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PREFACE

In the act that established the U.S. Geological Survey more than a century
ago, the agency was charged by Congress with the responsibility for "...classifica-
tion of the public lands, and examination of the geologic structure, mineral re-
sources, and products of the national domain." This charge was simple recognition
of the principle that factual information is essential to sound development and
management decisions involving natural resources. In keeping with this principle,
the Water Resources Division of the Survey publishes - annually, by district, hydro-
logic records for water resources thought to be of particular usefulness to the
public and to the scientific community.

This report is the culmination of a concerted effort by dedicated personnel
of the Montana district, U.S. Geological Survey, who collected, compiled, analyzed,
verified, and organized the data, and who typed, edited, and assembled the report.
In addition to the authors, who had primary responsibility for assuring that the
information contained herein is accurate, complete, and adheres to Geological
Survey policy and established guidelines, the following individuals contributed
significantly to the collection, processing, and tabulation of the data:
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Bruce M. Bochy, Hydrologic Technician

Tom Brooks, Hydrologist

C. Lee Chambers, Hydrologic Technician

Cynthia J. Diamond, Technical Publications Editor
Jay He. Diamond, Supervisory Hydrologic Technician
James E. Elliott, Hydrologic Technician

James L. Fisher, Hydrologic Technician

Thomas I. Follinglo, Hydrologic Technician

John J. French, Hydrologic Technician

David B. Hanson, Hydrologist

Millard M. Hiner, Supervisory Hydrologic Technician
James A. Hull, Hydrologic Technician

Kurt C. Jenewein, Cartographic Technician

Michael R. Johnson, Hydrologic Technician

Philip L. Karper, Hydrologic Technician

Stephen V. Lynn, Hydrologic Technician

Lawrence A. Merritt, Hydrologist

Karen S. Midtlyng, Editorial Assistant

Norman A. Midtlyng, Hydrologic Technician

Evonne S. Mitton, Computer Assistant

Consuelo E. Mougeot, Clerk Typist

Robert J. Omang, Hydrologist

Charles Parrett, Hydrologist

Marian D. Piatte, Hydrologic Technician

Virginia Redstone, Hydrologic Technician

Thomas E. Reed, Hydrologic Technician

Andrew A. Skerda, Hydrologic Technician

Kenneth L. Tangen, Supervisory Hydrologic Technician
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This report is one of a series issued State by State under the general direction
of Philip Cohen, Chief Hydrologist, and J. F. Daniel, Assistant Chief Hydrologist
for Scientific Publications and Data Management. This report was prepared by the
U.S. Geological Survey in cooperation with the State of Montana and with other
agencies, under the supervision of J. A. Moreland, District Chief, and J. F. Blakey,
Jr., Regional Hydrologist, Central Region. : :

Hydrologic data for Montana are in two volumes as follows:
Volume 1. Hudson Bay and Missouri River

Basins
Volume 2. Columbia River Basin
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SURFACE-WATER STATIONS, IN DOWNSTREAM ORDER, FOR WHICH RECORDS ARE PUBLISHED

(Letter after station name designates types of data: (d) discharge,
(c) chemical, (b) biological, (m) microbiological, (t) water
temperature, (s) sediment, (e) elevations or contents)
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SURFACE-WATER STATIONS, IN DOWNSTREAM ORDER, FOR WHICH RECORDS ARE PUBLISHED
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WATER RESOURCES DATA FOR MONTANA, 1987

Volume 1: Hudson Bay and Missouri River Basins
Volume 2: Columbia River Basin

INTRODUCTION

The Water Resources Division of the U.S. Geological Survey, in cooperation with State and other Federal
agencies, obtains a large amount of data pertaining to the water resources of Montana each water year. These
data, accumulated during many water years, constitute a valuable data base for developing an improved under-
standing of the water resources of the State. To make these data readily available to interested parties out-
side the Geological Survey, the data are published annually in this report series entitled, "Water Resources
Data, Montana."

Water resources data for water year 1987 for Montana consist of records of stage, discharge, and water
quality of streams; stage, contents, and water quality of lakes and reservoirs; and water levels of ground-
water wells. This volume contains records for water discharge at 186 gaging stations; stage and contents at
6 lakes and reservoirs; water quality at 44 gaging stations and 9 water-quality stations; and water levels
for 250 observation wells. Also included are data for 131 crest-stage partial-record stations and 33 smaller
reservoirs. Additional water data were collected at various sites, not involved in the systematic data
collection program, and are published as miscellaneous measurements. A few pertinent stations in bordering
States are also included in this report. Also, numerous stations in Canada operated for the International
Joint Commission under cooperative agreement with the U.S. Department of State are included in the above.
In this volume the location of gaging stations are shown in figure 4, water-quality stations are shown in
figure 5, and ground-water observation wells are shown in figure 7. These data represent that part of the
National Water Data System collected by the U.S. Geological Survey and cooperating State and Federal agencies
in Montana.

Records of discharge or stage of streams, and contents or stage of lakes and reservoirs were first
published in a series of U.S. Geological Survey water-supply papers entitled "Surface Water Supply of the
United States." Through September 30, 1960, these water-supply papers were in an annual series and then in
a 5-year series for 1961-65 and 1966-70. Records of chemical quality, water temperatures, and suspended
sediment were published from 1941 to 1970 in an annual series of water-supply papers entitled "Quality of
Surface Waters of the United States." Records of ground-water levels were published from 1935 to 1974 in a
series of water-supply papers entitled "Ground-Water Levels in the United States." Water-supply papers may
be consulted in the libraries of the principal cities of the United States or may be purchased from U.S.
Geological Survey, Books and Open-File Reports, Federal Center, Building 810, Box 25425, Denver, Colorado
80225,

For water years 1961 through 1970, streamflow data were released by the Geological Survey in annual
reports on a State-boundary basis. Water-quality records for water years 1964 through 1970 were similarly
released either in separate reports or in conjunction with streamflow records.

Beginning with the 1971 water year, water data for streamflow, water quality, and ground water are
published in official Survey reports on a State-boundary basis. These official Survey reports carry an
identification number consisting of the two-letter State abbreviation, the last two digits of the water
year, and the volume number. For example, this volume is identified as "U.S. Geological Survey Water-Data
Report MT-87-1." These water data reports are for sale, in paper copy or on microfiche by the National
Technical Information Service, U.S. Department of Commerce, Springfield, VA 22161.

Additional information, including current prices, for ordering specific reports may be obtained from the
District Chief at the address given on the back of the title page or gy telephone (406) 449-5263.

COOPERATION

The U.S. Geological Survey and organizations of the State of Montana have had cooperative agreements
for the systematic collection of streamflow records since 1906, for water-quality records since 1946, and for
ground-water levels since 1964. Organizations that assisted in collecting data through ccoperative agreement
with the Survey are:.

Montana Department of Natural Resources and Conservation
L. Fasbender, director

Montana State Highway Commission
G. Wicks, director of highways

Montana Department of Fish, Wildlife and Parks
J. W. Flynn, director

Montana Department of Health and Environmental Sciences
Dr., J. J. Drynan, director

Montana Department of State Lands
D. Hemmer, commissioner of state lands

Montana Bureau of Mines and Geology
E. T. Ruppel, director

Assistance in the form of funds or services was given by the U.S. Department of State-International
Joint Commission, Waterways Treaty Program, in collecting records published in this volume for 34 gaging
stations and 4 water-quality stations; by the Corps of Engineers, U.S. Army, for 16 gaging stations and 4
water-quality stations; by the Bureau of Land Management, U.S. Department of the Interior, for 9 gaging
stations and 3 water-quality stations; by the U.S Bureau of Reclamation, U.S. Department of the Interior,
for 7 gaging stations; and 1 water quality station; and the U.S. Bureau of Indian Affairs, U.S. Department
of the Interior, for 26 gaging stations and 13 water-quality stations.

Organizations that supplied data are acknowledged in station descriptions. 1
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Volume 1: Hudson Bay Basin

Missouri River Basin
GENERAL HYDROLOGIC SETTING

The Hudson Bay and upper Missouri River basins in Montana drain about 83 percent of the State and provide
slightly less than 50 percent of the State's total streamflow. The Hudson Bay basin comprises less than 1
percent of the drainage area of the combined basins. The major river in the Hudson Bay basin is the St. Mary
River, which flows north from Montana's Glacier National Park into Canada to the Saskatchewan River and
then into Hudson Bay. The Missouri River basin in Montana includes drainage of both the Missouri River and
the Yellowstone River. The Missouri River, which is formed by the confluence of the Jefferson, Madison, and
Gallatin Rivers in southwest Montana, flows north through the central part of the State and then east across
northern Montana into North Dakota. Its major tributaries are the Dearborn, Smith, Sun, Teton, Marias,
Judith, Musselshell, Milk, Redwater, and Poplar Rivers. The Milk River originates in Montana, flows north
into Canada, and then flows southeast back into Montana. The Poplar River flows south from its source in
Canada into Montana. The Yellowstone River, which originates in Wyoming, drains the south-central and south-
eastern sections of Montana. It joins the Missouri River just east of the Montana-North Dakota line. The
major tributaries to the Yellowstone are the Shields, Boulder, and Stillwater Rivers that originate in Montana
and the Clarks Fork Yellowstone, Bighorn, Tongue, and Powder Rivers that originate in Wyoming and flow north
into Montana.

Two major multipurpose reservoirs have been constructed on the Missouri River. Canyon Ferry Lake, which
was formed by the U.S. Bureau of Reclamation's Canyon Ferry Dam, is 25 miles long and has a usable capacity
of about 2,043,000 acre-feet. Fort Peck Lake was formed by the U.S. Army Corps of Engineers' Fort Peck Dam.
It is more than 100 miles long and has a storage capacity of 18,910,000 acre-feet. The Yellowstone River
has no dams or storage reservoirs on its mainstem and is the longest free-flowing river in the conterminous
United States.

The western and southwestern parts of the upper Missouri River basin are in the Northern Rocky Mountains
physiographic province. The northern and eastern parts are in the Great Plains province. Climate and hydro-
logic conditions differ substantially between the two provinces. The elevation ranges from about 10,000 feet
at the Continental Divide in Glacier National Park and in the headwaters of the Yellowstone River in Yellow-
stone National Park to about 1,880 feet where the Missouri and Yellowstone Rivers flow from the State.

Annual precipitation varies considerably throughout the basins, from 100 inches along the Continental Divide
in Glacier National Park to about 12 inches in eastern Montana and in some of the intermontane valleys east
of the divide. 1In mountain areas, much of this precipitation occurs as snow during the winter. Although
much of the annual precipitation on the Great Plains also occurs as snow during the winter, intense rainstorms
during the summer can add substantial quantities of precipitation to the annual totals in a very short time.
In areas east of the mountains, generally one-half of the annual precipitation occurs from May through July.

Peak runoff from the basins can result from spring snowmelt, snowmelt mixed with rain, or intense
rains. In addition, flooding may be caused by backwater from ice jams; this commonly occurs in the lower
Yellowstone River basin. The record floods in April 1952 in northeastern Montana are an example of spring
snowmelt flooding. Floods in June 1964, June 1975, and May 1981 are examples of those caused by snowmelt-rainfall
runoff. The May 1978 flood in the southeastern part of the State is an example of flooding caused by intense
rainfall--more than 5 inches in 2 days. Flash floods, although restricted in scope, are at times numerous
in the north-central and eastern parts of the State.

Water generally is suitable for most uses throughout the basin except in parts of eastern Montana where,
because of large concentrations of dissolved solids and selected constituents, recommended standards for
domestic and agriculture uses may be exceeded. Contrasting water quality occurs between the western mountain
region and the eastern plains. In the mountains, where the rocks generally are older (commonly of Precambrian
age) and more resistant to weathering and runoff is rapid, the water characteristically is a calcium bicarbonate
type. The dissolved-solids concentrations in mountain streams seldom exceed 500 mg/L (milligrams per liter),
even during base-flow conditions. Water from the eastern two-thirds of the State, where Cretaceous and
Tertiary rocks are dominant, generally is a sodium sulfate type; dissolved solids concentrations range from
about 500 to 5,000 mg/L. Snowmelt and intense rainstorms sometimes alter this pattern, when rapid runoff
results in smaller concentrations of dissolved solids, and calcium and bicarbonate become the dominant ions.

A notable exception to the general classification of water in eastern Montana occurs in the northeastern
section of the State, where the runoff and base-flow waters typically are a sodium bicarbonate type. Signifi-
cant concentrations of boron (as much as 2,000 micrograms per liter in the Poplar River) also are common.
Another exception applies to waters in the downstream reaches of the Yellowstone and Missouri Rivers, which
originate in the mountain areas. Characteristics of the mountain-type water are present, but gradually
diminish as the water moves downstream and mixes with eastern Montana tributaries.

In the Hudson Bay and upper Missouri River basins, water occurs in unconsolidated deposits along streams,
in glacial deposits in the north and northeastern parts of the State, and in consolidated rocks underlying
most of the area. The unconsolidated deposits generally contain the most productive aquifers; along the
major streams the alluvium may yield several hundred gallons per minute to wells. These deposits are readily
recharged by precipitation, by streams during periods of high flow, and by applied irrigation water. The
composition of the glacial deposits determines in large part their potential for water yield. Where outwash
gravels exist, the potential for developing large-yield wells is good; where till is present, yields generally
are limited to a few gallons per minute. Many consolidated-rock formations are water bearing, but owing to
the complexity of the geology, not all the formations will be found in any given area. Also, the well depth
required to penetrate a given formation will vary with location. Yields from wells in consolidated rocks
generally are only a few gallons per minute; however, several hundred gallons per minute may be obtained
from deeply buried, fractured limestones in localized areas.
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HYDROLOGIC-MONITORING ACTIVITY--WATER YEAR 1987
Five streamflow-gaging strations and eight water-quality stations were established in the basins during
water year 1987 to aid i~ an assessment of the water resources. Eight streamflow-gaging stations and 11
water-quality sites were discontinued at the end of the water year, because sufficient data had been collected
to meet users' needs or funding was not available to continue the data collection.

SUMMARY OF HYDROLOGIC CONDITIONS--WATER YEAR 1987

Precipitation and Temperature

Water year 1987 in the Hudson Bay and upper Missouri River basins was characterized by major variations in
hydrologic conditions. Precipitation was near normal, with departures ranging from 7.1 percent greater than
to 3.7 percent less than normal. Data for precipitation and departure from normal precipitation published by
the National Weather Service for the basins are listed in table 1. Most National Weather Service stations
measure precipitation only in valley locations. Data for mountain precipitation occurring as snow during the
winter are published by the U.S. Soil Conservation Service in the report "Montana Water Supply Outlook"; data
for 1987 are listed in table 2. Normals for precipitation and snowpack are based on different periods of record.
Normal precipitation has a base period of 1951-80 and normal snowpack has a base period of 1961-85. Once suffi-
cient long-term data for snowpack have been collected, the base period will be the same. Mountain precipitation
for 1987 was substantially less than normal. Temperatures for the year were greater than normal. Temperatures
from December through June ranged from 3.3 to 14.8 °F (degrees Fahrenheit) greater than normal. These factors
of precipitation and temperature resulted in substantial fluctuations in streamflow throughout the year.

1
Table 1.~-Precipitation and departure from normal, in inches

October 1986

through April through
March 1987 September 1987 Water year 1987
Depar- Depar- Depar-
ture ture ture
Division Pre- from Pre- from Pre- from
(number of cipi- normal, cipi- normal, cipi- normal,
stations) tation 1951-80 tation 1951-80 tation 1951-80
Southwestern (26) 3.31 -2.04 12.34 +2.37 15:65 +0.33
North Central (42) 3.58 +.46 9.24 -.73 12.82 -.27
Central (37) 3.38 -1.00 10.98 +.45 14.36 =.55
South Central (25) 4.44 -.91 11.80 +1.10 16.24 +.19
Northeastern (27) 3.0 +.38 11.05 +5,55 14.06 +.93
Southeastern (24) 3.28 -.14 11.34 +1.03 14.62 +.89

1

Data from U.S. Department of Commerce, National Oceanic and Atmospheric Admin-
istration, National Weather Service, 1987, Climatological data, Montana: v. 89,
no. 10 through v. 90, no. 9.

iy
Table 2.--water content of mountain snowpack as percent of normal

1987
Drainage basin Jan. 1 Feb. 1 Mar. 1 Apr. 1 May 1
St. Mary 96 85 74 79 52
Missouri 70 66 62 66 27
Yellowstone 72 69 61 66 35

1
Data from U. S. Department of Agriculture, Soil Conservation Service, 1987.
Normal based on 1961-85 period of record.

The fall and winter of 1986-87 was unseasonably mild and dry. The National Weather Service reported
that several high pressure systems pushed most of the winter storms around the upper Missouri River basin,
leaving the basin with less than normal precipitation and greater than normal temperatures. December of
1986 was one of the warmest and driest on record. The precipitation reported from valley locations indicates
that 1987 was a near normal year (table 1). However, data from the U.S. Soil Conservation Service's mountain
network (table 2) indicate a different situation. By April 1, the snowpack ranged from 66 to 79 percent of
normal and by May 1 from 27 to 52 percent of normal. Many of the snow courses measured on May 1 were at or
near the record low for the periods of record, which on many courses extend back to 1934-35. Because of the
greater than normal temperatures and little snowpack in April, much of the snowpack had melted by mid-May.
Precipitation was substantially less than normal during June, but substantially greater than normal during
July.
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Streamflow

Streamflow data for water year 1987 are compared to data for water years 1961-85 at four long-term stream-
flow stations (fig. 1). The extremes in precipitation, occurring as snow, are reflected in the streamflow
records. The drought that occurred in 1985, which appeared to have been broken by greater than normal precipi-
tation in September 1986, was again evident in 1987. Owing to the lack of snowpack and less than normal
precipitation in June, flows were at or approaching record lows. For example, monthly mean discharge of the
Missouri River at Toston (station 06054500) was 3,175 ft2/s, the smallest for the 52 gears of record. Monthly
mean discharge of the Yellowstone River at Billings (station 06214500) was 10,300 ft°/s, which wag the second
smallest mean for June for the period of record (1904-86). The smallest mean for June was 9,849 ft°/s in 1934.
Conversely, the residual effects of the September 1986 flood in northeastern Montana were reflected by the
October and November 1986 monthly mean discharges of the Redwater River at Circle (station 06177500) which
exceeded the previous maximum monthly mean discharges for the period of record.

Compared to the 1961-85 yearly mean discharge, the 1987 annual discharge of the Marias River near Shelby
(station 06099500) was 83 percent of normal, the Missouri River at Toston was 62 percent of normal, the
Yellowstone River at Billings was 62 percent of normal, and the Redwater River at Circle was 82 percent of
normal., By comparison, annual streamflows for water year 1986 were larger than for water year 1987 at all
stations. In 1986, streamflow of the Marias River was 102 percent of normal, the Missouri River was 91
percent of normal, the Yellowstone River was 96 percent of normal, and the Redwater River was 391 percent of
normal, based on the long-term averages.

No extraordinary floodflows were recorded this year. Peak discharges for several representative
streamflow-gaging stations in the basin are listed in table 3. The recurrence interval of peak discharge at
the selected stations was generally less than the 2-year event. The exception was in the north-central part of
the State. Owing to the flooding in late September 1986, the Milk River at Nashua (station 06174500) peaked
on October 3, 1986, with a flow of 13,700 ft>/s, which corresponds to a 5-year recurrence interval.

Despite the near normal precipitation and streamflows of 1986, less than normal snowpack and warm tem-
peratures of early 1987 had a detrimental effect on spring and early summer streamflow. Seven of the 17
stations used to index low flow recorded minimum daily flows with a 5-10 year recurrence interval. Because
the snowpack that generally furnishes water to the basins was less than normal and melted early, streamflows
in June were substantially less than normal. Minimum daily discharges for several representative streamflow-
gaging stations are listed in table 4.

Despite the lack of snowmelt runoff, the managers of the major reservoirs were able to keep reservoir
contents near normal. The percentage of normal (1961-85) storage by month for major reservoirs is given in
table 5. The effects of less than normal streamflow are apparent from the decreasing reservoir storage
during June and July.

Table 3.--Comparisons of instantaneous peak discharge for water year 1987 with
instantaneous peak discharge for period of record at long-term stations

[, less than]

Peak discharge, Peak discharge,
water year 1987 period of record
Drainage Cubic Recur- Cubic
area feet rence feet
Station Station (square per interval per
number name miles) Date second (years) Date second
05014500 Swiftcurrent Creek at ; 30.9 05/01 835 <2 06/08/64 6,700
Many Glacier, Mont.
05017500 St. Mary River near Babb, Mont. 278 07/24 2,240 <2 06/09/64 16,500
06025500 Big Hole River near Melrose, 2,476 05/28 2,550 <2 06/10/72 14,300
Mont.
06054500 Missouri River at Toston, 14,669 05/28 6,580 <2 06/06/48 32,000
Mont.
06062500 Tenmile Creek near Helena, 32.7 05/27 145 <2 05/22/81 3,290
Mont.
06089000 Sun River near Vaughn, Mont. 1,854 05/02 3,480 <2 06/09/64 53,500
06093200 Badger Creek below Four Horns 152 05/01 1,240 <2 06/08/64 49,700
Canal, near Browning, Mont.
06115200 Missouri River near 40,987 05/04 11,000 <2 06/06/53 137,000
Landusky, Mont.
06120500 Musselshell River at 1,125 05/28 367 <2 06/20/75 7,270
Harlowton, Mont. g
06154400 Peoples Creek near Hays, Mont. 220 10/01 69 <2 06/08/72 8,460
06174500 Milk River at Nashua, Mont. 22102 10/03 13,700 <5 04/18/52 45,300
06191500 Yellowstone River at Corwin 2,623 06/08 7:620 <2 06/14,15,18 32,000
Springs, Mont.
06200000 Boulder River at Big Timber, 523 05/17 2,470 (%5 05/28/56 9,840
Mont.
06214500 Yellowstone River at Billings, 11,795 05/28 17,100 <2 06/19/74 69,500
Mont.
06289000 Little Bighorn River at State 193 04/30 546 <2 06/03/44 2,730
line, Mont.
06308500 Tongue River at Miles City, 5,379 08/14 2,180 <2 06/15/62 13,300
Mont.
06329500 Yellowstone River near 69,103 05/31 23,000 <2 06/02/21 159,000

Sidney, Mont.
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Figure 1.--Streamflow data for water year 1987 compared to data for water years

1961-85 at long-term streamflow-gaging stations.
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Table 4.--Comparisons of minimum daily discharge for water year 1987 wfth minimum
daily discharge for period of record at long-term stations

[<, less than]

Minimum discharge, Minimum discharge,
water year 1987 period of record
Drainage Cubic Recur- Cubic
area feet rence feet
Station (square per interval per
number Station name miles) Date second (years) Date second
05014500 Swiftcurrent Creek 30.9 01/17 10 L 11/14,16/76 0
at Many Glacier, Mont.
05017500 St. Mary River near Babb, 278 01/01 42 10 01/05/63 26
Mont.
06025500 Big Hole River near 2,476 09/16 150 5 08/17/81 49
Melrose, Mont.
06054500 Missouri River at Toston, 14,669 05/15 1,090 10 04/30/41 562
Mont.
06061500 Prickly Pear Creek near 192 01/17,18 18 <2 01/26/58 3
Clancy, Mont.
06089000 Sun River near Vaughn, 1,854 01/16 90 <2 05/24/44 20
Mont.
06099500 Marias River near Shelby, 3,242 07/17 196 <2 08/20/19 10
Mont.
06115200 Missouri River near 40,987 07/06 3,810 <2 07/08/36 1,120
Landusky, Mont.
06120500 Musselshell River at 15025 05/08 6.9 <5 1) 0
Harlowton, Mont.
06174500 Milk River at Nashua, 22,332 05/22 83 <2 €] 0
Mont.
06181000 Poplar River near Poplar, 3,174 07/16 4.4 <2 (D) 0
Mont.
06191500 Yellowstone River at 2,623 03/29 729 <2 03/05,09/37 389
Corwin Springs, Mont.
06200000 Boulder River at Big 523 01/16 50 5 08/26/61 10
Timber, Mont.
06214500 Yellowstone River at 19798 01/16 1,800 <2 12/12/32 430
Billings, Mont. .
06289000 Little Bighorn River at 193 11/10 32 5 12/27/54 21
State line, Mont.
06308500 Tongue River at Miles 5,379 02/26 40 <2 08/13,14/40 0
City, Mont.
06329500 Yellowstone River near 69,103 08/13 4,150 <2 05/17/61 470

Sidney, Mont.

LAt times.

Table 5.--Percentage of normal storage by month for major hydroelectric
and irrigation reservoirs during water year 1987

Percent of normal storage based on 1961-85 period of record

Usable capacity

Reservoir (acre-feet) Oct. 86 Nov. Dec. Jan. 87 Feb. Mar. Apr. May June Jul. Aug. Sept.
Hydroelectric

reservoirs:
Canyon Ferry Lake 2,043,000 103 100 98 96 99 104 104 96 85 87 90 89
Fort Peck Lake 18,910,000 102 104 106 106 107 106 105 103 98 97 97 98
Irrigation

reservoirs:
Lima Reservoir 84,050 82 82 78 78 79 88 99 84 63 66 52 10
Gibson Reservoir 99,050 138 111 121 121 122 129 158 110 70 61 66 107
Fresno Reservoir 103,000 106 104 104 122 125 112 101 103 95 96 119 116

lprained for repair work.



WATER RESOURCES DATA FOR MONTANA, 1987

Quality of Streamflow

The National Stream Quality Accounting Network (NASQAN) was established to assess the quality of the
Nation's water through systematic and continuing measurements at key locations. Montana has 13 NASQAN
stations in the Hudson Bay and upper Missouri River basins. ¥

Statistical summaries for selected water-quality measurements at six NASQAN stations on the mainstem of

the St. Mary, Missouri, and Yellowstone Rivers are given in table 6. The statistical summaries include
minimum and maximum values for water year 1987 as well as for the period of NASQAN record.

Table 6.--Comparison of minimum and maximum values ffor selected wizter-quality constituents
and properties for water year 1987 and for the period of NASQAN™ record at six stations

[<, less than]

Period of NASQAN record

Water year 1987 through water year 1986
Number Number
Station of Mini- Maxi- of Mini- Maxi-
number Station samples mum mum samples mum mum

Dissolved solids, in milligrams per liter

05020500 St. Mary River at 6 76 125 69 70 195
international boundary

06054500 Missouri River at Toston, Mont. 4 213 243 131 125 308

06115200 Missouri River near Landusky, Mont. 6 269 436 56 104 950

06192500 Yellowstone River near Livingston, Mont. 6 85 183 55 66 258

06214500 Yellowstone River at Billings, Mont. 4 134 279 106 83 439

06329500 Yellowstone River near Sidney, Mont. 6 318 608 203 158 874

Dissolved phosphorus, in milligrams per liter

05020500 St. Mary River at 6 <.01 .03 70 <.01 .04
international boundary

06054500 Missouri River at Toston, Mont. 4 .01 .03 72 <.01 .09

06115200 Missouri River near Landusky, Mont. 6 <.01 .02 56 <.01 .39

06192500 Yellowstone River near Livingston, Mont. 6 <.01 .07 124 <.01 .09

06214500 Yellowstone River at Billings, Mont. 4 <.01 .02 69 <.01 4

06329500 Yellowstone River near Sidney, Mont. 6 .01 .02 76 <.01 .07

Dissolved oxygen, in percent of saturation

05020500 St. Mary River at 6 85 104 94 83 112
international boundary

06054500 Missouri River at Toston, Mont. 4 98 128 170 89 126

06115200 Missouri River near Landusky, Mont. 6 60 100 130 63 106

06192500 Yellowstone River near Livingston, Mont. 6 88 119 103 73 138

06214500 Yellowstone River at Billings, Mont. 4 87 101 155 78 152

06329500 Yellowstone River near Sidney, Mont. 6 86 95 237 43 109

Dissolved arsenic, in micrograms per liter

05020500 St. Mary River at 4 <1 <1 35 <1 <10
international boundary

06054500 Missouri River at Toston, Mont. 4 21 36 54 8 52

06115200 Missouri River near Landusky, Mont. 4 10 17 39 2 25

06192500 Yellowstone River near Livingston, Mont. 4 14 21 28 6 27

06214500 Yellowstone River at Billings, Mont. 4 7 13 47 2 14

06329500 Yellowstone River near Sidney, Mont. 4 2 5 46 1 6

Turbidity, in nephelometric turbidity units

05020500 St. Mary River at 6 .6 7 64 .3 85
international boundary

06054500 Missouri River at Toston, Mont. 4 244 6.4 63 .1 60

06115200 Missouri River near Landusky, Mont. 6 251 32 56 1.5 7,500

06192500 Yellowstone River near Livingston, Mont. 6 1.8 4.2 55 .6 38

06214500 Yellowstone River at Billings, Mont. 4 3.2 9.3 62 .2 140

06329500 Yellowstone River near Sidney, Mont. 6 3.9 1,400 75 1.0 2,500

INational Stream Quality Accounting Network.

Dissolved-solids concentration and streamflow have an inverse relationship. The smallest concentra-
tions of dissolved solids generally occur during high flows of spring runoff when snowmelt and rainfall are
the major sources of water. The largest concentrations occur most often during late summer and fall when
base flow from ground-water sources is the dominant component of flow. The data in table 6 indicate that
dissolved-solids concentrations at all stations during 1987 were confined to a comparatively small range,
with neither maximum or minimum values close to those for the period of record. The small range can be
attributed to climatic conditions during the year. The lack of snowpack in headwater drainages resulted in
less than normal runoff. Less water for dilution of base flow prevented dissolved-solids concentrations
from reaching minimum values that are normal for most spring periods.
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Concentrations of dissolved phosphorus and percent saturation of dissolved oxygen at the six stations
for water year 1987 either were within their previous ranges or similar to them. The largest dissolved
phosphorus corcentration (0.07 mg/L) was from the Yellowstone River near Livingston (station 06192500) on
January 20. From the same sample, relatively large concentrations were detected for total phosphorus (0.19
mg/L) and dissolved ortho phosphorus (0.03 mg/L). The Missouri River near Landusky (station 06115200) had a
minimum percent saturation of dissolved oxygen (60 percent) that was slightly less than the minimum for the
period of reco:d and the Missouri River at Toston had a maximum value (128 percent) that was slightly larger
than all previcus measurements at the station.

Concentrations of dissolved arsenic and units of turbidity for water year 1987 also were at or within
the range for the period of record. Natural sources from thermal activities in Yellowstone National Park
contribute arsenic to headwater tributaries of the Missouri and Yellowstone Rivers., The arsenic concentra-
tions decrease ir passage downstream owing to dilution from tributary inflow and reservoir and stream bottoms
that function as sinks to the element. Unlike arsenic, turbidity of the streams generally increased down-
stream. This condition is especially evident in the Yellowstone River. Because of the series of reservoirs
on the Missouri River, sediment settles out and turbidity is probably less in some stream reaches than would
occur under natural conditions.

Annual suspended-sediment loads at three stations on major streams of eastern Montana are regorted in
table 7. For each station, the data include the annual suspended-sediment loads for the current (1987) and
previous (1986) water years, plus the mean annual loads for the period of record.

Table 7.--annual suspended-sediment load at selected stations for water
year 1987 compared with water year 1986 and period of record

Water year Water year
1987 1986 Period of record
Mean
Annual Annual annual
suspended- suspended- Number suspended-
sediment sediment ! of sediment
Station load load water load
number Station name (tons) (tons) years (tons)
06115200 Missouri River near 2,380,000 11,800,000 16 9,500,000
Landusky, Mont.
06130500 Musselshell River 84,900 1,180,000 5 299,000
at Mosby, Mont.
06329500 Yellowstone River 7,130,000 12,700,000 15 11,200,000

near Sidney, Mont.

Suspended-sediment loads transported in 1987 were substantially less than loads transported in 1986 at
all three stations. The decreased sediment loads were a result of smaller annual streamflows and the lack
of major storms to erode and transport sediment. Annual loads in 1987 ranged from 25 percent of normal at
the Missouri River near Landusky to 64 percent of normal at the Yellowstone River near Sidney. Unlike
other recent years when both the Missouri and Yellowstone Rivers transported similar quantities of sediment,
the 1987 annual load of the Missouri River near Landusky was one-third as large as that of the Yellowstone
River near Sidney. The large difference in annual loads is primarily a result of less than normal flows in
many of the northern tributaries of the Missouri River.

Ground-Water Levels

Water levels in 250 wells, which are part of a statewide network of 299 observation wells, were measured
in water year 1987 in the Hudson Bay and Missouri River basins (table 8). Water levels in most wells in the
network are measured annually; however, some water levels are measured more frequently.

The hydrograph (fig. 2) for a 68-foot deep (relatively shallow) observation well in Powder River County
(well 04S45E04BDDBO1) shows typical water-level fluctuations in a shallow alluvial aquifer of sand and gravel.
The water table is unaffected by irrigation recharge or discharge; therefore, the water level changes in
response to the natural hydrologic cycle. The effects on recharge of smaller quantities of precipitation and
warmer temperatures during the winters of 1984 and 1987 are indicated on the hydrograph by the subdued peaks
for those periods.

Most wells in the statewide network show no substantial changes in water level from year to year. Many
of the wells in eastern Montana are completed in sandstone or coal aquifers in the Tongue River Member of
the Fort Union Formation (Paleocene age); measurements show that water levels in this area remain relatively
stable. Water from Tongue River Member aquifers is used primarily for livestock and domestic supply.
Substantial changes in water levels in these sandstone and coal wells have been recorded only where indus-
trial activity, such as coal mining, has affected the local ground-water levels.

Other wells in the statewide network are completed in shallow alluvial and glacial-drift aquifers.
Some of these wells show moderate declines or rises in water levels from year to year as a result of varia-
tions in climatic conditions. However, few wells in the network show long-term changes in water levels
as a result of human activities.



[Local number--composed of township, range, section,
and sequential number. Depth of well--in feet below land surface.
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ble 8.--water levels in observation wells

osition within a section,
Aquifer--the

names were retrieved from the National Water Data Storage and Retrieval System
(WATSTORE) and some may not follow current usage of the U.S. Geological Survey.

Water-level date--reported as month, day, year.

