 || 12 7,420 13,700 || 22 10, 300 21,200
3 2,390 13,100 || 13 7,700 16,800 || 23 6,600 20,600
4 1,910 11,400 || 14 5,890 16,400 || 24 7,170 21,200
S 2,640 10,900 || 15 4,740 15,800 || 25 7,170 23,300
6 2,910 10,600 |f 16 4,680 15,000 || 26 7,120 24,200
7 4,100 11,300 (| 17 6,100 19,000 || 27 8,030 22,600
8 6,820 10,400 || 18 8,230 22,500 || 28 9,440 22,500
9 7,350 5,580 || 19 12,000 25,200 || 29 9,620 22,300
10 6,510 5,540 || 20 11,700 25,600 || 30 8,900 20,900
31 10,400 |- - -'- -
Monthly mean discharge, in cublc feet per second 6,879 16,730
Runoff, in acre-feet 423,000 995, 500

Gage height, in feet, and discharge, in cubic feet per second, at indicated time, 1964
Gage Dis- Gage Dis- Gage Dis-
Date Hour height charge Date Hour height | charge Date Hour height| charge
June 8 |0000f 5 58 { 11,900[ June 10| 1200 3 27 5,600 || June 11| 1600| 4 49 8,540
1000f 5 60 | 11,900 2400 3 27 5,600 1800| 5 36| 11,000
1200| 5 82 [ 12,600 2400| 5 35| 11,000
1600| 5 90 [ 12,900 11§ ozo0| 3 21 5,350

1800) 3 89 7,080 0400 3 08 5,070 12| 0600| 5 34| 10,800
2000| 3 30 5,670 0600{ 1 87 2,770 1200| 5 37{ 10,900
2400 3 29 5,650 0800 2 87 4,620 1400| 5 41{ 11,000
1000 3 19 5,310 1600| 7 24§ 17,100
g | 1200{ 3 23 5,510 1200 3 18 5,290 1800| 7 75{ 19,000
2400| 3 23 5,510 1400| 3 21 5,350 2000 7 69| 18,700
2400| 7 64| 18,600

LITTLE PRICKLY PEAR CREEK BASIN
(35) 6-711 Little Prickly Pear Creek at Sieben Ranch, near Wolf Creek, Mont
Location --Lat 46°53'50", long 112°07'40", near east line of SE% sec 8, T 13 N ,
T RAW

, on left bank 30 ft downstream from farm bridge, a quarter of a mile up-
stream from Clark Creek, and 8 miles south of Wolf Creek

Drainage area --270 sq m1

Gage-height record --Water-stage recorder graph Altitude of gage is 3,880 ft (from
Topographic map)

Discharge record --Stage-discharge relation defined by current-meter measurements

Maxima --June 1964  Discharge, 972 cfs 2230 hours June 9 (gage height, 5 78 ft)
1962 to May 1964 Daily discharge, 600 cfs May 30, 1964

Mean discharge, in cubic feet per second, 1964

Day May June Day May June Day May June
1 70 350 11 244 699 21 380 253
2 117 278 12 269 554 22 340 245
3 139 232 13 244 446 23 300 220
4 175 220 14 258 359 24 250 196
5 180 220 15 271 318 25 200 162
[ 171 212 16 271 318 26 130 129
7 164 216 || 17 284 422 27 180 115
8 157 338 i8 358 323 28 210 110
9 169 663 19 400 292 29 300 110
10 208 857 20 410 283 30 600 98
31 480 | - - - - -
Monthly mean discharge, in cubic feet per second 258 308
Runoff, in inches 110 127
Runoff, in acre-feet 15,850 18,320

Gage helght, 1n feet, and discharge, in cubic feet per second, at indicated time, 1964

Gage Dis- Gage Dis- Gage Dis-
Date | Hour heighc charge|| Date | Hour|, 980 | cnarge| Pate | Hour height charge
June 8 | 0000 4 36 266 June 9 | 1200 521 631 June 10 | 1200 5 57 837
1200| 4 54 318 1300| 5 40 735 2400 5 51 801

