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SECTION I

Scope of the Montana Warmwater/Coolwater Fish Hatchery Study

A. Contractual Scope of Work

The 1983 Montana Legislature approved a Department of Fish,
Wildlife and Parks proposal for a study to compare the merits of
meeting warm and coolwater fish needs by improving the Miles City
Hatchery (obtained under a 30-year lease arrangement with the
U.S. Fish and Wildlife Service) versus building a new hatchery at
Fort Peck Reservoir.

The objective of the study is to provide the Department of Fish,
Wildlife and Parks with comparative hatchery construction costs,
amortized over an appropriate period, plus operating costs to
provide the following numbers and sizes of fish by two
alternative methods: :

Species Size Number
Walleye Fry 42,000,000
Walleye 2" Fingerling 2,100,000
Northern Pike Fry 5,000,000
Northern Pike 2" Fingerling 550,000
Largemouth Bass 1" Fingerling 500,000
Smallmouth Bass 1" Fingerling 500,000
Crappie 1" Fingerling 300,000
Channel Catfish 2" Fingerling 22,000
Reservoir Forage Fish 1" Fingerling 300,000

The hatchery is to have a 50 year design life. The methods to be
considered and evaluated are:

1. Construct more rearing ponds, increase the quantity and de-
pendability of the water supply, and make other improvements
at the present Miles City Hatchery.

2. Construct a new hatchery-rearing pond complex at an assured
water supply below Fort Peck Dam. This system would be
similar to the water supply provided for the federal hatchery
below Garrison Dam in North Dakota.

Associated Engineers III, Inc. located in Springfield, Illinois
was selected by the Department to complete the study and was
placed under contract on February 14, 1984. On September 7, :
1984, the contract was officially changed by the Department of
Fish, Wildlife and Parks to the firm of "Fisheries Design Group -
Cochran & Wilken, Inc." due to the purchase of the Springfield,
Illinois office by the staff involved in fish hatchery design
work.

B. Methodology and Acknowledgements

SECTION: I. PAGE: 1



In order to develop this comprehensive report, a variety of data
sources were secured, physical field inspections were completed,

and discussions

undertaken.

and meetings with involved personnel were

The following list is a summary of methods used to develop this

report.

1. The U.S. Fish and wWildlife Service constructed, owned and
operated the Miles City Hatchery from 1956 to 1983. All
available drawings and records transmitted from the Service
to the Department were reviewed and analyzed. !

2. There have been many Montana Department of Fish, Wildlife and
Parks employees who have had a significant involvement in the
administration, development and refinement of the Montana

— Warmwater/Coolwater Fish Hatchery Study and the determination
of goals, objectives and future needs. The following indi-
viduals have had a major involvement in the development of
this study:

Mr.

Mr.

Mr.
Mr.

Mr.
Mr.
Mr.

Mr,.

Mr.
Mr.
Mr.
Mr.

James Flynn
Richard Johnson

Arthur Whitney
George Holton

Emmett Colley
Allen Elser
Paul "Bud"
Butterfield

Mike Rhodes

Keith Seaburg
Phillip Stewart
Bill Weidenheft
Steve Joppa

Director - Montana Department of
Fish, Wildlife and Parks

Deputy Director Montana Dept. of
Fish, wWildlife and Parks
Fisheries Division Administrator
Assistant Fisheries Division
Administrator

Hatchery Bureau Chief
Management Bureau Chief

Manager - Miles City State Fish
Hatchery

Assistant Manager - Miles City
State Fish Hatchery

Regional Coordinator - FWP
Regional Fish Manager - FWP

Fort Peck Reservoir Biologist - FWP
Engineer - FWP

The following individuals with the U.S. Army Corps of Engineers

were interviewed and/or

provided significant information and

assistance in the analysis and review of potential Fort Peck

Reservoir Hatchery Sites.

Mr.
Mrl

Mr.

Mr.

Johnny Kuncheff
Ronald Wallem

Robert McInerney

W.E. Woodford

Area Engineer Montana Area Ft. Peck
Project Maintenance and
Construction Ft. Peck

Recreation Resource Management Ft.
Peck

Chief, Operation Division - Omaha

District

SECTION: I. PAGE: 2



Mr. L.S. Horihan Chief, Hydrologic Engineering
Branch - Omaha District

Dr. John Andersen Limnologist - Hydrologic
Engineering Branch Omaha District

Mr. Jim Opitz Survey and Mapping Division, Omaha
District

Mr. Arvid L. Thomsen Chief, Planning Division, Omaha
District

Mr. John Peta Planning Division, Omaha District

Additional information of particular importance in the
development of this study was obtained from:

Dr. Robert Bellows Director, Fort Keogh U.S.
Department of Agriculture, Range
and Livestock Experiment Station

Mr. Robert Eidholt Plant Engineer, Miles City Water
Treatment Plant - Miles City,
. Montana
Mr. Robert Wagers . Manager, Blue Dog Lake State Fish
' Hatchery, Waubay, South Dakota
Mr. Pete White Manager, Garrison National Fish
Hatchery, Garrison Dam, North
Dakota
Mr. Roger Copper Manager, Gavins Point National Fish
Hatchery, Yankton, South Dakota
~ Mr. Kirby Cottrell Manager, Sand Ridge State Fish
Hatchery, Manito, Illinois
Mr. Jim Walley Department of Administration,
Division of Architecture and
Engineering.
Mr. Brent Magill City Engineer, City of ‘Glasgow
Mr. Manson Bailey,Jr. Executive Director, Valley County
' Development Council
Mr. Marshall Fox Acting Regional Engineer, U.S. Fish

Wildlife Service, Denver

Field inspections of the Miles City State Fish Hatchery and
Potential Fort Peck Reservoir Hatchery sites were conducted on
February 24 - 27, 1984 by Mr. Thomas Johnson, Fisheries Biologist
& Project Leader and Mr. Gary Wilken, Project Engineer to
document existing conditions, and expansion potential of both
sites. In addition to detailed interviews with involved
personnel, an . extensive series of photographs were taken during
field inspections. The photographs will provide documentation of
the existing conditions of various facilities at the time of the
field surveys and will be used to illustrate and reference
specific recommendations made in the report.

Public Meetings and Project Review Meetings
Date Location & Purpose

Feb. 24 & 25, 1984 Miles City State Fish Hatchery
Comprehensive Field Inspection and

SECTION: I. PAGE: 3



Feb. 26 & 27, 1984
May 10, 1984
June 21, 1984
July 24, 1984

July 25, 1984

October 18, 1984

Comprehensive Field Inspection and
Interviews

Fort Peck Reservoir
Comprehensive Field Inspection and
Interviews

Miles City State Fish Hatchery
Review of Preliminary Fish Production
and Site Selection Data

Montana Department of Fish, Wildlife
and Parks

Central Office, Helena, Montana

75% Document Review

Hatchery Public Meeting - Elks Club,
Glasgow, MT

Hatchery Public Meeting - Miles City
Junior College, Miles City, MT

Miles City State Fish Hatchery
Draft Final Report Review

The following staff members of Fisheries Design Group - Cochran
and Wilken, Inc. have contributed to the preparation of this
report and may be contacted regarding specific questions:

Mr. Thomas Johnson

Mr. Ken Ferjancic
Mr. Gary Wilken

Mr. Lincoln Cochran
Mr. Ed. Donahue

Mr. Melvin Peifer
Mrs. Cathy Peifer
Mr. Gary Scott

Ms. Candice Woods

Fisheries Biologist & Project
Leader

Fisheries Biologist

Civil Engineer

Mechanical Engineer

Civil Engineer

Designer

Drafting

Landscape Architect

Secretary & Word Processing System
Operator
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SECTION II
SUMMARY AND RECOMMENDATIONS

After an in-depth examination of all of the factors
influencing the selection of the proposed Montana Warm/Coolwater
Fish Hatchery Project, it is recommended that the existing Miles
City State Fish Hatchery be retained and that funds be
appropriated for the major renovation and expansion of this
facility.

It is estimated that the physical improvements to the
hatchery necessary to meet the Department of Fish, Wildlife and
Parks warmwater / coolwater fish production goals will entail an
expenditure of funds for planning, design and construction in the
range of $4.9 million dollars. This expenditure is based on
completing all of the improvements outlined in this report in one
(1) Construction Phase-which is the recommended alternative.

Specific details of the recommended program are detailed in
this report.

SECTION: II. PAGE: 1



SECTION III

Fish Production Objectives and Identification of Design Criteria
for the Warmwater/Coolwater Hatchery

A. Species Production Requirements and Cultural Methods
1. General

The Montana Department of Fish, Wildlife and Parks has
significantly expanded the fisheries management program for
warmwater and coolwater fisheries in Montana .reservoirs,
impoundments and ponds. In order to adequately support this
program, hatchery production of warmwater species (largemouth
bass - LMB, smallmouth bass - SMB, channel catfish - CCF, white
crappie - WCR and hybrid centrarchid sunfish) and coolwater
species (walleye - WAE, northern pike -NP, and certain reservoir
forage fish (Cisco)) must increase significantly to meet todays
needs and future requirements.