Water level--in feet below or

above (+) land surface. Symbol: --, no data]

Water-
. Depth level Water
Local number of well Aquifer date level
37N47E0TABBBO1 53 Pleistocene outwash deposits 12/18/86 19.75
03/24/87  20.10
06/23/87  20.34
08/25/87 19.65
37N47EO0T1ABBB02 83 Tongue River Member of Fort Union 12/18/86 20.30
Formation 03/24/87  20.63
06/23/87 20.78
08/25/87 20.40
37N47E12BBBBO1 147 Tongue River Member of Fort Union 12/18/86 78.40
Formation 03/24/87 78.48
06/23/87 77,62
08/25/87 78.51
37N47E13AADDO1 208 Tongue River Member of Fort Union 12/18/86 13.57
Formation 03/24/87 13.26
06/23/87 14.22
08/25/87 18.83
37N47E13ADAAO1 45 Pleistocene outwash deposits 12/18/86 14,12
03/24/87 13,79
06/23/87 14.76
08/25/87 14,37
37N47E17DABB02 266 Tongue River Member of Fort Union 12/18/86 217.83
Formation 03/24/87 217.90
06/23/87 217.89
08/25/87 218.04
37N47E23AADDO2 120 Tongue River Member of Fort Union 12/18/86  81.75
Formation 03/24/87  81.69
06/23/87 81.92
08/25/87  81.90
37N48E05AAAAQ1 218 Fort Union Formation 03/24/87 +0.96
06/23/87 +0.90
08/25/87 +0.92
37N48E05BABBO1 43 Pleistocene outwash deposits 12/18/86 5.80
03/24/87 5.69
06/23/87 5.98
08/25/87 5.91
37N48E23BBDCO1 400 Fox Hills-Hell Creek aquifer 12/18/86 60.52
03/24/87  60.75
06/23/87 60.86
08/25/87 60.76
36NO9EO5DBADO1 1,015 Eagle Sandstone 10/28/86 1.24
36N25E06CBCBO1 75 Flaxville Formation 10/12/86 62.26
08/31/87  61.46
36N26E33DBD 01 67 Flaxville Formation 10/12/86 51.33
08/31/87 51.21
35N24E09DBBCO1 53 Flaxville Formation 10/12/86  39.77
08/31/87  38.61
35N33E19DBA 01 246 Judith River Formation of Montana Group 11/20/86 178.37
34N24E06DCCCO1 200 Fox Hills-Hell Creek aquifer 10/12/86 66.51
08/31/87  66.35
33N48E18DCB 01 325 Hell Creek Formation 09/01/87 161.93
32N15E17DDDCO1 180 Quaternary alluvium 09/22/87  37.99
31N14E03CDDCO1 215 Judith River Formation of Montana Group 10/13/86 42,76
09/16/87  33.41
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Table 8.--water levels in observation wells--Continued

Water-
Depth level Water
Local number of well Aquifer date level
31N24E06BCC 01 70 Pleistocene alluvium 10/12/86 4.53
08/30/87 6.85
30N38E09CADBO1 195 Judith River Formation of Montana Group 11/20/86  45.58
09/16/87  48.73
29N13E21AABA02 210 Pleistocene alluvium 02/20/87 18.76
03/18/87 18.66
04/14/87 18.66
05/20/87 18.68
06/03/87 18.69
06/16/87 18.65
07/16/87 18.68
08/18/87 18.81
09/22/87 18.86
27N56E34AABCO1 118 Tongue River Member of Fort Union 10/18/86  39.39
Formation 09/25/87 39.14
26N20E36ADCCO1 1,470 Eagle Sandstone 10/12/86 85.55
08/31/87  88.69
26N49E13ACABO1 180 Fox Hills-Hell Creek aquifer 10/17/86 43.41
09/25/87  43.54
26N54E17DCAAO1 240 Tongue River Member of Fort Union 10/17/86 90.68
Formation "09/25/87 91.10
26N59E22DBDDO1 212 Tongue River Member of Fort Union 10/18/86  33.13
Formation 09/25/87 34.83
25N47E04DAABO1 200 Fox Hills-Hell Creek aquifer 10/17/86 68.36
09/25/87 68.06
25N50E24CBDAO1 220 Lebo Shale Member of Fort Union 10/17/86 11.05
Formation 09/25/87 11539
24N44E20CABDO1 300 Fox Hills-Hell Creek aquifer 10/16/86 178.66
09/24/87 178.82
24N47E35BBBAO1 101 Lebo Shale Member of Fort Union 10/17/86 17.26
Formation 09/25/87 1799
24N47E35BBBCO1 640 Fox Hills-Hell Creek aquifer 10/17/86 194.92
09/25/87 195.86
24N54E29CACBO1 190 Tongue River Member of Fort Union 10/17/86 55.09
Formation 09/25/87 55.27
24N56E25DDACO1 60 Tongue River Member of Fort Union 10/18/86 5.62
Formation 09/25/87 §.52
23N43E34BABCO1 175 Fox Hills-Hell Creek aquifer 10/16/86 104.62
09/24/87 104.47
23N51E20BBBDO1 175 Fort Union Formation 10/17/86 16.14
09/25/87 16.11
22N58E10CCCCO1 135 Fort Union Formation 10/18/86 70.45
09/25/87 68.19
21N23E13CBBBO1 1,630 Eagle Sandstone 10/11/86 +83.10
09/27/87 +141.35
21N51E10ABCDO1 131 Tongue River Member of Fort Union 10/17/86  13.95
Formation 09/24/87 13.98
21N53E08ADCCO1 70 Tongue River Member of Fort Union 09/24/87 26.16

Formation

21N56E28ADDCO1 220 Tongue River Member of Fort Union 10/18/86 87.45
Formation 09/25/87  87.45
20NO2EO1AABAO1 605 Madison Group 09/28/87 13.99
20NO3E28CCCDO1 85 Flood Shale Member of Black Leaf 11/06/86  42.79
. Formation 09/28/87 43.38
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Table 8.--Wwater levels in observation wells--Continued

Water-

Depth level Water
Local number of well Aquifer date level
20NO3E32ADDCO1 215 Flood Shale Member of Black Leaf 11/06/86 52.47
Formation 09/28/87 52.36

20N47E36ADDDO1 220 Tongue River Member of Fort Union 10/16/86  46.08
Formation 09/24/87 46,43
20N52E17BBBBO1 180 Tongue River Member of Fort Union 10/17/86 74.40
Formation 09/24/87 74,99
20N53E04DAAAO1 280 Tongue River Member of Fort Union 10/17/86 142,03
Formation 09/27/87 141.91
20N53E14BBCCO1 206 Tongue River Member of Fort Union 10/17/86 87.40
Formation 09/24/87  87.19
20N53E20CCCCO1 259 Tongue River Member of Fort Union 10/17/86 139.88
Formation 09/24/87 139.72
20N54E01DCDDO1 220 Tongue River Member of Fort Union 10/17/86 40,23
Formation 09/25/87  40.09
20N55E32AAAA0Q1 200 Tongue River Member of Fort Union 10/18/86 156.96
Formation 09/25/87 156.75

20N56E08DDCDO1 223 Tongue River Member of Fort Union 10/18/86 137.61
Formation 09/25/87 138.04
20N56E08DDCD02 180 Tongue River Member of Fort Union 10/18/86° 109.20
Formation 09/25/87 109.16
19NO3E01AABAO1 65 Kootenai Formation 11/06/86 38.58
09/28/87  39.59
19NO6E23BADAO1 75 Swift Formation of Ellis Group 11/06/86 43.79
09/28/87  45.20
19NO6E26ACADO1 435 Madison Group 11/06/86 197.20
09/28/87 202.02
19N44E35DDDDO1 140 Tongue River Member of Fort Union 10/16/86  38.48
Formation 09/24/87 38,73
19N53E24CCDCO1 220 Tongue River Member of Fort Union 10/18/86 143.84
Formation 09/24/87 143.86
18N30E19BBBAO1 1,003 Judith River Formation of Montana Group 10/10/86 +41.42
18N38E20BBABO1 518 Hell Creek Formation 10/16/86  39.28
09/23/87 39.33

18N40E01DBBBO1 159 Fort Union Formation 10/16/86  33.17
09/23/87 33.52

18N44E13AAACO1 278 Tongue River Member of Fort Union 10/16/86 95.66
Formation 09/24/87 94,82

18N50E16CBBBO1 161 Lebo Shale Member of Fort Union 10/16/86 46.32
Formation 09/24/87 46.40

17N47E16DDDDO1 242 Tongue River Member of Fort Union 10/16/86 146.02
Formation 09/24/87 146.09
16N44E25BBAAO1 263 Tongue River Member of Fort Union 10/16/86  88.28
Formation 09/23/87 88.34
16N44E25BBABO1 1,460 Fox Hills-Hell Creek aquifer 10/16/86 156.98
09/23/87 157.12
16N44E25BBACO1 103 Tongue River Member of Fort Union 10/16/86 31.34
Formation 09/23/87 30.38

16N50E06DDCDO1 380 Tongue River Member of Fort Union 10/17/86 291.2
Formation 09/24/87 291.2
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Table 8.--Water levels in observation wells--Continued

Water-
Depth level Water
Local number of well Aquifer date level
16N51E36DCCCO1 202 Tullock Member of Fort Union Formation 10/16/86 152,27
09/24/87 153.25
15N19E09BABCO1 90 Third Cat Creek Sandstone of Kootenai 10/11/86  40.84
Formation 09/27/87 ~ 36,72
15N46E04BBBCO1 160 Tongue River Member of Fort Union 10/16/86 108.73
Formation 09/23/87 108.67
15N53E12ABABO1 317 Lebo Shale Member of Fort Union 10/19/86 132.66
Formation 09/23/87 132.58
15N53E12ABABO2 193 Tongue River Member of Fort Union 10/19/86 81,57
Formation 09/23/87 81.04
15N53E12ABABO3 172 Tongue River Member of Fort Union 10/19/86 79.05
Formation 09/23/87 78.57
15N55E12ABDCO1 675 Fox Hills-Hell Creek aquifer 10/20/86 57.76
09/23/87 58.07
14N49E21AAAA01 440 Tullock Member of Fort Union Formation 10/18/86 117.72
09/23/87 120.63
13N51E31BCDDO1 565 Hell Creek Formation 10/18/86 +0.50
09/23/87 +0.14
13N51E31BCDD02 340 Tullock Member of Fort Union Formation 10/18/86 107.04
09/23/87 107.32
13N51E31BDCBO1 860 Fox Hills-Hell Creek aquifer 10/18/86 28.77
09/23/87  29.61
13N53E18ABAAO1 62 Tongue River Member of Fort Union 10/18/86 33.67
Formation 09/23/87  34.06
13N56E30CCBCO1 100 Fox Hills-Hell Creek aquifer 10/19/86  38.70
12N55E20DCCDO1 1,185 Fox Hills-Hell Creek aquifer 10/19/86 80.93
09/26/87 80.10
12N55E25CDCCO1 1,275 Fox Hills-Hell Creek aquifer 10/19/86  42.58
09/26/87  45.84
12N55E27BADDO1 1,000 Fox Hills-Hell Creek aquifer 10/19/86 +15.6
09/26/87 +21.4
12N56E23CCDAO1 1,449 Fox Hills-Hell Creek aquifer 10/19/86 244,44
09/26/87 243.75
12N56E23DCCAO1 $,195 Fox Hills-Hell Creek aquifer 10/19/86 273.81
09/26/87 277.12
12N56E24CABDO1 145 Fox Hills-Hell Creek aquifer 10/19/86 134.72
09/26/87 133.34
12N56E25CBDBO1 1,480 Fox Hills-Hell Creek aquifer 10/19/86 304.4
09/26/87 303.9
12N56E34DAACO1 1,467 Fox Hills-Hell Creek aquifer 10/19/86 278.65
09/26/87 276.36
11NO3W30BBBCO1 127 Quaternary alluvium 09/30/87 30.41
11NO3W30DADAO1 44 Quaternary alluvium 09/30/87 .01
11N36E28BACDO1 2,745 Third Cat Creek Sandstone of Kootenai 10/15/86 +100.7
Formation 09/22/87 +92.5
11N54E29CACDO1 800 Fox Hills-Hell Creek aquifer 10/19/86 +50.1
11N57E21CDBBO1 1,230 Fox Hills-Hell Creek aquifer 10/19/86  61.39
09/26/87 60.42
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Table 8.--Water levels in observation wells--Continued

Water-
Depth level Water
Local number of well Aquifer date level
11N57E32BBBDO1 980 Fox Hills-Hell Creek aquifer 10/19/86  68.21
10NO4WO2CBAAO1 110 Cretaceous bedrock 11/16/86 30.03
02/01/87 30.80
04/26/87 31.90
07/03/87 34.00
07/25/87 33553
10NO4W10DDDAO1 23 Quaternary alluvium 09/30/87 5.73
10NO3WO3BACBO1 65 Quaternary alluvium 09/30/87 2,50
10NO3WO8BBAAO1 23 Quaternary alluvium 09/30/87 10.25
10NO3WO9ACCCO1 64 Quaternary alluvium 09/30/87 2.46
10NO3W11DDCCO1 40 Quaternary alluvium 09/30/87 17.16
10NO3W17ACADO1 28 Quaternary alluvium 09/30/87 16.32
10NO3W22AAAAO1 23 Quaternary alluvium 09/30/87 10.62
10N02W18DDCDO1 70 Tertiary sediments 09/30/87 47.09
10N36E06CACAO1 195 Judith River Formation of Montana 10/15/86 91.07
Group 09/22/87 89.09
10N45E28BBBAO1 951 Fox Hills-Hell Creek aquifer 10/16/86 223.48
09/23/87 223.58
10N45E28BBBA02 362 Tullock Member of Fort Union 10/16/86 111,20
Formation 09/23/87 111.26
10N45E28 BBBBO1 762 Hell Creek Formation 10/16/86 223.01
09/23/87 223.16
10N55E25CDCDO1 1,150 Fox Hills-Hell Creek aquifer 10/19/86 73.37
09/26/87 75.59
10N58E19ABBAO1 166 Fox Hills-Hell Creek aquifer 10/19/86 124.37
09/26/87 125.68
08N31E36DDDDO1 1,175 Fox Hills-Hell Creek aquifer 10/15/86 206.94
09/22/87 206.17
08N31E36DDDD02 850 Hell Creek Formation 10/15/86 209.10
09/22/87 209.03
08N31E36DDDD03 486 Hell Creek Formation 10/15/86 130.34
09/22/87 131.61
08NS50E18BDBCO1 280 Tullock Member of Fort Union 10/20/86 41.41
Formation 09/27/87  41.68
07N47E24AAD 01 50 Fort Union Formation 10/15/86 33.67
09/23/87 33.92
07N50E05CCBDO1 700 Fox Hills-Hell Creek aquifer 10/20/86 397.36
07N57E24BBCBO1 362 Tongue River Member of Fort Union 10/19/86 217,28
Formation 09/26/87 216.87
06N44E36CACDO1 902 Fox Hills-Hell Creek aquifer 10/15/86 128.59
09/22/87 128.65
06N44E36CACD02 609 Hell Creek Formation 10/15/86 128.71
09/22/87 128.72
06N44E36CACDO3 316 Hell Creek Formation 10/15/86 140.40
09/22/87 140,57
05NO1E27CCBBO1 215 Tertiary sediments 10/24/86  88.57
05N25E16CCCCO1 1,350 Fox Hills-Hell Creek aquifer 10/15/86 537.8
09/22/87 536.3
05N25E16CCCCO02 427 Hell Creek Formation 10/15/86 133.55
09/22/87 132.60
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Table 8.--Water levels in observation wells=--Continued

Water-

Depth level Water
Local number of well Aquifer date level
05N55E23AADBO1 1,080 Fox Hills-Hell Creek aquifer 10/19/86 37.17
09/26/87 37.48
05N58E14BBBBO1 360 Tongue River Member of Fort Union 10/19/86 97.02
Formation 09/26/87 96.86
04NO1E02BBCCO1 191 Tertiary sediments 10/24/86 38.34
04NO1E10BBCBO1 447 Tertiary sediments 10/24/86 115.57
04NO1E13BCACO1 209 Tertiary sediments 10/24/86 38.47
04NO1E15BCBBO1 348 Tertiary sediments 10/24/86 142.00
04N23E14ABBAO1 80 Fox Hills-Hell Creek aquifer 10/21/86 29.01
09/28/87 32.50

04N23E16BCCCO1 1,100 Eagle Sandstone 10/21/86 345.5
09/28/87 391.2
04N40E31DCAAO1 199 Hell Creek Formation 10/07/86 50.98
09/24/87 49.20

02N27E35DBABO1 5,070 Mission Canyon Limestone 09/28/87 +1,003.5
02N40E31DCCDO1 165 Tongue River Member of Fort Union 10/07/86 107.92
Formation 09/24/87 107.86
02N43E24CCBCO1 60 Quaternary alluvium 10/07/86 16.23
09/24/87 16.30
02N43E24CDDAO1 21 Quaternary alluvium 10/07/86 10.69
09/24/87 9.92
01NO4E25DCD 01 101 Quaternary alluvium 10/09/86 10.59
01N25E36CBDAO1 12 Quaternary alluvium 04/28/87 9.07
01N26E10ABBAO1 193 Eagle Sandstone 10/21/86 27.51
09/28/87 28.08
01N26E31CCBCO1 17 Quaternary alluvium 04/28/87 11.10
01N41E21DBDBO1 131 Tongue River Member of Fort Union 10/07/86 72.34
Formation 09/24/87 72.62
01N41E22CCADO1 72 Holocene spoil banks 10/07/86 19.66
09/24/87 17.58
09/24/87 23.42
01N41E36DCBAO1 150 Tongue River Member of Fort Union 10/07/86 134.47
Formation 09/24/87 134.87

01N54E18DDACO1 8,422 Mission Canyon Limestone 10/20/86 +771.1
08/01/87 +776.5

09/27/87 +773.4
O1N54E18DDBAO1 400 Fox Hills-Hell Creek aquifer 10/20/86 43.84
09/27/87 43,94
01825E05CD 01 62 Quaternary alluvium 04/28/87 10.28
01S25E17AAAA01 42 Quaternary alluvium 04/28/87 6.92
01S33E19DAA 01 25 Pleistocene terrace deposits 10/16/86 17.76
05/12/87 18.27
01S33E24BCBC02 26 Quaternary alluvium 10/15/86 8.98
05/12/87 11.67
02S523E16DADDO1 63 Quaternary alluvium 04/28/87 26.12
02541E19DABAO1 43 Quaternary alluvium 10/07/86 7.06
09/24/87 7331
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Table 8.--water levels in observation wells--Continued

Water-
Depth level Water
Local number of well Aquifer date level
02S44E35DAABO1 84 Quaternary alluvium 10/07/86 28.81
09/24/87  29.86
02S49E22DCCAO4 118 Tongue River Member of Fort Union 10/20/86 77.11
Formation 09/27/87 77.05
03515W16DCCDO1 205 Tertiary sediments 08/04/87 22.68
03S33E09DCC 01 74 Pleistocene terrace deposits 10/16/86 43,80
12/04/86  45.06
01/08/87 47.50
02/27/87  48.38
04/09/87  48.78
06/03/87  46.38
07/08/87  44.98
08/05/87  45.28
03S33E16BBBBO1 19 Quaternary alluvium 10/16/86 1.92
12/04/86 2.06
01/08/87 2.28
02/27/87 2.69
04/09/87 2.66
06/03/87 2.39
07/08/87 2.05
08/05/87 1.94
03S33E16BBBB02 46 Quaternary alluvium 10/16/86 31.22
12/04/86  31.19
01/08/87  31.20
02/27/87  31.22
04/09/87  31.26
06/03/87  31.26
07/08/87  31.26
08/05/87  31.22
03S35E18DABDO1 400 Parkman Sandstone of Montana Group 10/15/86 101.54
03S44E09ADD 01 84 Quaternary alluvium 10/07/86 39.27
09/24/87 39.49
03S45E05DBAAO1T 148 Tongue River Member of Fort Union 10/07/86  47.06
Formation 09/24/87  45.76
04S32E35AAAA0D1 39 Quaternary alluvium 10/16/86 13.04
12/04/86 14.86
01/08/87 15.71
02/27/87 16.60
04/09/87 17.10
06/03/87 8.36
07/08/87 6.33
08/05/87 5,11
04S45E04BDDBO1 68 Quaternary alluvium 10/07/86 17.05
11/19/86 16.96
03/25/87 16,78
06/12/87 17.30
09/24/87 18.47
04S45E15BCDDO1 60 Quaternary alluvium 10/07/86 9.45
09/24/87 10.32
04S45E28BDDDO1 269 Tongue River Member of Fort Union 10/07/86 126.89
Formation 09/24/87 126.91
05845E04ABCCO1 223 Tongue River Member of Fort Union 10/07/86 141.06
Formation 09/24/87 140.86
05S45E16ADDDO1 320 Tongue River Member of Fort Union 10/07/86 144,71
Formation 09/24/87 144.80
05845E23ABCA02 44 Quaternary alluvium 10/07/86 12.08
09/24/87 12,97
05S45E23BBAAO1 169 Tongue River Member of Fort Union 10/07/86  35.92
Formation 09/24/87 36.05
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Table 8.--Water levels in observation wells--Continued

Water-
Depth level Water
Local number of well Aquifer date level
05545E23BBAAO2 106 Tongue River Member of Fort Union 10/07/86  45.38
Formation 09/24/87 46.00
05S45E23BBAAO3 65 Tongue River Member of Fort Union 10/07/86  46.20
Formation 09/24/87  46.85
05S51E10ABABO1 1,010 Fox Hills-Hell Creek aquifer 09/27/87  +3.2
06S41E08CCACO1 128 Tongue River Member of Fort Union 09/26/87 41,76
06S41E17ADDDO1 19 Quaternary alluvium 09/26/87  14.30
06S41E25CDACO1 144 Tongue River Member of Fort Union 09/26/87 68.45
Formation
06S41E26BBDDO1 23 Quaternary alluvium 09/26/87 19.60
06S41E29ADCAO1 393 Tongue River Member of Fort Union 09/26/87 264.70
Formation
06S41E29ADCA02 322 Tongue River Member of Fort Union 09/26/87 239.63
Formation
06S41E34CDAAO1 364 Tongue River Member of Fort Union 10/10/86 182.55
Formation 09/26/87 182.57
06S41E34CDAAO2 155 Tongue River Member of Fort Union 10/10/86 93.27
Formation 09/26/87 93.22
06S42E31DBBAO1 68 Quaternary alluvium 10/10/86  31.70
09/26/87 31.82
07S08W03BDC 02 40 Quaternary alluvium 11/19/86 17.34
01/06/87 18,00
02/18/87  18.21
04/01/87 18.17
05/12/87 15,33
06/25/87 14.64
08/05/87 13.67
09/16/87 16.10
07S08W17DDC 02 50 Tertiary sediments 11/18/86  28.07
01/06/87  31.11
02/17/87  34.44
04/01/87  33.29
05/12/87 32,78
06/25/87  26.86
08/06/87  24.72
09/17/87  27.06
07S44E34BAADO1 86 Tongue River Member of Fort Union 10/09/86  54.47
Formation 09/25/87  54.43
07S44E35DCCAO1 213 Tongue River Member of Fort Union 10/09/86 149.79
Formation 09/25/87 149.91
07S44E35DCCA02 132 Tongue River Member of Fort Union 10/09/86 103.94
Formation 09/25/87 103.84
07S45E32CADDO1 207 Tongue River Member of Fort Union 10/08/86 151,41
Formation 09/25/87 151.19
07845E32CADDO2 42 Tongue River Member of Fort Union 10/08/86 28.31
Formation 09/25/87 28.44
07S45E32DCBA02 18 Quaternary alluvium 10/08/86 7.75
09/25/87 8.37
07S49E13ABBBO1 - Fox Hills-Hell Creek aquifer 10/20/86 +10.08
09/27/87 +10.08
07S49E28DAACO1 452 Tullock Member of Fort Union Formation 10/20/86  89.59
09/27/87 89.36
7.5840E32DBDAO1 120 Tongue River Member of Fort Union 09/26/87 70.05

Formation
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Table 8.--water levels in observation wells--Continued

Water-
Depth level Water
Local number of well Aquifer date level
08s09w01ccccol 47 Tertiary sediments 09/16/87 23.16
08S40E26ACBCO1 172 Tongue River Member of Fort Union 10/09/86 68.75
Formation 09/25/87  62.45
08S42E14DBAD02 103 Tongue River Member of Fort Union 10/08/86 50.06

Formation

08S43E20DABAO1 222 Tongue River Member of Fort Union 10/09/86 89.89
Formation 09/26/87 89.45
08S43E21BBDD03 13 Quaternary alluvium 10/09/86 4,73
09/26/87 5.44
08S43E21BDBBO1 223 Tongue River Member of Fort Union 10/09/86  56.28
Formation 09/26/87 56.27
08S43E21BDBB02 146 Tongue River Member of Fort Union 10/09/86 48.07
Formation 09/26/87 48,04
08S43E23CACA03 29 Quaternary alluvium 10/09/86 12.81
09/26/87 14,23
08S43E23CDAAO1 78 Tongue River Member of Fort Union 10/09/86 49.70
Formation 09/26/87 49,57
08S43E23CDAAO2 329 Tongue River Member of Fort Union 10/09/86 166.89
Formation 09/26/87 166.93
08S43E31BBDAO1 131 Tongue River Member of Fort Union 10/08/86 129.15
Formation 09/26/87 127.19
08S43E31BBDAO2 257 Tongue River Member of Fort Union 10/08/86 241.49
Formation 09/26/87 239.80
08S44E02BACDO1 15 Quaternary alluvium 10/09/86 6.67
09/25/87 7:59
08S44E03CBBDO1 201 Tongue River Member of Fort Union 10/09/86 131.60
Formation 09/25/87 131.82
08S44E03CBBD02 129 Tongue River Member of Fort Union 10/09/86 73.30
Formation 09/25/87 73.57
08S44E09DABBO1 28 Quaternary alluvium 10/09/86 22.18
09/25/87  22.87
08S44E12ACDCO1 351 Tongue River Member of Fort Union 10/09/86 187.06
Formation 09/25/87 187.22
08S44E12ACDC02 252 Tongue River Member of Fort Union 10/09/86 126.19
Formation 09/25/87 126.26
08S44E12ADBC02 14 Quaternary alluvium 10/09/86 5.41
09/25/87 7.80
08S44E14ABABO1 337 Tongue River Member of Fort Union 10/09/86 218.12
Formation 09/25/87 218.00
08S44E14ABABO2 250 Tongue River Member of Fort Union 10/09/86 189.89
Formation 09/25/87 166.80
08S44E14ABABO3 161 Tongue River Member of Fort Union 10/09/86 109.80
Formation 09/25/87 109.88
08S44E19CBBBO1 190 Tongue River Member of Fort Union 10/09/86 157.67
Formation 09/26/87 157.54
08S44E19CBBB02 130 Tongue River Member of Fort Union 10/09/86 77.23
Formation 09/26/87 76.89
08S44E19CBCB02 36 Quaternary alluvium 10/09/86  24.98
09/26/87  26.30
08S45E16DBCBO1 188 Tongue River Member of Fort Union 10/08/86  84.16
Formation 09/25/87 84.48
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Table 8.--Water levels in observation wells=--Continued

Water-
Depth level Water
Local number of well Aquifer date level
08S45E16DBCB02 66 Tongue River Member of Fort Union 10/08/86 32.98
Formation 09/25/87  33.63
08S45E34BCBCO1 253 Tongue River Member of Fort Union 10/08/86 126.57
Formation 09/25/87 126.74
08S46E17CBCDO1 18 Quaternary alluvium 10/07/86 3.00
09/25/87 4,42
08S46E18DDACO1 18 Quaternary alluvium 10/07/86 5.96
09/25/87 6.48
08S46E27CDABO1 233 Tongue River Member of Fort Union 10/08/86 126.95
Formation 09/25/87 127.21
08S46E27CDAB02 138 Tongue River Member of Fort Union 10/08/86 89.74
Formation 09/25/87 90.24
08S46E32DDACO1 30 Quaternary alluvium 10/07/86 15.88
09/25/87 17.80
09S40E09DBADO1 120 Holocene spoil banks 10/09/86 106.90
09/25/87 106.32
09S40E20BDACO1 380 Tongue River Member of Fort Union 10/09/86 252.55
Formation 09/25/87 250.29
09S42E01BCADO2 34 Quaternary alluvium 10/08/86  23.56
09/26/87  24.43
09S42E11BDAAO1 222 Tongue River Member of Fort Union 10/08/86 144,05
Formation 09/26/87 144.11
09S43E04ABDDO2 26 Quaternary alluvium 10/09/86 13.18
: 09/26/87 13.52
09S43E04CBABO1 186 Tongue River Member of Fort Union 10/09/86 68.81
Formation 09/26/87 68.99
09S43E07CADBO1 165 Tongue River Member of Fort Union 10/08/86 57.90
Formation 09/26/87 58.60
09S43E07CADBO2 218 Tongue River Member of Fort Union 10/08/86 86.67
Formation 09/26/87 86.42
09S43E12ADBB02 40 Quaternary alluvium 10/09/86 15,40
09/26/87 15.86
09S43E21BADAO1 229 Tongue River Member of Fort Union 10/08/86  98.18
Formation 09/26/87 96.58
09S43E21BADAO2 135 Tongue River Member of Fort Union 10/08/86  50.32
Formation 09/26/87 49.66
09S43E22ACCAO01 129 Tongue River Member of Fort Union 10/08/86  29.50
Formation 09/26/87 28.05
09S44E07BBCCO3 92 Tongue River Member of Fort Union 10/09/86  44.85
Formation 09/26/87 .
09S45E03DABBO1 144 Tongue River Member of Fort Union 10/08/86 23.81
Formation 09/25/87  23.92
09S45E03DABBO4 65 Tongue River Member of Fort Union 09/25/87 26.68
Formation
09S45E03DABB0OS 71 Tongue River Member of Fort Union 09/25/87  25.07
Formation
09S45E11ADDBO1 307 Tongue River Member of Fort Union 10/08/86 236.65
Formation 09/25/87 239.50
09S45E11CCAA01 218 Tongue River Member of Fort Union 10/08/86 53.69
Formation 09/25/87 55.80
09S46E08BACBO1 240 Tongue River Member of Fort Union 10/07/86 170.97
Formation 09/25/87 170.67
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Table 8.--water levels in observation wells--Continued

Water-
Depth level Water
Local number  of well Aquifer date level
09S46E09ADCDO1 176 Tongue River Member of Fort Union 10/08/86 110.03
Formation 09/25/87 - 109.82
09S46E09DABAO1 110 Tongue River Member of Fort Union 10/08/86 93.76
Formation 09/25/87 93.53
09S46E09DABAO2 209 Tongue River Member of Fort Union 10/08/86 155.95
Formation 09/25/87 153.85
09S46E09DBABO2 30 Quaternary alluvium 10/08/86 17.55
09/25/87 18.10
09S46E11BACC02 18 Quaternary alluvium 10/08/86 9.43
09/25/87 11.24
09S46E11BBABO1 262 Tongue River Member of Fort Union 10/08/86 150.21
Formation 09/25/87 150.38
09S46E11BBAB02 208 Tongue River Member of Fort Union 10/08/86 141.61
Formation 09/25/87 141.62

1Measured value; continuous water-level data for the period

figure 2.

of record are shown in
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Figure 2.--Long-term hydrograph, by water year, for an observation well in Powder River County.
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SPECIAL NETWORKS AND PROGRAMS

Hydrologic Bench-Mark Network is a network of approximately 60 sites in small drainage basins around the
country whose purpose is to provide consistent data on the hydrology, including water quality, and related
factors in representative undeveloped watersheds nationwide, and to provide analyses on a continuing basis to
compare and contrast conditions observed in basins more obviously affected by the activities of man.

National Stream Quality Accounting Network (NASQAN) is a nationwide data-collection network designed by
the U.S. Geological Survey to meet many of the information needs of government agencies and other groups in-
volved in natural or regional water-quality planning and management. The 500 or so sites in NASQAN are gen-
erally located at the downstream ends of hydrologic accounting units designated by the U.S. Geological Survey
Office of Water Data Coordination in consultation with the Water Resources Council. The objectives of NASQAN
are (1) to obtain information on the quality and quantity of water moving within and from the United States
through a systematic and uniform process of data collection, summarization, analysis, and reporting such that
the data may be used for, (2) description of the areal variability of water quality in the Nation's rivers
through analysis of data from this and other programs, (3) detection of changes or trends with time in the pat-
tern of occurrence of water-quality characteristics, and (4) providing a nationally consistent data base use-
ful for water-quality assessment and hydrologic research. Stations in this network in this volume are listed
below:

05020500 St. Mary River at international boundary
06054500 Missouri River at Toston, Mont.

06089000 Sun River near Vaughn, Mont.

06115200 Missouri River near Landusky, Mont.
06130500 Musselshell River at Mosby, Mont.
06174500 Milk River at Nashua, Mont.

06181000 Poplar River near Poplar, Mont.

06192500 Yellowstone River near Livingston, Mont.
06214500 Yellowstone River at Billings, Mont.
06294700 Bighorn River at Bighorn, Mont.

06308500 Tongue River at Miles City, Mont.
06326500 Powder River near Locate, Mont.

06329500 Yellowstone River near Sidney, Mont.

The National Trends Network (NTN) is an approximate 150-station network for sampling atmospheric deposition
in the United States. The purpose of the network is to determine the variability, both in location and in
time, of the composition of atmospheric deposition, which includes snow, rain, dust particles, aerosols, and
gases. The core from which the NTN was built was the already-existing deposition-monitoring network of the
National Atmospheric Deposition Program (NADP).

Radiochemical Program is a network of regularly sampled water-quality stations where samples are collected
to be analyzed for radioisotopes. The streams that are sampled represent major drainage basins in the conter-
minous United States.

EXPLANATION OF THE RECORDS

The surface-water and ground-water records published in this report are for water year 1987 that began
October 1, 1986, and ended September 30, 1987. A calendar of the water year is provided on the inside of the
front cover. The records contain streamflow data, stage and content data for lakes and reservoirs, water-
quality data for surface and ground water, and ground-water-level data. The locations of the stations and
wells where the data were collected are shown in figures 4, 5, 6, and 7. The following sections of the intro-
ductory text are presented to provide users with a more detailed explanation of how the hydrologic data pub-
lished in this report were collected, analyzed, computed, and arranged for presentation.

Station Identification Numbers

Each data station, whether streamsite or well, in this report is assigned a unique identification number.
This number applies specifically to a given station and to no other. The number usually is assigned when a
station is first established and is retained for that station indefinitely. The systems used by the U.S.
Geological Survey to assign identification numbers for surface-water stations and for ground-water well sites
differ, but both are based on geographic location. Generally, the "downstream order" system is used for
regular surface-water stations, the "latitude-longitude" system is used for surface-water stations where only
miscellaneous measurements are made, and the "rectangular-grid system" is used for wells.
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Downstream-Order System

Since October 1, 1950, the order of listing hydrologic-station records in Survey reports is in a down-
stream direction along the main stream. All stations on a tributary entering upstream from a mainstream sta-
tion are listed before that station. A station on a tributary that enters between two mainstream stations is
listed between them. A similar order is followed in listing stations on first rank, second rank, and other
ranks of tributaries. The rank of any tributary with respect to the stream to which it is immediately tribu-
tary is indicated by an indention in the "List of Stations" in the front of this report. Each indention repre-
sents one rank. This downstream order and system of indention shows which stations are on tributaries between
any two stations and the rank of the tributary on which each station is situated.

The station-identification number is assigned according to downstream order. In assigning station num-
bers, no distinction is made between partial-record stations and other stations; therefore, the station number
for a partial-record station indicates downstream-order position in a list made up of both types of stations.
Gaps are left in the series of numbers to allow for new stations that may be established; hence, the numbers
are not consecutive. The complete eight-digit number for each station, such as 06090300, which appears just
to the left of the station name, includes the two-digit Part number "06" plus the six-digit downstream-order
number "090300." The Part number designates the major river basin; for example, Part "06" is the Missouri
River basin. All records for a drainage basin encompassing more than one State can be arranged in downstream
order by assembling pages from the various State reports by station number to include all records in the basin.

Latitude-Longitude System

The identification numbers for wells and miscellaneous surface-water sites are assigned according to the
grid system of latitude and longitude. The number consists of 15 digits. The first six digits denote the
degrees, minutes, and seconds of latitude, the next seven digits denote degrees, minutes, and seconds of longi-
tude, and the last two digits (assigned sequentially) identify the wells or other sites within a l1-second grid.
This site-identification number, once assigned, is a pure number and has no locational significance. In the
rare instance where the initial determination of latitude and longitude are found to be in error, the station
will retain its initial identification number; however, its true latitude and longitude will be listed in the
LOCATION paragraph of the station description. (See figure below.)
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Figure 3.--System for numbering miscellaneous sites (latitude and longitude).

Rectangular-Grid System

In this report, wells are numbered according to geographic position within the rectangular-grid system of
land subdivision. The location (local) number consists of as many as 14 characters. The first three charac-
ters specify the township and its position north (N) or south (S) of the Montana Base Line. The next three
characters specify the range and its position west (W) or east (E) of the Montana Principal Meridian. The
next two characters are the section number. The next one to four characters designate the quarter section
(160-acre tract), quarter-quarter section (40-acre tract), quarter-quarter-quarter section (10-acre tract),
and quarter-quarter-quarter-quarter section (2.5-acre tract), respectively, in which the well is located. The
subdivisions of the section are designated A, B, C, and D in a counterclockwise direction, beginning in the
northeast quadrant. The last two characters form a sequence number based on the order of inventory. For
example, well 37N47E01ABBBO1 is the first well inventoried in the NW%ZNW%ZNW%ZNE% sec. 1, T. 37 N., R. 47 E.
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Records of Stage and Water Discharge

Records of stage and water discharge may be complete or partial., Complete records of discharge are those
obtained using a continuous stage-recording device through which either instantaneous or mean daily discharges
may be computed for any time, or any period of time, during the period of record. Complete records of lake or
reservoir content, similarly, are those for which stage or content may be computed or estimated with reasonable
accuracy for any time, or period of time. They may be obtained using a continuous stage-recording device, but
need not be. Because daily mean discharges and end-of-day contents commonly are published for such stations,
they are referred to as '"daily stations."

By contrast, partial records are obtained through discrete measurements without using a continuous stage-
recording device and pertain only to a few flow characteristics, or perhaps only one. The nature of the partial
record is indicated by table titles such as '"Crest-stage partial records," or "Low-flow partial records."
Records of miscellaneous discharge measurements or of measurements from special studies, such as low-flow seep-
age studies, may be considered as partial records, but they are presented separately in this report.