2400| 4 82 450 1600| 5 42 747

2300} 5 78 972

9 | 0800 4 95 495 2400 5 75 952
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(36) 6-712 Lyons Creek near Wolf Creek, Mont
(Crest-stage station)

Location --Lat 46°56', long 112°08', in NE: sec 29, T 14 N , R4 W , 135 ft up-
stream from mouth, 5% miles southwest of Wolf Creek

Drainage area --29 4 sq mi

Gage-height record --Crest stages only Altitude of gage 1is 3,730 ft (from topo-
graphic map)

Discharge record --Stage-discharge relation defined by current-meter measurements

Maxima --June 1964 Discharge, 490 cfs June 8 (gage height, 3 80 ft)
1959 to May 1964 Discharge, 158 cfs May 22, 1962 (gage height, 1 57 ft)

(37) 6-713 Little Prickly Pear Creek at Wolf Creek, Mont
Location --Lat 47°00'20", long 112°04'00", in SWSEL sec 35, T 15N , R4 W , on

TeTt bank 25 £t downstream from county bridge, 150 £t south of Wolf Creek post
office, and half a mile downstream from Wolf Creek

Drainage area --381 sq mi

Gage-height record --Water-stage recorder graph Datum of gage 1s 3,577 82 ft above
mean sea level, datum of 1929, supplementary adjustment of 1962

Discharge record --Stage-discharge relation defined by current-meter measurements

Maxima --June 1964  Discharge, 3,110 cfs 1200 hours June 9 (gage height, 7 65 ft)
1962 to May 1964 Discharge, 1,120 cfs May 30, 1964 (gage height, 5 13 ft)

Mean discharge, in cubic feet per second, 1964

Day May June Day May June Day May June
1 276 613 || 11 621 1,190 || 21 654 388
2 441 545 || 12 561 888 || 22 633 377
3 577 485 (| 13 545 758 || 23 561 342
4 621 457 || 14 573 654 || 24 489 314
5 593 441 || 15 569 613 || 25 405 282
6 589 425 || 16 565 605 || 26 356 267
7 533 429 || 17 6805 654 || 27 335 252
8 529 809 |} 18 668 501 )| 28 384 240
9 553 2,440 | 19 663 457 || 29 697 234
10 601 1,740 20 625 417 || 30 910 213
31 726~ - - - -
Monthly mean discharge, in cubic feet per second 563 601
Runoff, in inches 170 176
Runoff, in acre-feet 34,630 35,760
Gage height, 1in feet, and discharge, in cubic feet per second, at indicated time, 1964
Gage Dis- Gage Dis- Gage Dis-

Date Hour heiéht charge Date Hour height charge Date Hour |\ cight| charge
June 8 [00O0| 3 91 501 || June 9 |0400( 7 00 2,460 || June 10 |{1200| 6 10 1,710
0500{ 4 40 668 0600| 7 08 2,540 1800 | 5 90 1,540
1200 | 4 43 681 0900| 7 00 2,460 2400 | 5 70 1,420

1500 | 4 50 690 1000| 7 45 2,910
1800{ 4 80 780 1200| 7 65 3,110 11 |1200{ 5 38 1,190
2000| 5 25 975 1500 | 7 00 2,460 2400| 5 05 975

2200| 5 88 1,440 1800| 6 80 2,260
2400 6 40 1,890 2400| 6 65 2,120 12 | 2400 | 4 72 802

9 |0200] 6 77 2,230 10 | 0600| & 40 1,940
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DOG CREEK BASIN
(38) 6-714 Dog Creek near Cralg, Mont
(Crest-stage station)

Location --Lat 47°05', long 112°00', in NWi sec 4, T 15 N , R 3 W , at bridge on
county road, 2 miles west of Craig

Drainage area --15 9 sq mi

Gage-height record --Crest stages only Altitude of gage is 3,660 ft (from topo-
graphic map])

Discharge record --Stage-discharge relation defined by current-meter measurements
Maxima --June 1964 Discharge, 65 cfs June 8 (gage helght, 1 97 ft)

1959 to May 1964 Discharge, 1,160 cfs May 30, 1961 (gage height, 4 40 ft),
from slope-area measurement

WEGNER CREEK BASIN
(39) 6-716 Wegner Creek at Craig, Mont
(Crest-stage station)

Location --Lat 47°05', long 111°57!', in Nw% sec 11, T15 N , R 3 W , at bridge on
Interstate Highway 15 and U S Highway 91, O 9 mile east of Cralg

Drainage area --35 0 sq mi

Gage-height record --Crest stages only Altitude of gage is 3,450 ft {from topo-
graphlc map)

Discharge record --Stage-discharge relation defined by current-meter measurements

Maxima --June 1964 Discharge, 60 cfs June 8 (gage height, 0 54 ft)
1959 to May 1964 Discharge, 408 cfs July 6, 1961 (gage height, 2 54 ft)

DEARBORN RIVER BASIN
(40) 6-730 Dearborn River near Clemons, Mont
(Gaging station, discontinued 1953)

Location --Lat 47°17'30", long 112°27'00", in SEiSE:+ sec 23, T 18 N, R7 W , on
right bank 300 ft upstream from highway bridge, half a mile southeast of former
post office at Clemons, 2 miles downstream from Falls Creek, and 14 miles south
of Augusta

Drainage area --123 sq mi (130 sq mi at slope-area site)

Gage-helght record --High-water marks at gage site  Altitude of gage is 4,560 ft
by barometer)

Discharge record --Peak discharge by slope-area measurement at site 3 miles
downstream

Maxima --June 1964 Discharge, 17,400 cfs about 0300 hours June 9 (gage height,
9 I5 ft, from high-water marks on gage house)
1921-23, 1929-53 Discharge, 3,200 cfs June 4, 1953 (gage heignt, 6 20 ft)
Flood of June 1964 exceeds that of June 1908 and 1s the highest since 1908,
from information by local residents
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(41) South Fork Dearborn River near Craig, Mont
(Miscellaneous site)

Location --Lat 47°09'40", long 112°13'00", in sec 10, T 16 N , R 5 W , on State
Highway 434 and 13% miles northwest of Craig

Drainage area --32 0 sq mi

Maxima --June 1964 Discharge, 1,230 cfs about 2400 hours June 8, from flow-
through-culvert measurement

(42) Auchard Creek near Craig, Mont
(Miscellaneous site)
Location --Lat 47°15!'30", long 112°13'00", in sec 3, T 17 N , R 5 W , on State

Highway 20, 3 miles southwest of Bowman's corner and 175 miles northwest of
Cralg

Drainage area --15 7 sq mi

Maximum --June 1964 Discharge, 353 cfs about 2200 hours June 8, from flow-
rough-culvert measurement

(43) 6-735 Dearborn River near Craig, Mont

Location =--Lat 47°11'55", long 112°05'25", in NE#SEL sec 27, T17 N , R4 W , on up-

stream side of old highway bridge, a quarter of a mile downstream from State

Highway 287, 5 miles downstream from South Fork, and 10 miles northwest of Craig

Water-stage recorder installation on right bank destroyed by flood on June 9
Type-A wire-weight gage on upstream side of bridge

Drainage area --325 sq mi

Gage-height record --Water-stage recorder graph May 1-31, graph reconstructed from
high-water marks and outside gage readings June 1-13, observer's wire-weight gage

readings June 14-30 Altitude of gage 1s 3,790 ft (from topographic map)

Discharge record --Stage-discharge relation defined by current-meter measurements
elow 1T,

cf's and by slope-area measurement at 15,400 cfs

Maxima --June 1964 Discharge, 15,400 cfs about 0800 hours June 9 (gage height,
I3 5 ft, from high-water profile)

1945 to May 1964 Discharge, 7,960 cfs June 4, 1953 (gage height, 9 58 ft)