Data Collection and Computation

The data obtained at a complete-record gaging station on a stream or canal consist of a continuous record
of stage, individual measurements of discharge throughout a range of stages, and notations regarding factors
that may affect the relationships between stage and discharge. These data, together with supplemental informa-
tion, such as weather records, are used to compute daily discharges. The data obtained at a complete-record
gaging station on a lake or reservoir consist of a record of stage and of notations regarding factors that may
affect the relationship between stage and lake content. These data are used with stage-area and stage-capacity
curves or tables to compute water-surface areas and lake storage.

Continuous records of stage are obtained with analog recorders that trace continuous graphs of stage or
with digital recorders that punch stage values on paper tapes at selected time intervals. Measurements of dis-
charge are made with current meters using methods adopted by the Geological Survey as a result of experience
accumulated since 1880, These methods are described in standard textbooks, in Water-Supply Paper 2175, and in
U.S. Geological Survey Techniques of Water-Resources Investigations, Book 3, Chapter A6.

In computing discharge records, results of individual measurements are plotted against the corresponding
stages, and stage-discharge relation curves are then constructed. From these curves, rating tables indicating
the approximate discharge for any stage within the range of the measurements are prepared. If it is necessary
to define extremes of discharge outside the range of the current-meter measurements, the curves are extended
using: (1) logarithmic plotting; (2) velocity-area studies; (3) results of indirect measurements of peak dis-
charge, such as slope-area or contracted-opening measurements, and computations of flow over dams or weirs; or
(4) step-backwater techniques.

Daily mean discharges are computed by applying the daily mean stages (gage heights) to the stage-discharge
curves or tables. If the stage-discharge relation is subject to change because of frequent or continual change
in the physical features that form the control, the daily mean discharge is determined by the shifting-control
method, in which correction factors based on the individual discharge measurements and notes of the personnel
making the measurements are applied to the gage heights before the discharges are determined from the curves
or tables. This shifting-control method also is used if the stage-discharge relation is changed temporarily
because of aquatic growth or debris on the control. For some stations, formation of ice in the winter may so
obscure the stage-discharge relations that daily mean discharges must be estimated from other information such
as temperature and precipitation records, notes of observations, and records for other stations in the same or
nearby basins for comparable periods.

At some stream-gaging stations, the stage-discharge relations is affected by the backwater from reservoirs,
tributary streams, or other sources. This necessitates the use of the slope method in which the slope or fall
in a reach of the stream is a factor in computing discharge. The slope or fall is obtained by means of an aux-
iliary gage set at some distance from the base gage. At some stations the stage-discharge relations is affected
by changing stage; at these stations the rate og change in stage is used as a factor in computing discharge.

At some stream-gaging stations in Montana the stage-discharge relation is usually affected by ice from
November to March, and it becomes impossible to compute the discharge in the usual manner. Discharge for
periods of ice effect is computed on the basis of gage-height record and occasional winter discharge measure-
ments. Consideration is given to the available information on temperature and precipitation, notes by gage
observers and hydrologists, and comparable records of discharge for other stations in the same or nearby
basins.

In computing records of lake or reservoir contents, it is necessary to have available from surveys, curves
or tables defining the relationship of stage and content. The application of stage to the stage-content curves
or tables gives the contents from which daily, monthly, or yearly changes then are determined. If the stage-
content relationship changes because of deposition of sediment in a lake or reservoir, periodic resurveys may
be necessary to redefine the relationship. Even when this is done, the contents computed may become increas-
ingly in error as the lapsed time since the last survey increases. Discharges over lake or reservoir spillways
are computed from stage-discharge relationships much as other stream discharges are computed.

For some gaging stations, there are periods when no gage-height record is obtained, or the recorded gage
height is so faulty that it cannot be used to compute daily discharge or contents. This happens when the re-
corder stops or otherwise fails to operate properly, intakes are plugged, the float is frozen in the well, or
for various other reasons. For such periods, the daily discharges are estimated from the recorded range in
stage, previous or following record, discharge measurements, weather records, and comparison with other station
records from the same or nearby basins. Likewise, daily contents may be estimated from operator's logs, previ-
ous or following record, inflow-outflow studies, and other information. Information explainin$ how estimated
daily-discharge values are identified in station records is included in the next two sections, "Data Presenta-
tion" (REMARKS paragraph) and "Identifying Estimated Daily Discharge."
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Data Presentation

The records published for each gaging station consist of two parts, the manuscript or station description
and the data table for the current water year. The manuscript provides, under various headings, descriptive
information, such as station location; period of record; average discharge; historical extremes; record accu-
racy; and other remarks pertinent to station operation and regulation. The following information, as appropri-
ate, is provided with each continuous record of discharge or lake content. Comments to follow clarify informa-
tion presented under the various headings of the station description.

LOCATION.--Information on locations is obtained from the most accurate maps available. The location of
the gage with respect to the cultural and physical features in the vicinity and with respect to the reference
place mentioned in the station name is given. River mileages, given for many stations, were determined by
methods given in "River Mileage Measurement," Bulletin 14, Revision of October 1968, prepared by the Water
Resources Council or were provided by the U.S. Army Corps of Engineers, or Montana Department of Natural
Resources and Conservation, Water Resources Division.

DRAINAGE AREA.--Drainage areas are measured using the most accurate maps available. Because the type of
maps available varies from one drainage basin to another, the accuracy of drainage areas likewise varies.
Drainage areas are updated as better maps become available.

PERIOD OF RECORD.--This indicates the period for which there are published records for the station or for
an equivalent station. An equivalent station is one that was in operation at a time that the present station
was not, and whose location was such that records from it can reasonably be considered equivalent with records
from the present station.

REVISED RECORDS.--Previously, if a significant error in published records was discovered, a revision was
published in the first report following discovery of the error. This paragraph then served to document for
users all the reports in which revisions had been published for the station and the water years to which the
revisions applied. However, beginning with the 1983 water year, revisions will no longer be published but
appropriate changes will be made in WATSTORE files. All previous revisions are, of course, in WATSTORE, and
users are encouraged to obtain all required data from the WATSTORE computer files (see the section, "Access
to WATSTORE Data'").

Under "Revised Records," a year listed without qualification indicates that daily, monthly, or annual
discharges were revised. The qualifications (M), (m), and (P) mean only that the instantaneous maximum, the
instantaneous or daily minimum, and flood peaks above the base, respectively, have been revised. A "W" for
"WATSTORE" will be shown, replacing the name of the data report in which the revised values would previously
have been published, for all revisions made after 1982. For example, the notation for indicating that the
1979 water-year daily values for a particular station in Montana have been revised during the 1983 water
year would no longer be "WDR MT-83-1: 1979," but "W 1983: 1979." 1If the drainage area has been revised, the
report in which the most recently revised figure was first published is given.

GAGE.--The type of iage in current use, the datum of the current ga%e referred to National Geodetic Verti-
cal Datum of 1929 (see glossary), and a condensed history of the types, locations, and datums of previous gages
are given under this heading.

REMARKS.--All periods of estimated daily-discharge record will either be identified by date in this para-
graph of the station description for water-discharge stations or flagged in the daily-discharge table. (See
next section, "Identifying Estimated Daily Discharge.") If a remarks statement is used to identify estimated
record, the paragraph will begin with this information presented as the first entry. The paragraph is also
used to present information relative to the accuracy of the records, to special methods of computation, to con-
ditions that affect natural flow at the station and, possibly, to other pertinent items. For reservoir sta-
tions, information is given on the dam forming the reservoir, the capacity, outlet works and spillway, and pur-
pose and use of the reservoir.

COOPERATION.--Records provided by a cooperating organization or obtained for the Geological Survey by a
cooperating organization are identified here.

AVERAGE DISCHARGE.--The discharge value given is the arithmetic mean of the water-year mean discharges.
It is computed only for stations having at least 5 water years of complete record, and only water years of com-
plete record are included in the computation. It is not computed for stations where diversions, storage, or
other water-use practices cause the value to be meaningless. If water developments significantly altering flow
at a station are put into use after the station has been in operation for a period of years, a new average is
computed as soon as 5 water years of record have accumulated following the development. The median of yearly
mean discharges also is given under this heading for stations having 10 or more water years of record, if the
median differs from the average given by more than 10 percent.

EXTREMES FOR PERIOD OF RECORD.--Extremes may include maximum and minimum stages and maximum and minimum
discharges or content. Unless otherwise qualified, the maximum discharge or content is the instantaneous maxi-
mum corresponding to the highest stage that occurred. The highest stage may have been obtained from a graphic
or digital recorder, a crest-stage gage, or by direct observation of a nonrecording gage. If the maximum stage
did not occur on the same day as the maximum discharge or content, it is given separately. Similarly, the min-
imum is the instantaneous minimum discharge, unless otherwise qualified, and was determined and is reported in
the same manner as the maximum,

EXTREMES OUTSIDE PERIOD OF RECORD.--Included here is information concerning major floods or unusually low
flows that occurred outside the stated period of record. The information may or may not have been obtained by
the U.S. Geological Survey.

EXTREMES FOR CURRENT YEAR.--Extremes given here are similar to those for the period of record, except the
peak discharge listing may include secondary peaks. For stations meeting certain criteria, all peak discharges
and stages occurring during the water year and greater than a selected base discharge are presented under this
heading. The peaks greater than the base discharge, excluding the highest one, are referred to as secondary
peaks. Peak discharges are not published for canals, ditches, drains, or streams for which the peaks are sub-
ject to substantial control by man. The time of occurrence for peaks is expressed in 24-hour local standard
time. For example, 12:30 a.m. is 0030, and 1:30 p.m., is 1330. The minimum for the current water year appears
below the table of peak data.

REVISIONS.--If a critical error in published records is discovered, a revision is included in the first
report published following discovery of the error.
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Although rare, occasionally the records of a discontinued gaging station may need revision. Because, for
these stations, there would be no current or, possibly, future station manuscript published to document the
revision in a "Revised Records" entry, users of data for these stations who obtained the record from previously
published data reports may wish to contact the offices whose addresses are given on the back of the title page
of this report to determine if the published records were ever revised after the station was discontinued. Of
course, if the data were obtained by computer retrieval, the data would be current and there would be no need
to check because any published revision of data is always accompanied by revision of the corresponding data in
computer storage.

Manuscript information for lake or reservoir stations differs from that for stream stations in the nature
of the "Remarks" and in the inclusion of a skeleton stage-capacity table when daily contents are given.

The daily table for stream-gaging stations gives mean discharge for each day and is followed by monthly
and yearly summaries. In the monthly summary below the daily table, the line headed "TOTAL" gives the sum of
the daily figures. The line headed "MEAN" gives the average flow in cubic feet per second during the month.
The lines headed "MAX" and "MIN" give the maximum and minimum daily discharges, respectively, for the month.
Discharge for the month also is usually expressed in cubic feet per second per square mile (line headed "CFSM"),
or in inches (line headed "IN."), or in acre-feet (line headed "AC-FT"). Figures for cubic feet per second per
square mile and runoff in inches are omitted if there is extensive regulation or diversion, if the drainage
area includes large noncontributing areas, or if the average annual rainfall over the drainage basin is usually
less than 20 inches. In the yearly summary below the monthly summary, the figures shown are the appropriate
discharges for the calendar and water years. At some stations monthly and (or) yearly observed discharges are
adjusted for reservoir storage or diversion, or diversions or reservoir contents are given. These figures are
identified by a symbol and corresponding footnote.

Data collected at partial-record stations follow the information for continuous-record sites. Data for
partial-record discharge stations are presented in two tables. The first is a table of annual maximum stage
and discharge at crest-stage stations, and the second is a table of discharge measurements at low-flow partial-
record stations. The tables of partial-record stations are followed by a listing of discharge measurements
made at sites other than continuous-record or partial-record stations. These measurements are generally made
in times of drought or flood to give better areal coverage to those events. Those measurements and others col-
lected for some special reason are called measurements at miscellaneous sites.

Identifying Estimated Daily Discharge

Estimated daily-discharge values published in the water-discharge tables of annual State data reports are
identified either by flagging individual daily values with the letter symbol "e" and printing a table footnote,
"e Estimated,” or by listing the dates of the estimated record in the REMARKS paragraph of the station descrip-
tion.

Accuracy of the Records

The accuracy of streamflow records depends primarily on: (1) The stability of the stage-discharge rela-
tion or, if the control is unstable, the frequency of discharge measurements; and (2) the accuracy of measure-
ments of stage, measurements of discharge, and interpretation of records.

The accuracy attributed to the records is indicated under "REMARKS." "Excellent" means that about 95
percent of the daily discharges are within 5 percent of their true values; "good," within 10 percent; and
"fair," within 15 percent. Records that do not meet the criteria mentioned are rated "poor." Different ac-
curacies may be attributed to different parts of a given record.

Daily mean discharges in this report are given to the nearest hundredth of a cubic foot per second for
values less than 1 ft3/s; to the nearest tenth %etween 1.0 and 10 ft3/s; to whole numbers between 10 and 1,000
ft3/s; and to 3 significant figures for more than 1,000 ft3/s. The number of significant figures used is based
solely on the magnitude of the discharge value. No rounding rules apply to discharges listed for partial-
record stations and miscellaneous sites. Listed discharges are those actually computed.

Discharge at many stations, as indicated by the monthly mean, may not reflect natural runoff due to the
effects of diversion, consumption, regulation by storage, increase or decrease in evaporation due to artificial
causes, or to other factors. For such stations, figures of cubic feet per second per square mile and of run-
off, in inches, are not published unless satisfactory adjustments can be made for diversions, for changes in
contents of reservoirs, or for other changes incident to use and control. Evaporation from a reservoir is not
included in the adjustments for changes in reservoir contents, unless it is so stated. Even at those stations
where adjustments are made, large errors in computed runoff may occur if adjustments or losses are large in
comparison with the observed discharge.

Other Records Available

Information used in the preparation of the records in this publication, such as discharge-measurement
notes, gage-height records, temperature measurements, and rating tables is on file in the Montana district
office. Also, most of the daily mean discharges are in computer-readable form and have been analyzed statis-
tically. Information on the availability of the unpublished information or on the results of statistical
analyses of the published records may be obtained from the office whose address is given on the back of the
title page of this report.
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Publications
The annual series of water-supply papers that give information on quantity of surface waters in Montana

are given in the following table. Data for the Hudson Bay basin is given in Part 5, for the Missouri River
basin in Part 6, and for the Columbia River basin in Part 12,

Table 9.~-Water-supply paper numbers and parts for surface-water stations, 1899-1970

Year Part 5 Part 6 Part 12 Year Part 5 Part 6 Part 12
1899 36 36,37 38

1900 49 49 51,52

1901 65,66,75 66,75 66,75 1936 805 806 812
1902 83,85 84 85 1937 825 826 832
1903 98,99,100 99 100 1938 855 856 862
1904 128,130 130 135 1939 875 876 882
1905 171 172 178 1940 895 896 902
1906 207 208 214 1941 925 926 932
1907 245 246 252 1942 955 956 962
1908 245 246 252 1943 975 976 982
1909 265 266 272 1944 1005 1006 1012
1910 285 286 292 1945 1035 1036 1042
1911 305 306 312 1946 1055 1056 1062
1912 325 326 332A 1947 1085 1086 1092
1913 355 356 362A 1948 1115 1116 1122
1914 385 386 392 1949 1145 1146 1152
1915 405 406 412 1950 1175 1176 1182
1916 435 436 442 1951 1208 1209 1216
1917 455 456 462 1952 1238 1239 1246
1918 475 476 482 1953 1278 1279 1286
1919 505 506 512 1954 1338 1339 1346
1920 505 506 512 1955 1388 1389 1396
1921 525 526 532 1956 1438 1439 1446
1922 545 546 552 1957 1508 1509 1516
1923 565 566 572 1958 1558 1559 1566
1924 585 586 592 1959 1628 1629 1636
1925 605 606 612 1960 1708 1709 1716
1926 625 626 632 1961-65 1913 1916 1933
1927 645 646 652 1966-70 2113 2116 2133
1928 665 666 672

1929 685 686 692

1930 700 701 707

1931 715 716 722 1950 1308 1309 1316
1932 730 731 737 Compilation

1933 745 746 752

1934 760 761 767 1960 1728 1729 1736
1935 785 786 792 Compilation

Records of Surface-Water Quality

Records of surface-water quality ordinarily are obtained at or near stream-gaging stations because inter-
pretation of records of surface-water quality nearly always requires corresponding discharge data. Records of
surface-water quality in this report may involve a variety of types of data and measurement frequencies.

Classification of Records

Water-quality data for surface-water sites are grouped into one of three classifications. A continuing-
record station is a site where data are collected on a regularly scheduled basis. Frequency may be once or
more times daily, weekly, monthly, or quarterly. A partial-record station is a site where limited water-qual-
ity data are collected systematically over a period of years. Frequency of sampling is usually less than quar-
terly. A miscellaneous sampling site is a location other than a continuing or partial-record station where
random samples are collected to give better areal coverage to define water-quality conditions in the river
basin.

A careful distinction needs to be made between "continuing records", as used in this report, and "continu-
ous recordings," which refers to a continuous graph or a series of discrete values punched at short intervals
on a paper tape. Some records of water quality, such as temperature and specific conductance, may be obtained
through continuous recordings; however, because of costs, most data are obtained only monthly or less frequent-
ly.f Locat%ons of stations for which records on the quality of surface water appear in this report are shown
in figure 5.

Arrangement of Records

Water-quality records collected at a surface-water daily record station are published immediately follow-
ing that record, regardless of the frequency of sample collection. Station number and name are the same for
both records. Where a surface-water daily record station is not available or where the water quality differs
significantly from that at the nearby surface-water station, the continuing water-quality record is published
with its own station number and name in the regular downstream-order sequence. Water-quality data for partial-
record stations and for miscellaneous sampling sites appear in separate tables following the table of discharge
measurements at miscellaneous sites.

25
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Onsite Measurements and Sample Collection

In obtaining water-quality data, a major concern needs to be assuring that the data obtained represent the
in situ quality of the water. To assure this, certain measurements, such as water temperature, pH, and dis-
solved oxygen, need to be made onsite when the samples are taken. To assure that measurements made in the lab-
oratory also represent the in situ water, carefully prescribed procedures need to be followed in collecting the
samples, in treating the samples to prevent changes in quality pending analysis, and in shipping the samples
to the laboratory. Procedures for onsite measurements and for collecting, treating, and shipping samples are
given in publications on "Techniques of Water-Resources Investigations," Book 1, Chap. D2; Book 3, Chap. C2;
Book 5, Chap. Al, A3, and A4. All of these references are listed under "PUBLICATIONS ON TECHNIQUES OF WATER-
RESOURCES INVESTIGATIONS" which appears at the end of the introductory text. Also, detailed information on
collecting, treating, and shipping samples may be obtained from the Geological Survey Montana district office.

One sample can define adequately the water quality at a given time if the mixture of solutes throughout
the stream cross section is homogeneous. However, the concentration of solutes at different locations in the
cross section may vary widely with different rates of water discharge, depending on the source of material and
the turbulence and mixing of the stream. Most streams must be sampled through several vertical sections to
obtain a representative sample needed for an accurate mean concentration and for use in calculating load.
Samples for analysis of the water-sediment mixture are collected using modified suspended-sediment samplers.
All samples obtained for the National Stream Quality Accounting Network (see definitions) are obtained from at
least several verticals.

Chemical-quality data published in this report are considered to be the most representative values avail-
able for the stations listed. The values reported represent water-quality conditions at the time of sampling
as much as possible, consistent with available sampling techniques and methods of analysis. In the rare case
where an apparent inconsistency exists between a reported pH value and the relative abundance of carbon dioxide
species (carbonate and bicarbonate), the inconsistency is the result of a slight uptake of carbon dioxide from
the air by the sample between measurement of pH in the field and determination of carbonate and bicarbonate in
the laboratory.

For chemical-quality stations equipped with digital monitors, the records consist of daily maximum, mini-
mum, and mean values for each constituent measured and are based upon hourly punches beginning at 0100 hours
and ending at 2400 hours for the day of record. More detailed records (hourly values) may be obtained from
the Geological Survey Montana district office whose address is given on the back of the title page of this
report.

Water Temperature

Water temperatures are measured at most of the water-quality stations. In addition, water temperatures
are taken at time of discharge measurements for water-discharge stations. For stations where water tempera-
tures are taken manually once daily, the water temperatures are taken at about the same time each day. Large
streams have a small diurnal temperature change; shallow streams may have a daily range of several degrees and
may follow closely the changes in air temperature. Some streams may be affected by waste-heat discharges.

At stations where recording instruments are used, either mean temperatures or maximum and minimum tempera-
tures for each day are published. Water temperatures measured at the time of water-discharge measurements and
those taken manually once daily are on file in the Montana district office.

Sediment

Suspended-sediment concentrations are determined from samples collected by wusing depth-integrating
samplers. Samples usually are obtained at several verticals in the cross section, or a single sample may be
obtained at a fixed point and a coefficient applied to determine the mean concentration in the cross sections.

During periods of rapidly changing flow or rapidly changing concentration, samples may have been collected
more frequently (twice daily or, in some instances, %ourly . The published sediment discharges for days of
rapidly changing flow or concentration were computed by the subdivided-day method (time-discharge weighted
average). Therefore, for those days when the published sediment discharge value differs from the value compu-
ted as the product of discharge times mean concentration times 0.0027, the reader can assume that the sediment
discharge for that day was computed by the subdivided-day method. For periods when no samples were collected,
daily discharges of suspended sediment were estimated on the basis of water discharge, sediment concentrations
observed immediately before and after the periods, and suspended-sediment loads for other periods of similar
discharge.

At other stations, suspended-sediment samples were collected periodically at many verticals in the stream
cross section. Although data collected periodically may represent conditions only at the time of observations,
such data are useful in establishing seasonal relations between quality and streamflow and in predicting long-
term sediment-discharge characteristics of the stream.

In addition to the records of suspended-sediment discharge, records of the periodic measurements of the
particle-size distribution of the suspended sediment and bed material are included for some stations.

Laboratory Measurements

Sediment samples, samples for indicator bacteria, and daily samples for specific conductance are analyzed
locally. All other samples are analyzed in the Geological Survey laboratory in Arvada, Colorado, or the Mon-
tana Bureau of Mines and Geology laboratory in Butte, Montana. Methods used in analyzing sediment samples and
computing sediment records are given in TWRI, Book 5, Chap. C1. Methods used by the Geological Survey labora-
tory are given in TWRI, Book 1, Chap. D2; Book 3, Chap. C2; Book 5, Chap. Al, A3, and A4.
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Data Presentation

For continuing-record stations, information pertinent to the history of station operation is provided in
descriptive headings preceding the tabular data. These descriptive headings give details regarding location,
drainage area, period of record, type of data available, instrumentation, general remarks, cooperation, and
extremes for parameters currently measured daily. Tables of chemical, physical, biological, radiochemical
data, and so forth, obtained at a frequency less than daily are presented first. Tables of "daily values" of
specific conductance, pH, water temperature, dissolved oxygen, and suspended sediment then follow in sequence.

In the descriptive headings, if the location is identical to that of the discharge gaging station, neither
the LOCATION nor the DRAINAGE AREA statements are repeated. The following information, as appropriate, is
provided with each continuous-record station. Comments that follow clarify information presented under the
various headings of the station description.

LOCATION.--See Data Presentation under "Records of Stage and Water Discharge;" same comments apply.

" same comments apply.

DRAINAGE AREA.--See Data Presentation under "Records of Stage and Water Discharge;

PERIOD OF RECORD.--This indicates the periods for which there are published water-quality records for the
station. The periods are shown separately for records of parameters measured daily or continuously and those
measured less than daily. For those measured daily or continuously, periods of record are given for the param-
eters individually.

INSTRUMENTATION.--Information on instrumentation is given only if a water-quality monitor temperature
record, sediment pumping sampler, or other sampling device is in operation at a station.

REMARKS.--Remarks provide added information pertinent to the collection, analysis, or computation of the
records.

COOPERATION.--Records provided by a cooperating organization or obtained for the Geological Survey by a
cooperating organization are identified here.

EXTREMES.--Maximums and minimums are given only for parameters measured daily or more frequently. None
are given for parameters measured weekly or less frequently, because the true maximums or minimums may not
have been sampled. Extremes, when given, are provided for both the period of record and for the current water
year.

REVISIONS.--If errors in published water-quality records are discovered after publication, appropriate
updates are made to the Water-Quality File in the U.S. Geological Survey's computerized data system, WATSTORE,
and subsequently by monthly transfer of update transactions to the U.S. Environmental Protection Agency's
STORET system. Because the usual volume of updates makes it impractical to document individual changes in the
State data-report series or elsewhere, potential users of U.S. Geological Survey water-quality data are en-
couraged to obtain all required data from the appropriate computer file to insure the most recent updates.

The surface-water-quality records for partial-record stations and miscellaneous sampling sites are pub-
lished in separate tables following the table of discharge measurements at miscellaneous sites. No descriptive
statements are given for these records. Each station is published with its own station number and name in the
regular downstream-order sequence.

Table 10.--Descriptor values for weather conditions

0 Cloudless 70 Snow or sleet

1 Partly cloudy 7 Slight snow in flakes, intermittent
2 Cloudy 72 Slight snow in flakes, continuous

3 Overcast 73 Moderate snow in flakes, intermittent
10 Precipitation within sight 74 Moderate snow in flakes, continuous
13 Ugly, threatening sky 75 Heavy snow in flakes, intermittent
40  Fog 76  Heavy snow in flakes, continuous

50 Drizzle vl Snow and fog

51 Slight drizzle, intermittent 78 Granular snow (frozen drizzles)

52 Slight drizzle, continuous 79 Ice crystals
53 Moderate drizzle, intermittent 80 Showers
54  Moderate drizzle, continuous 81 Slight or moderate rain shower (s)
55 Thick drizzle, intermittent 82 Heavy rain shower (s)
56 Thick drizzle, continuous 83 Slight or moderate snow shower (s)
57 Drizzle and fog 84  Heavy snow shower (s)
58 Slight or moderate drizzle 85 Slight or moderate rain and snow

and rain shower (s)
59  Thick drizzle and rain 86 Heavy rain and snow shower (s)
60 Rain 87 Granular snow shower (s)
61 Slight rain, intermittent 88  Slight or moderate hail or rain
62 Slight rain, continuous and hail shower (s)
63 Moderate rain, intermittent 90 Thunderstorm
64  Moderate rain, continuous 93 Slight thunderstorm with rain or snow
65 Heavy rain, intermittent 94 Slight thunderstorm with hail
66 Heavy rain, continuous 95 Moderate thunderstorm with rain or
67 Rain and fog snow
68 Slight or moderate mixed rain 96 Moderate thunderstorm with hail
and snow 97 Heavy thunderstorm with rain or snow

69 Heavy mixed rain and snow 99 Heavy thunderstorm with hail
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Remark Codes

The following remark codes may appear with the water-quality data in this report:

PRINTED OUTPUT REMARK
E Estimated value
> Actual value is known to be greater than the value shown
< Actual value is known to be less than the value shown
K Results based on colony count outside the acceptance range (non-

ideal colony count)
Publications
The annual series of water-supply pépers that give information on quality of surface waters in Montana
are shown in the following table. Data for Hudson Bay and Missouri River basins are given in parts 5-6 and
data for Upper Columbia River basin are given in part 12,

Table 11.--water-supply paper numbers and parts for water-quality
stations, 1947-70

Parts Part Parts Part
Year 5-6 12 Year 5-6 12
1946 1050 ———— 1959 1643 1645
1947 1102 -——— 1960 1743 1745
1948 1132 ———— 1961 1883 1885
1949 1162 1163 1962 1943 1945
1950 1187 1189 1963 1949 1951
1951 1198 1200 1964 1956 1959
1952 1251 1253 1965 1963 1966
1953 1291 1293 1966 1993 1996
1954 1351 1353 1967 2013 2016
1955 1401 1403 1968 2095 2100
1956 1451 1453 1969 2145 2150
1957 1521 1523 1970 2155 2160
1958 1572 1574

Records of Ground-Water Levels

Only water-level data from a national network of observation wells are given in this report. These data
are intended to provide a sampling and historical record of water-level changes in the Nation's most important
aquifers. Locations of the observation wells in this network in Montana are shown in figure 7.

Data Collection and Computation

Measurements of water levels are made in many types of wells under varying conditions, but the methods of
measurement are standardized to the extent possible. The equipment and measuring techniques used at each
observation well ensure that measurements at each well are of consistent accuracy and reliability.

Water-level records are obtained from direct measurements with a steel tape or from the graph or punched
tape of a water-stage recorder. The water-level measurements in this report are given in feet with reference
to land-surface datum (lsd). Land-surface datum is a datum plane that is approximately at land surface at
each well. If known, the elevation of the land-surface datum is given in the well description. The height of
the measuring point (MP) above or below land-surface datum is given in each well description. Water levels
in wells equipped with recording gages are reported for every fifth day and the end of each month (eom).

Water levels are reported to as many significant figures as can be justified by the local conditions. For
example, in a measurement of a depth to water of several hundred feet, the error of determining the absolute
value of the total depth to water may be a few tenths of a foot, whereas the error in determining the net
change of water level between successive measurements may be only a hundredth or a few hundredths of a foot.
For lesser depths to water, the accuracy is greater. Accordingly, most measurements are reported to a hun-
dredth of a foot, but some are given to a tenth of a foot or a larger unit.

Publications

Publication of ground-water level data for the United States in water-supply papers was begun by the Geo-
logical Survey in 1935. From 1935 through 1939, a single water-supply paper for each year covering the entire
nation was issued (Water-Supply Papers---777, 817, 840, 845, and 886). From 1940 through 1974, separate water-
supply papers were issued for 6 sections of the United States. Water-level data for Montana are in the water-
supply papers listed in the following table, each report containing one or more calendar years (January-Decem-
ber) of data. Data in this report are for the 12-month water year ending September 30.

Table 12.--water-supply paper numbers and parts for ground-water stations for
northwestern United States, 1940-1974

Year WSP No. Year WSP No. . Year WSP No.
1940 910 1947 1100 1954 1325
1941 940 1948 1130 1955 1408
1942 948 1949 1160 1956-60 1760
1943 990 1950 1169 1961-65 1845
1944 1020 1951 1195 1966-70 1980
1945 1927 1952 1225 1971-74 2161
1946 1075 4 1953 1269

Information about reports and other data on ground water in Montana may be obtained from the district
office, at the address given on the back of the title page.
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ACCESS TO WATSTORE DATA

The National WATer Data STOrage and REtrieval System (WATSTORE) was established for handling water data
collected through the activities of the U.S. Geological Survey and to provide for more effective and efficient
means of releasing the data to the public. The system is operated and maintained on the central computer fa-
cilities of the Survey at its National Center in Reston, Virginia.

WATSTORE can provide a variety of useful products ranging from simple data tables to complex statistical
analyses. A minimal fee, plus the actual computer cost incurred in producing a desired product, is charged
to the requester. Information about the availability of specific types of data, the acquisition of data or pro-
ducts, and user charges can be obtained locally from the office whose addresses are given on the back of the
title page.

General inquiries about WATSTORE may be directed to:

Chief Hydrologist

U.S. Geological Survey
437 National Center
Reston, Virginia 22092

DEFINITION OF TERMS

Terms related to streamflow, water-quality, and other hydrologic data, as used in this report, are defined
below. See also table for converting English units to International System (SI) Units on the inside of the
back cover.

Acre-foot (AC-FT, acre-ft) is the quantity of water required to cover 1 acre to a depth of 1 foot and is
equivalent to 43,560 cubic feet or about 326,000 gallons or 1,233 cubic meters.

Algae are mostly aquatic single-celled, colonial, or multi-celled plants, containing chlorophyll and
lacking roots, stems, and leaves.

Aquifer is a geologic formation, group of formations, or part of a formation that contains sufficient
saturated permeable material to yield significant quantities of water to wells and springs.

Artesian means confined and is used to describe a well in which the water level stands above the top of
the aquifer tapped by the well. A flowing artesian well is one in which the water level is above the land
surface.

Bacteria are microscopic unicellular organisms, typically spherical, rodlike, or spiral and threadlike in
shape, often clumped into colonies. Some bacteria cause disease, while others perform an essential role in
nature in the recycling of materials; for example, by decomposing organic matter into a form available for
reuse by plants.

Fecal coliform bacteria are bacteria that are present in the intestine or feces of warm-blooded
animals. They are often used as indicators of the sanitary quality of the water. In the laboratory they
are defined as all organisms that produce blue colonies within 24 hours when incubated at 44.5°C plus or
minus 0.2°C on M-FC medium (nutrient medium for bacterial growth). Their concentrations are expressed as
number of colonies per 100 mL of sample.

Fecal streptococcal bacteria are bacteria found also in the intestine of warm-blooded animals.
Their presence in water is considered to verify fecal pollution. They are characterized as Gram-positive,
cocci bacteria which are capable of growth in brain-heart infusion broth. 1In the laboratory they are
defined as all the organisms which produce red or pink colonies within 48 hours at 35°C plus or minus
1.0°C on KF-streptococcus medium (nutrient medium for bacterial growth). Their concentrations are ex-
pressed as number of colonies per 100 mL of sample.

Non-ideal colony count (K) is a remark code used in reporting bacteria densities when plate counts
fall outside of an ideal range. The lower limit of 20 colonies is set as the number below which statis-
tically valid results become increasingly questionable. The upper limit, which differs according to type
of bacteria, represents numbers above which interference from colony crowding, deposition of extraneous
material, and other factors appear to result in increasingly questionable results.

Bed material is the sediment mixture of which a streambed, lake, pond, reservoir, or estuary bottom is
composed.

Bottom material: See Bed material.

Chlorogh{ll refers to the green pigments of plants. Chlorophyll a and b are the two most common green
pigments in plants.

Color unit is produced by one milligram per liter of platinum in the form of the chloroplatinate ion.
Color is expressed in units of the platinum-cobalt scale.
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Contents is the volume of water in a reservoir or lake. Unless otherwise indicated, volume is computed
on the basis of a level pool and does not include bank storage.

Control designates a feature downstream from the gage that determines the stage-discharge relation at the
gage. is feature may be a natural constriction of the channel, an artificial structure, or a uniform cross
section over a long reach of the channel.

Control structure as used in this report is a structure on a stream or canal that is used to regulate the
flow or stage of the stream or to prevent the intrusion of salt water.

Cubic feet per second per square mile [(ft3/s)/m12] is the average number of cubic feet of water flowing
per second from each square mile of area drained, assuming that the runoff is distributed uniformly in time
and area.

Cubic foot per second (ft3/s) is the rate of discharge representing a volume of 1 cubic foot passing a
given point during T second and is equivalent to 7.48 gallons per second or 448.8 gallons per minute or 0.02832
cubic meters per second.

Cubic-foot-per-second day (cfs-day) is the volume of water represented by a flow of 1 cubic foot per
second for 24 hours. It is equivalent to 86,400 cubic feet, approximately 1.9835 acre-feet, about 646,000
gallons, or 2,447 cubic meters.

Discharge is the volume of water (or more broadly, volume of fluid plus suspended sediment) that passes a
given point within a given period of time.

Instantaneous discharge is the discharge at a particular instant of time.

Mean discharge (MEAN) is the arithmetic mean of individual daily mean discharges during a specific
period.

Dissolved refers to that material in a representative water sample which passes through a 0.45 um membrane
filter. This is a convenient operational definition used by Federal agencies that collect water data. Determi-
nation of "dissolved" constituents are made on subsamples of the filtrate.

Dissolved-solids concentration of water is determined either analytically by the "residue-on-evaporation"
method, or mathematically by totaling the concentrations of individual constituents reported in a comprehensive
chemical analysis. During the analytical determination of dissolved solids, the bicarbonate (generally a major
dissolved component of water) is converted to carbonate. Therefore, in the mathematical calculation of dis-
solved-solids concentration, the bicarbonate value, in milligrams per liter, is multiplied by 0.492 to reflect
the change.

Drainage area of a stream at a specified location is that area, measured in a horizontal plane, enclosed
by a topographic divide from which direct surface runoff from precipitation normally drains by gravity into the
stream above the specified point. Figures of drainage area given herein include all closed basins, or noncon-
tributing areas, within the area unless otherwise specified.

Drainage basin is a part of the surface of the earth that is occupied by a drainage system, which consists
of a surface stream or a body of impounded surface water together with all tributary surface streams and bodies
of impounded surface water.

Gage height (G.H.) is the water-surface elevation referred to some arbitrary gage datum. Gage height is
often used interchangeably with the more general term "stage," although gage height is more appropriate when
used with a reading on a gage.

Gaging station is a particular site on a stream, canal, lake, or reservoir where systematic observations
of hydrologic data are obtained.

Hardness of water is a physical-chemical characteristic that is commonly recognized by the increased
quantity of soap required to produce lather. It is computed as the sum of equivalents of polyvalent cations
and is expressed as the equivalent concentration of calcium carbonate (CaC03).

Hydrologic Bench-Mark Network is a network of approximately 60 sites in small drainage basins around the
country whose purpose is to provide consistent data on the hydrology, including water quality, and related
factors in representative undeveloped watersheds nationwide, and to provide analyses on a continuing basis to
compare and contrast conditions observed in basins more obviously affected by the activities of man.

Hydrologic unit is a geographic area representing part or all of a surface drainage basin or distinct
hydrologic feature as delineated by the Office of Water Data Coordination on the State Hydrologic Unit Maps;
each hydrologic unit is identified by an eight-digit number.

Land-surface datum (lsd) is a datum plane that is approximately at land surface at each ground-water
observation well.

Less than () is a remark code indicatins that the analyzed value was found to be less than the numeric
value Iisted. The value associated with the "<" remark indicates the detection limit of the applied laboratory.

Measurin oint (MP) is an arbitrary permanent reference point from which the distance to the water sur-
face in a we 1s measured to obtain the water level.



31
WATER RESOURCES DATA FOR MONTANA, 1987

Micrograms per gram (ug/g) is a unit expressing the concentration of a chemical constituent as the mass
(micrograms) of the element per unit mass (gram) of material analyzed.

Micrograms per liter (UG/L, wug/L) is a unit expressing the concentration of chemical constituents in
solution as mass (micrograms) of solute per unit volume (liter) of water. One thousand micrograms per liter
is equivalent to one milligram per liter.

Microsiemens per centimeter at 25°C (uS/cm) is a unit for reporting specific electrical conductance.

Milligrams per liter (MG/L, mg/L) is a unit for expressing the concentration of chemical constituents in
solution, MilTigrams per liter represents the mass of solute per unit volume (liter) of water. Concentration
of suspended sediment also is expressed in mg/L and is based on the mass of dry sediment per liter of water-
sediment mixture.

National Geodetic Vertical Datum of 1929 (NGVD of 1929) is a geodetic datum derived from a general adjust-
ment of the first order level nets of both the United States and Canada. It was formerly called "Sea Level
Datum of 1929" or "mean sea level" in this series of reports. Although the datum was derived from the average
sea level over a period of many years at 26 tide stations along the Atlantic, Gulf of Mexico, and Pacific
Coasts, it does not necessarily represent local mean sea level at any particular place.

National Stream Quality Accounting Network (NASQAN) is a nationwide data-collection network designed by
the U.S. Geological Survey to meet many of the information needs of government agencies and other groups in-
volved in natural or regional water-quality planning and management. The 500 or so sites in NASQAN are gen-
erally located at the downstream ends of hydrologic accounting units designated by the U.S. Geological Survey
Office of Water Data Coordination in consultation with the Water Resources Council. The objectives of NASQAN
are (1) to obtain information on the quality and quantity of water moving within and from the United States
through a systematic and uniform process of data collection, summarization, analysis, and reporting such that
the data may be used for, (2) description of the areal variability of water quality in the Nation's rivers
through analysis of data from this and other programs, (3) detection of changes or trends with time in the
pattern of occurrence of water-quality characteristics, and (4) providing a nationally consistent data base
useful for water-quality assessment and hydrologic research.

The National Trends Network (NTN) is a 150-station network for sampling atmospheric deposition in the
United States. The purpose of the network is to determine the variability, both in location and in time, of
the composition of atmospheric deposition, which includes snow, rain, dust particles, aerosols, and gases.
The core from which the NTN was built was the already-existing deposition-monitoring network of the National
Atmospheric Deposition Program (NADP).

Organism is any living entity.

Organism count/volume refers to the number of organisms collected and enumerated in a sample and adjusted
to the number per sample volume, usually milliliter (mL) or liter (L). Numbers of planktonic organisms can be
expressed in these terms.

Total organism count is the total number of organisms collected and enumerated in any particular
sample,

Parameter code is a 5-digit number used in the U.S. Geological Survey computerized data system, WATSTORE,
to uniquely identify a specific constituent. The codes used in WATSTORE are the same as those used in the U.S.
Environmental Protection Agency data system, STORET. The Environmental Protection Agency assigns and approves
all requests for new codes.

Partial-record station is a particular site where limited streamflow and/or water-quality data are col-
lected systematically over a period of years for use in hydrologic analyses.

Particle size is the diameter, in millimeters (mm), of a particle determined by either sieve or sedimenta-
tion methods. edimentation methods (pipet, bottom-withdrawag tube, visual-accumulation tube) determine fall
diameter of particles in either distilled water (chemically dispersed) or in native water (the river water at
the time and point of sampling).

Particle-size classification used in this report agrees with the recommendation made by the American Geo-
physical Union Subcommittee on Sediment Terminology. The classification is as follows:

Classification Size (mm) Method of analysis
Clays cosesecee 0.00024 - 0.004 Sedimentation
Sllteosnnvesss .004 - .062 Sedimentation

Sand. «:eeie sisivie o .062 - 2.0 Sedimentation or sieve
Gravel..ieasss 2,0 - 64.0 Sieve

The particle-size distributions given in this report are not necessarily representative of all particles in
transport in the stream. Most of the organic matter is removed, and the sample is subjected to mechanical and
cheTical dispersion before analysis in distilled water. Chemical dispersion is not used for native-water
analysis.

-Percent composition is a unit for expressing the ratio of a particular part of a sample or population to
the total sample or population, in terms of types, numbers, mass, or volume.

. Pesticides are chemical compounds used to control undesirable organisms. Major categories of pesticides
include insecticides, miticides, fungicides, herbicides, and rodenticides.
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pH indicates the degree of acidity or alkalinitﬁ of water and is expressed in logarithmic units. The pH
value of a solution is the negative logarithm of the hydrogen-ion activity, in moles per liter.

Picocurie (PC, pCi) is one trillionth (1 x 10 ) of the amount of radioactivity represented by a curie
(Ci).” A curie is the amount of radioactivity that yields 3.7 x 10 radioactive disintegrations per second. A
picocurie yields 2.22 dpm (disintegrations per minute).

Radiochemical program is a network of regularly sampled water-quality stations where samples are collected
to be analyzed for radioisotopes. The streams that are sampled represent major drainage basins in the conter-
minous United States.

Recoverable from bottom material is the amount of a given constituent that is in solution after a repre-
sentative sample of bottom material has been digested by a method (usually using an acid or mixture of acids)
that results in dissolution of readily soluble substances. Complete dissolution of all bottom material is not
achieved by the digestion treatment and thus the determination represents less than the total amount (that is,
less than 95 percent) of the constituent in the sample. To achieve comparability of analytical data, equiva-
lent digestion procedures would be required of all laboratories performing such analyses because different di-
gestion procedures are likely to produce different analytical results.

Return geriod is the average time interval between occurrences of a hydrological event of a given or
greater magnitude, usually expressed in years. May also be called recurrence interval.

Runoff in inches (IN., in.) shows the degth to which the drainage area would be covered if all the runoff
for a given time period were uniformly distributed on it.

Sediment is solid material that originates mostly from disintegrated rocks and is transported by, suspend-
ed in, or deposited from water; it includes chemical and biochemical precipitates and decomposed organic mate-
rial, such as humus. The quantity, characteristics, and cause of the occurrence of sediment in streams are
influenced by environmental factors. Some major factors are degree of slope, length of slope, soil character-
istics land usage, and quantity and intensity of precipitation.

Suspended sediment is the sediment that at any given time is maintained in suspension by the upward
components of turbulent currents or that exists in suspension as a colloid.

Suspended-sediment concentration is the velocity-weighted concentration of suspended sediment in the
sampled zone (from the water surface to a point approximately 0.3 ft above the bed) expressed as milli-
grams of dry sediment per liter of water-sediment mixture (mg/L).

Mean concentration is the time-weighted concentration of suspended sediment passing a stream
section during a Z4-hour day.

Suspended-sediment discharge (tons/day) is the rate at which dry mass of sediment passes a section
of a stream or is the quantity of sediment, as measured by dry mass or volume, that passes a section in a
given time. It is calculated in units of tons per day as follows: concentration (mg/L) x discharge
(ft2/s) x 0.0027.

Suspended-sediment load is a general term that refers to material in suspension. It is not synony-
mous with either discharge or concentration.

Sodium-adsorption-ratio (SAR) is the expression of relative activity of sodium ions in exchange reactions
within soIl and is an index of sodium or alEali hazard to the soil. Waters range in respect to sodium hazard
from those which can be used for irrigation on almost all soils to those which are generally unsatisfactory
for irrigation.

Solute is any substance that is dissolved in water.

Specific conductance is a measure of the ability of a water to conduct an electrical current, It is ex-
pressed in microsiemens per centimeter at 25°C. Specific conductance is related to the type and concentration
of ions in solution and can be used for approximating the dissolved-solids content of the water. Commonly, the
concentration of dissolved solids (in milligrams per liter) is about 65 percent of the specific conductance (in
microsiemens). This relation is not constant from stream to stream, and it may vary in the same source with
changes in the composition of the water.

Stage-discharge relation is the relation between gage height (stage) and volume of water, per unit of time,
flowing in a channel.

Streamflow is the discharge that occurs in a natural channel. Although the term "discharge" can be applied
to the flow of a canal, the word "streamflow" uniquely describes the discharge in a surface stream course. The
term "streamflow" is more general than "runoff" as streamflow may be applied to discharge whether or not it is
affected by diversion or regulation.

Surface area of a lake is that area outlined on the latest U.S.G.S. topographic map as the boundary of the
lake and measured by a planimeter in acres. In localities not covered by topographic maps, the areas are com-
puted from the best maps available at the time planimetered. All areas shown are those for the stage when the
planimetered map was made.

Surficial bed material is the part (0.1 to 0.2 ft) of the bed material that is sampled using U.S. Series
Bed-Material Samplers.

Suspended (as used in tables of chemical analyses) refers to the amount (concentration) of undissolved
material in a water-sediment mixture. It is associated with the material retained on a 0.45-micrometer filter,
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Suspended, recoverable is the amount of a given constituent that is in solution after the part of a repre-
sentative water-suspended sediment sample that is retained on a 0.45 um membrane filter has been digested by a
method (usually using a dilute acid solution) that results in dissolution of only readily soluble substances.

Complete dissolution of all the particulate matter is not achieved by the digestion treatment and thus the
determination represents something less than the "total" amount (that is, less than 95 percent) of the con-
stituent present in the sample. To achieve comparability of analytical data, equivalent digestion procedures
are required of all laboratories performing such analyses because different digestion procedures are likely to
produce different analytical results.

Determinations of "suspended, recoverable" constituents are made either by analyzing portions of the mate-
rial collected on the filter or, more commonly, by difference, based on determinations of (1) dissolved and
(2) total recoverable concentrations of the constituent.

Suspended, total is the total amount of a given constituent in the part of a representative water-suspend-
ed sediment sample that is retained on a 0.45 um membrane filter. This term is used only when the analytical
procedure assures measurement of at least 95 percent of the constituent determined. A knowledge of the ex-
pected form of the constituent in the sample, as well as the analytical methodology used, is required to deter-
mine when the results should be reported as "suspended, total."

Determinations of "suspended, total" constituents are made either by analyzing portions of the material
collected on the filter or, more commonly, by difference, based on determinations of (1) dissolved and (2)
total concentrations of the constituent.

Thermograph is an instrument that continuously records variations of temperature on a chart. The more
general term 'temperature recorder" is used in the table headings and refers to any instrument that records
temperature whether on a chart, a tape, or any other medium.

Time-weighted average is computed by multiplying the number of days in the sampling period by the concen-
tration of iIndividual constituents for the corresponding period and dividing the sum of the products by the
total number of days. A time-weighted average represents the composition of water that would be contained in
a vessel or reservoir that had received equal quantities of water from the stream each day for the year.

Tons per acre-foot indicates the dry mass of dissolved solids in 1 acre-foot of water. It is computed by
multipIying the concentration of the constituent, in milligrams per liter, by 0.00136.

Tons per day (T/DAY) is the quantity of a substance in solution or suspension that passes a stream section
during a Zg—ﬁour period.

Total is the total amount of a given constituent in a representative water-suspended sediment sample, re-
gardless of the constituent's physical or chemical form. This term is used only when the analytical procedure
assures measurement of at least 95 percent of the constituent present in both the dissolved and suspended
phases of the sample. A knowledge of the expected form of the constituent in the sample, as well as the
analytical methodology used, is required to judge when the results should be reported as "total." (Note that
the word "total" does double duty here, indicating both that the sample consists of a water-suspended sediment
mixture and that the analytical method determined all of the constituent in the sample.)

Total discharge is the total quantity of any individual constituent, as measured by dry mass or volume,
that passes throu E a stream cross-section per unit of time. This term needs to be qualified, such as "total

sediment discharge, total chloride discharge," and so on.

Total in bottom material is the total amount of a given constituent in a representative sample of bottom
material. This term is used only when the analytical procedure assures measurement of at least 95 percent of
the constituent determined. A knowledge of the expected form of the constituent in the sample, as well as the
analytical methodolgy used, is required to judge when the results should be reported as "total in bottom
material."

Total load (tons) is the total quantity of any individual constituent, as measured by dry mass or volume,
that 1s dissolved in a specific amount of water (discharge) during a given time. It is computed by multiplying
the total discharge, times the mg/L of the constituent, times the factor 0.0027, times the number of days.

Total, recoverable is the amount of a given constituent that is in solution after a representative water-
suspended sediment sample has been digested by a method (usually using a dilute acid solution) that results in
dissolution of only readily soluble substances. Complete dissolution of all particulate matter is not achieved
by the digestion treatment, and thus the determination represents something less than the "total" amount (that
is, less than 95 percent) of the constituent present in the dissolved and suspended phases of the sample. To
achieve comparability of analytical data, equivalent digestion procedures are required of all laboratories per-
forming such analyses because different digestion procedures are likely to produce different analytical results.

Turbidity of a sample is the reduction of transparency due to the $resence of particulate matter. In this
report it iIs expressed in Nephelometric turbidity units (NTU), obtained from the Nephelometric method for tur-
bidity determination which measures the intensity of light scattered by suspended particles at 90 degrees from
the path of an incident light source.

Water year in Geological Survey reports dealing with surface-water supply is the 12-month period October
1 through September 30. The water year is designated by the calendar year in which it ends and which includes
9 of the 12 months. Thus, the year ending September 30, 1985, is called the "1985 water year."

WDR is used as an abbreviation for "Water-Data Report" in the REVISED RECORDS paragraph to refer to State
annual hydrologic-data reports (WRD was used as an abbreviation for "Water-Resources Data" in reports published
prior to 1976).

Weighted average is used in this report to indicate discharge-weighted average. It is computed by multi-
plying tEe discharge for a sampling period by the concentrations of individual constituents for the correspond-
ing period and dividing the sum of the products by the sum of the discharges. A discharge-weighted average ap-
proximates the composition of water that would be found in a reservoir containing all the water passing a given
location during the water year after thorough mixing in the reservoir.

WSP is used as an abbreviaton for "Water-Supply Paper" in reference to previously published reports.
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The U.S. Geological Survey publishes a series of manuals describing procedures for
planning and conducting specialized work in water-resources investigations. The material is grouped
under major subject headings called books and is further divided into sections and chapters. For
example, Section A of Book 3 (Applications of Hydraulics) pertains to surface water. The chapter,
the unit of publication, is limited to a narrow field of subject matter. This format permits
flexibility in revision and publication as the need arises.

The reports listed below are for sale by the U.S. Geological Survey, Books and Open- File
Reports Section, Federal Center, Box 25425, Denver, Colorado 80225 (authorized agent of the
Superintendent of Documents, Government Printing Office). Prepayment is required. Remittance
should be sent by check or money order payable to the U.S. Geological Survey. Prices are not
included because they are subject to change. Current prices can be obtained by writing to the above
address. When ordering or inquiring about prices for any of these publications, please give the
title, book number, chapter number, and "U.S. Geological Survey Techniques of Water-Resources
Investigations."

1-D1. Water temperature--influential factors, field measurement, and data presentation, by H. H.
Stevens, Jr., J. F. Ficke, and G. F. Smoot: USGS--TWRI Book 1, Chapter Dl. 1975. 65
pages.

1-D2. Guidelines for collection and field analysie of ground-water samples for selected unstable
congtituents, by W. W. Wood: USGS--TWRI Book 1, Chapter D2. 1976. 24 pages.

2-D1. Application of surface geophyeics to ground-water investigations, by A. A. R. Zohdy, G. P.
Eaton, and D. R. Mabey: USGS--TWRI Book 2, Chapter D1. 1974. 116 pages.

2-El. Application of borehole geophysics to water-resources investigations, by W. S. Keys and L.
M. MacCary: USGS--TWRI Book 2, Chapter El. 1971. 126 pages.

3-Al. General field and office procedures for indirect discharge measurements, by M. A. Benson and
Tate Dalrymple: USGS--TWRI Book 3, Chapter Al. 1967. 30 pages.

3-A2. Measurement of peak diecharge by the elope-area method, by Tate Dalrymple and M. A.
Benson: USGS--TWRI Book 3, Chapter A2. 1967. 12 pages. A

3-A3. Measurement of peak discharge at culverts by indirect methods, by G. L. Bodhaine: USGS--
TWRI Book 3, Chapter A3. 1968. 60 pages.

3-A4. Measurement of peak discharge at width contractions by indirect methode, by H. F. Matthai:
USGS--TWRI Book 3, Chapter A4. 1967. 44 Pages.

3-A5. Measurement of peak discharge at dame by indirect methode, by Harry Hulsing: USGS--THWRI
Book 3, Chapter A5. 1967. 29 pages.

3-A6.  Gemeral procedure for gaging streams, by R. W. Carter and Jacob Davidian: USGS--TWRI Book
3, Chapter A6. 1968. 13 pages.

3-A7. Stage measurements at gaging etatione, by T. J. Buchanan and W. P. Somers: USGS--TWRI Book
3, Chapter A7. 1968. 28 pages.

3-A8. Diecharge measuremente at gaging stations, by T. J. Buchanan and W. P. Somers: USGS--TWRI
Book 3, Chapter A8. 1969. 65 pages.

3-A9. Measurement of time of travel and dispersion in streams by dye tracing, by E. F. Hubbard, F.
A. Kilpatrick, L. A. Martens, and J. F. Wilson, Jr.: USGS--TWRI Book 3, Chapter A9. 1982.
44 pages.

3-A10. Discharge ratings at gaging stations, by E. J. Kennedy: USGS--TWRI Book 3, Chapter AlOC.
1984. 59 pages.

3-All. Measurement of discharge by moving-boat method, by G. F. Smoot and C. E. Novak: USGS--TWRI
Book 3, Chapter All. 1969. 22 pages. ;

3-A13. Computation of continuoue records of streamflow, by E. J. Kennedy: USGS--TWRI Book 3,
Chapter A13. 1983. 53 pages.

3-Al4. Use of flumee in measuring discharge, by F. A. Kilpatrick and V. R. Schneider: USGS--TWRI
Book 3, Chapter Al4. 1983. 46 pages.

3-Al5. Computation of water-surface profiles in open channels, by Jacob Davidian: USGS--TWRI Book
3, Chapter Al5. 1984. 48 pages.

3-Bl. Aquifer-teet design, observation, and data analysis, by R. W. Stallman: USGS--TWRI Book 3,
Chapter B1l. 1971. 26 pages.

3-B2. Introduction to ground-water hydraulics, a programed text for self-instruction, by G. D.
Bennett: USGS--TWRI Book 3, Chapter B2. 1976. 172 pages.

3-B3. Tgpe curves for selected problems of flow to wells in confined aquifers, by J. E. Reed:
USGS-TWRI Book 3, Chapter B3. 1980. 106 pages.
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Fluvial sediment concepts by H. P. Guy: USGS--TWRI Book 3, Chapter Cl1l. 1970. 55 pages.

Field methods for measurement of fluvial sediment. by H. P. Guy and V. W. Norman: USGS--
TWRI Book 3, Chapter C2. 1970. 59 pages.

Computation of fluvial-sediment discharge, by George Porterfield: USGS--TWRI Book 3,
Chapter C3. 1972. 66 pages.

Some statistical tools in hydrology, by H. C. Riggs: USGS--TWRI Book 4, Chapter Al. 1968.
39 pages.

Frequency curves. by H. C. Riggs: USGS--TWRI Book 4, Chapter A2. 1968. 15 pages.
Low-flow investigations. by H. C. Riggs: USGS--TWRI Book 4, Chapter Bl. 1972. 18 pages.

Storage analyses for water supply. by H. C. Riggs and C. H. Hardison: USGS--TWRI Book 4,
Chapter B2. 1973. 20 pages.

Regional analyses of streamflow characteristics. by H. C. Riggs: USGS--TWRI Book 4, Chapter
B3. 1973. 15 pages.

Computation of rate and volume of stream depletion by wells by C. T. Jenkins: USGS--TWRI
Book 4, Chapter D1. 1970. 17 pages.

Methods for determination of inorganic substances in water and fluvial sediments by M. W.
Skougstad and others, editors: USGS--TWRI Book 5, Chapter Al. 1979. 626 pages.

Determination of minor elements in water by emission spectroscopy. by P. R. Barneti and E.
C. Mallory, Jr.: USGS--TWRI Book 5, Chapter A2. 1971. 31 pages.

Methods for analysis of organic substances in water, by D. F. Goerlitz and Eugene Brown:
USGS--TWRI Book 5, Chapter A3. 1972. 40 pages.

Methods for collection and analysis of aquatic biological and mierobiological samples.
edited by P. E. Greeson, T. A. Ehlke, G. A. Irwin, B. W. Lium, and K. V. Slack: USGS--TWRI
Book 5, Chapter A4. 1977. 332 pages.

Methods for determination of radioactive substances in water and fluvial sediments. by L. L.
Thatcher, V. J. Janzer, and K. W. Edwards: USGS--TWRI Book 5, Chapter A5. 1Y77. 95 pages.

Quality assurance practices for the chemical and biological analyses of water and fluvial
sedments, by L. C. Friedman and D. E. Erdmann: USGS--TWRI Book 5, Chapter A6. 1982. 181
pages.

Laboratory theory and methods for sediment analysis. by H. P. Guy: USGS--TWRI Book 5,
Chapter Cl. 1969. 58 pages.

Finite difference model for aquifer simulation in two dimensions with results of numerical
experiments, by P. C. Trescott, G. F. Pinder, and S. P. Larson: USGS--TWRI Book 7, Chapter
Cl. 1976. 116 pages.

Computer model of two-dimensional solute transport and dispersion in ground water, by L. F.
Konikow :and J. D. Bredehoeft: USGS--TWRI Book 7, Chapter C2. 1978. 90 pages.

A model for simulation of flow in singular and interconnected channels by R. W.
Schaffrannek, R. A. Baltzer, and D. E. Goldberg: USGS--TWRI Book 7, Chapter C3. 1981. 110
pages.

Methods of measuring water levels in deep wells. by M. S. Garber and F. C. Koopman: USGS--
TWRI Book 8, Chapter Al. 1968. 23 pages

Installation and service manual for U.S. Geological Survey manometers by J. D. Craig:
USGS--TWRI Book 8, Chapter A2. 1983. 57 pages.

Calibration and maintenance of vertical-axzis type current meters. by G. F. Smoot and C. E.
Novak: USGS--TWRI Book 8, Chapter B2. 1968. 15 pages.
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Figure 4.--Map showing location of surface-water gaging stations, water year 1987.
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Figure 7.--Map showing location of ground-water observation wells, water year 1987.
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40 STATION RECORDS, SURFACE WATER AND WATER QUALITY
SASKATCHEWAN RIVER BASIN
05014500 SWIFTCURRENT CREEK AT MANY GLACIER, MT
(Hydrologic bench-mark station)
LOCATION. --Lat 48°47'57", long 113°39'21", in SE% sec.ll, T.35 N., R.1l6 W., Glacier County, Hydrologic Unit
10010002, Glacier National Park, on right bank 100 ft upstream from outlet of Swiftcurrent Lake at Many
Glacier, and 11 mi southwest of Babb.

DRAINAGE AREA.--30.9 mi2,

PERIOD OF RECORD.--June 1912 to current year (records incomplete most years prior to 1959). Published as "at"
McDermott Lake" 1912-14. Monthly discharge only for some periods, published in WSP 1308.

REVISED RECORDS.--WSP 1508: 1918(M), 1943. WDR MT-75-1: Drainage area.

GAGE.--Water-stage recorder. Datum of gage is 4,876.78 ft above National Geodetic Vertical Datum of 1929. Prior
to May 23, 1916, nonrecording gage on left bank of lake opposite present gage and at present datum, and May 23,
1916, to June 15, 1918, nonrecording gage at present site and datum. Several observations of water tempera-
tures and specific conductance were made during the year and are available in files of Helena district office.

REMARKS. --Estimated daily discharges: Dec. 1-3, 8-12, Jan. 9 to Feb. 9, Feb. 12 to Apr. 15, Apr. 18-29. Records
good except those for estimated daily discharges, which are poor. No regulation or diversion upstream from
station.

AVERAGE DISCHARGE.--31 years, (1917-19, 1958-87), 143 ft3/s, 62.85 in/yr, 103,600 acre-ft/yr.

EXTREMES FOR PERIOD OF RECORD.--Maximum discharge, 6,700 ft3/s, June 8, 1964, gage height, 10.00 ft, from flood-.
marks, from rating curve extended above 1,100 ft2/s, on basis of computation of peak flow over dam; no flow
Nov. 14-16, 1976 (result of pumping operation).

EXTREMES FOR CURRENT YEAR.--Peak discharges greater than base discharge of 680 ft3/s and maximums (*):

Discharge Gage height Discharge Gage height
Date Time (ft3/s§ (fL) Date Time (ft3/s§ (ft)
May 1 1100 *835 *4.23 May 13 0600 681 3.86

Minimum daily discharge, 10 ft3/s, Jany 1Z.

DISCHARGE, IN CUBIC FEET PER SECOND, WATER YEAR OCTOBER 1986 TO SEPTEMBER 1987
MEAN VALUES

DAY OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP
1 99 89 e68 19 elb el5 eb5 814 478 148 143 89

2 100 77 eb4 20 el?7 elb eb5 646 352 154 114 106

3 95 73 e60 17 el?7 el8 e60 433 272 161 107 80

4 84 70 57 17 el? e22 e65 319 240 156 95 78

5 89 76 56 19 e21 e30 e70 296 277 167 89 73

6 116 79 52 23 e23 e60 e75 350 347 161 91 68

7 176 78 43 31 e25 el10 e80 419 358 136 89 66

8 214 71 e40 32 e30 e100 e90 481 348 114 82 63

9 202 64 e35 e28 e25 e90 e100 549 328 104 84 58
10 188 55 e31 e29 20 e80 el20 615 318 109 86 59
11 159 56 e29 e30 19 e70 ell10 566 305 104 89 58
12 138 56 e31 e32 el9 e60 el05 546 296 95 84 56
13 121 55 33 e28 e20 e65 el100 647 286 93 75 55
14 109 63 34 e25 e2l e75 e95 513 296 100 89 53
15 100 56 33 e20 e22 e90 e100 454 296 107 93 49
16 91 55 29 el5 e2l e85 114 474 354 114 95 43
17 84 60 28 el0 e20 e85 239 404 322 123 152 41
18 82 61 28 ell el9 e85 e320 326 252 154 164 38
19 76 60 27 ell el9 e80 e300 273 258 213 138 36
20 71 63 26 el2 el9 e80 e250 237 265 258 114 33
21 66 96 24 el2 el8 e75 e220 202 255 255 104 3
22 63 95 24 el2 el?7 e70 e190 169 231 401 95 33
23 59 82 26 el3 el5 eb5 el70 148 214 709 84 34
24 55 155 25 el5 el3 e70 el50 143 149 501 109 36
25 53 193 24 el4 ell e75 el60 161 133 352 126 3%
26 50 151 21 els4 el2 e80 e180 233 136 269 128 36
27 56 126 20 el5 el3 e70 e210 418 146 226 119 38
28 74 107 20 elb el4 e60 e300 511 159 202 109 37
29 78 91 20 el8 i e50 e550 418 159 188 102 36
30 92 73 19 e20 e e55 717 352 148 175 97 34
31 102 - 19 el9 -——- e60 -——- 498 - 164 89 -
TOTAL 3142 2486 1046 597 523 2046 5370 12619 7978 6213 3235 1554
MEAN 101 82.9 33.7 19.3 18.7 66.0 179 407 266 200 104 51.8
MAX 214 193 68 32 30 110 717 814 478 709 164 106
MIN 50 55 19 10 1 15 60 143 133 923 73 31
AC-FT 6230 4930 2070 1180 1040 4060 10650 25030 15820 12320 6420 3080

CAL YR 1986 TOTAL 49520.4 MEAN 136 MAX 980 MIN 7.6 AC-FT 98220
WTR YR 1987 TOTAL 46809.0 MEAN 128 MAX 814 MIN 10 AC-FT 92850

e Estimated
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SASKATCHEWAN RIVER BASIN 41

05015500 LAKE SHERBURNE AT SHERBURNE, MT
(International gaging station)

LOCATION. --Lat 48°49'42", long 113°31'16", in SE%SE%SE% sec.35, T.36 N., R.15 W., Glacier County, Hydrologic Unit
10010002, Blackfeet Indian Reservation, in gatehouse at dam on Swiftcurrent Creek, 4.5 mi southwest of Babb.

DRAINAGE AREA.--64.1 miZ2,

PERIOD OF RECORD.--May 1915 to September 1923 (fragmentary), May 1924 to September 1925, November 1925 to June 1926
September 1926 to March 1936 (no winter records some years), May 1936 to September 1952 (monthend contents and
daily elevations). October 1952 to current year (monthend contents only). Monthend contents for some periods,
published in WSP 1308. Published as Sherburne Lake Reservoir at Sherburne 1915, 1917-28, 1931-52, and as Sher-
burne Lake Reservoir near Babb 1929-30.

REVISED RECORDS.--W 1983: Drainage area.

GAGE.--Water-stage recorder. Datum of gage is 4,709.45 ft above National Geodetic Vertical Datum of 1929. Prior
to May 7, 1931, nonrecording gage at present site, and May 8, 1931, to Sept. 30, 1974, water-stage recorder at
present site, all at datum 9.45 ft lower.

REMARKS.--Reservoir is formed on a 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. The following capacity
figures are from capacity table effective Jan. 1, 1983; see previous reports for superseded figures. Usable
capacity, 64,790 acre-ft between gage height 29.3 ft, 9.3 ft, above lowest outlet gage sill, and 88.00 ft,
spillway crest. Streambed above gates prevents withdrawal of storage to sill elevation. Dead storage, 3,060
acre-ft below gage height, 29.30 ft. Figures given herein represent usable contents. Water is used for
irrigation on Milk River project of U.S. Bureau of Reclamation.

COOPERATION. --This is one of a number of stations which are maintained jointly by the United States and Canada.

EXTREMES FOR PERIOD OF RECORD.--Maximum contents, 65,480 acre-ft, June 30, 1986, gage height, 88.40 ft; no usable
contents at times.

EXTREMES FOR CURRENT YEAR.--Maximum contents, 65,140 acre-ft, June 16, gage height, 88.20 ft; minimum, 20,360
acre-ft, Apr. 14, gage height, 54.42 ft.

MONTHEND GAGE HEIGHT AND CONTENTS AT 2400, WATER YEAR OCTOBER 1986 TO SEPTEMBER 1987

Gage height Contents Change in Contents

Date (feet (acre-feet) (acre-feet)
Septs 30 & v v m G @ e W @ e wie @ e 56.08 22,080 --
Octe Al oo o @ o0 i o w6 @ w s 61.77 28,290 + 6,210
NoVe 30 o o o oiio: i o0 9o w o o 67.57 35,070 + 6,780
DeCe 31 % a% s o 5.6 o1 w4 o @ @ 70.06 38,140 + 3,070

CAL YR 1986 + 5,790
Jane 3l o 0 4 6 o 0 6 6 e 6 0 0 o u s 71.29 39,730 + 1,590
Febe 28 4 4 s o o o s s o o s 0 o o o 72.32 41,100 + 1,370
Mare 31 4 ¢ o ¢ o o 6 ¢ s o o 6 o s o 59.07 25,290 -15,810
Apre 30 4 4 o ¢ s 6 6 6 s s s s e s s 64.46 31,380 + 6,090
May 31 & o 6 ¢ o 6 6 6 6 6 6 0 0 ¢ o 87.92 64,660 +33,280
June 30 ¢ s ¢ o o 6 o 0 0 0 0 e o 8 s 87.88 64,590 - 70
July 31 o % o o o o8 o 5 6% o % @ 87.85 64,540 - 50
Auge 31 o v i s o e wiw o w @ e e w e 72.92 41,910 -22,630
Septe 30 o o oo oo oW owmow oww 65.62 32,740 - 9,170

WTR YR 1987 +10,660




42
SASKATCHEWAN RIVER BASIN

05016000 SWIFTCURRENT CREEK AT SHERBURNE, MT.
(International gaging station)

LOCATION.--Lat 48°49'49", long 113°30'59", in NW%SW%SW% sec.36, T.36 N., R.15 W., Glacier County, Hydrologic Unit
10010002, Blackfeet Indian Reservation, on left bank 1,200 ft downstream from outlet of Lake Sherburne Dam at
Sherburne and 4.2 mi southwest of Babb.

DRAINAGE AREA.--64.6 mi2,

PERIOD OF RECORD.--July 1912 to November 1915 (no winter records), March 1916 to October 1923, May 1924 to Sep-
tember 1981 (no winter records), March 1984 to current year (seasonal records only). Monthly discharge only
for some periods, published in WSP 1308, 1728. Published as "at Sherburne Lake" 1912-14,

REVISED RECORDS.--WSP 1388: Drainage area. WSP 1508: 1935.

GAGE.--Water-stage recorder. Datum of gage is 4,730.26 ft above National Geodetic Vertical Datum of 1929. Prior
to Aug. 10, 1920, nonrecording gages at two sites within 1,000 ft of present site at different datums. Aug.
10, 1920, to May 17, 1921, nonrecording gage at present site and May 18, 1921, to Sept. 30, 1975, water-stage
recorder at present site, all at datum 9.45 ft lower. Several observations of water temperature and specific
conductance were made during the year and are published as miscellaneous water-quality data in the back of this
report.

REMARKS.--Estimated daily discharges: Mar. 1-8 and Oct. 30-31. Records good. Flow regulated by Lake Sherburne
(see preceding page).

COOPERATION.--This is one of a number of stations which are maintained jointly by the United States and Canada.
AVERAGE DISCHARGE.--7 years (1916-23), 199 ft3/s, 144,200 acre-ft/yr, unadjusted.

EXTREMES FOR PERIOD OF RECORD.--Maximum discharge, 2,420 ft3/s, June 25, 1969, gage height, 7.63 ft; maximum
gage height, 7.77 ft, July 15, 1981; no flow at times when gates in dam are closed.

EXTREMES FOR CURRENT YEAR.--Maximum discharge, 737 ft3/s, Sept. 1, gage height, 5.69 ft; minimum daily, 0.03
ft?/s, Oct. 30-31.