Flood of June 1964 exceeded that of 1908 and is the highest since 1908, from

information by local residents

Mean discharge, in cubic feet per second, 1964

Day May June Day May June Day May June
1 349 2,130 11 799 3,670 21 1,620 922
2 625 1,640 12 759 2,560 22 1,390 837
3 1,020 1,510 13 806 2,080 23 1,100 772
4 1,090 1,510 14 938 1,780 24 954 752
5 799 1,440 15 938 1,530 25 892 822
6 .. 707 1,400 16 . . 962 1,440 26.. 726 752
7 625 1,560 17 1,1%0 1,400 27 714 733
8 . 619 6,990 18 1,340 1,190 28 1,120 701
9 662 12,500 19 1,300 980 29 3,470 622
10 740 7,330 20 1,480 980 30 3,400 586
31 2,310 | - - - - -
Monthly mean discharge, 1in cublc feet per second 1,143 2,104
Runoff, in inches 4 06 22
Runoff, in acre-feet 70,300 125,200
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Gage height, in feet, and discharge, in cubic feet per second, at indicated time, 1964, of
Dearborn River near Crailg, Mont

Gage Dis- Gage Dis- Gage Dis-
Date | Hour| 990 | charge|| Date | Hour|, 985 | chamge| Date | Hour helght| charge
June 7] 0000] 512 | 1,550] June 8 |0500| 9 25| 7,370 June 9] 0800| 13 5 | 15,400
0400| 5 22 | 1,640 0700| 9 48| 7,780 1200( 11 4 | 14,000
0800| 508 | 1,510 1100| 9 30| 7,460 1500| 9 0 | 13,000
1200] 4 93| 1,380 1800 8 94| 6,810 1800 79 | 12,000
1500| 4 91 | 1,360 2400| 10 20| 9,080 1900| 7 35| 11,800
1800| 4 95| 1,400 2400| 7 05| 10,500
2100| 5 35| 1,670 9| 0400| 11 5 | 11,500
2400 615 | 2,400 0700| 13 3 | 15,000

HARDY CREEK BASIN
(44) Hardy Creek near Cascade, Mont
(Miscellaneous site)

Location --Lat 47°11'00", long 111°48'40', in SWE sec 25, T17 N , R 2 W, a quarter
of a mile upstream from U S Highway 91 and 8 miles southwest of Cascade

Drainage area --9 46 sq mi
Maximum --June 1964 Discharge, 440 cfs about 2200 hours June 8, from slope-area

measurement
Flood of June 1908 was much larger (from information by local residents)

MISSOURI RIVER MAIN STEM
(45) 6-740 Missouri River at Cascade, Mont
(Gaging station, discontinued 1915, U S Weather Bureau gage since 1950)
Location --Lat 47°16'10", long 111°41'45", in NWLiSEL sec 35, T18 N , R1 W , on

ownstream side of highway bridge at Cascade, 26 miles upstream from mouth of
Smith River

Drainage area --18,493 sq mi

Gage-height record --Wire-weight gage read once daily at 0800 hours, except Satur-
days and Sundays, and twice daily June 19, 22-26 Datum of gage 1s at mean sea
level, datum of 1929

Maxima --June 1964 Elevation observed, 3,348 61 ft 1600 hours June 26, but may
ave been higher on June 9 when elevation observed was 3,348 45 ft
1902-1915, 1950 to May 1964 Discharge observed, 54,250 cfs June 5, 1908
(elevation 3,354 2 ft, revised), site then in use

Remarks --Flow regulated by 9 smaller irrigation reservoirs and powerplants having

3 combined capacity of 711,000 acre-ft and by Canyon Ferry Reservoir (see
station 23)