DISCHARGE, IN CUBIC FEET PER SECOND, CALENDAR YEAR JANUARY TO DECEMBER 1987

MEAN VALUES

DAY JAN FEB MAR APR MAY JUN JUL AUG SEP 0oCT NOV DEC
1 -—-- -—- e.40 290 1.7 688 431 270 716 74 - e

2 -——- -——- e.40 271 1.4 566 461 243 725 74 - -

3 LA O s e.50 271 1.2 388 461 208 720 74 =-—- -

4 -—- -== ell5 269 1.1 321 459 250 714 73 it e

5 --- --=- 190 268 1.1 336 443 397 708 73 - -~

6 -——- --- el190 288 1.1 397 213 489 700 73 e S

7 - --- e280 300 .97 469 127 504 646 73 - -

8 - --- e390 322 .95 530 179 503 415 73 - —

9 = -—- 521 334 1.1 325 321 502 160 73 —— —-—
10 - -——- 574 370 1.4 514 369 528 75 73 L e
11 -—- -—- 570 390 1.1 482 369 543 75 70 s e
12 -—— - 563 387 .97 407 368 541 75 70 - -
13 ——- - 531 296 <93 311 424 566 75 70 - -—-
14 - --- 485 178 .88 214 455 355 75 70 - -
15 ——- ——- 463 109 .86 276 506 536 13 28 ——- -
16 -—- --- 457 96 .85 383 505 560 75 1.8 e -
17 -——- === 455 37 .85 425 460 601 75 .31 —-— -—-
18 -——- === 450 1.9 .83 426 443 615 74 .30 i ——
19 e —— 470 87 74 422 443 613 74 .28 e -
20 -——- -—- 440 141 T4 425 470 611 74 .27 - ——-
21 -—- -—- 381 95 .76 397 485 606 74 14 - ——-
22 -— --- 364 26 .73 356 267 604 74 .11 - -——-
23 -——- -—- 360 1.3 .72 274 45 600 74 .10 ——- ——-
24 -—- — 316 1.3 .70 206 45 654 74 .10 - -——-
25 —-—- - 287 1.4 .75 185 45 711 74 .08 ——- ———
26 --- --- 285 1.4 94 126 45 725 74 .06 = -—
27 -—- -—- 284 90 1.4 90 74 720 74 .05 - -——-
28 i -—- 300 97 1.0 154 92 715 74 .05 e -—-
29 —-——- -——- 317 1.9 .92 196 182 707 74 .04 - -——-
30 === - 314 1.8 94 309 239 704 74 e.03 = ——-
31 — == 312 —-——- 310 -—- 250 697 -—— e.03 o -—--
TOTAL -——- --- 10665.30 5023.0 339.63 10798 9676 17078 7066 1044.75 -—- -——-
MEAN -—- --- 344 167 11.0 360 312 531 236 33. = ——-
MAX -—- ——— 574 390 310 688 506 725 725 74 -——- -——-
MIN -—- -—— .40 1.3 .70 90 45 208 74 .03 siadl ——-
AC-FT -—- --- 21150 9960 674 21420 19190 33870 14020 2070 -——- -—

e Estimated



SASKATCHEWAN RIVER BASIN 43

05017500 ST. MARY RIVER NEAR BABB, MT

LOCATION.--Lat 48°50'00", long 113°25'08", in NW4NW4SE% sec.34, T.36 N., R.14 W., Glacier County, Hydrologic Unit
10010002, Blackfeet Indian Reservation, on right bank 0.7 mi upstream from outlet of Lower St. Mary Lake and 2.0 mi
southeast of Babb.

DRAINAGE AREA.--276 miZ,

PERIOD OF RECORD.--July 1901 to October 1902, May 1910 to September 1925, October 1950 to current year. Monthly
discharge only for some periods, published in WSP 1308. Published as "at Main" in 1901-02, and as "below
Swiftcurrent Creek, at Babb" 1910-15. Records published as "near Babb" for April 1902 to September 1915, May 1929
to September 1950 at sites about 1.5 mi downstream not equivalent because flow of Swiftcurrent Creek not included
1902-15 and because diversion by St. Mary Canal not included 1929-50.

REVISED RECORDS.--WSP 1308: 1913-14, 1920, 1922-24. WSP 1508: 1902.

GAGE.--Water-stage recorder. Datum of gage is 4,468.13 ft above National Geodetic Vertical Datum of 1929. Prior to
Oct. 1, 1915, water-stage recorder or nonrecording gages at several sites about 3.8 mi downstream at different datums
Oct. 1, 1915, to Sept. 30, 1925, water-stage recorder or nonrecording gages at several sites within 1.5 mi downstream
at different datums.

REMARKS.--Estimated daily discharges: Aug. 16-18. Records good. Entire flow of Swiftcurrent Creek below Lake
Sherburne is diverted into Lower St. Mary Lake upstream from station. Flow of Swiftcurrent Creek regulated by Lake
Sherburne (station number 05015500) since 1919. October 1950 to September 1976, monthly discharge and runoff figures
adjusted for change in contents in Lake Sherburne. Several observations of water temperature and specific
conductance were made during the year and are published as miscellaneous water-quality data in the back of this
report.

AVERAGE DISCHARGE.--53 years (1901-2, 1910-25, 1950-87), 773 £t3/s, 560,000 acre-ft/yr.

EXTREMES FOR PERIOD OF RECORD.--Maximum discharge, 16,500 ft3/s, June 9, 1964, gage height, 12.96 ft, from highwater
mark in well, from rating curve extended above 6,100 ft3/s on basis of slope-area measurement of peak flow; minimum,
26 ft3/s, Jan. 5, 1963, Jan. 8, 1958.

EXTREMES FOR CURRENT YEAR.--Maximum discharge, 2,240 ft3/s, July 24, gage height, 4.26 ft; minimum daily, 42 ft3/s,

Jan, 1.
DISCHARGE, IN CUBIC FEET PER SECOND, WATER YEAR OCTOBER 1986 TO SEPTEMBER 1987
MEAN VALUES
DAY OCT NOV DEC JAN FEB MAR APR - MAY JUN JUL AUG SEP
1 301 339 305 42 81 71 417 1480 2050 925 1280 1080
2 301 322 293 49 81 71 398 1780 2160 1010 1170 1080
3 297 301 269 66 79 73 393 1900 2010 1060 1070 1070
4 293 285 250 90 77 90 393 1840 1800 1070 981 1060
5 289 273 243 108 75 123 393 1690 1640 1100 953 1040
6 293 265 233 122 75 157 408 1550 1600 1040 993 1020
7 297 250 214 129 73 194 427 1490 1630 920 1020 1010
8 326 239 197 134 73 253 462 1490 1720 817 1010 927
9 357 224 191 134 71 334 498 1560 1800 791 1000 773
10 403 214 162 131 71 446 525 1690 1840 835 1000 619
11 427 207 139 131 70 529 551 1830 1820 848 987 521
12 437 194 129 134 68 577 525 1920 1760 835 973 453
13 437 187 116 131 68 611 557 2030 1680 823 959 408
14 432 187 104 126 66 611 551 2100 1580 835 986 380
15 422 187 92 121 66 595 517 2070 1520 841 970 361
16 412 187 84 116 64 589 498 2050 1580 867 €990 344
17 393 184 75 11 64 578 520 2000 1620 899 e1020 331
18 379 191 70 108 62 573 525 1870 1600 958 e1050 314
19 366 197 86 108 62 600 543 1700 1590 1040 1070 297
20 352 214 108 104 62 600 594 1520 1550 1080 1080 281
21 361 221 113 101 62 573 634 1370 1510 1150 1060 269
22 370 224 113 97 62 546 628 1230 1440 1550 1040 261
23 375 239 99 94 66 520 606 1100 1330 2160 1020 250
24 370 265 88 92 71 493 595 994 1200 2220 1060 243
25 366 293 75 90 71 462 611 920 1070 2140 1110 239
26 361 309 66 88 71 447 633 919 974 1970 1160 246
27 370 305 60 86 70 442 679 1150 874 1790 1170 250
28 361 305 53 86 70 432 803 1490 829 1640 1150 246
29 352 305 50 84 -—- 427 925 1640 848 1520 1140 235
30 352 305 45 81 -—- 422 1140 1660 854 1450 1110 232
31 361 -—- 44 79 .- 417 - 1720 - 1370 1100 ---
TOTAL 11213 7418 4168 3173 1951 12856 16949 49753 45479 37554 32682 15840
MEAN 362 247 134 102 69.7 415 565 1605 1516 1211 1054 528
MAX 437 339 305 134 81 611 1140 2100 2160 2220 1280 1080
MIN 289 184 44 42 62 71 393 919 829 791 953 232
AC-FT 22240 14710 8270 6290 3870 25500 33620 98690 90210 74490 64820 31420

CAL YR 1986 TOTAL 250776 MEAN 687 MAX 4640 MIN 44 AC-FT 497400
WTR YR 1987 TOTAL 239036 MEAN 655 MAX 2220 MIN 42 AC-FT 474100

e Estimated
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SASKATCHEWAN RIVER BASIN 33

05018500 ST. MARY CANAL AT ST. MARY CROSSING, NEAR BABB, MT
(International gaging station)
LOCATION. --Lat 48°56'50", long 113°22'28", in NE%SW%SW% sec.19, T.37 N., R.13 W., Glacier County, Hydrologic Unit
10010002, Blackfeet Indian Reservation, on left bank 50 ft upstream from inlet of St. Mary siphon, 6.6 mi north-

east of Babb, and 9 mi downstream from intake.

PERIOD OF RECORD.--July 1918 to current season (seasonal records only). Monthly discharge only for some periods,
published in WSP 1308, 1728.

GAGE.--Water-stage recorder and concrete control. Elevation of gage is 4,450 ft, from topographic map. Prior to
June 14, 1951, water-stage recorder at several sites 0.8 mi downstream at different datums.

REMARKS. --Estimated daily discharges: Mar. 1, 2, 7, 10. Records good. Canal diverts water from left bank of St.
Mary River near Babb and discharges into North Fork Milk River. This water flows in the natural channel of
Milk River through Canada and then back into Montana where it is used for irrigation in Milk River Valley
east of Havre. Some water may be returned to St. Mary River at Kennedy Creek and St. Mary crossings.

COOPERATION. --This is one of a number of stations which are maintained jointly by the United States and Canada.

EXTREMES FOR PERIOD OF RECORD.--Maximum daily discharge, 767 ft3/s, June 19, 28, 1936; no flow at times each

season.
DISCHARGE, IN CUBIC FEET PER SECOND, CALENDAR YEAR JANUARY TO DECEMBER 1987
MEAN VALUES

DAY JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC
1 e.00 380 279 618 609 566 581 . .00
2 e.00 314 283 623 614 562 582 .00
3 .00 312 283 642 615 561 582 .00
4 .00 318 280 660 615 556 582 .00
5 6.1 317 278 662 620 554 581 .00
6 107 315 296 674 461 561 582 .00
7 e120 315 445 674 296 574 580 .00
8 185 321 474 676 257 572 471 .00
9 246 320 485 677 301 573 186 .00
10 e247 310 503 676 401 572 6.3 .00
1 403 283 530 676 401 577 .00 .00
12 465 249 580 635 400 585 .00 .00
13 481 208 609 532 429 593 .00 .00
14 499 113 645 524 501 588 .00 .00
15 513 m 672 523 527 563 .00 .00
16 512 111 688 553 529 566 .00 .00
17 513 110 683 604 535 582 .00 .00
18 512 108 561 619 539 596 .00 .00
19 518 107 650 639 538 598 .00 .00
20 516 107 689 636 537 600 .00 .00
21 513 107 641 634 545 599 .00 .00
22 508 126 525 630 525 598 .00 .00
23 497 178 413 628 440 598 .00 .00
24 472 178 308 622 543 595 .00 .00
25 451 176 307 615 543 584 .00 .00
26 426 175 309 611 538 583 .00 .00
27 423 176 404 606 539 583 .00 .00
28 420 176 594 604 551 584 .00 .00
29 418 177 609 606 570 583 .00 .00
30 416 214 609 605 570 582 .00 .00
31 414 - 610 -—— 568 582 -—- .00
TOTAL 10801.10 6412 15242 18684 15657 17970 4733.30 .00
MEAN 348 214 492 623 505 580 158 .00
MAX 518 380 689 677 620 600 582 .00
MIN .00 107 278 523 257 554 .00 .00
AC-FT 21420 12720 30230 37060 31060 35640 9390 .0

e Estimated



i SASKATCHEWAN RIVER BASIN

05020500 ST. MARY RIVER AT INTERNATIONAL BOUNDARY
(International gaging station)

LOCATION.--Lat 49°00'12", long 113°18'48", in SW% sec.5, T.l, R.25 W., fourth meridian, in Alberta, Hydrologic
Unit 10010002, on right bank 0.4 mi north of international boundary, 2.5 mi downstream from Boundary Creek,
7.5 mi southwest of_Kimball, Alberta, and 11.5 mi northeast of Babb, MT.

DRAINAGE AREA.--465 miZ,

WATER-DISCHARGE RECORDS

PERIOD OF RECORD. --September 1902 to current year. Monthly discharge only for some periods‘ published in WSP 1308.
Published as '"near Cardston, Alberta" and "at Cook's Ranch, Alberta"” 1902-12 and as "near Kimball, Alberta"
1913-55.

REVISED RECORDS.--WSP 1308: 1902, 1908-12. WSP 1508: 1902, 1908-9. W 1983: Drainage area.

GAGE.--Water-stage recorder. Elevation of gage is 4,120 ft, from topographic map. Prior to Jan. 1, 1913, non-
recording gages at two sites within 0.3 mi of present site at different datums., Jan. 1, 1913, to Oct. 25,
1955, water-stage recorder at several sites about 8 mi downstream from present site at various datums. Oct. 26,
1955, to Mar. 23, 1965, water-stage recorder at site 100 ft upstream at datum 2 ft higher.

REMARKS. --Estimated daily discharges: Nov. 10 to Feb. 15, Feb. 24 to Mar. 5, and Mar. 28-30. Water-discharge
records good except those for estimated daily discharges, which are fair. Since 1917, St. Mary Canal has
diverted water from the river near Babb, MT, to North Fork Milk River. Some regulation by Lake Sherburne on
Swiftcurrent Creek.

COOPERATION.--This is one of a number of stations which are maintained jointly by Canada and the United States.

AVERAGE DISCHARGE.--14 years (1902-16), prior to operation of St. Mary Canal, 1,003 ft3/s, 726,700 acre-ft/yr;
71 years (1916-87), 685 £t3/s, 496,300 acre-ft/yr.

EXTREMES FOR PERIOD OF RECORD, --Maximum discharge, 40,000 £t3/s, June 5, 1908, gage _height, 12,75 ft, from flgod-
marksé siie ;nd datum then in use, from rating curve extended above 6,000 ft2/s; minimum daily, 16 ft2/s,
Nov. 29, 1936.

EXTREMES FOR CURRENT YEAR.--Maximum discharge, 2,600 £t3/s, July 23, gage height, 6.25 ft; minimum daily,
54 £t3/s, Nov. 30.

DISCHARGE, IN CUBIC FEET PER SECOND, CALENDAR YEAR JANUARY TO DECEMBER 1987
MEAN VALUES

DAY JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC
1 e70 el125 el10 121 1620 1740 422 931 666 293 100 e56

2 e80 el25 ell5 208 1880 1850 505 830 659 284 100 e60

3 e95 el120 el120 249 1960 1650 559 718 632 273 105 eb5

4 el10 el20 el25 332 1890 1410 575 617 621 265 100 e72

5 el120 ell5 el130 350 1710 1230 620 555 611 259 98 78

6 el130 ell5 140 333 1550 1170 783 585 585 257 94 87

7 el35 ell5 143 314 1380 1200 791 605 570 257 91 99

8 el40 el10 113 327 1370 1280 706 580 642 241 89 e65

9 e150 el10 96 364 1460 1370 622 570 770 236 89 e70
10 el70 el10 184 378 1580 1380 560 540 760 236 87 e75
1 e180 ell0 155 430 1670 1380 570 545 649 225 87 e75
12 e180 el105 145 435 1700 1380 545 525 556 222 85 e70
13 el70 el105 181 496 1780 1390 479 493 507 213 82 e70
14 el150 e100 175 594 1780 1300 424 574 479 211 82 e70
15 el40 e100 151 555 1690 1210 390 595 448 208 77 e70
16 el50 104 143 575 1660 1220 411 580 435 200 e62 e68
17 el160 105 137 653 1630 1200 469 560 412 179 e65 e68
18 el70 102 131 637 1620 1180 624 584 393 165 e70 e70
19 el65 94 133 610 1300 1160 770 610 375 151 e75 e70
20 el60 94 163 654 1090 1120 778 626 360 143 e85 e70
21 el55 93 143 688 996 1080 829 590 343 155 e90 e70
22 el150 96 m 659 966 1020 1620 580 336 139 e85 e70
23 el45 83 91 596 938 918 2490 555 320 131 e80 e68
24 el40 e90 105 590 903 786 2230 653 . 314 129 e75 e66
25 el35 e90 96 600 823 649 2020 734 307 133 e70 e68
26 el35 e90 107 631 855 536 1800 790 320 123 e60 e70
27 el130 e95 83 681 1300 424 1560 784 340 119 e58 e73
28 el130 e100 e55 847 1580 364 1370 766 320 117 e58 e75
29 e130 -—- e65 1080 1540 360 1200 723 314 116 e57 e73
30 el25 -——- e80 1350 1470 352 1120 71 301 109 e54 e68
31 el20 = 93 ~=- 1460 ——- 1030 688 —-——- 107 ek eb4
TOTAL 4320 2921 3819 16337 45151 33309 28872 19797 14345 5896 2410 2193
MEAN 139 104 123 545 1456 1110 931 639 478 190 80.3 70.7
MAX 180 125 184 1350 1960 1850 2490 931 770 293 105 99
MIN 70 83 25 121 823 352 390 493 301 107 54 56
AC-FT 8570 5790 7570 32400 89560 66070 57270 39270 28450 11690 4780 4350

CAL YR 1987 TOTAL 179370 MEAN 491 MAX 2490 MIN 54 AC-FT 355800

e Estimated.



SASKATCHEWAN RIVER BASIN

05020500 ST. MARY RIVER AT INTERNATIONAL BOUNDARY--Continued
(National stream quality accounting network station)

WATER-QUALITY RECORDS

PERIOD OF RECORD.--Water years 1978 to current year.
PERIOD OF DAILY RECORD.--
SPECIFIC CONDUCTANCE: February 1978

to September 1981,
WATER TEMPERATURE: February 1978 to

September 1979.

EXTREMES FOR PERIOD OF DAILY RECORD.--
SPECIFIC CONDUCTANCE (water years 1978-81):
daily, 141 microsiemens, June 14, 1979,
WATER TEMPERATURE (water years 1978-79):

Maximum daily, 317 microsiemens, Mar. 30, 31, 1981; minimum

Maximum, 21.0°C, Aug.23, 1979; minimum, 0.0°C, on many days during

winter.
WATER QUALITY DATA, WATER YEAR OCTOBER 1986 TO SEPTEMBER 1987
BARO-
SPE- METRIC
STREAM- CIFIC PRES-
FLOW, CLOUD WEATHER CON- TEMPER- TEMPER~- SURE
INSTAN- COVER (WMO DUCT- ATURE ATURE (MM
DATE TIME TANEOUS (PER- CODE ANCE AIR WATER OF
(CFS) CENT) NUMBER) (US/CM) (DEG C) (DEG C) HG)
(00061) (00032) (00041) (00095) (00020) (00010) (00025)
OCT
2844 0900 442 20 1 175 8.0 5.5 659
DEC
10,4 1545 205 0 0 210 -4.0 0.0 656
FEB
Mees 1250 109 20 1 224 11.0 0.0 658
APR
164« 1115 528 40 1 225 15.0 545 649
30... 1010 1320 -- -- 190 19.0 9.0 -
JUN
176s 0930 1250 10 1 162 14.0 110 658
30,0, 1520 363 -- -- 191 20.0 17.0 --
AUG
18... 1100 564 0 0 180 16.0 12.5 662
SEP
(4 (PR 1845 641 -- -- 172 24,0 18.0 --
OXYGEN, COLI- STREP- ALKA-
DIS- FORM, TOCOCCI BICAR- CAR- LINITY
SOLVED FECAL, FECAL, BONATE BONATE WH WAT
OXYGEN, (PER- 0.7 KF AGAR  WATER WATER TOTAL
DIS- CENT UM-MF (COLS. WHOLE WHOLE FIELD
DATE SOLVED SATUR- (COLS./ PER IT-FLD IT-FLD MG/L AS
(MG/L) ATION) 100 ML) 100 ML) (MG/L) (MG/L) CACO3
(00300) (00301) (31625) (31673) (00450) (00447) (00410)
OCT
28,44 11:2 103 K1 K1 111 0 90
DEC
10600 12.9 103 <1 <1 136 0 109
FEB
1M... 12,5 99 <1 K3 133 0 107
APR
1600 1.2 104 K1 K3 131 0 104
300 -- -- -- -- -- -- --
JUN
174 8.1 85 K2 K4 110 90
30,40 -- -- -- - - -- -
AUG
18.ce 9.3 101 K5 K2 -- -- 93
SEP
1) BT -- -- - -- - -- --
HARD-
NESS MAGNE- SODIUM  POTAS-
HARD- NONCARB CALCIUM SIUM, SODIUM, AD- SIUM,
PH TUR- NESS WH WAT DIS- DIS- DIS- SORP- DIS-
(STAND- BID- (MG/L TOT FLD SOLVED SOLVED SOLVED TION SOLVED
DATE TIME ARD ITY AS MG/L AS (MG/L (MG/L (MG/L RATIO (MG/L
UNITS) (NTU) CACO03) CACO3 AS CA) AS MG) AS NA) AS K)
(00400) (00076) (00900) (00902) (00915) (00925) (00930) (00931) (00935)
OCT
2B s 0900 7.90 6.5 93 3 23 8.5 1.8 0.1 0.40
DEC
105 o0 1545 7.70 0.60 100 0 26 9.1 2.3 0.1 0.30
FEB
1l s 1250 8.00 0.60 110 4 28 10 2.7 0.1 0.30
APR
164 & 1115 7.60 6.5 110 10 29 10 3.0 0.1 0.70
JUN
17 0930 8.30 2.4 79 0 20 7.1 1.1 0.1 0.30
AUG
18550 1100 8.30 1.7 93 0 23 8.6 1.9 0.1 0.70
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SASKATCHEWAN RIVER BASIN

05020500 ST. MARY RIVER AT INTERNATIONAL BOUNDARY-=-Continued

WATER QUALITY DATA, WATER YEAR OCTOBER 1986 TO SEPTEMBER 1987

SOLIDS, SOLIDS,
ALKA- CHLO- FLUO- SILICA, RESIDUE SUM OF SOLIDS,
LINITY SULFATE RIDE, RIDE, DIS- AT 180  CONSTI- DIS-
LAB DIS- DIS- DIS- SOLVED DEG. C TUENTS, SOLVED
(MG/L SOLVED SOLVED SOLVED  (MG/L DIS- DIS- (TONS
AS (MG/L (MG/L (MG/L AS SOLVED SOLVED  PER
CACO3) AS S04) AS CL) AS F) $102) (MG/L)  (MG/L)  AG-FT)
(90410) (00945) (00940) (00950) (00955) (70300) (70301) (70303)
89 6.9 0.40 <0.10 2.6 107 98 0.15
101 7.4 0.50 <0.10 3.1 11 110 0.15
11 7.4 0.50 <0.10 2.9 125 120 0.17
111 11 0.10 <0.10 3.0 116 120 0.16
79 5.9 0.10 0.10 2.6 76 91 0.10
90 6.6 0.80 0.10 2.5 106 100 0.14
NITRO- NITRO-  NITRO- PHOS-
GEN, NITRO- GEN,  GEN,AM- PHOS-  PHORUS,
NO2-+NO3 GEN, AMMONIA MONIA = PHOS- PHORUS, ORTHO, SEDI-
DIS- AMMONIA  DIS- ORGANIC PHORUS, DIS- DIS- MENT,
SOLVED  TOTAL SOLVED  TOTAL TOTAL SOLVED SOLVED  SUS-
(MG/L (MG/L (MG/L (MG/L (MG/L (MG/L  (MG/L PENDED
AS N) AS N) AS N) AS N) AS P) AS P) AS P) (MG/L)
(00631) (00610) (00608) (00625) (00665) (00666) (00671) (80154)
<0.100 0.020 Sk 0.30 <0.010 0.030 <0.010 13
<0.100 <0.010 <0.010  <0.20 <0.010 <0.010 <0.010 2
<0.100 <0.010 <0.010 <0.20 0.020 0.010  <0.010 4
<0.100  <0.010 0.020 0.80 <0.010 0.010 <0.010 31
<0.100 0.020 <0.010 0.70 0.020 0.010  <0.010 11
<0.100 0.020 <0.010 0.30 0.010 <0.010  <0.010 6
ALUM- BERYL- CHRO-
INUM, ARSENIC BARIUM, LIUM, CADMIUM MIUM, COBALT, COPP
DIS- DIS- DIS- DIS- DIS- DIS- DIS- DIS
SOLVED SOLVED SOLVED  SOLVED SOLVED SOLVED SOLVED SOL
TIME (UG/L (UG/L (UG/L (UG/L (UG/L (UG/L (UG/L (UG
AS AL) AS AS) AS BA) AS BE) AS CD) AS CR) AS CO) AS
(01106) (01000) (01005) (01010) (01025) (01030) (01035) (010
0900 <10 <1 120 0.5 <1 <1 <3
1250 <10 <1 130 <0.5 <1 3 <3 1
0930 <10 <1 100 0.6 <1 3 <3
1100 10 < 120 <0.5 < <1 <3
MANGA- MOLYB- SELE- STRON-
LITHIUM NESE, MERCURY DENUM, NICKEL, NIUM, SILVER, TIUM,
DIS- DIS- DIS- DIS- DIS- DIS- DIS- DIS-
SOLVED SOLVED SOLVED SOLVED SOLVED SOLVED SOLVED  SOLVED
(UG/L (UG/L (UG/L (UG/L (UG/L (UG/L (UG/L (UG/L
AS LI) AS MN) AS HG) AS MO) AS NI) AS SE) AS AG) AS SR)
(01130) (01056) (71890) (01060) (01065) (01145) (01075) (01080)
<4 <1 <0.1 <10 <1 <1 <1 65
6 <1 <0.1 <10 1 <1 <1 80
8 1 = <10 < <1 <1 47
<4 1 <0.1 <10 < < <1 69

NITRO-
SOLIDS, GEN,

DIS-  NITRITE
SOLVED DIS-
(TONS SOLVED

PER (MG/L

DAY) AS N)

(70302) (00613)
128 <0.010
61 <0.010
37 <0.010

165 <0.010

257 <0.010

161 <0.010
SEDI- SED.
MENT, SUSP.

DIS- SIEVE

CHARGE, DIAM,
SUS- % FINER
PENDED THAN
(T/DAY) .062 MM
(80155) (70331)
16 94
1ol 81
12 78
44 87
37 --
9.1 88
ER,  IRON, LEAD,
- DIS- DIS-
VED SOLVED  SOLVED
/L (UG/L (UG/L
CU) AS FE) AS PB)
40)  (01046) (01049)
1 <5
0 <3 <5
4 <5
2 <5
VANA-

DIUM, ZINC,
DIS- DIS-
SOLVED  SOLVED
(UG/L (UG/L
AS V) AS ZN)
(01085) (01090)
<6 4
<6 4
<6 4
<6 3



MISSOURI RIVER MAIN STEM 49
06012500 RED ROCK RIVER BELOW LIMA RESERVOIR, NEAR MONIDA, MT

LOCATION.--Lat 44°39'22", long 112°22'14", in NE%SE%SE% sec. 31, T.13 S., R.6 W., Beaverhead County, Hydrologic
Unit 10020001, on right bank just downstream from Lima Reservoir, 7 mi northwest of Monida, and at mile 2,542.1.

DRAINAGE AREA.--570 miZ,

PERIOD OF RECORD.--January 1911 to December 1918, April 1919, May 1925 to October 1933, April 1934 to September
1935, May 1936 to October 1938, May 1939 to September 1969, June 1974 to September 1982, April 1985 to current
year (seasonal records only). No winter records 1974-1982. Monthly discharge only for some periods, published in
WSP 1309. Prior to October 1950, published as "below Red Rock Reservoir".

REVISED RECORDS.--WSP 1309: 1935. WSP 1389: 1912, 1934, WSP 1559: Drainage -area.

GAGE. --Water-stage recorder and sharp-crested weir. Elevation of gage is 6,530 ft, estimated from spillway
elevation based on Montana Department of Natural Resources and Conservation datum. Prior to Oct. 1, 1978, at
datum 1.00 ft higher. See WSP 1709 for history of nonrecording gage changes prior to May 8, 1939.

REMARKS.--Estimated daily discharges: Oct. 30, 31. Seasonal records good. Flow regulated by Lima Reservoir (station
number 06012000). No storage during 1934. Diversions for irrigation of about 10,000 acres upstream from reservoir.
Several observations of water temperature and specific conductance were made during the year and are published as
miscellaneous water-quality data in the back of this report.

AVERAGE DISCHARGE.--48 years (1912-18, 1926-33, 1935, 1937-38, 1940-69), 143 £t3/s, 103,600 acre-ft/yr.

EXTREMES FOR PERIOD OF RECORD.--Maximum discharge observed, 2,500 ft3/s, May 15, 1933, gage height, 6.40 ft,
estimated by damtender, released to prevent failure of dam; no flow at times.

EXTREMES OUTSIDE PERIOD OF RECORD.--Flood of May 1984 reached a discharge of 1,500 ft3/s, gage height, 5.15 ft,
from floodmarks.

EXTREMES FOR CURRENT SEASON.--Maximum discharge, 663 ft3/s, Sept. 9, gage height, 3.62 ft; no flow May 1.
DISCHARGE, IN CUBIC FEET PER SECOND, WATER YEAR OCTOBER 1986 TO SEPTEMBER 1987

MEAN VALUES
DAY OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP
1 131 5.8 43 469 328 96 524
2 131 5.8 49 473 327 96 642
3 131 5.8 50 474 325 96 631
4 130 5.8 50 478 324 96 630
5 130 5.9 50 475 322 96 630
6 130 5.9 50 479 321 133 636
7 129 6.4 50 480 320 153 640
8 129 6.4 56 479 319 152 642
9 130 6 3 112 479 307 152 644
10 130 6.3 116 447 273 152 645
1 131 15 116 431 246 159 638
12 131 42 114 416 193 222 602
13 130 51 113 382 136 263 233
14 130 50 186 381 134 310 53
15 130 50 393 382 134 339 48
16 130 51 616 382 133 336 43
17 130 51 596 382 133 336 44
18 131 51 469 381 96 335 44
19 131 51 530 381 13 333 42
20 131 51 528 380 60 331 39
21 131 51 481 379 49 336 35
22 131 51 449 378 49 340 32
23 130 50 460 377 49 338 31
24 131 50 512 375 49 336 31
25 130 50 539 374 49 335 33
26 129 50 535 372 49 337 36
27 130 51 535 371 81 336 41
28 131 51 534 349 100 337 44
29 130 51 529 331 98 210 43
30 el130 50 496 329 98 108 43
31 e130 --- 468 --- 98 254 ——-
TOTAL 4039 1028.4 9825 12266 5273 7453 8419
MEAN 130 34.3 317 409 170 240 281
MAX 131 51 616 480 328 340 645
MIN 129 5.8 43 329 49 96 31
AC-FT 8010 2040 19490 24330 10460 14780 16700

e Estimated



30 MISSOURI RIVER MAIN STEM

06015300 CLARK CANYON RESERVOIR NEAR GRANT, MT

LOCATION, --Lat 45°00'06", long 112°51'27", in SE%SW% sec 32, T.9 S., R.10 W., Beaverhead County, Hydrologic
Unit 10020001, in shaft house near left end of dam on Beaverhead River, 1.5 mi upstream from Clark Canyon
Creek, 10 mi east of Grant, and at mile 2,483.9.

DRAINAGE AREA.--2,321 mi2.

PERIOD OF RECORD.--May 1964 to current year (monthend contents only). Records of daily elevations are in files
of Helena district.

GAGE. --Water-stage recorder in shaft house. Datum of gage is referenced to National Geodetic Vertical Datum of
1929 (levels by U.S. Bureau of Reclamation).

REMARKS. --Reservoir is formed by zoned earthfill dam with concrete control works and spillway completed in
October 1964. Storage began Aug. 28, 1964 (uncontrolled storage began June 10, 1964). Usable capacity,
255,600 acre-ft between elevation 5,455.00 ft, invert of outlet works, and 5,560.40 ft, top of flood control.
Dead storage, 1,509 acre-ft, below elevation 5,455.00 ft. Normal operating level, 177,500 acre-ft at elevation
5,546.00 ft. Minimum operating level, 1,450 acre-ft at elevation 5,470.60 ft. Figures given herein represent
usable contents total contents published in previous water-supply papers and annual reports for May 1964 to
September 1975. Water is used for irrigation, flood control, and recreation.

COOPERATION. --Elevations and capacity table furnished by U.S. Bureau of Reclamation.

EXTREMES FOR PERIOD OF RECORD.--Maximum daily contents, 283,000 acre-ft, June 25, 1984, elevation, 5,564.70 ft;
minimum since normal operating level was reached, 58,960 acre-ft, Oct. 11, 1974, elevation, 5,516.80 ft.

EXTREMES FOR CURRENT YEAR.--Maximum contents at 2400, 169,000 acre-ft, Apr. 22-26, elevation, 5,544.63 ft; minimum,
123,300 acre-ft, Aug. 14, elevation, 5,535.07 ft.

MONTHEND ELEVATION AND CONTENTS AT 2400, WATER YEAR OCTOBER 1986 TO SEPTEMBER 1987

Elevation Contents Change in Contents
Date (feet) (acre-feet) (acre-feet)
Septv 30 « & & o w 5 o wGs w e wiew i elEw, @ e 5,538.13 137,300 -—-
0Cty . 3o ie o 0 o 0 o m e w e w e e e eilie e e @ s eielme 5,540.85 150,200 + 12,900
Novi, 30 & « & = s R R e, TR g 5,542.58 158,700 + 8,500
Decs s v o s 5 168 % & &6 8 Bow e e el o el e ehbe 5,543.04 161,000 + 2,300
CGAL YR 1986 . o 5 « o « o & » w ¥ 6% & ®y sid w4 + 31,500
Jafe: M. & v . o e R e e A e T s o g e 5,542.94 160, 500 - 500
Feb. 28. . s & o W s B e e 5 It el 5,543.07 161,100 + 600
Mar;' 3s o w5 @ s w @ e e 8 e e et v et e 5,544.02 165,900 + 4,800
APT: 30w & & o v wle w w w e w e w e CeEpw el siTEl e . 5,544.50 168,400 + 2,500
L | T T o S 5,541.67 154,200 - 14,200
June 30 & & % & % 5 @ e S 5 G 5 e e e 6 ey e 5,539.90 145,600 - 8,600
JULY 3i s o & % 5 5 5 Wk B G R E S AR R e 5,539.08 141,700 - 3,900
AUBe: WMo e woiohivie o ile ve o e BB o g A ol BN 5,536.74 130,800 - 10,900
Sept.. 30 o G WFiatie w0 e E e eiih e vk BT SRR 5,539.34 143,000 + 12,200
WTR YR 1987 +  5;700




MISSOURI RIVER MAIN STEM 3l

06016000 BEAVERHEAD RIVER AT BARRETTS, MT

LOCATION. --Lat 45°06'59", long 112°44'59", in SE%4SW%SE% sec.19, T.8 S., R.9 W., Beaverhead County, Hidrologic
Unit 10020002, on left bank 1.4 mi upstream from Barretts, 2.2 mi downstream from Grasshopper Creek, 8.9 mi
southwest of Dillon, and at mile 2,469.2.

DRAINAGE AREA.--2,737 miZ.

PERIOD OF RECORD.--August 1907 to September 1986, October 1986 to September 1987 (seasonal records only).
Monthly discharge only for some periods, published in WSP 1309. Prior to October 1963, published as "at
Barratts".

REVISED RECORDS.--WSP 1279: 1908(M), 1910-12(M), 1929(M), 1935-36. WSP 1559: Drainage area.

GAGE. --Water-stage recorder. Datum of gage is 5,268.17 ft above National Geodetic Vertical Datum of 1929.
Prior to Oct. 19, 1934, nonrecording gages at same site and datum.

REMARKS. --Estimated daily discharges: May 31 to June 4, 23-24, July 20-27, Aug. 21 to Sept. 15. Records good.
Some regulation by Lima Reservoir (station number 06012000) and nearly complete regulation by Clark Canyon
Reservoir (station number 06015300) since August 1964. Diversions for irrigation of about 90,000 acres
above station. Several observations of water temperature and specific conductance were made during the
year and are published as miscellaneous water-quality data in the back of this report.

AVERAGE DISCHARGE.=--79 years (1908-1986), 441 ft3/s, 319,500 acre-ft/yr.

EXTREMES FOR PERIOD OF RECORD.--Maximum discharge, 3,720 ft3/s, June 20, 1908, gage height, 6.1 ft; minimum
recorded, 69 ft3/s, Jan. 30, 1939, result of freezeup.

EXTREMES FOR CURRENT SEASON, --Maximum discharge, 1,030 ft3/s, May 16, gage height, 2.42 ft; minimum daily, 236
ft3/s, Mar. 29, but may have been less during period of doubtful gage-height record, Aug. 21 to Sept. 15.

Discharge, in cubic feet per second, 1988 water year
October 1987

1 329 8 256 13 209 22 215 29 221
2 332 9 232 16 210 23 220 30 221
3 334 10 223 17 209 24 220 31 223
4 334 1 222 18 210 25 221
5 313 12 221 19 205 26 221
6 284 13 209 20 172 27 221
7 282 14 208 21 208 28 221
TOTAL o o o o o o o o o o o o o o o o o o o o o o o o o o o o s s o o s o o o o 0 6 o o o 7,406
MEAN & ¢ ¢ o ¢ o o o ¢ o ¢ o o o o o o o o o o o o o s s s s s a o s s o s o o o o o o o o 239
MAX D T T T 334
MIN L T T 172
AC=FT & & & o v o o o o o o o o o o s o s o o s o o o o o o o o o s s s s o s o s s o+ 0. 14,69
DISCHARGE, IN CUBIC FEET PER SECOND, WATER YEAR OCTOBER 1986 TO SEPTEMBER 1987
MEAN VALUES
DAY OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP
1 318 269 257 382 e360 415 628 e240
2 314 270 264 367 e390 455 634 e240
3 322 257 276 354 e430 546 659 e240
4 357 262 285 377 e470 558 674 e240
5 358 268 295 455 489 562 717 e240
6 356 285 294 542 531 593 726 e240
7 355 284 288 678 569 665 675 e240
8 355 297 282 772 606 683 651 e240
9 353 297 270 802 618 677 662 e240
10 355 287 263 858 534 655 647 e240
11 359 279 264 866 519 699 596 e240
12 354 268 264 889 500 620 562 e240
13 361 277 258 935 497 536 537 e240
14 376 271 262 972 502 530 540 e260
15 373 272 273 974 510 580 554 e280
16 370 267 283 998 520 623 568 286
17 365 264 290 986 527 671 508 283
18 366 269 298 815 546 623 445 282
19 365 265 310 605 550 484 399 279
20 367 254 293 563 515 e400 361 275
21 371 255 287 467 487 e360 e360 274
22 371 253 291 448 480 e360 e360 285
23 371 250 303 365 e460 e360 e360 307
24 37 252 316 322 e445 e390 e320 322
25 371 250 320 308 434 e420 e270 330
26 371 253 330 313 431 e440 e240 327
27 374 244 328 314 435 e480 e240 328
28 374 247 301 314 434 519 e240 329
29 376 236 321 311 430 591 e240 331
30 381 250 368 300 422 633 e240 333
31 380 253 ——— e330 -—- 640 e240 -—--
TOTAL 11210 8205 8734 17982 14641 16768 14853 8231
MEAN 362 265 291 580 488 541 479 274
MAX 381 297 368 998 618 699 726 333
MIN 314 236 257 300 360 360 240 240
AC-FT 22240 16270 17320 35670 29040 33260 29460 16330

e Estimated
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52 MISSOURI RIVER MAIN STEM
06018500 BEAVERHEAD RIVER NEAR TWIN BRIDGES, MT

LOCATION, --Lat 45°23'01", long 112°27'07", in SW4NW%SE% sec.22, T.5 S., R.7 W., Madison County, Hydrologic Unit
10020002, on left bank at downstream side of bridge on State Highway 41, 11.5 mi upstream from Ruby River, 12.7
mi southwest of Twin Bridges, 14.5 mi northeast of Dillon, and at mile 2,340.4.

DRAINAGE AREA.--3,619 mi2,
PERIOD OF RECORD.--August 1935 to current year. Prior to October 1968, published as "at Blaine."
REVISED RECORDS.--WSP 1309: 1938(M), 1945(M). WSP 1559: Drainage area.

GAGE.--Water-stage recorder. Datum of gage is 4,809.15 ft above National Geodetic Vertical Datum of 1929. Prior
to Feb. 17, 1949, nonrecording gage at bridge 0.5 mi upstream at different datum. Feb. 17, 1949, to June 28,
1951, nonrecording gage at present site and datum,

REMARKS.--Estimated daily discharges: Feb. 25-27. Records good. Flow partly regulated by Lima Reservoir (station
number 06012000 and Clark Canyon Reservoir (station number 06015300% since August 1964, Diversions upstream
from station for irrigation of about 135,400 acres of which about 5,000 acres are irrigated by imported water
from Birch and Willow Creeks and of which about 9,200 acres lies downstream from station including 600 acres in
Ruby River drainage. Several observations of water temperature and specific conductance were made this year
and are published as miscellaneous water-quality data in the back of this report.

AVERAGE DISCHARGE.--52 years, 431 ft3/s, 312,300 acre-ft/yr.

EXTREMES FOR PERIOD OF RECORD.--Maximum discharge observed, 3,130 £t3/s, June 12, 1944, gage height, 6.76 ft, site
and datum then in use; maximum gage height, 7.88 ft, June 25, 1984; minimum discharge observed, 7.0 ft2/s, May
25, 1940.

EXTREMES FOR CURRENT YEAR.--Maximum discharge, 633 ft3/s, July 19, gage height, 5.50 ft; maximum gage height,
5.71 ft, Nov. 13; minimum discharge, 41 ftJ/s, May 12, 13, gage height, 3.10 ft.

DISCHARGE, IN CUBIC FEET PER SECOND, WATER YEAR OCTOBER 1986 TO SEPTEMBER 1987

MEAN VALUES
DAY OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP
1 508 553 515 441 429 418 408 135 213 112 103 299
2 513 548 511 460 430 419 418 154 215 106 85 294
3 503 545 490 451 432 414 433 153 192 101 83 293
4 213 549 474 454 432 420 447 142 131 86 78 294
] 532 550 491 460 431 432 460 118 94 82 76 290
6 538 562 509 458 414 457 468 108 89 82 97 269
7 524 565 517 449 413 478 460 85 Pk 73 113 272
8 520 564 508 423 414 462 448 70 106 97 109 284
9 526 531 455 409 415 470 426 76 118 103 110 252
10 519 487 449 402 416 463 408 71 139 98 103 246
1" 531 517 436 426 417 454 432 62 123 172 118 236
12 531 502 476 438 419 442 446 48 114 337 127 240
13 527 524 462 434 422 444 443 45 117 291 131 248
14 541 529 486 401 427 460 388 45 113 231 139 239
15 548 537 476 397 422 444 37 51 98 203 188 227
16 546 537 476 405 425 444 371 71 113 182 265 194
17 538 539 450 409 421 439 362 207 111 222 282 188
18 532 536 440 427 428 444 352 341 105 527 271 173
19 535 537 452 420 423 458 381 253 119 563 232 185
20 532 543 447 383 415 437 384 251 110 412 255 194
21 533 562 436 413 413 433 380 321 95 338 228 193
22 536 567 467 395 418 433 352 446 119 316 203 171
23 536 555 467 418 416 429 347 414 108 290 220 156
24 536 558 453 415 393 429 317 334 11 243 238 146
25 537 558 461 422 e380 429 303 274 122 222 275 136
26 539 536 456 419 e380 431 298 268 124 216 306 142
27 540 530 439 418 e390 430 250 331 124 210 274 139
28 542 552 433 423 412 419 196 346 123 159 295 145
29 543 552 430 417 -— 401 144 290 120 140 337 162
30 554 535 464 421 -——- 424 135 251 112 133 321 175
31 556 -—- 432 424 e 435 -—- 227 -—— 106 321 -——-
TOTAL 16509 16260 14458 13132 11647 13592 11028 5988 3655 6453 5983 6482
MEAN 533 542 466 424 416 438 368 193 122 208 193 216
MAX 556 567 517 460 432 478 468 446 215 563 337 299
MIN 503 487 430 383 380 401 135 45 77 73 76 136
AC-FT 32750 32250 28680 26050 23100 26960 21870 11880 7250 12800 11870 12860

CAL YR 1986  TOTAL 127705 MEAN 350 MAX 567 MIN 63 AC-FT 253300
WTR YR 1987 TOTAL 125187 MEAN 343 MAX 567 MIN 45 AC-FT 248300

e Estimated
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5
RUBY RIVER BASIN 3

06019500 RUBY RIVER ABOVE RESERVOIR, NEAR ALDER, MT

LOCATION.--Lat 45°10'31", long 112°08'52", in SW%SW%4SW% sec.3l, T.7 S., R.4 W., Madison County, Hydrologic Unit
10020003, on left bank at Puller Hot Springs, 0.4 mi upstream from Cottonwood Creek, 6 mi upstream from Ruby
Dam, 10.5 mi south of Alder, and at mile 54.4.

DRAINAGE AREA.--538 mi2,

PERIOD OF RECORD.--May 1938 to current year. Monthly discharge only for May 1938, published in WSP 1309.

REVISED RECORDS.--WSP 1309: 1938(M). WSP 1559: Drainage area.

GAGE.--Water-stage recorder. Datum of gage is 5,440.2 ft above National Geodetic Vertical Datum of 1929 (river-
profile survey). Prior to Oct. 1, 1938, nonrecording gage at bridge 1,500 ft downstream at datum 5.2 ft lower.
Oct. 1, 1938, to Aug. 5, 1955, water-stage recorder at site 500 ft downstream at datum 0.5 ft lower.

REMARKS. --Estimated daily discharges: Dec. 17-21, Dec. 26 to Jan. 24, Feb. 26, Mar. 22. Records good except
those for estimated daily discharges, which are fair. Diversion for irrigation of about 3,000 acres upstream
from station. Several observations of water temperature and specific conductance were made during the year
and are published as miscellaneous water-quality data in the back of this report.

AVERAGE DISCHARGE.--49 years, 182 ft3/s, 131,900 acre-ft/yr.

EXTREMES_FOR PERIOD OF RECORD.--Maximum discharge, 3,810 ft3/s, May 16, 1984, gage height, 6.24 ft; minimum daily,
35 ft2/s, Jan. 23, 1962.

EXTREMES FOR CURRENT YEAR.--Peak discharges greater than base discharge of 640 ft3/s and maximums (*):

Discharge Gage height Discharge Gage height
Date Time (ft3/s) (ft) Date Time (£t3/s) (ft)
May 17 0830 *629 *3.87 No peak greater than base discharge this year.,

Minimum discharge, 81 ft3/s, Jan. 16, Mar. 29, gage height, 2.27 ft.

DISCHARGE, IN CUBIC FEET PER SECOND, WATER YEAR OCTOBER 1986 TO SEPTEMBER 1987
MEAN VALUES

DAY OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP
1 132 122 117 e90 99 99 106 405 233 105 139 123

2 133 118 120 e90 99 100 102 288 209 104 132 123

3 131 127 113 e92 100 100 108 217 189 102 128 125

4 126 129 112 e92 99 103 115 192 178 99 124 125

5 124 131 119 e9%4 99 108 122 194 157 99 123 127

6 123 134 125 e94 99 115 134 197 148 92 123 127

7 122 119 123 e94 99 118 128 195 154 89 121 121

8 119 122 122 e94 99 120 131 186 161 86 120 118

9 119 121 119 e92 99 114 114 177 148 88 114 114
10 120 115 120 e94 100 109 113 165 156 95 109 112
1 117 118 115 e98 100 108 119 161 158 178 105 112
12 110 121 117 e100 101 107 112 147 147 172 104 114
13 112 122 118 e98 101 11 108 141 133 146 109 114
14 114 132 112 e96 102 113 112 125 123 136 110 114
15 109 135 m e94 101 107 125 11 117 123 134 107
16 109 134 108 e92 102 109 139 181 115 119 174 105
17 108 133 el05 e90 100 106 133 434 116 131 139 103
18 115 127 e100 e90 102 110 158 279 107 319 125 105
19 115 133 e100 e90 97 107 167 260 97 320 120 103
20 115 132 el00 e92 97 101 140 218 99 210 118 101
21 114 134 e98 e92 98 100 146 213 100 194 116 103
22 116 128 100 e92 100 el00 151 226 139 220 120 103
23 114 128 100 e9%4 101 101 191 193 136 186 127 103
24 113 129 101 e94 100 103 227 172 125 167 169 100
25 118 128 100 95 97 98 260 181 117 154 188 99
26 124 116 e98 96 e95 104 284 210 113 143 174 102
27 128 125 e98 98 96 102 317 219 105 143 151 107
28 135 127 e96 99 96 100 348 283 104 153 121 100
29 132 127 e96 98 - 89 405 270 102 165 136 85
30 135 121 e94 97 -—- 101 402 242 109 167 137 86
31 129 --- e92 99 -——- 105 ——- 216 -—- 151 130 ---
TOTAL 3731 3788 3349 2920 2778 3268 5217 6698 4095 4656 4040 3281
MEAN 120 126 108 94.2 99.2 105 174 216 136 150 130 109
MAX 135 135 125 100 102 120 405 434 233 320 188 127
MIN 108 115 92 90 95 89 102 111 97 86 104 85
AC-FT 7400 7510 6640 5790 5510 6480 10350 13290 8120 9240 8010 6510

CAL YR 1986 TOTAL 65689 MEAN 180 MAX 1100 MIN 90 AC-FT 130300
WTR YR 1987 TOTAL 47821 MEAN 131 MAX 434 MIN 85 AC-FT 94850

e Estimated



A RUBY RIVER BASIN

06020600 RUBY RIVER BELOW RESERVOIR, NEAR ALDER, MT

LOCATION.--Lat 45°14'32", long 112°06'36", in SE%4SE4NE% sec.8, T.7 S., R.4 W., Madison County, Hydrologic Unit
10020003, on right bank 0.2 mi downstream from Ruby Dam, 5.7 mi south of Alder, and at mile 47.8.

DRAINAGE AREA.--596 miZ,
PERIOD OF RECORD.--November 1962 to current year.
REVISED RECORDS.--1985 (M).

GAGE.--Water-stage recorder. Datum of gage is 5,286.63 ft above National Geodetic Vertical Datum of 1929 (levels
by U.S. Army Corps of Engineers).

REMARKS. --No estimated daily discharges. Records good. Flow regulated by Ruby River Reservoir (station number
06020500). Diversions for irrigation of about 3,500 acres upstream from station. Several observations of
water temperature and specific conductance were made during the year and are published as miscellaneous water-
quality data in the back of this report.

AVERAGE DISCHARGE.--24 years, 224 ft3/s, 162,300 acre-ft/yr.

EXTREMES FOR PERIOD OF RECORD.--Maximum discharge, 3,010 ft3/s, May 16, 1984, gage height, 8.52 ft, from flgod-
mark;Iminimum, 1.4 ft2/s, Dec. 5, 1974, dam closure, result of discharge measurement; minimum daily, 19 £t3/s,
Feb. 15-19, 1967.

EXTREMES FOR CURRENT YEAR.--Maximum discharge, 744 ft3/s, May 13, gage height, 4.75 ft; minimum daily, 32 ft3/s,
on many days.

DISCHARGE, IN CUBIC FEET PER SECOND, WATER YEAR OCTOBER 1986 TO SEPTEMBER 1987

MEAN VALUES

DAY - OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP
1 89 74 60 50 49 33 36 399 190 320 193 237

2 90 74 53 51 48 33 36 359 191 320 193 237

3 91 74 53 51 47 33 36 273 192 318 201 237

4 92 73 55 52 47 33 37 227 201 317 205 237

5 92 72 55 53 47 33 37 239 210 316 205 235

6 93 72 56 54 47 33 37 259 210 318 211 235

7 94 72 57 55 47 33 37 288 212 334 242 232

8 95 72 57 33 47 33 37 379 263 333 265 231

9 92 72 57 35 46 33 37 419 299 330 278 231
10 79 Al 58 54 46 34 37 422 299 328 278 230
1 80 71 58 53 38 34 37 464 299 329 276 229
12 80 71 57 52 33 34 36 482 298 302 275 229
13 81 71 52 52 33 34 36 653 297 281 273 228
14 82 71 46 52 32 34 27 598 295 252 272 242
15 78 70 45 52 32 34 37 521 307 225 27 251
16 64 69 44 51 32 34 37 445 313 242 270 249
17 65 68 43 51 32 34 37 406 313 251 253 265
1 65 68 43 51 33 34 37 405 336 232 244 290
19 66 67 43 51 33 34 37 407 350 217 243 295
20 67 67 43 51 32 34 37 353 351 217 243 289
21 69 68 43 51 32 34 41 310 350 218 242 286
22 71 68 44 50 32 29 64 285 349 204 241 282
23 71 69 44 50 32 35 98 285 337 195 240 286
24 72 69 44 50 32 35 148 265 286 189 240 291
25 73 69 45 50 32 35 189 253 306 186 240 286
26 74 70 45 50 32 35 231 239 287 186 240 282
27 74 71 46 50 32 36 268 218 268 185 240 278
28 74 72 47 49 33 36 311 412 267 185 239 273
29 74 72 47 49 - 35 354 195 270 185 239 266
30 74 72 48 49 —m 36 397 188 285 185 238 262
31 74 —-- 49 49 -—- 36 -——- 190 -—- 189 237 -
TOTAL 2435 2119 1537 1593 1058 1059 2836 10638 8431 7889 7527 7701
MEAN 78.5 70.6 49.6 51.4 37.8 34,2 94.5 343 281 254 243 257
MAX 95 74 60 55 49 36 397 653 351 334 278 295
MIN 64 67 43 49 32 33 36 188 190 185 183 228
AC-FT 4830 4200 3050 3160 2100 2100 5630 21100 16720 15650 14930 15270

CAL YR 1986  TOTAL 70776 MEAN 194 MAX 1110 MIN 43 AC-FT 140400
WTR YR 1987 TOTAL 54823 MEAN 150 MAX 653 MIN 32 AC-FT 108700
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BIG HOLE RIVER BASIN 35

06025500 BIG HOLE RIVER NEAR MELROSE, MT
LOCATION, --Lat 45°31'36", long 112°42'03", in SE%SE%SW% sec.34, T.3 S., R.9 W., Madison County, Hydrologic Unit

10020004, on left bank 50 ft downstream from bridge, on U.S. Highway 91, 0.1 mi downstream from Rock Creek, 7
mi south of Melrose, and at mile 31.1.

DRAINAGE AREA.--2,476 miZ,
WATER-DISCHARGE RECORDS

PERIOD OF RECORD.--October 1923 to current year. Monthly discharge only for some periods, published in WSP 1309.

GAGE.--Water-stage recorder. Datum of gage is 5,032.87 ft above National Geodetic Vertical Datum of 1929. Prior
to June 14, 1927, water-stage recorder, and July 17, 1927, to Sept. 30, 1931, nonrecording gage, at site 1.7 mi
upstream at different datum.

REMARKS.--Estimated daily discharges: Dec. 6 to Feb. 5, 20-28. Water-discharge records good except those for
estimated daily discharges, which are poor. Diversions for irrigation of about 136,000 acres upstream from
station.

AVERAGE DISCHARGE.--64 years, 1,162 ft3/s, 841,900 acre-ft/yr.

EXTREMES FOR PERIOD OF RECORD.--Maximum discharge, 23,000 ft3/s, June 14, 1927, when Wise River Reservoir dam
failed (§age height, 14.0 ft, from floodmark, site and datum then in use), from rating curve extended above
8,000 ft3/s; maximum discharge unaffected by dam failure, 14,300 ft3/s, June 10, 1972, gage height, 8.04 ft;
minimum observed, 49 ft3/s, Aug. 17, 1931, gage height, 0.70 ft, site and datum then in use.

EXTREMES FOR CURRENT YEAR.--Maximum discharge, 2,550 ft3/s, May 1, gage height, 3.40 ft; minimum, 137 ft3/s,
Sept. 16, gage height, 0.84 ft.

DISCHARGE, IN CUBIC FEET PER SECOND, WATER YEAR OCTOBER 1986 TO SEPTEMBER 1987
. MEAN VALUES

DAY OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP
1 706 635 454 e310 e365 324 520 2420 1420 335 369 236
2 716 610 470 e315 e365 324 592 2280 1390 323 339 226
3 741 599 429 e315 e370 329 734 1930 1260 309 318 226
4 737 589 379 e320 e370 349 955 1610 1080 303 290 216
5 707 581 398 e320 e375 406 1300 1440 920 304 262 211
6 687 607 e385 e310 379 406 1450 1300 858 294 246 207
7 669 588 e360 e300 388 412 1410 1210 847 275 235 205
8 653 591 e340 e280 408 434 1300 1200 949 266 222 193
9 639 512 e330 e270 411 494 1130 1180 1210 281 209 177
10 636 371 e320 e260 409 671 916 1150 1310 321 193 172
1 638 309 e315 e260 401 757 905 1080 1220 409 178 165
12 634 374 e320 e270 400 733 875 969 1070 443 171 160
13 627 454 e330 e270 381 781 766 938 935 468 171 153
14 635 555 e340 e270 350 741 734 967 821 457 191 151
15 638 593 e350 e270 322 687 860 906 746 396 210 145
16 631 611 e340 e260 297 749 1130 923 706 346 222 144
17 626 610 e320 e250 305 725 1430 1220 665 388 225 146
18 614 542 e300 e255 345 733 1500 1260 672 603 224 150
19 613 551 e295 e260 364 643 1440 1200 765 702 227 151
20 615 579 e290 e270 e355 546 1180 1230 784 726 219 147
21 610 633 e290 e280 e340 532 1040 1280 724 697 206 150
22 599 617 €295 e290 e325 494 1130 1410 662 652 206 152
23 593 604 e300 e290 e315 494 1310 1460 617 601 208 151
24 614 627 e305 e290 e305 494 1540 1390 578 555 231 153
25 615 628 e305 e290 e300 494 1680 1250 534 520 279 161
26 612 535 e305 e300 e300 494 1790 1360 488 472 305 169
27 612 535 e300 e340 e305 482 1900 1670 434 433 291 175
28 617 581 e300 e370 e315 464 2010 1970 401 401 276 179
29 622 575 e300 e370 -—— 390 2050 1760 380 383 251 193
30 636 498 e300 e365 === 412 2170 1460 348 386 244 200
31 641 ~-= e305 e360 --- 444 --- 1340 --- 394 232 ——-
TOTAL 19933 16694 10370 9180 9865 16438 37747 42763 24794 13443 7450 5264
MEAN 643 556 335 296 352 530 1258 1379 826 434 240 175
MAX 741 635 470 370 411 781 2170 2420 1420 726 369 236
MIN 593 309 290 250 297 324 520 906 348 266 171 144

AC-FT 39540 33110 20570 18210 19570 32600 74870 84820 49180 26660 14780 10440

CAL YR 1986 TOTAL 414300 MEAN 1135 MAX 8510 MIN 260 AC-FT 821800
WTR YR 1987 TOTAL 213941 MEAN 586 MAX 2420 MIN 144 AC-FT 424400

e Estimated
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56 BIG HOLE RIVER BASIN
06025500 BIG HOLE RIVER NEAR MELROSE, MT--Continued

WATER-QUALITY RECORDS

PERIOD OF RECORD.--Water years 1956-57, 1960-64, 1977 to current year.
PERIOD OF DAILY RECORD.--
WATER TEMPERATURE: August 1956 to September 1957, August 1960 to September 1964, June 1977 to current year.
INSTRUMENTATION.--Temperature recorder since June 22, 1977.
EXTREMES FOR PERIOD OF DAILY RECORD.--
WATER TEMPERATURE: Maximum, 23.0°C, July 17, 1961, Aug. 6, 1983, July 20, 1985; minimum, 0.0°C on many days
during winter periods.
SEDIMENT CONCENTRATION (water years 1956-57, 1960-64): Maximum daily mean, 200 mg/L, June 29, 1961; minimum
daily mean, 1 mg/L, on many days in 1960-64.
SEDIMENT LOAD (water years 1956-57, 1960-64): Maximum daily, 4,300 tons, June 9, 1964; minimum daily, less
than 0.5 ton on several days in 1961,
EXTREMES FOR CURRENT YEAR.--
WATER TEMPERATURE: Maximum, 22.5°C, Jul. 14; minimum, 0.0°C on many days during winter period.

WATER QUALITY DATA, WATER YEAR OCTOBER 1986 TO SEPTEMBER 1987

SPE-
STREAM~ CIFIC
FLOW, CON- TEMPER- TEMPER-
INSTAN- DUCT- ATURE ATURE
DATE TIME TANEOUS ANCE AIR WATER

(CFS) (Us/cM) (DEG C) (DEG C)
(00061) (00095) (00020) (00010)

NOV

18... 1445 532 167 11.0 0.5
JAN

13040 1105 272 215 3.0 0.0
FEB

17... 1435 389 194 35 0.5
MAR

31... 0915 508 191 1.0 2.5
MAY

Thene 1615 1120 112 20.5 16.0
JUN

26... 0800 -- 224 14.0 14.0
AUG

04... 1430 295 218 29.0 18.5
SEP

23... 1130 158 283 12.0 5

TEMPERATURE, WATER (DEG. C), WATER YEAR OCTOBER 1986 TO SEPTEMBER 1987

DAY MAX MIN MEAN MAX MIN MEAN MAX MIN MEAN MAX MIN MEAN
OCTOBER NOVEMBER DECEMBER JANUARY

1 9.5 7.0 8.0 5.0 2.5 4.0 .3 .0 .0 .0 .0 .0
2 8.0 6.5 7.5 4.5 1.5 3.0 o5 .0 .0 .0 .0 .0
3 8.5 5.0 7.0 5.0 2.0 3.5 .0 .0 .0 .0 .0 .0
4 8.5 5.5 7.0 5.5 2.0 4.0 .0 .0 .0 .0 .0 .0
5 11.0 6.5 8.5 5.5 3.0 4.5 .0 .0 .0 .0 .0 .0
6 11.5 7.5 9.5 5.0 3.0 4.0 1.0 .0 o5 .0 .0 .0
7 11.5 75 .5 3.0 1.5 2.5 o5 .0 .0 .0 .0 .0
8 11.0 8.0 9.5 1.5 .0 «d .0 .0 .0 .0 .0 .0
9 11.0 7.0 9.0 .0 .0 .0 .0 .0 .0 .0 .0 .0
10 9.0 6.0 7.0 .0 .0 .0 .0 .0 .0 .0 .0 .0
1 7.5 4.0 5.5 o3 .0 .0 .0 .0 .0 .0 .0 .0
12 7.0 3.0 5.0 5 .0 .0 .0 .0 .0 .0 .0 .0
13 7.5 3.5 5.5 .0 .0 .0 .0 .0 .0 .0 .0 .0
14 8.0 4.0 6.0 .0 .0 .0 .0 .0 .0 .0 .0 .0
i1 8.0 4.0 6.0 .0 .0 .0 .0 .0 .0 .0 .0 .0
16 8.5 4.0 6.5 o5 .0 .0 .0 .0 .0 .0 .0 .0
17 8.0 4.0 6.0 1.5 .0 ] .0 .0 .0 .0 .0 .0
18 7.5 4.5 6.0 1.0 .0 5 .0 .0 .0 .0 .0 .0
19 8.5 5.0 7.0 2.0 .5 1.0 .0 .0 .0 .0 .0 .0
20 8.0 4.5 6.5 2.5 o5 15 .0 .0 .0 .0 .0 .0
21 8.0 4.5 6.5 3.0 1.5 2.5 .0 .0 .0 .0 .0 .0
22 8.0 4.0 6.0 1.0 .0 5 .0 .0 .0 .0 .0 .0
23 7.5 oD 5.5 1.5 .0 1.0 .0 .0 .0 .0 .0 .0
24 7.5 3.5 5.5 3.5 Ted 2.5 .0 .0 .0 1.0 .0 .5
25 8.0 4.5 6.0 2.0 .0 1.0 .0 .0 .0 TS 1.0 1.0
26 7.0 4.5 6.0 o5 .0 <3 .0 .0 .0 .3 .0 .0
27 6.0 5.0 5.5 2.5 o5 1.5 .0 .0 .0 3 .0 .5
28 6.5 3.5 5.0 2.0 1.0 1.5 .0 .0 .0 .5 .0 5
29 6.5 4.0 5.0 2.0 o5 1.5 .0 .0 .0 .0 .0 .0
30 6.5 4.5 5.5 o5 .0 .0 .0 .0 .0 .0 .0 .0
31 5.0 3.5 4.5 - i -—- .0 .0 .0 .0 .0 .0
MONTH 11.5 3.0 6.56 5.5 .0 1.40 1.0 .0 .016 1.5 .0 .081
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L BOULDER RIVER BASIN
06033000 BOULDER RIVER NEAR BOULDER, MT
LOCATION.--Lat 46°12'40", long 112°05'27", in SE4NE%SW% sec. 3, T.5 N., R.4 W., Jefferson County, Hydrologic Unit
10020006, on left bank 40 ft downstream from county bridge, 1.1 mile downstream of Muskrat Creek, 2.0 mi south-
east of Boulder, and at mile 44.1.

DRAINAGE AREA.--381 miZ2.

PERIOD OF RECORD.--April 1929 to December 1932, March 1934 to September 1972, October 1984 to current year.
Monthly discharge only for some periods, published in WSP 1309.

REVISED RECORDS.--WSP 1279: 1931.

GAGE.--Water-stage recorder. Elevation of gage is 4,810 ft, by barometer. Prior to Aug. 29, 1946, nonrecording
gage at present site and datum.

REMARKS.--Estimated daily discharges: Jan. 1&-17,' Feb. 26. Records good. Diversions for irrigation of about
3,500 acres upstream from station. Several observations of water temperature and specific conductance were made
during the year and are published as miscellaneous water-quality data in the back of this report.

AVERAGE DISCHARGE.--44 years (1930-32, 1935-72, 1985-87) 120 £t3/s, 86,940 acre-ft/yr.

EXTREMES FOR PERIOD OF RECORD.--Maximum discharge, 3,490 ft3/s, June 9, 1964, gage height, 10.90 ft; no flow July
15-17, 21, 1931,

EXTREMES OUTSIDE PERIOD OF RECORD.--Flood of May 22, 1981, reached a discharge of 7,000 ft3/s, gage height, 12.3
ft, from floodmarks.

EXTREMES FOR CURRENT YEAR.--Peak discharges greater than base discharge of 420 ft3/s and maximums (*):

Discharge Gage height Discharge Gage height
Date Time (ft3/s (ft) Date Time (ft3/s (ft)

Apr. 30 0130 510 6.69 May 28 1030 *687 *7.02

Minimum discharge, 15 ft3/s, Jan. 20, gage height, 4.79 ft.
DISCHARGE, IN CUBIC FEET PER SECOND, WATER YEAR OCTOBER 1986 TO SEPTEMBER 1987

MEAN VALUES
DAY 0OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP
1 72 50 40 24 27 30 58 441 366 41 59 24
2 70 46 46 23 27 31 54 384 289 43 50 22
3 68 49 41 23 28 33 80 315 259 59 45 22
4 65 47 32 24 29 38 134 275 225 54 43 22
5 66 45 38 24 29 43 183 255 193 60 39 23
6 68 49 40 25 30 32 216 237 184 52 36 22
7 67 46 39 26 30 53 182 216 171 47 39 23
8 65 35 39 26 31 51 163 203 210 45 36 24
9 64 24 37 24 31 46 104 188 204 51 33 23
10 64 22 33 22 31 71 84 173 237 109 30 22
1 63 24 33 21 31 73 94 152 173 207 28 22
12 58 30 33 20 32 60 79 135 146 134 28 19
13 59 34 35 20 32 70 68 144 131 99 28 17
14 59 38 35 el9 33 68 76 124 112 79 35 17
15 58 40 35 el9 32 69 108 109 101 64 42 18
16 57 41 33 el8 32 81 157 113 104 59 44 22
17 55 42 32 el8 32 68 209 167 98 88 45 22
18 55 39 29 17 32 69 186 156 109 326 37 22
19 54 41 27 17 31 60 144 159 121 242 34 21
20 54 44 25 17 30 49 119 176 107 161 31 21
21 54 49 24 16 32 47 137 162 89 126 30 21
22 53 47 24 17 32 51 166 164 81 114 30 21
23 50 46 24 17 31 48 221 197 76 118 29 20
24 48 50 26 17 31 44 257 177 71 106 30 18
25 47 48 27 18 30 43 300 217 58 86 36 17
26 47 38 28 19 e28 49 337 306 54 74 42 17
27 48 51 28 21 29 41 364 331 50 66 38 17
28 50 49 27 21 29 36 415 592 46 66 33 19
29 50 48 26 23 == 28 450 436 45 69 30 19
30 50 35 25 23 e 48 461 334 43 69 28 19
31 53 ~-- 25 25 --- 56 ~== 338 ——- 67 26 afiad
TOTAL 1791 1247 986 644 852 1608 5606 7376 4163 2981 1114 616
MEAN 57.8 41.6 31.8 20.8 30.4 51.9 187 238 139 96.2 35.9 20.5
MAX 72 51 46 26 33 81 461 592 366 326 59 24
MIN 47 22 24 16 27 28 54 109 43 41 26 17
AC-FT 3550 2470 1960 1280 1690 3190 11120 14630 8260 5910 2210 1220

CAL YR 1986 TOTAL 47861 MEAN 131 MAX 1020 MIN 21 AC-FT 94930
WTR YR 1987 TOTAL 28984 MEAN 79.4 MAX 592 MIN 16 AC-FT 57490

e Estimated



WILLOW CREEK BASIN 59

06035000 WILLOW CREEK NEAR HARRISON, MT

LOCATION.--Lat 46°43'23", long 111°44'25", in SE%4SW3NW% sec.28, T.l S., R.1 W., Madison County, Hydrologic Unit
10020005, on right bank 2.2 mi upstream from Willow Creek Dam, 2.5 mi northeast of Harrison, and at mile 13.6.

DRAINAGE AREA.--83.8 miZ2,

PERIOD OF RECORD.--April 1938 to September 1982, October 1982 to current year (seasonal records only). Monthly
discharge only for some periods, published in WSP 1309.

REVISED RECORDS.--WSP 1559: Drainage area.

GAGE. --Water-stage recorder and concrete control. Elevation of gage is 4,750 ft, from topographic map. Prior to
Oct. 8, 1946, water-stage recorder at datum 0.22 ft higher, with different concrete control.

REMARKS. --Seasonal records good. Diversions for irrigation of about 12,500 acres of which 3,500 acres is in
Norwegian Creek drainage. Several observations of water temperature and specific conductance were made during
the year and are published as miscellaneous water-quality data in the back of this report.

AVERAGE DISCHARGE.--44 years (1938-82), 40.7 ft3/s, 29,490 acre-ft/yr.

EXTREMES FOR PERIOD OF RECORD.--Maximum discharge, 813 ft3/s, Feb. 3, 1963, gage height, 4.24 ft, from floodmarks,
from rating curve extended above 300 fc3/s; minimum, 1.4 ft3/s, Sept. 17, 1956, gage height, 0.39 ft.

EXTREMES FOR CURRENT SEASON.--Maximum discharge, 265 ft3/s, July 18, gage height, 2.45 ft; minimum, 3.1 ft3/s,
May 12-14, gage height, 0.39 ft.

DISCHARGE, IN CUBIC FEET PER SECOND, WATER YEAR OCTOBER 1986 TO SEPTEMBER 1987
MEAN VALUES

DAY 0oCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP
1 34 33 113 151 1 57 58
2 44 32 98 113 7.1 49 o7
3 41 33 86 95 6.5 44 56
4 39 35 73 88 5.8 40 56
5 46 38 56 87 5.1 33 55
6 44 41 34 96 6.2 29 55
7 41 42 17 110 8.2 40 58
8 39 44 6.9 167 11 31 56
9 42 42 5.0 154 15 27 53
10 40 40 3.9 149 37 25 51
1 37 39 4,0 127 155 23 51
12 35 3/ 3.5 110 86 22 48
13 38 36 3.1 98 55 25 47
14 41 34 3.4 95 50 27 47
15 44 35 3.5 94 41 42 45
16 43 40 17 93 34 55 45
17 41 45 120 81 95 38 46
18 42 51 85 62 240 31 46
19 42 53 50 65 181 28 45
20 40 50 77 58 140 28 44
21 39 47 71 43 134 28 43
22 38 49 72 84 129 33 42
23 37 55 53 60 115 39 41
24 38 56 41 49 106 47 32
25 38 61 57 37 99 86 30
26 37 65 133 31 92 67 28
27 39 68 163 24 81 57 31
28 40 81 162 24 67 51 29
29 39 94 145 23 67 47 26
30 40 104 125 16 78 52 21
31 38 -—- 141 -—- 62 60 -—-
TOTAL 1236 1480 2022.3 2484 2219.9 1261 1342
MEAN 39.9 49.3 65.2 82.8 71.6 40.7 44,7
MAX 46 104 163 167 240 86 58
MIN 34 32 3.1 16 5.1 22 21

AC-FT 2450 2940 4010 4930 4400 2500 2660



60 JEFFERSON RIVER BASIN
06036650 JEFFERSON RIVER NEAR THREE FORKS, MT

LOCATION,--Lat 45°53'52", long 111°35'45", in SW%SW4NW% sec.27, T.2 N., R.1 E., Broadwater County, Hydrologic Unit
10020005, on left bank 50 ft downstream from bridge on U.S. Highway 10, 2.5 mi northwest of Three Forks, and at
mile 2,329.3.