Elevation, in feet, at 0800 hours on indicated day, 1964

Day May June Day May June Day May June

1 3,341 81 | 3,344 76 || 11 3,343 25 | 3,344 23 || 21 3,344 96 [b 3,348 34
2 - 3,345 46 || 12 3,343 38 | 3,345 23 || 22 3,345 01 [& 3,347 36
3 - 3,345 46 || 13 3,343 22 - 23 - a 3,347 42
4 3,342 26 [ 3,345 04 || 14 3,343 80 - 24 - a 3,347 26
5 3,343 16| 3,344 72| 15 3,342 54 | 3,346 29 || 25 3,343 10 |a 3,347 60
6 3,342 56 - 16 - 3,345 66 || 26 3,343 12 |@ 3,348 37
1 3,342 69 - 17 - 3,346 67 || 27 3,343 26 -

8 3,342 76 | 3,345 23| 18 3,343 35| 3,347 34 || 28 3,343 70| 3,347 76
9 - 3,348 45 || 19 3,344 85 |a 3,348 19 || 29 3,344 00| 3,347 61
10 - 3,346 41 { 20 3,344 92 - gg - 3,347 61

a Average of readings made at 0800 and 1600 nours
b Reading made at 1800 hours
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SMITH RIVER BASIN
(46) 6-750 Smith River Reservoir near White Sulphur Springs, Mont

Location --Lat 46°37', long 110°45', near center of south line of sec 17, T 10 N ,
R 8 E , at dam on Smith River, 9 miles northeast of White Sulphur Springs

Drainage area --72 3 sq m1

Gage-height record --Elevations determined by measuring from a reference mark about
once a month Datum of gage 1s at mean sea level (levels by Montana Water Con-
servation Board)

Maxima --June 1964 Contents observed, 11,450 acre-ft May 29, June 30 (elevation,
5,488 45 ft)
1938-50, 1959 to May 1964 Contents observed, 11,600 acre-ft Apr 30, 1950
(elevation, 5,488 6 ft%

Remarks --Reservoir 1s formed by earthfill dam with concrete spillway completed in
Total capacity, 10,700 acre-ft at elevation 5,486 O ft Dead storage,
52 acre-ft below elevation 5,415 0 ft  Water is used for irrigation Elevations
and capacity table furnished by Montana Water Conservation Board Figures given
herein represent usable contents

Elevation, in feet, and contents, in acre-feet, 1964

Elevation Contents

May 1 5,480 45 9,030
May 29 5,488 45 11,450
July 1 5,488 45 11,450

(47) 6-756 Five Mile Creek near White Sulphur Springs, Mont
(Crest-stage station)

Location --Lat 46°37', long 110°45', in SWE sec 20, T10 N , R 8 E , at culvert on
S ighway 12, 8 mlles northeast of White Sulphur Springs

Drainage area --6 00 sq mu

Gage-height record --Crest stages only Altitude of gage 1s 5,380 ft (from topo-
graphic map]

Discharge record --Stage-discharge relation defined by current-meter measurements
below & cfs

Maxima --June 1964 Discharge, 8 cfs June 8 (gage height, 1 16 ft)
1960 to May 1964 Discharge, about 20 cfs Feb 4, 1963 (gage height, 2 06 ft)

(48) 6-760 Newland Creek near White Sulphur Springs, Mont
(Gaging station, discontinued 1953, crest-stage station since 1960)

Location --Lat 46°44', long 110°50', near line between secs 9 and 10, T 11 N ,
R 7 E , 13 miles north of White Sulphur Springs and 15 miles upstream from mouth

Drainage area --6 74 sq m1

Gage-height record --Water-stage recorder graph used for crest stages only Alti-
Tude of gage 1Is 5,590 ft (by barometer)

Discharge record --Stage-discharge relation defined by current-meter measurements

Maxima --June 1964 Discharge, 13 cfs 2000 hours June 8 (gage height, 2 59 ft)
5 é9%6353, 1960 to May 1964 Discharge, 56 cfs June 4, 1953 (gage helght,
50 ft
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(49) 6-767 Sheep Creek near Neihart, Mont
(Crest-stage station)

Location --Lat 46°48', long 110°42', in SEL sec 15, T12 N , R 8 E , at culvert on
ighway 89, 10 miles south of Neihart