DRAINAGE AREA.--9,532 miZ.

PERIOD OF RECORD.--October 1978 to current year.

GAGE.--Water-stage recorder. Datum of gage is 4,076.76 ft above National Geodetic Vertical Datum of 1929.

REMARKS,.--Estimated daily discharges: Nov. 10-21, Dec. 6 to Mar. 4. Records good except those for estimated
daily discharges, which are poor. Several observations of water temperature and specific conductance were made
during the, year and are published as miscellaneous water-quality data in the back of this report. Some
regulation by Ruby River Reservoir (station number 06020500) and Clark Canyon Reservoir (station number
06015300). Diversions for irrigation of about 390,000 acres upstream from station.

AVERAGE DISCHARGE.--9 years, 2,421 f£t3/s, 1,754,000 acre-ft/yr.

EXTREMES FOR PERIOD OF RECORD.=--Maximum discharge, 15,900 ft3/s, May 24, 1981, gage height recorded, 8.06 ft, 8.21
ft, from floodmark; maximum gage height, 9.39 ft, Dec. 10, 1980 (ice jam); minimum discharge, 249 ft3/s, July 30,
31, 1985, gage height, 1.66 ft.

EXTREMES FOR CURRENT YEAR.--Maximum discharge, 3,610 ft3/s, May 29, gage height, 4.67 ft; maximum gage height,
7.60 ft, Dec. 12 (ice jam); minimum discharge, 359 ft3/s, Aug. 11, 12, gage height, 1.98 ft.

DISCHARGE, IN CUBIC FEET PER SECOND, WATER YEAR OCTOBER 1986 TO SEPTEMBER 1987
MEAN VALUES

DAY 0oCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP
1 2110 1960 1650 e1200 e1400 e1200 1380 2720 2670 8517 627 986
2 2150 1950 1600 e1200 e1400 e1300 1400 2840 2620 466 627 955
3 2160 1940 1550 e1300 e1500 e1300 1480 2750 2420 440 592 914
4 2150 1910 1550 e1300 e1500 e1300 1590 2340 2220 534 516 915
5 2150 1910 1530 e1300 e1500 1340 1810 1870 1880 697 473 954
6 2160 1950 e1500 e1300 e1500 1410 2180 1490 1640 639 434 931
7 2140 1940 e1400 e1200 e1400 1490 2450 1220 1450 552 428 907
8 2130 . 1940 €1400 e1100 e1400 1480 2460 1000 1480 488 409 872
9 2080 1880 e1400 e1100 e1400 1450 2350 857 1540 437 403 865
10 2050 e1500 e1200 e1100 e1400 1470 2180 753 1690 426 389 847
11 2040 e1400 e1200 e1100 e1400 1610 1950 719 1880 624 374 788
12 2030 e1400 e1100 e1200 e1400 1720 1840 697 1780 855 364 768
13 2030 e1500 e1100 e1200 e1400 1720 1820 643 1620 1040 371 743
14 2020 e1600 e1200 e1200 e1400 1770 1740 575 1460 1010 370 710
15 2020 e1700 e1200 e1100 e1400 1750 1640 560 1300 915 391 696
16 2030 e1900 e1200 e1000 e1400 1680 1650 593 1230 786 441 697
17 2020 e1900 e1200 e800 e1400 1700 1860 827 1170 730 517 695
18 2030 2000 e1200 €900 e1400 1710 2130 1450 1110 1030 597 661
19 2010 2000 e1200 e1000 e1400 1750 2320 1910 1060 1890 619 669
20 1990 e1900 e1200 e1000 e1300 1680 2360 2040 1100 2110 605 660
21 1990 e1900 e1200 e1100 e1300 1560 2160 2150 1150 1850 596 704
22 1980 1860 e1100 e1100 e1300 1490 1970 2480 1200 1780 603 711
23 1960 1850 e1200 e1200 e1300 1460 1930 2660 1200 1640 604 704
24 1950 1840 e1300 e1200 e1200 1450 2070 2530 1110 1490 660 657
25 1950 1840 e1300 e1200 e1200 1420 2280 2430 996 1340 791 644
26 1950 1820 e1300 e1300 e1100 1420 2450 2420 917 1190 964 631
27 1940 1770 e1200 e1300 e1100 1410 2560 2620 884 1090 1070 648
28 1940 1740 e1100 e1300 e1100 1410 2640 3080 767 950 1040 648
29 1940 1750 e1100 e1400 --- 1320 2660 3530 671 809 1010 712
30 1950 1740 e1100 e1400 --- 1320 2650 3180 588 728 1010 737
31 1950 -—- el100 e1400 -—— 1350 --- 2790 —— 671 996 ---
TOTAL 63000 54290 39580 36500 37900 46440 61960 57724 42803 29724 18891 23029
MEAN 2032 1810 1277 1177 1354 1498 2065 1862 1427 959 609 768
MAX 2160 2000 1650 1400 1500 1770 2660 3530 2670 2110 1070 986
MIN 1940 1400 1100 800 1100 1200 1380 560 588 426 364 631

AC-FT 125000 107700 78510 72400 75170 92110 122900 114500 84900 58960 37470 45680

CAL YR 1986 TOTAL 780783 MEAN 2139 MAX 9310 MIN 504 AC-FT 1549000
WTR YR 1987 TOTAL 511841 MEAN 1402 MAX 3530 MIN 364 AC-FT 1015000

e Estimated
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MADISON RIVER BASIN 61

06036905 FIREHOLE RIVER NEAR WEST YELLOWSTONE, MT

LOCATION. --Lat 44°37'13", long 110°51'44", Yellowstone National Park, Hydrologic Unit 10020007, on right bank 1.6
mi south of Madison Junction, 12 mi east of West Yellowstone, and at mile 1.8.

DRAINAGE AREA.--282 mi2.
WATER-DISCHARGE RECORDS
PERIOD OF RECORD.--October 1983 to current year.
GAGE. --Water-stage recorder. Elevation of gage is 7,050 ft, from topographic map.
REMARKS. --Water-discharge records excellent. No regulation or diversions upstream from station.

EXTREMES FOR PERIOD OF RECORD.--Maximum discharge, 1,520 ft3/s, May 31, 1986, gage height, 5.48 ft; minimum, 255
ft3/s, Feb. 8, 1986, gage height, 3.03 ft.

EXTREMES FOR CURRENT YEAR.--Maximum discharge, 598 ft3/s, Apr. 26, gage height, 3.96 ft; minimum, 236 ft3/s,
Sept. 26, gage height, 2.93 ft.

DISCHARGE, IN CUBIC FEET PER SECOND, WATER YEAR OCTOBER 1986 TO SEPTEMBER 1987
MEAN VALUES

DAY OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP
1 370 328 307 293 298 287 278 533 334 260 250 245

2 369 323 307 299 293 286 279 467 311 256 250 246

3 357 328 303 297 308 286 285 388 298 260 250 245

4 351 326 304 305 303 289 292 365 292 255 250 251

5 348 329 310 307 296 295 306 371 285 250 250 256

6 345 349 318 304 295 301 318 385 292 246 251 248

7 348 330 312 301 297 321 318 399 318 247 257 246

8 346 325 310 294 296 340 324 389 325 250 257 245

9 341 322 295 292 297 319 308 372 304 257 250 244
10 338 311 301 292 296 308 301 350 300 270 250 243
1" 332 319 301 296 296 309 328 335 313 303 251 244
12 331 323 301 298 293 301 306 325 288 271 248 244
13 333 325 301 296 295 310 294 320 278 258 249 242
14 331 334 305 293 309 307 304 310 275 254 252 243
19 332 332 307 292 297 298 328 301 275 251 254 242
16 331 332 303 283 291 298 349 305 272 249 273 241
17 331 339 296 291 288 293 375 353 268 292 253 241
18 332 330 296 294 291 300 383 410 268 393 249 241
19 332 345 298 289 286 295 363 416 269 292 248 242
20 332 330 299 284 281 285 321 408 278 269 248 241
21 336 346 295 291 289 286 328 368 266 290 245 240
22 333 332 297 288 289 285 357 329 270 305 248 241
23 329 329 298 292 290 280 388 306 266 267 254 240
24 328 330 299 293 286 280 457 304 267 261 263 244
25 327 326 297 294 287 278 481 313 259 259 258 243
26 327 314 296 295 282 281 499 344 258 259 258 240
27 327 320 293 298 282 277 490 399 256 261 250 242
28 327 323 291 309 285 274 485 447 258 267 248 243
29 326 325 289 298 -== 265 480 388 260 273 246 242
30 353 315 294 295 == 275 470 335 261 270 246 241
31 338 S=< 292 303 ——- 279 - 335 === 257 247 —-—-
TOTAL 10481 9840 9315 9156 8196 9088 10795 11370 8464 8352 7803 7306
MEAN 338 328 300 295 293 293 360 367 282 269 252 244
MAX 370 349 318 309 309 340 499 533 334 393 273 256
MIN 326 311 289 283 281 265 278 301 256 246 245 240

AC-FT 20790 19520 18480 18160 16260 18030 21410 22550 16790 16570 15480 14490

CAL YR 1986 TOTAL 146750 MEAN 402 MAX 1240 MIN 277 AC-FT 291100
WTR YR 1987 TOTAL 110166 MEAN 302 MAX 533 MIN 240 AC-FT 218500



62

MADISON RIVER BASIN

06036905 FIREHOLE RIVER NEAR WEST YELLOWSTONE, MT--Continued

WATER QUALITY RECORDS

PERIOD OF RECORD.--Water years 1983 to current year.

August 1983 to September 1986.

August 1983 to current year.

SPECIFIC CONDUCTANCE:.

PERIOD OF DAILY RECORD.--
WATER TEMPERATURE:.

INSTRUMENTATION.--Water-quality monitor since Aug. 30, 1983.

REMARKS.--No temperature record Jan. 17 to Feb. 24, Sep. 9-12, 14, 18-30.

Maximum, 560 microsiemens, Nov., 16, Mar. 21, 1986; minimum,

1986.
Maximum, 28.0°C, June 14, July 30, 31, 1987; minimum, 1.0°C, Dec. 24, 1983, Feb. 1, 1985.

140 microsiemens, Jun. 5,

SPECIFIC CONDUCTANCE (water years 1983-86):.
WATER TEMPERATURE:,

EXTREMES FOR PERIOD OF DAILY RECORD.--

Maximum, 28.0°C, Jun. 14, July 30, 31; minimum observed, 3.0°C, Jan. 16.

EXTREMES FOR CURRENT YEAR.--
WATER TEMPERATURE :.

WATER QUALITY DATA, WATER YEAR OCTOBER 1986 TO SEPTEMBER 1987
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MADISON RIVER BASIN
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MAX

06036905 FIREHOLE RIVER NEAR WEST YELLOWSTONE, MT--Continued
MEAN

MIN

TEMPERATURE, WATER (DEG. C), WATER YEAR OCTOBER 1986 TO SEPTEMBER 1987
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64 MADISON RIVER BASIN
06037000 GIBBON RIVER NEAR WEST YELLOWSTONE, MT
LOCATION.--Lat 44°38'58", long 110°47'02", Yellowstone National Park, Hydrologic Unit 10020007, on right bank, 0.6
zilgog?gfream from Canyon Creek, 4.0 mi east of Madison Junction, 16.7 mi east of West Yellowstone, and at
DRAINAGE AREA.--118 miZ2,
WATER-DISCHARGE RECORDS
PERIOD OF RECORD.=--June 1913 to September 1916 (incomplete record most years), October 1983 to current year.

GAGE. --Water-stage recorder. Elevation of gage is 6,940 ft, from topographic map. Nonrecording gage at site
0.1 mi downstream at different datum, 1913-1916.

REMARKS. --Estimated daily discharges: Nov. 10, Deec. 9-11, 18, 28, 29, Jan. 9, 10, 15-17, 20-22. Water-discharge
records fair. No regulation or diversions upstream of station.

EXTREMES FOR PERIOD OF RECORD.--Maximum discharge, 809 ft3/s, May 30, 1986, gage height, 4.53 ft; minimum, 56
ft3/s, Mar. 29, 1987.

EXTREMES FOR CURRENT YEAR,--Maximum discharge, 207 ft3/s, July 18, gage height, 3.03 ft; minimum, 56 f£t3/s,
Mar. 29.

DISCHARGE, IN CUBIC FEET PER SECOND, WATER YEAR OCTOBER 1986 TO SEPTEMBER 1987
MEAN VALUES

DAY OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP
1 99 93 86 83 82 73 69 159 139 85 79 72

2 99 91 86 87 80 73 69 155 123 84 78 72

3 97 92 85 86 83 73 71 137 113 84 75 72

4 94 92 84 89 80 74 74 126 109 84 73 75

5 93 91 90 93 79 76 77 120 105 81 75 78

6 92 102 92 91 79 76 84 114 104 78 75 75

7 91 97 91 88 80 79 87 2 120 78 73 75

8 91 97 89 81 77 89 88 L 139 78 71 73

9 91 97 e79 e80 78 84 85 109 112 84 74 72
10 91 e90 e81 e81 78 82 80 106 112 95 73 73
1" 89 99 e83 82 78 82 86 103 106 125 74 73
12 89 97 85 84 77 80 80 100 98 103 74 71
13 90 97 84 84 78 80 76 100 93 88 72 70
14 90 101 86 82 82 81 80 97 91 83 74 70
15 89 103 86 e80 77 78 91 93 89 81 75 70
16 90 99 86 e74 75 79 106 95 93 78 85 69
17 89 100 82 e76 76 76 119 119 91 95 78 69
18 90 98 e80 79 76 76 129 161 91 177 74 71
19 91 101 82 79 74 76 120 149 90 123 73 72
20 91 97 84 e78 71 74 101 142 104 99 73 71
21 96 99 84 e78 %3 73 109 135 93 103 69 71
22 91 98 84 e78 75 71 127 118 91 115 70 71
23 89 97 84 79 75 70 131 107 94 94 72 7l
24 90 97 84 80 73 71 145 104 92 86 80 71
25 90 96 84 79 72 70 150 103 84 82 80 71
26 90 89 84 79 71 71 152 113 83 80 80 71
27 91 95 81 80 71 70 148 146 79 81 75 70
28 93 94 e80 84 73 68 149 172 78 83 73 70
29 91 94 e82 80 -—- 62 145 156 80 83 73 69
30 95 91 83 78 - 68 146 135 85 84 72 70
31 95 == 84 84 -—- 70 —== 129 === 81 72 ---
TOTAL 2847 2884 2615 2536 2145 2322 3174 3826 2981 2855 2320 2148
MEAN 91.8 96.1 84.4 81.8 76.6 74.9 106 123 99.4 2.1 74, .6
MAX 99 103 92 93 83 89 152 172 139 177 85 78
MIN 89 89 79 74 71 62 69 93 78 78 69 69
AC-FT 5650 5720 5190 5030 4250 4610 6300 7590 5910 5660 4600 4260

CAL YR 1986  TOTAL 49565 MEAN 136 MAX 673 MIN 66 AC-FT 98310
WTR YR 1987  TOTAL 32653 MEAN 89.5 MAX 177 MIN 62 AC-FT 64770

e Estimated



65
MADISON RIVER BASIN

06037000 GIBBON RIVER NEAR WEST YELLOWSTONE, MT--Continued
WATER QUALITY RECORDS

PERIOD OF RECORD.--Water years 1983 to current year.
PERIOD OF DAILY RECORD.--

SPECIFIC CONDUCTANCE: September 1983 to September 1986.

WATER TEMPERATURE: August 1983 to current year.
INSTRUMENTATION.--Water-quality monitor since Aug. 31, 1983.
EXTREMES FOR PERIOD OF DAILY RECORD.--

SPECIFIC CONDUCTANCE (water years 1983-86): Maximum, 538 microsiemens, Sep. 9, 1985; minimum, 77 microsiemens,

May 30, 1986.

WATER TEMPERATURE: Maximum, 24,.5°C, July 30, 1987; minimum, 0.0°C on many days during winter periods.

EXTREMES FOR CURRENT YEAR.--
WATER TEMPERATURE: Maximum, 24.5°C, July 30; minimum, 0.0°C on many days during winter period.

WATER QUALITY DATA, WATER YEAR OCTOBER 1986 TO SEPTEMBER 1987

SPE-
STREAM- CIFIC
FLOW, CON- TEMPER- TEMPER-
INSTAN- DUCT- ATURE ATURE
DATE TIME TANEOUS ANCE AIR WATER

(CFS) (Us/cM) (DEG C) (DEG C)
(00061) (00095) (00020) (00010)

0oCT

08... 0900 92 332 1.0 9.0
NOV

18... 0900 95 376 -3.5 35
JAN

06... 1045 91 419 -5.0 4.0
FEB

18... 0910 75 436 -18.0 3.5
APR

02... 1530 69 447 12.0 13.0
MAY

19... 0800 161 322 10.0 11.5
JUN

09... 1140 -- 293 - 16.5

30... 0920 82 384 12.0 15.0
AUG

18... 1040 76 363 15.0 11.0

TEMPERATURE, WATER (DEG. C), WATER YEAR OCTOBER 1986 TO SEPTEMBER 1987

DAY MAX MIN MEAN MAX MIN MEAN MAX MIN MEAN MAX MIN MEAN
OCTOBER NOVEMBER DECEMBER JANUARY

1 11.0 9.5 10.0 9.0 5.0 7.0 4.0 1.5 2.5 3.5 .0 2.0
2 11.0 8.5 9.5 8.5 5.0 6.5 4.0 .5 2.5 5.0 3.0 4.5
3 12.0 7.5 9.5 9.5 6.0 7.5 3.5 .0 1.5 5.0 3.0 4.0
4 10.0 8.5 9.5 9.0 5.5 7.5 4.0 1.0 2.5 6.0 5.0 55
5 13.5 9.5 11.0 8.0 6.5 7.5 7.0 4.0 5.5 6.0 4.5 5.0
6 14.0 9.0 11.5 6.5 4.0 4.5 Ted 5.0 6.5 5.0 3.5 4.5
7 14.0 9.0 11.5 5.5 2.5 4.0 5.5 4.0 5.0 3.5 1.5 3.0
8 13.0 9.0 11.0 4.5 3.0 4.0 5.0 2.0 4.0 2.5 1.0 1.5
9 13.0 8.0 10.5 4.0 1.5 3.0 1.5 .0 .5 1.5 .0 .5
10 10.5 6.5 8.5 2.0 .0 1.0 2.5 .0 1.0 1.5 .0 .5
11 9.0 4.5 6.5 3.0 2.0 2.5 2.0 .0 1.0 4.0 1.0 2.0
12 10.0 4.5 7.0 4.0 <5 2.0 2.5 .0 1.0 5.0 1.5 3.0
13 10.5 5.5 8.0 6.0 2.0 4.0 3.5 D 2.0 4.5 2.5 4.0
14 10.5 6.0 8.5 7.0 6.0 6.5 4.5 2.5 4.0 2.5 .0 1.5
15 11.5 6.0 8.5 6.5 5.5 6.0 5.5 3.5 4.5 1.5 .0 -]
16 11.0 6.5 8.5 5.5 5.0 5.0 4.0 2.0 3.0 .0 .0 .0
17 11.0 6.5 8.5 5.5 3.5 5.0 2.5 .0 1.5 2.5 .0 .5
18 10.5 7.5 9.0 6.5 3.0 5.0 2.0 .0 1.0 3.5 2.0 2.5
19 11.0 7.5 9.5 6.5 5.0 5.5 3.5 .0 1.5 3.0 .5 1.5
20 11.5 8.0 9.5 6.5 4.0 55 5.5 3.0 4.5 1.0 .0 .0
21 13.0 10.5 1.5 7.0 6.0 6.5 4.0 2.0 3.0 2.5 .0 1.0
22 11.5 7.5 9.5 5.5 3.5 4.5 4.5 1.5 3.0 3.0 .0 1.5
23 11.5 7.0 9.0 4.5 4.0 4.5 5.5 4.0 4.5 5.0 1.0 3.0
24 11.5 7.0 9.0 6.5 4.5 54D 5.5 4.5 5.0 4.5 3.0 4.0
25 11.5 7.5 9.5 6.0 3.5 5.0 5.0 3.0 4.5 5.0 3.0 4.5
26 11.0 7.0 9.5 4.5 1.0 3.0 4.0 2.0 3.0 545 5.0 5.5
27 11.0 8.0 9.5 5.5 3.0 4.5 3.0 .5 1.5 8.0 5.5 6.0
28 10.5 7.0 8.5 6.0 4.5 e 2.5 .0 1.0 6.5 4.0 5.5
29 10.5 7.0 8.5 7.0 5.5 6.0 3.5 .0 1.5 5.5 3.5 4.0
30 9.5 7.0 8.5 5.0 2.5 4.0 4.0 2.5 3.5 5.0 1.0 3.0
31 9.5 6.0 7.5 —— --- -——- 3.5 1.0 2.0 5.5 4.5 5.0
MONTH 14.0 4.5 10.0 9.5 .0 4.95 7.5 .0 2.84 8.0 .0 2.89



MADISON RIVER BASIN
MAX MIN MEAN MAX MIN MEAN MAX
MARCH APRIL

06037000 GIBBON RIVER NEAR WEST YELLOWSTONE, MT--Continued

TEMPERATURE, WATER (DEG. C), WATER YEAR OCTOBER 1986 TO SEPTEMBER 1987
MEAN

MIN
FEBRUARY

MAX

66
DAY

- TN

21.0 7.0 13.5
SEPTEMBER

9.97

4.0

4.79 12.5 .0 6.87 16.0
JUNE JULY AUGUST

9.0

MONTH

—NN TN

13.7

17.2 22.5 10.5 16.4 21.5 8.0

11.

16.3 24.5
MINIMUM .0 MEAN 9.99

8.0

23.5
YEAR MAXIMUM 24.5

MONTH



MADISON RIVER BASIN =

06038500 MADISON RIVER BELOW HEBGEN LAKE, NEAR GRAYLING, MT

LOCATION.--Lat 44°52'00", long 111°20'l5", NE4NEZNE% sec.22, T.ll S., R.3 E., Gallatin County, Hydrologic Unit
10020007, Gallatin National Forest, on right bank 1,500 ft downstream from Hebgen Dam, 8 mi northwest of Gray-
ling, 17 mi upstrea@ from West Fork, and at mile 108.8.

DRAINAGE AREA.--905 mi<4,

PERIOD OF RECORD.--June 1909 to current year. Prior to October 1938 adjusted runoff only, published in WSP 1309.

Prior to October 1949, published as "below Hebgen Reservoir".

REVISED RECORDS.--WSP 1509: 1948. WSP 1559: Drainage area. WSP 1629: 1943. WSP 1709: 1959. WSP 1729: 1943.

GAGE.--Water-stage recorder. Datum of gage is 6,448.47 ft above National Geodetic Vertical Datum of 1929 (after
1959 earthquake). Prior to July 13, 1943, nonrecording gage in stilling well.

REMARKS.--No estimated daily discharges this year. Records good. Flow completely regulated by Hebgen Lake
(station number 06038000). Several observations of water temperature and specific conductance were made during
the year and are published as miscellaneous water-quality data in the back of this report. Diversions for
irrigation of about 1,100 acres upstream from station.

AVERAGE DISCHARGE.--78 years, 1,008 ft3/s, 15.13 in/yr, 730,300 acre-ft/yr, adjusted for storage.

EXTREMES FOR PERIOD OF RECORD.--Maximum discharge, 10,200 ft3/s, Aug. 17, 1959, caused by wave over Hebgen Dam
during earthquake, gage height, 5.3 ft, from floodmark, from rating curve extended above 3,500 ft3/s on basis
of slope-area measurement of peak flow; max%mum observed unaffected by wave over dam, 5,980 ft°/s, June 3, 1943,

age height, 3.69 ft; minimum daily, 5.0 ft2/s, May 9-12, 1960.

EXTRE%ES FOR CURRENT YEAR.--Maximum discharge, 1,970 ft°/s, Nov. 8, gage height, 2.46 ft; minimum daily, 178

ftJ/s, May 8.

DISCHARGE, IN CUBIC FEET PER SECOND, WATER YEAR OCTOBER 1986 TO SEPTEMBER 1987
MEAN VALUES

DAY OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP
1 1720 1720 1140 929 929 932 693 623 516 699 1070 1010
2 1850 1720 1140 929 929 929 694 628 584 699 1150 1010
3 1850 1710 1140 929 929 929 695 630 584 699 1150 1010
4 1840 1710 1140 929 929 929 697 631 585 699 1150 1010
] 1840 1700 1140 929 929 929 699 581 587 699 1150 1010
6 1830 1680 1140 929 929 930 699 399 589 700 1150 1010
7 1830 1780 1140 929 929 931 699 330 589 699 1150 1010
8 1830 1960 1080 929 929 930 699 178 718 696 1150 1000
9 1830 1960 939 929 929 902 699 198 843 690 1140 1000

10 1820 1950 939 929 929 794 699 252 889 755 1140 1000
11 1820 1560 938 929 929 681 699 253 940 781 1130 1030
12 1810 1150 938 929 929 681 699 322 966 781 1170 1120
13 1790 1150 939 929 929 682 700 464 965 824 1280 1120
14 1790 1150 936 929 929 682 658 464 965 912 1280 1120
15 1780 1150 932 929 929 682 567 464 962 913 1280 1120
16 1780 1150 930 929 929 684 567 464 962 914 1280 1120
17 1770 1150 932 929 929 686 580 464 963 984 1210 1110
18 1770 1150 930 929 929 689 606 400 970 1010 1040 1110
19 1770 1150 931 929 929 690 608 229 970 1010 1040 1110
20 1770 1150 929 929 929 690 607 232 968 1140 1040 1110
21 1760 1150 931 929 929 690 607 260 935 1470 1040 1110
22 1760 1150 931 929 929 690 610 317 819 1470 1040 1110
23 1760 1150 929 929 929 690 613 316 805 1470 1040 1110
24 1750 1150 929 929 930 690 614 318 699 1390 1040 1110
25 1750 1150 929 929 930 691 614 320 699 1140 1020 1100
26 1750 1140 929 929 929 690 614 321 699 975 816 1100
27 1740 1140 929 929 929 690 618 320 699 926 817 1100
28 1740 1140 929 929 930 692 621 321 699 906 862 1100
29 1730 1140 929 929 -—- 690 622 380 699 933 1010 1100
30 1730 1140 929 929 -—- 691 623 494 699 933 1010 1100
31 1730 -——— 929 929 --- 692 -— 481 -— 932 1010 -—-

TOTAL 55290 41250 30496 28799 26015 23578 19420 12054 23567 28849 33855 32180

MEAN 1784 1375 984 929 929 761 647 389 786 931 1092 1073
MAX 1850 1960 1140 929 930 932 700 631 970 1470 1280 1120
MIN 1720 1140 929 929 929 681 567 178 516 690 816 1000

AC-FT 109700 81820 60490 57120 51600 46770 38520 23910 46750 57220 67150 63830

MEAN t 1059 1041 935 939 922 883 1093 1274 912 859 734 587
CFSM t 1.17 1.15 1.03 1.04 1.02 .98 1.21 1.41 1.01 <95 .81 .65
IN t 1.35 1.28 1.19 1.20 1.06 1.12 1.35 1.62 1.12 1.09 .94 .72
AC-FT t 65100 61920 57490 57720 51200 54270 65020 78310 54250 52820 45150 34930
OBSERVED
CAL YR 1986 TOTAL 476951 MEAN 1307 MAX 3280 MIN 762 AC-FT 946000
WTR YR 1987 TOTAL 355353 MEAN 974 MAX 1960 MIN 178 AC-FT 704800
ADJUSTED
CAL YR 1986 TOTAL 479355 MEAN 1313 CFSM 1.45 IN 19.70 AC-FT 950800
WTR YR 1987 TOTAL 341870 MEAN 937 CFSM 1.04 IN 14.05 AC-FT 678100

(t) Adjusted for change in contents in Hebgen Lake.
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= MADISON RIVER BASIN

06038800 MADISON RIVER AT KIRBY RANCH, NEAR CAMERON, MT

LOCATION.--Lat 44°53'22", long 111°34'46", in NE#%NE%4SE% sec.10, T.1l1 S., R.1 E,, Madison County, Hydrologic Unit
10020007, on upstream side of county bridge 0.2 mi upstream from West Fork Madison River, and 22 mi south of
Cameron, and at mile 89.8.

DRAINAGE AREA.--1,065 miZ.

PERIOD OF RECORD.--September 1959 to September 1963, May 1978 to current season (seasonal records only).

GAGE. --Nonrecording gage. Elevation of gage is 5,860 ft, from topographic map. Aug. 31, 1959, to Oct. 2, 1959,
nonrecording gage at present site but at a different datum. Oct. 3, 1959, to September 1963, water-stage
recorder at site 75 ft upstream at different datum.

REMARKS. --Seasonal records fair. Flow regulated by Hebgen Lake (station 06038000). Diversions for irrigation of
about 1,500 acres upstream from station. Several observations of water temperature and specific conductance
were made during the year and are published as miscellaneous water-quality data in the back of this report.

EXTREMES FOR PERIOD OF RECORD.--Maximum discharge observed, 5,000 ft3/s, June 6, 1986, gage height, 3.14 ft;
minimum daily, 280 ft3/s, May 26, 27, 1960.

EXTREMES FOR CURRENT SEASON.--Maximum discharge observed, 1,790 ft3/s, July 23, gage height, 1.69 ft; minimum
observed, 576 ft3/s, May 9, 21.

DISCHARGE, IN CUBIC FEET PER SECOND, WATER YEAR OCTOBER 1986 TO SEPTEMBER 1987
MEAN VALUES

DAY OCT NOv DEC JAN FEB MAR APR MAY JUN JUL AUG SEP
1 1080 731 938
2 1110 876 938
3 1080 865 881
4 1030 865 879
5 1030 824 908
6 883 823 894
7 879 850 866
8 721 922 865
9 576 997 893
10 598 1110 866
11 598 1260 1110
12 598 1350 1080
13 740 1320 1020
14 769 1270 1010
15 809 1270 999
16 878 1230 1080
17 966 1250 1130
18 893 1200 1380
19 756 1200 1430
20 647 1280 1440
21 576 1230 1590
22 587 1150 1710
23 632 1100 1790
24 610 1030 1680
25 609 925 1570
26 609 923 1390
27 609 894 1170
28 609 852 1250
29 643 827 1160
30 730 920 1160
31 743 m 1110
TOTAL 23598 31344 36187
MEAN 761 1045 1167
MAX 1110 1350 1790

576 731 865
AC-FT 46810 62170 71780



MADISON RIVER BASIN =

06041000 MADISON RIVER BELOW ENNIS LAKE, NEAR MCALLISTER, MT

LOCATION.--Lat 45°29'25", long 111°38'00", in SW%4SE%NW% sec.l7, T.4 S., R.1 E., Madison County, Hydrologic Unit
10020007, on right bank 500 ft downstream from Madison powerplant, 1.5 mi downstream from Ennis Lake, 5.7 mi
northeast of McAllister, and at mile 38.8.

DRAINAGE AREA.--2,186 miZ2,
WATER-DISCHARGE RECORDS

PERIOD OF RECORD.--October 1901 to December 1905, October 1906 to current year. Prior to October 1938 adjusted
monthly runoff only, published in WSP 1309. ©Published as '"below Madison Reservoir" 1938-49. Records pub-
lished as '"near Red Bluff" 1890-94 and as '"near Norris" 1910 are not equivalent and are published as '"near
Norris" in WSP 1309.

REVISED RECORDS.--WSP 1559: Drainage area.

GAGE. --Water-stage recorder. Datum of gage is 4,689.03 ft above National Geodetic Vertical Datum of 1929 (levels by
U.S. Army Corps of Engineers). Prior to May 7, 1941, nonrecording gage in wooden stilling well at present site
at different datum. May 7, 1941, to Jan. 13, 1945, nonrecording gages in concrete stilling well at present site
and datum.

REMARKS. --No estimated daily discharges this year. Water-discharge records good. Flow regulated by Hebgen Lake
(station number 06038000) and Ennis Lake (station number 06040500). Diversions for irrigation of about 23,000
acres upstream from station.

AVERAGE DISCHARGE. --49 years, 1,777 ft3/s, 1,287,000 acre-ft/yr, unadjusted.

EXTREMES FOR PERIOD OF RECORD.--Maximum discharge, 9,550 ft3/s, June 12, 1970, gage height, 8.01 ft; minimum daily,
210 ft3/s, Aug. 25, 26, 1959.

EXTREMES FOR CURRENT YEAR.--Maximum discharge, 2,380 ft3/s, Oct. 13, gage height, 3.81 ft; minimum daily,
753 ft3/s, May 26.

DISCHARGE, IN CUBIC FEET PER SECOND, WATER YEAR OCTOBER 1986 TO SEPTEMBER 1987
MEAN VALUES

DAY OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP
1 2200 2220 1760 1460 1660 1370 1160 1710 967 1040 1480 1480

2 2310 2210 1740 1390 1650 1500 1160 1690 1120 1030 1480 1490

3 2310 2200 1680 1390 1650 1490 1160 1610 1160 1030 1480 1490

4 2320 2200 1640 1470 1650 1560 1160 1430 1160 1040 1470 1490

5 2320 2200 1650 1510 1630 1670 1160 1230 1060 1040 1480 1490

6 2210 2200 1700 1510 1620 1700 1160 1150 1000 1050 1480 1490

7 2340 2220 1720 1510 1610 1680 1160 1060 1000 1050 1490 1490

8 2330 2220 1730 1470 1610 1660 1150 977 1100 1050 1480 1490

9 2320 2260 1700 1390 1600 1640 1150 994 1170 1050 1480 1490
10 2300 2280 1620 1350 1590 1620 1150 993 1170 1050 1480 1490
11 2310 2280 1490 1260 1590 1590 1150 992 1260 1130 1480 1500
12 2300 2240 1390 1260 1590 1540 1150 961 1620 1260 1480 1520
13 2110 2150 1380 1310 1590 1480 1150 844 1510 1420 1490 1520
14 2350 2060 1380 1440 1600 1390 1110 766 1420 1320 1490 1510
15 2320 2020 1400 1380 1600 1300 1060 765 1450 1400 1490 1540
16 2300 1960 1490 1130 1590 1190 1070 785 1360 1360 1510 1540
17 2290 2030 1510 1070 1580 1180 1070 767 1230 1300 1520 1540
18 2270 2050 1510 1070 1580 1170 1050 767 1170 1450 1500 1540
19 2270 1970 1430 1170 1550 1200 1010 799 1170 1740 1500 1540
20 2270 1940 1390 1300 1510 1230 1050 795 1170 1970 1500 1540
21 2260 1970 1390 1510 1500 1230 1410 783 1170 2070 1500 1540
22 2260 1990 1400 1500 1500 1220 1750 771 1280 2120 1500 1540
23 2100 1960 1410 1430 1500 1220 1640 765 1370 2080 1510 1520
24 2310 1920 1490 1390 1420 1220 1500 764 1440 1950 1630 1540
25 2280 1900 1510 1430 1300 1200 1310 761 1300 1930 1780 1540
26 2270 1930 1510 1520 1210 1170 1160 753 1190 1790 1770 1510
27 2260 1890 1510 1540 1260 1170 1150 769 1170 1550 1690 1550
28 2240 1830 1510 1580 1210 1170 1360 773 1110 1470 1550 1550
29 2230 1780 1510 1710 e 1160 1580 829 1060 1480 1490 1550
30 2230 1780 1510 1730 -——— 1160 1730 918 1050 1470 1480 1530
31 2220 == 1510 1680 -——- 1160 -— 923 - 1480 1480 —-——-
TOTAL 70410 61860 47570 43860 42950 42240 37030 29894 36407 44170 47140 45550
MEAN 2271 2062 1535 1415 1534 1363 1234 964 1214 1425 1521 1518
MAX 2350 2280 1760 1730 1660 1700 1750 1710 1620 2120 1780 1550
MIN 2100 1780 1380 1070 1210 1160 1010 753 967 1030 1470 1480

AC-FT 139700 122700 94360 87000 85190 83780 73450 59290 72210 87610 93500 90350

CAL YR 1986 TOTAL 748100 MEAN 2050 MAX 6920 MIN 1110 AC-FT 1484000
WTR YR 1987 TOTAL 549081 MEAN 1504 MAX 2350 MIN 753 AC-FT 1089000
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CIFIC
CON-
DUCT-
ANCE
(Us/cM)
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MADISON RIVER BASIN
1977.
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2400
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1510
1570
1500
MEAN

WATER-QUALITY RECORDS
TIME

1345

1030

1115

0945

1330

MIN

NOVEMBER

MAX

WATER QUALITY DATA, WATER YEAR OCTOBER 1986 TO SEPTEMBER 1987
DATE

Maximum, 23.0°C, July 29, 1980; minimum, 0.0°C at times during winter months most years.
MEAN

Maximum, 21.5°C, July 31, Aug. 1, 2, 4-6; minimum, 0.0°C on several days in November.