Drainage area --5 30 sq mi

Gage-height record --Crest stages only Altitude of gage is 6,600 ft (from topo~
graphlc map)

Discharge record --Stage-discharge relation defined by current-meter measurements

Maxima --June 1964 Discharge, 113 cfs June 8 (gage height, 2 12 ft)
1960 to May 1964 Discharge, 78 cfs May 21, 1964 {gage height, 1 67 ft)

(50) 6-768 Nugget Creek near Neihart, Mont
(Crest-stage station)

Location --Lat 46°27', long 110°42', in NE! sec 27, T12 N , R 8 E , at culvert on
ighway 89, 11 miles south of Neihart

Dralnage area --1 48 sq mi

Gage-height record --Crest stages only Altitude of gage 1s 6,400 ft (from topo-
graphic map]

Discharge record --Stage-discharge relation defined by current-meter measurements
elow 8 cfs and from flow-through-culvert measurement at 14 cfs

Maxima --June 1964 Discharge, 10 cfs June 8 (gage height, 0 77 ft)
1959 to May 1964 Discharge, 15 cfs May 21, 1964 (gage height, 1 07 ft)

(61) 6-770 Sheep Creek near White Sulphur Springs, Mont
Location --Lat 46°46', long 110°49', 1in Sw%SE% sec 26, T12 N , R 7 E , on right

ank 7 mlles upstream from Moose Creek and 16 miles north of White Sulphur
Springs

Drainage area --54 4 sq mi

Gage-helght record --Water-stage recorder graph Altitude of gage is 5,820 ft (by
barometer]

Discharge record --Stage-discharge relation defined by current-meter measurements

Maxima --June 1964 Discharge, 362 cfs 0300 hours June 9 (gage height, 4 93 ft)
1941 to May 1964 Discharge, 460 cfs June 4, 1953 (gage height, 5 80 ft,
frog g§aph based on gage readings, at site 700 ft upstream and at datum 5 33 ft
higher

Mean discharge, in cubic feet per second, 1964

Day May June Day May June Day May June

1 56 217 11 52 266 2l 274 152
2 67 208 12 54 246 4 271 139
3 45 209 (| 13 69 226 {| 23 241 125
4 33 213 14 89 212 24 219 118
S 40 223 15 113 199 25 213 109
6 35 227 16 149 192 26 206 99
7 30 243 || 17 210 189 || 27 203 95
8 32 282 18 227 179 28 222 94
9 38 343 || 19 229 170 ) 29 236 89
10 50 306 || 20 255 166 | 30 233 90

3 229 |- - - - -
Monthly mean discharge, in cubic feet per second 143 188
Runoff, in inches 3 02 3 85
Runoff, in acre-feet 8,770 11,160
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Gage height, 1n feet, and discharge, in cubic feet per second, at indicated time, 1964, of
Sheep Creek near White Sulphur Springs, Mont

Gage Dis- Gage Dis- Gage Dis-
Date Hour height | charge Date Hour helght charge Date Hour height charge
June 8| 0000 4 40 260 June 9| 0300 4 93 362 June 10 | 1200 4 65 306
1200 4 38 257 1200 4 84 344 2400 4 53 282

2400| 4 89 354 24004 4 17 330

(52) 6-775 Smith River near Eden, Mont

Location --Lat 47°12', long 111°23', in SWiSWi sec 29, T 17 N , R 3 E , on left
ank a quarter of a mile upstream from Mullens Creek, 2 miles upstream from
Hound Creek, and 7 miles southwest of Eden

Drainage area --1,594 sq mi

Gage-height record --Water-stage recorder graph Graph reconstructed on basis of
partial recorder graph and observed gage helght from 1800 hours June 8 to 0900
hours June 10  Altitude of gage is 3,500 ft (by barometer)

Discharge record --Stage-discharge relation defined by current-meter measurements

Maxima --June 1964  Discharge, 3,860 cfs 1000 hours June 10 (gage helght, 5 48 ft)