June 1977 to current year.
TEMPERATURE, WATER (DEG. C), WATER YEAR OCTOBER 1986 TO SEPTEMBER 1987

06041000 MADISON RIVER BELOW ENNIS LAKE, NEAR MCALLISTER, MT--Continued

MIN
OCTOBER

WATER TEMPERATURE:
WATER TEMPERATURE:
MAX

PERIOD OF RECORD.--Water years 1972-73, 1977 to current year.
WATER TEMPERATURE:

INSTRUMENTATION, --Temperature recorder since June 21,
EXTREMES FOR PERIOD OF DAILY RECORD, -~

PERIOD OF DAILY RECORD.--
EXTREMES FOR CURRENT YEAR.--
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MEAN

MAX MIN
MAY

MEAN

MIN
APRIL

MEAN

MADISON RIVER BASIN

MIN
MARCH

MEAN

06041000 MADISON RIVER BELOW ENNIS LAKE, NEAR MCALLISTER, MT--Continued
TEMPERATURE, WATER (DEG. C), WATER YEAR OCTOBER 1986 TO SEPTEMBER 1987

MIN
FEBRUARY

DAY
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72 GALLATIN RIVER BASIN
06043500 GALLATIN RIVER NEAR GALLATIN GATEWAY, MT

LOCATION.--Lat 45°29'51", long 111°25'12", in SE%SE%SE% sec.7, T.4 S., R.4 E,, Gallatin County, Hydrologic Unit
10020008, on left bank 0.3 mi downstream from Spanish Creek, 7.3 mi south of Gallatin Gateway and at mile 47.7.

DRAINAGE AREA.--825 miZ,

PERIOD OF RECORD.--August 1889 to September 1894, June 1930 to September 1969, annual maximum, water years 1970-71,
October 1971 to September 1981, October 1984 to current year. Monthly discharge only for some periods, pub-
lished in WSP 1309. Published as West Gallatin River near Bozeman 1889-94.

REVISED RECORDS.--WSP 1389: 1892(M), 1893-94. WSP 1559: Drainage area. WDR MT-85-1 (M).

GAGE.--Water-stage recorder. Datum of gage is 5,167.67 ft above National Geodetic Vertical Datum of 1929. Prior
to Oct. 20, 1932, nonrecording gages at several different sites and datums within 0.8 mi of present site.

REMARKS. --No estimated daily dischar%es this year. Records good. Diversions for irrigation of about 1,400 acres
upstream from station. Several observations of water temperature and specific conductance were made during the
year and are published as miscellaneous water-quality data in the back of this report.

AVERAGE DISCHARGE.--57 years (1890-94, 1931-69, 1972-81, 1985-87); 811 ft3/s, 587,600 acre-ft/yr.

EXTREMES FOR PERIOD OF RECORD.--Maximum discharge, 9,100 ft3/s, June 17, 1974, gage height, 7.38 ft; minimum, 117
ft2/s, Jan. 19, 1935, gage height, 0.68 ft, result of freezeup.

EXTREMES FOR CURRENT YEAR.--Peak discharges greater than base discharge of 2,900 ft3/s and maximums (*):

Discharge Gage height Discharge Gage height
Date Time (ft3/s) (ft) Date Time (ft3/s) (ft)
May 17 0300 *2,390 *3.43 No peaks greater than base discharge.

Minimum discharge, 241 ft3/s, Dec. - 1%,;:12,5 19, Mar. 29

DISCHARGE, IN CUBIC FEET PER SECOND, WATER YEAR OCTOBER 1986 TO SEPTEMBER 1987
MEAN VALUES

DAY OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP
1 519 406 334 297 309 288 303 2000 1860 679 618 498
2 525 381 331 309 a2 292 289 1670 1600 689 593 488
3 509 427 306 318 310 293 301 1320 1480 673 575 485
4 500 412 304 331 310 301 325 1210 1380 673 560 484
5 515 418 373 333 301 308 349 1280 1360 650 546 480
6 515 440 381 331 299 335 375 1430 1420 633 537 470
7 516 379 373 317 293 344 381 1560 1400 596 545 461
8 510 379 359 289 297 342 395 1640 1610 598 558 451
9 500 363 324 277 299 314 354 1640 1530 623 526 444
10 504 297 291 282 302 309 339 1680 1070 758 511 439
1 472 322 27 302 308 308 365 1620 561 1220 507 434
12 447 312 266 316 308 307 342 1540 497 1020 494 428
13 473 317 266 325 310 320 335 1560 447 893 491 424
14 472 375 307 320 322 324 350 1500 404 794 496 421
15 461 398 301 297 310 303 404 1490 370 737 586 412
16 459 392 300 293 302 312 471 1850 352 719 660 410
17 455 398 278 307 299 304 508 2120 516 811 566 415
18 460 368 257 318 302 312 667 1760 970 1400 519 410
19 453 423 259 316 294 306 632 1650 930 1200 495 403
20 447 398 286 307 271 291 506 1540 919 987 480 394
21 450 421 280 303 283 287 528 1420 857 929 467 392
22 439 392 299 305 297 299 632 1320 1010 955 476 391
23 432 387 313 312 299 288 823 1200 966 838 497 383
24 434 386 317 313 296 297 973 1130 893 790 669 381
25 432 383 320 312 286 283 1080 1150 822 742 785 380
26 428 343 314 331 276 296 1200 1280 773 710 712 381
27 438 362 306 315 279 292 1330 1430 744 686 620 420
28 447 376 289 318 282 283 1450 1970 720 683 577 408
29 427 381 281 309 e 255 1670 1960 706 693 549 396
30 450 357 295 302 -—- 285 1850 1790 687 706 530 385
31 443 s 296 302 —— 298 el 1820 -—— 646 514 -
TOTAL 14532 11393 9474 9587 8362 9376 19527 48530 28854 24731 17259 12768
MEAN 469 380 306 309 299 302 651 1565 962 798 557 426
MAX 525 440 381 333 322 344 1850 2120 1860 1400 785 498
MIN 427 297 257 277 276 255 289 1130 352 596 467 380

AC-FT 28820 22600 18790 19020 16590 18600 38730 96260 57230 49050 34230 25330

CAL YR 1986 TOTAL 323058 MEAN 885 MAX 6230 MIN 257 AC-FT 640800
WTR YR 1987 TOTAL 214393 MEAN 587 MAX 2120 MIN 255 AC-FT 425200
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GALLATIN RIVER BASIN 73

06048500 BRIDGER CREEK NEAR BOZEMAN, MT

LOCATION,.--Lat 45°42'20", long 110°57'40", in NE%NE%4SE% sec.34, T.1 S., R.6 E., Gallatin County, Hydrologic
Unit 10020008, on right bank, 3.5 mi northeast of Bozeman, and at mile 3.6.

DRAINAGE AREA.--62.5 mi2,

PERIOD OF RECORD.--October 1945 to September, 1969, May 1971 to June 1972, March 1987 to August 1987 (discon-
tinued). Monthly discharge only for some periods, published in WSP 1309.

REVISED RECORDS.--WSP 1309: 1948. WSP 1559: Drainage area.

GAGE. --Water-stage recorders. Elevation of gage is 4,960 ft, from topographic map. Prior to June 28, 1946,
nonrecording gage at present site and datum.

REMARKS. --Estimated daily discharges: Mar. 1-7, 28-30, and Aug. 19-31. Records good except those for estimated
daily discharges, which are poor. Diversions for irrigation of about 1,200 acres upstream from station.
Several observations of water temperature and specific conductance were made during the year and are published
as miscellaneous water-quality data in the back of this report.

AVERAGE DISCHARGE.--24 years (1945-69), 36.6 ft3/s, 7.95 in/yr, 26,520 acre-ft/yr.

EXTREMES FOR PERIOD OF RECORD.--Maximum discharge, 902 ft3/s, June 3, 1953, gage height, 4.90 ft, from recon-
structed gage-height graph, from rating curve extended above 380 ft3/s; minimum discharge, 0.9 ft3/s, Mar.
23, 1953, Aug. 30, 1954.

EXTREMES OUTSIDE PERIOD OF RECORD.--Flood of May 22, 1981 reached a discharge of 1,060 ft3/s, gage height,
7.06 ft, from floodmarks.

EXTREMES FOR CURRENT SEASON.--Peak discharges greater than base discharge of 140 ft3/s and maximums (*):

Discharge Gage height Discharge Gage height
Date Time (££3/s) (ft) Date Time (ft3/s (ft)
May 28 0045 *238 *1.89 No other peak greater than base discharge.
P

Minimum discharge, 6.9 ft3/s, Mar. 27, Aug. 11, gage height, 0.11 ft.
DISCHARGE, IN CUBIC FEET PER SECOND, WATER YEAR OCTOBER 1986 TO SEPTEMBER 1987

MEAN VALUES
DAY OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP
1 ell 11 54 80 16 10
2 ell 1 52 69 17 9.8
3 el2 12 45 62 17 9.5
4 el 16 41 56 17 9.3
k; el5 24 38 51 16 8.7
6 el?7 30 35 47 18 8.1
7 e20 34 34 44 16 1
8 19 37 31 44 15 10
9 15 33 29 40 17 8.7
10 1.2 29 27 41 21 8.6
11 13 30 27 37 32 8.2
12 15 27 26 34 23 8.2
13 18 25 25 32 19 8.4
14 22 26 23 30 17 8.7
15 19 30 22 29 16 1
16 18 42 26 30 15 15
17 16 56 33 27 16 10
18 17 62 30 27 23 9.0
19 17 61 28 26 20 e8.0
20 15 52 39 25 17 e7.5
21 13 50 33 23 16 e7.0
22 13 47 31 29 17 e7.0
23 13 52 29 24 16 e8.0
24 13 54 27 23 14 el0
25 1 57 27 22 13 e20
26 13 58 30 20 13 el8
27 12 57 71 19 13 elb
28 el0 57 192 19 12 el4
29 e8.0 57 124 18 12 el2
30 e9.0 55 93 17 12 ell
31 10 -——— 85 - 1 el0
TOTAL 440.0 1192 1407 1045 517 320.7
MEAN 14.2 39.7 45.4 34.8 16.7 10.3
MAX 22 62 192 80 32 20
MIN 8.0 11 22 17 1 7.0
AC-FT 873 2360 2790 2070 1030 636

e Estimated



74 GALLATIN RIVER BASIN
06050000 HYALITE CREEK AT HYALITE RANGER STATION, NEAR BOZEMAN, MT

LOCATION.--Lat 45°33'42", long 111°04'12", in NW%ZNW%SE% sec.23, T.3 S., R.5 E., Gallatin County, Hydrologic Unit
10020008, Gallatin National Forest, on right bank 0.8 mi south of former Hyalite Ranger Station, 7.3 mi south
of Bozeman, and at mile 20.8.

DRAINAGE AREA,--48.2 mi<,

PERIOD OF RECORD.--August 1895 to October 1896, calendar year 1897 (discharge measurements only), April 1898 to
October 1899, June to October 1900, May to September 1902, calendar year 1903 (discharge measurements only),
September to December 1904, September 1934 to current year. Monthly discharge only for some periods, published
in WSP 1309. Prior to 1934, published as Middle Creek near Bozeman.

REVISED RECORDS.--WSP 84: 1898-99. WSP 1509: 1902, 1939(M). WSP 1559: Drainage area. WSP 1709: 1953,

1956-57.

GAGE. --Water-stage recorder. Datum of gage is 5,539.6 ft above National Geodetic Vertical Datum of 1929. Prior
to September 1934, nonrecording gages at two sites 0.5 mi upstream at different datums. Sept. 13, 1934, to May
13, 1948, water-stage recorder at site 0.3 mi downstream at different datum.

REMARKS. --Estimated daily discharges: Nov. 8-16, Nov. 24 to Apr. 6. Records good except those for estimated daily
discharges, which are poor. Flow regulated by Middle Creek Reservoir (station 06049500) since March 1951.
Several observations of water temperature and specific conductance were made during the year and are published
as miscellaneous water-quality data in the back of this report.

AVERAGE DISCHARGE.--55 years (1895-96, 1898-99, 1934-87), 66.7 ft3/s, 18.79 in/yr, 48,320 acre-ft/yr, adjusted for
storage in Middle Creek Reservoir.

EXTREMES FOR PERIOD OF RECORD.--Maximum discharge observed, 956 ft3/s, June 14, 1898, gage height, 2.10 ft, site
and datum then in_use; maximum gage height, 4.56 ft, Dec. 22, 1983 (backwater from ice); minimum daily
discharge, 5.0 ft3/s, Jan. 27, 1961.

EXTREMES FOR CURRENT YEAR.=--Maximum discharge, 250 ft3/s, May 28, %age height, 2.70 ft; maximum gage height, 5.02
ft, Nov. 12 (backwater from ice); minimum daily discharge, 9.0 ft2/s, Feb. 26.

DISCHARGE, IN CUBIC FEET PER SECOND, WATER YEAR OCTOBER 1986 TO SEPTEMBER 1987
MEAN VALUES

DAY 0OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP
1 33 20 e22 el?7 els el2 els4 37 165 97 53 53
2 33 19 e21 el?7 el el3 el5 2t 139 93 52 53
3 33 19 e21 el8 el4 elé4 els4 31 133 88 56 52
4 33 19 e20 el8 el3 els4 el4 58 105 84 67 52
5 33 20 e20 el?7 el3 el5 el5 54 103 80 67 51
6 31 20 el9 el? el3 el5 el6 52 129 80 67 51
7 28 el9 el9 el6 el3 el4 17 57 129 72 68 51
8 24 el8 el8 el6 el3 el3 17 77 129 72 69 5t
9 24 el?7 el8 el5 el2 el3 15 90 144 75 68 51
10 25 el6 el?7 el5 el2 el3 15 90 156 78 68 51
11 25 el5 el? el5 el2 el3 16 105 155 84 65 51
1:2 25 el? el7 el6 el2 el4 14 11 147 64 65 51
13 25 el9 el8 el6 el2 el4 14 103 124 56 64 51
14 25 e20 el8 el4 el2 els4 17 106 98 46 64 51
15 24 e2l el9 el2 ell el3 23 116 94 41 67 51
16 23 e22 el9 ell ell el3 30 118 98 39 66 52
17 23 e21 el8 el2 ell el3 38 142 92 42 59 52
18 23 e21 el8 el3 ell el4 39 127 90 48 58 53
19 23 e22 el? el4 ell el4 33 109 92 60 57 52
20 23 e23 el?7 el4 ell el3 27 106 95 48 57 51
21 23 e22 el?7 el4 ell el3 32 104 93 48 56 51
22 23 e21 el7 els4 el el3 40 82 92 47 56 50
23 22 e22 el8 el4 e9.5 el2 47 65 69 51 57 44
24 23 e23 el8 el4 e9.5 el2 47 71 68 58 65 45
25 23 e22 el8 el5 e9.5 el2 48 68 72 62 68 45
26 22 e22 el8 el5 e9.0 el3 49 75 74 60 62 47
27 23 e22 el8 el5 e9.5 el3 48 121 85 59 58 48
28 23 e22 el?7 el5 ell el2 46 187 91 59 56 47
29 22 e23 el?7 eld —— el2 44 195 92 57 54 47
30 24 e23 el?7 el4 -—- el0 41 137 96 55 53 46
31 22 - el6 el4 -— el3 -—- 157 -—- 53 53 -—--
TOTAL 786 610 564 461 324.0 406 845 2988 3249 1956 1895 1501
MEAN 25.4 20.3 18.2 14.9 11.6 13. 28.2 96.4 108 63.1 61.1 50.0
MAX 33 23 22 18 14 15 49 195 165 97 69 53
MIN 22 15 16 11 9.0 10 14 31 68 39 52 44
AC-FT 1560 1210 1120 914 643 805 1680 5930 6440 3880 3760 2980
MEAN t 31.4 22.7 19.5 15.5 14,5 18.9 59.7 118 102 67.5 42,6 30.1
CFSM t .65 47 .40 «32 «30 .39 1.24 2.45 212 1.40 .88 .62
IN t .75 -3 47 37 «31 .45 1.38 2,82 2.36 ¥ ¢ 61 1.02 .70
AC-FT t 1,930 1,350 1,200 954 803 1,165 3,550 7,240 6,060 4,150 2,620 1,790
OBSERVED
CAL YR 1986 TOTAL 22,696 MEAN 62,2 MAX 385 MIN 9.0 AC-FT 45,020
WTR YR 1987 TOTAL 15,585 MEAN 42,7 MAX 195 MIN 9.0 AC-FT 30,910
ADJUSTED
CAL YR 1986 TOTAL 22,128 MEAN 60.6 CFSM 1.26 IN 17.08 AC-FT 43,890
WTR YR 1987 TOTAL 16,541 MEAN 45.3 CFSM .94 IN 12:77 AC-FT 32,800

(t) Adjusted for change in contents in Middle Creek Reservoir.
e Estimated.
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GALLATIN RIVER BASIN

06052500 GALLATIN RIVER AT LOGAN, MT

LOCATION, --Lat 45°53'07", long 111°26'l15", in SE%4NW%4NE% sec.35, T.2 N., R.2 E., Gallatin County, Hydrologic Unit
10020008, on right bank at former county road bridge site, 0.2 mi upstream from present county bridge, 0.5 mi
west of Logan, and at mile 6.3.

DRAINAGE AREA.--1,795 miZ2,

PERIOD OF RECORD.--September 1893 to December 1905, August 1928 to current year. Monthly discharge only for
some periods, published in WSP 1309.

REVISED RECORDS.--WSP 1389: 1898-99, 1903, 1905, 1929(M), 1935-36(M), 1938-39(M), 1941(M). WSP 1559: Drainage
area.

GAGE.--Water-stage recorder. Datum of gage is 4,086.42 ft above National Geodetic Vertical Datum of 1929. Prior
to Aug. 10, 1928, nonrecording gages at several sites within 0.5 mi of present site at various datums. Aug. 10,
1928, to Oct. 7, 1941, nonrecording gage at present site and datum.

REMARKS. --Estimated daily discharges: Dec. 9-13, 16-23, 27-31, Jan. 1, 7-24, Feb. 1, 2, 14, 15, 26, 27. Water-
discharge records good except those for estimated daily discharges, which are fair. Some regulation by Middle
Creek Reservoir (station number 06049500). Diversions for irrigation of about 110,000 acres upstream from
station.

AVERAGE DISCHARGE.--71 years (1894-1905, 1929-87), 1,074 ft3/s, 778,100 acre-ft/yr.

EXTREMES FOR PERIOD OF RECORD.--Maximum discharge observed, 9,840 ft3/s, June 21, 1899, gage height, 6.25 ft, site
and datum then in use; maximum gage height, 11.88 ft, Feb. 5, 1963, from floodmark (backwater from ice); minimum
discharge observed, 130 ft3/s, July 19, 1939, gage height, 2.04 ft.

EXTREMES FOR CURRENT YEAR.--Maximum discharge, 2,100 ft3/s, May 29, June 1, gage height, 5.59 ft; minimum, 312
ft3/s, May 15, gage height, 3.52 ft.

DISCHARGE, IN CUBIC FEET PER SECOND, WATER YEAR OCTOBER 1986 TO SEPTEMBER 1987
MEAN VALUES

DAY OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP
1 959 908 860 e710 e680 678 649 1410 1940 410 675 704
2 987 880 861 731 e680 675 635 1300 1770 368 640 689
3 996 888 846 725 709 682 631 1010 1540 380 609 679
4 973 904 © 790 752 701 713 639 827 1360 413 594 662
5 973 892 841 760 703 733 656 740 1160 417 579 682
6 971 984 903 7155 702 756 673 634 1120 461 552 668
7 967 961 873 e750 698 782 705 547 1110 439 522 662
8 959 899 861 e740 701 760 725 494 1230 396 539 648
9 943 847 e820 e720 704 715 754 445 1180 416 533 621
10 940 815 e820 e700 699 698 697 452 1180 500 511 608
11 940 810 e800 e700 698 699 671 399 1140 816 497 595
12 916 843 e800 e700 704 704 673 361 1030 1270 491 588
13 912 854 e780 e700 708 712 647 339 907 1050 477 585
14 934 842 777 e710 e700 745 622 319 788 885 493 582
15 919 887 768 e680 e700 728 631 364 718 782 502 575
16 911 887 e760 e600 706 706 687 848 638 710 563 575
17 906 904 e720 e660 695 708 745 990 601 674 713 569
18 900 894 e710 e700 701 703 807 753 553 888 673 588
19 891 918 e720 e700 693 713 930 711 534 1350 608 582
20 884 935 e730 e680 669 689 914 763 540 1150 582 575
21 882 1000 e740 €660 674 664 831 759 513 950 569 569
22 874 1040 e740 e680 683 660 803 712 551 923 565 535
23 865 958 e750 e700 689 662 841 633 634 945 583 501
24 862 952 740 e700 667 659 992 574 588 889 664 501
25 856 980 743 728 652 646 1070 557 575 835 909 495
26 846 914 741 700 e640 644 1120 589 556 794 1000 525
27 848 904 e730 717 e660 655 1200 655 496 748 894 634
28 855 922 e710 712 669 638 1250 1300 467 705 815 608
29 857 919 e710 707 -——- 601 1220 2040 470 677 762 582
30 877 900 e710 693 ——— 615 1320 1830 438 676 747 550
31 925 == e710 703 . 658 -——- 1620 -—- 697 732 -—-
TOTAL 28328 27241 24064 21873 19285 21401 24738 24946 26327 22614 19593 17937
MEAN 914 908 776 706 689 690 825 805 878 729 632 598
MAX 996 1040 903 760 709 782 1320 2040 1940 1350 1000 704
MIN 846 810 710 600 640 601 622 319 438 368 477 495

AC-FT 56190 54030 47730 43390 38250 42450 49070 49480 52220 44850 38860 35580

CAL YR 1986 TOTAL 427591 MEAN 1171 MAX 6700 MIN 383 AC-FT 848100
WTR YR 1987 TOTAL 278347 MEAN 763 MAX 2040 MIN 319 AC-FT 552100

e Estimated


https://4,086.42

76 MISSOURI RIVER MAIN STEM
06054500 MISSOURI RIVER AT TOSTON, MT
LOCATION.--Lat 46°08'46", long 111°25'11", in NW%SE%4NW% sec.36, T.5 N., R.2 E., Broadwater County, Hydrologic Unit
10030101, on left bank 2.2 mi southeast of Toston, 4.8 mi upstream from Crow Creek, 7.8 mi downstream from
Sixteenmile Creek, and at mile 2,296.1.
DRAINAGE AREA.--14,669 mi2,
WATER-DISCHARGE RECORDS

PERIOD OF RECORD.--April 1890 to February 1891, April 1910 to December 1916, April 1941 to current year. Monthly
discharge only for some periods, published in WSP 1309.

GAGE.--Water-stage recorder. Datum of gage is 3,905.68 ft above National Geodetic Vertical Datum of 1929. Prior
to Dec. 20, 1916, nonrecording gages at site 2.5 mi downstream at different datums.

REMARKS.--Estimated daily discharges: Dec. 5 to Feb. 2. Water-discharge records good except those for Dec. 5
to Feb. 2, which are fair. Some regulation by six reservoirs on tributaries and Clark Canyon Reservoir
(station 06015300)., Diversions for irrigation of about 555,400 acres of which 12,000 acres lies downstream
from station.

AVERAGE DISCHARGE.--52 years (1911-16, 1942-87), 5,400 ft3/s, 3,912,000 acre-ft/yr.

EXTREMES FOR PERIOD OF RECORD.--Maximum discharge, 32,000 ft3/s, June 6, 1948, gage height, 11.77 ft; minimum, 562
ftJ/s, Apr. 30, 1941, gage height, 1.68 ft.

EXTREMES FOR CURRENT YEAR.--Maximum discharge, 6,580 ft3/s, May 28, gage height, 5.86 ft; minimum, 990 ft3/s,
May 15, gage height, 2.53 ft.

DISCHARGE, IN CUBIC FEET PER SECOND, WATER YEAR OCTOBER 1986 TO SEPTEMBER 1987
MEAN VALUES

DAY OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP
1 5120 5220 4530 e3200 e3700 3310 3180 5350 5350 1440 2520 2930

2 5400 5190 4440 e3200 e3800 3450 3140 5490 5210 1360 2450 2890

3 5530 5150 4350 e3300 3880 3550 3230 5290 4950 1320 2440 2840

4 5520 5150 4060 e3400 3940 3580 3300 4650 4620 1350 2360 2830

5 5510 5130 4000 e3500 3920 3700 3480 3830 4200 1540 2270 2870

6 5500 5280 e4000 e3500 3840 3880 3770 3180 3720 1700 2170 2870

7 5410 5290 e4000 e3300 3880 4020 4100 2570 3510 1610 2170 2850

8 5450 5220 4000 3000 3820 3990 4220 2080 3460 1480 2190 2820

9 3370 5060 e3800 2800 3830 3890 4180 1900 3660 1450 2120 2780
10 5320 3940 e3500 e2900 3820 3830 4020 1740 3800 1540 2060 2690
1 5320 3710 e3200 2900 3830 3880 3770 1580 3930 2050 2020 2620
12 5290 3780 e3100 e3000 3860 4000 3590 1620 3870 3000 2010 2620
13 5370 3590 e3100 e3200 3780 3970 3610 1440 3920 3000 2040 2590
14 5110 4130 e3400 e3300 3890 4000 3480 1260 3430 2980 2070 2550
15 5320 5200 e3400 e3200 3810 3900 3250 1090 3010 2640 2100 2520
16 5270 5710 e3400 €2500 3730 3500 3170 1130 2880 2560 2380 2540
17 5220 5520 3300 e2100 3680 3600 3360 1790 2650 2370 2490 2580
18 5230 5390 3200 e2200 3670 3610 3630 2650 2420 2830 2460 2580
19 5260 5530 e3100 e2500 3620 3680 4090 3140 2330 4190 2460 2610
20 5170 5430 e3100 e2700 3500 3650 4160 3270 2340 4820 2430 2600
21 5170 5380 e3100 e2800 3440 3540 4010 3430 2290 4580 2370 2620
22 5160 5350 3000 2900 3460 3430 4220 3590 2430 4620 2380 2630
23 5160 5140 e3200 e3100 3470 3380 4320 3770 2650 4510 2410 2570
24 5110 5030 e3500 e3200 3370 3350 4410 3610 2620 4230 2540 2480
25 5200 4970 e3500 e3300 3370 3320 4510 3450 2540 3850 3040 2490
26 5170 4950 e3500 e3300 3030 3270 4530 3450 2180 3630 3530 2490
27 5160 4860 e3300 e3500 3060 3240 4550 3720 2040 3300 3530 2690
28 5180 4770 e3100 e3600 3250 3250 4660 4680 1950 2860 3330 2730
29 5230 4700 e3100 e3700 ~=- 3110 4840 6040 1780 2660 3070 2760
30 5340 4650 e3100 e3700 -—-- 3080 5170 5770 1520 2580 3010 2770
31 5220 --- e3200 e3700 -— 3150 -——- 5200 -—- 2550 2980 -—
TOTAL 163790 148420 108580 96500 102250 111110 117950 101760 95260 84600 77400 80410
MEAN 5284 4947 3503 3113 3652 3584 3932 3283 3175 2729 2497 2680
MAX 5530 5710 4530 3700 3940 4020 5170 6040 5350 4820 3530 2930
MIN 5110 3590 3000 2100 3030 3080 3140 1090 1520 1320 2010 2480

AC-FT 324900 294400 215400 191400 202800 220400 234000 201800 188900 167800 153500 159500

CAL YR 1986 TOTAL 1910170 MEAN 5233 MAX 22200 MIN 1870 AC-FT 3789000
WTR YR 1987 TOTAL 1288030 MEAN 3529 MAX 6040 MIN 1090 AC-FT 2555000

e Estimated
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06054500 MISSOURI RIVER AT TOSTON, MT--Continued
(National stream quality accounting network station)

WATER-QUALITY RECORDS

PERIOD OF RECORD.--Water years 1949-53, 1965, 1972 to current year. Sampling location moved in October 1978,
from old bridge on U. S. Highway 287 at Toston, to cableway 2.4 miles upstream.

PERIOD OF DAILY RECORD.,--
SPECIFIC CONDUCTANCE: April 1973 to September 1981.
WATER TEMPERATURE: May 1949 to June 1953, April 1973 to current year.
SUSPENDED-SEDIMENT DISCHARGE: March 1949 to June 1953.

INSTRUMENTATION. --Temperature recorder since July 6, 1977.
REMARKS.--No record October 1-10, July 2-8 (erratic values).

EXTREMES FOR PERIOD OF DAILY RECORD. --

SPECIFIC CONDUCTANCE (water years 1973-81): Maximum daily, 524 microsiemens, Mar. 4, 1978; mimimum daily,
159 microsiemens, May 28, 1979.

WATER TEMPERATURE: Maximum, 26.0°C July 10, 21, 27, 1985; minimum, 0.0°C on many days during winter.

SEDIMENT CONCENTRATION (water years 1949-53): Maximum daily mean, 670 mg/L, Mar. 22, 25, 1951; minimum
daily mean, 5 mg/L, Jul. 12, 1951,

SEDIMENT LOAD (water years 1949-53): Maximum daily, 16,100 tons, May 5, 1952; minimum daily, 51 tons Feb. 1,
1951,

EXTREMES FOR CURRENT YEAR.--

WATER TEMPERATURE: Maximum recorded, 23.5°C July 1, but may have been higher during periods of instrument
malfunction; minimum, 0.5°C on many days during winter period.

WATER QUALITY DATA, WATER YEAR OCTOBER 1986 TO SEPTEMBER 1987

BARO-
SPE- METRIC

STREAM- CIFIC PRES-

FLOW, CLOUD  WEATHER CON- TEMPER- TEMPER- SURE

INSTAN- COVER (WMO DUCT- ATURE ATURE (MM

DATE TIME TANEOUS (PER~- CODE ANCE AIR WATER OF

(CFS) CENT) NUMBER) (US/CM) (DEG C) (DEG C) HG)
(00061) (00032) (00041) (00095) (00020) (00010) (00025)

OCT
10... 0900 5320 e e 371 5.0 1145 -
NOV
13... 0945 3960 90 2 380 -8.0 0.0 663
JAN
08... 0900 3040 -- -- 410 -5.0 0.5 e
FEB
19... 1410 3640 - - 395 2.0 1.5 -
MAR
09... 1400 3870 70 1 367 9.0 4.5 662
MAY
12... 1300 1760 80 1 322 27.0 18.0 656
JUL
02... 0900 1350 - - 383 - 15.5 -~
AUG
20... 1000 2430 -- -- 375 14.0 17.0 -
27..0 0900 3560 5 1 382 14.0 16.0 668
OXYGEN, COLI- STREP- ALKA-
DIs- FORM, TOCOCCI BICAR- CAR- LINITY
SOLVED FECAL, FECAL, BONATE BONATE WH WAT
OXYGEN, (PER- 0.7 KF AGAR  WATER WATER TOTAL
DIS- CENT UM-MF (CoLs. WHOLE WHOLE FIELD
DATE SOLVED SATUR- (COLS./ PER IT-FLD IT-FLD MG/L AS

(MG/L) ATION) 100 ML) 100 ML) (MG/L) (MG/L) CACO3
(00300) (00301) (31625) (31673) (00450) (00447) (00410)

09... 12.6 112 K8 34 163 0 133
12,.. 10.4 128 K8 K11 158 0 128

27... 9.5 110 69 52 170 0 136



78

DATE

DATE

TIME

0945
1400
1300
0900

MANGA-
NESE,
DIS-
SOLVED
(UG/L
AS MN)

(01056)

20

MISSOURI RIVER MAIN STEM

06054500 MISSOURI RIVER AT TOSTON, MT--Continued

WATER QUALITY DATA, WATER YEAR OCTOBER 1986 TO SEPTEMBER 1987

HARD-
NESS MAGNE- SODIUM
HARD-  NONCARB CALCIUM SIUM, SODIUM, AD-
PH TUR- NESS WH WAT DIS- DIS- DIS- SORP-
(STAND- BID- (MG/L  TOT FLD SOLVED SOLVED SOLVED TION
DATE TIME ARD ITY AS MG/L AS  (MG/L (MG/L (MG/L RATIO
UNITS) (NTU) CACO3)  CACO3 AS CA) AS MG) AS NA)
(00400)  (00076) (00900) (00902) (00915) (00925) (00930) (00931)
o 0945 7.80 2.4 140 10 38 12 24 0.9
AN 1400 8.00 6.4 150 14 39 12 23 0.9
- 1300 8.30 2.5 130 1 35 10 19 0.8
.o 0900 7.90 3.3 150 11 39 12 23 0.9
SOLIDS, SOLIDS,
POTAS-  ALKA- CHLO- FLUO- SILICA, RESIDUE SUM OF SOLIDS,
SIUM, LINITY SULFATE RIDE, RIDE, DIS- AT 180  CONSTI- DIS-
DIS- LAB DIS- DIS- DIS- SOLVED DEG. C TUENTS, SOLVED
SOLVED  (MG/L SOLVED  SOLVED SOLVED  (MG/L DIS- DIS- (TONS
DATE (MG/L AS (MG/L (MG/L (MG/L AS SOLVED  SOLVED PER
AS K) CACO3) AS S04) AS CL) AS F) $102) (MG/L)  (MG/L)  AC-FT)
(00935)  (90410) (00945) (00940) (00950) (00955) (70300) (70301) (70303)
e 4.0 140 39 12 1.4 30 235 240 0.32
o 4.0 140 39 21 1.4 27 243 250 0.33
ls 3.1 127 32 11 1.0 22 213 210 0.29
. 7.8 146 46 12 1.3 26 232 250 0.32
NITRO-  NITRO- NITRO-  NITRO- PHOS -
SOLIDS, GEN, GEN, NITRO- GEN,  GEN,AM- PHOS-  PHORUS,
DIS-  NITRITE NO2+NO3 GEN, AMMONIA MONIA + PHOS- PHORUS, ORTHO,
SOLVED DIS- DIS-  AMMONIA DIS- ORGANIC PHORUS, DIS- DIS-
(TONS SOLVED  SOLVED  TOTAL SOLVED  TOTAL TOTAL SOLVED SOLVED
DATE PER (MG/L (MG/L (MG/L (MG/L (MG/L (MG/L (MG/L  (MG/L
DAY) AS N) AS N) AS N) AS N) AS N) AS P) AS P) AS P)
(70302) (00613) (00631) (00610) (00608) (00625) (00665) (00666) (00671)
o 2510 <0.010 0.170 0.020 0.050 0.40 0.040 0.010 0.030
ves 2540 <0.010 0.220 0.020 0.020 hio2 0.050 0.020 0.020
e 1010 <0.010 <0.100 <0.010 <0.010 0.70 0.030 0.030 0.010
Wt 2230 <0.010  <0.100 0.010  <0.010 151 0.010 0.010  <0.010
ALUM- BERYL- CHRO-
INUM, ARSENIC BARIUM, LIUM, CADMIUM MIUM, COBALT, COPPER, IRON, LEAD,
DIS- DIS- DIS- DIS- DIS- DIS- DIS- DIS- DIS- DIS-
SOLVED  SOLVED SOLVED SOLVED SOLVED SOLVED SOLVED SOLVED SOLVED  SOLVED
(UG/L (UG/L (UG/L (UG/L (UG/L (UG/L (UG/L (UG/L (UG/L (UG/L
AS AL) AS AS) AS BA) AS BE) AS CD) AS CR) AS CO) AS CU) AS FE) AS PB)
(01106) (01000) (01005) (01010) (01025) (01030) (01035) (01040) (01046) (01049)
<10 36 42 <0.5 <1 <1 <3 5 18 6
<10 22 40 <0.5 <1 < <3 5 16 <5
<10 34 41 £0:5 <1 <1 <3 b 14 <5
20 21 50 <0.5 3 <1 <3 4 25 <5
SEDI-
MOLYB- SELE- STRON-  VANA- MENT,
MERCURY DENUM, NICKEL, NIUM, SILVER, TIUM, DIUM, ZINC, SEDI- DIS-
DIS- DIS- DIS- DIS- DIS- DIS- DIS- DIS- MEN