1951 to May 1964 Discharge, 12,300 cfs June 4, 1953 (gage height, 10 46 ft),

from rating curve extended above 3,800 cfs on basis of slope-area measurement of
peak flow, gage height, 12 50 ft Feb 4, 1963 (backwater from ice)

Mean discharge, in cubic feet per second, 1964

Day May June Day May June Day May June
1 914 2,030 || 11 1,650 3,180 21 3,590 1,700
2 1,280 1,910 12 1,560 2,860 2z 3,450 1,550
3 1,360 1,910 || 13 1,580 2,500 23 3,020 1,380
4 1,390 1,990 || 14 1,780 2,240 24 2,580 1,250
5 1,280 2,040 || 15 1,930 2,100 25 2,320 1,170
6 1,340 2,060 16 2,230 2,010 26 2,200 1,130
7 1,240 2,180 17 2,780 1,940 27 2,050 1,110
8 1,270 2,610 {| 18 3,380 1,880 28 2,140 1,060
9 1,310 3,580 19 3,200 1,740 29 2,460 992
10 1,480 3,750 20 3,400 1,800 30 2,390 3910
31 2,210 |~ ~ - - -
Monthly mean discharge, in cubic feet per second 2,089 1,952
Runoff, 1n acre-feet 128, 500 116,200

Gage helight, 1n feet, and discharge, in cublc feet per second, at indicated time, 1964

Gage Dis- Gage Dis- Gage Dis-
Date Hour height charge|| Date | Hour height charge | Date | Hour| 8¢l charge
June 7 | 0000 3 98 2,060 || June 8 [1200 4 47 2,600 || June 10 | 0600 5 46 3,840
0600 4 05 2,140 1800 4 64 2,810 1000 5 48 3,860
1200 413 2,220 2400 4 85 3,060 1200 5 45 3,820
1600 4 15 2,240 1800 5 34 3,680
2100 4 13 2,220 9 | 0600 513 3,410 2400 5 20 3,500
2400 4 14 2,230 1200 5 34 3,680
1800 5 41 3,770 11 | 1200 4 93 3,160
8 { 0600 4 28 2,390 2400 5 45 3,820 2400 4 73 2,920

(53) 6-777 Smith River tributary near Eden, Mont
(Crest-stage station)

Location --Lat 47°18', long 111°26', in SWi sec 13, T18 N , R2 E at bri
county road, 74 miles northwest of Eden ’ ridge on

Drainage area --1 63 sq mi

Gage~helght record --Crest stages only Altitude of gage 1s 3,420 ft (from topo-
graphlc map)

Discharge record --Stage-discharge relation defined by current-meter measurements

Maxima --June 1964  Discharge, 1 4 cfs June 8 (gage height, 0 24 ft)
1960 to May 1964 Discharge, 4 5 cfs June 15, 1962 (gage height, 0 72 ft)

249-705 O - 67 - 12
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(54) 6-778 Goodman Coulee near Eden, Mont
(Crest-stage station)

Location --Lat 47°20!, long 111°25', in center sec 12, T 18 N , R 2 E , at culvert
on county road, 8 miles northwest of Eden

Drainage area --21 8 sq mi

Gage-height record --Crest stages only Altitude of gage 1s 3,370 ft (from topo-
graphic map]

Discharge record --Stage-discharge relation defined by current-meter measurements
below 80 cfs and by flow-through-culvert-measurement at 120 cfs

Maxima S-June 1964  Discharge, 110 cfs June 8 (gage height, 3 58 ft, downstream
gage
1959 to May 1964 Discharge, about 150 cfs May 3, 1964 (gage helght, 4 02 ft,
downstream gage, 5 73 ft, upstream gage

MISSOURI RIVER MAIN STEM
(55) 6-782 Missouri River near Ulm, Mont

Locabion --Lat 47°26'10", long 111°23'10", in NWiNWi sec 5, T19 N , R3 E , on
Teft bank 6 miles east of Ulm and 9 miles downstream from Smith River

Drainage area --20,941