Department fisheries biologists have determined that the hatchery
production of the following species, numbers and sizes is
necessary to support statewide management programs.

Species Size Number

Walleye - Fry 42,000,000
Walleye 2" Fingerling 2,100,000
Northern Pike Fry 5,000,000
Northern Pike 2" Fingerling 550,000
Largemouth Bass 1" Fingerling 500,000
Smallmouth Bass 1" Fingerling 500,000
White Crappie 1" Fingerling 300,000
Channel Catfish 2" Fingerling 22,000
Reservoir Forage Fish 1" Fingerlings & Fry 300,000

As in all state and federal fish production programs, the annual
production requirements for a particular species size and number
may fluctuate depending on management requirements. The
objective of this study is to provide for the construction of a
modern, state-of-the-art warmwater/coolwater hatchery with
flexible fish production capability to meet Montana's present and
future requirements. In addition to the production of species
listed, rainbow trout distribution will also be carried out from
the hatchery.

Warmwater and Coolwater Species cultural methods have been
changing and improving for the last 50 year period. Within the
last 20 years, there has been a significant effort in warm- and
coolwater fish culture to expand from the use of extensive pond
‘culture methods into intensive (tank and raceway culture methods
similar to those developed for trout and salmon production) or
combinations of both. The culture of warmwater and coolwater
species is continuously changing as improved artificial diets and

SECTION: III. PAGE: 1



Walleye
Stizostedion vitreum (Mitchill)

L -
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Northern pike
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Smallmouth bass
Micropterus dolomieui Lacépéde
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Largemouth bass
Micropterus salmoides (Lacépede)

. reit
- s ARSY

White crappie
Pomoxis annularis Rafinesque

Channel catfish
Ictalurus punctatus (Rafinesque)

/



Cisco

Fathead minnow
Pimephales promelas Rafinesque
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Paddlefish
Polyodon spathula (Walbaum)
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new culture techniques and equipment are developed and as
biologists gain greater insights into the biological requirements
of these fish. 1In the determination of proven cultural methods
appropriate for the Montana Warmwater/Coolwater Hatchery, a
variety of fish culture data sources have been reviewed and
interviews with managers of similar state and federal hatcheries
have been conducted. This report will not attempt to cite all
individual references for cultural methods or production data. A
complete listing of references used in this study is provided in
the References Cited Section of the report.

2. Species Rearing Programs

Walleye (Stizostedion vitreum)

Walleye fry production shall be completed using standard jar
hatching of eggs field collected from "wild" adult walleye during
spawning runs. Adequate Holding Tank space within the building
will be provided to "hold" adult walleye for ripening if
necessary. In order to insure adequate supplies of green walleye
eggs for support of the culture program, several different
sources of adult walleye should be developed within Montana -
preferably in different latitudes to permit progressive
collection of adults and eggs during the spawning season.

Egg incubation shall take place in standard plastic 6" diameter
McDonald hatching jars on multiple jar incubation racks equipped
with several fiberglass fry catch tanks. Catch tanks shall be
equipped with selectable tubes to direct fry to the desired catch
tank. Fry catch tanks shall be furnished with small mesh
(stainless steel) screens for retention of fry. Air service
shall be provided to screens to prevent shell clogging. Egg
incubation area shall provide sufficient room for fry bagging,
boxing and loading to transport vehicles.

The water supply to the egg incubation system must provide a
reliable supply of 58 degree F treated process water (i.e.
filtered, ulltra-violet sterilized, heated water or any required
combination of the three) for controlled egg incubation and

hatching.

Walleye 2" fingerling production will be completed in extensive
rearing ponds fertilized with chopped alfalfa hay to provide
heavy zooplankton food production. Pond fertilization rates are
normally 800 pounds/acre initially followed by 400 pounds per
week during the rearing period. However, these fertilization
levels may require adjustment depending upon zooplankton food
production. Equipment to chop and spread baled alfalfa should be
available to reduce the labor involved fin pond fertilization.

Fingerling walleye will be harvested using either internal
(inside pond) or external (common outside pond) fish harvest
kettles using standard harvest seining techniques. Harvested
walleye will be moved to fiberglass holding tanks in the main

SECTION: III. PAGE: 8



building for grading, and enumeration prior to shipment using
insulated fish transportation tanks.

Rearing techniques and suitable artificial diets for providing
intensive rearing of walleye fingerlings are rapidly improving.
In the future, it appears that walleye fingerling rearing may
involve a combination of extensive pond culture and intensive
tank culture especially when fingerlings larger than 2" are
needed for stockings. Start tanks, initial feeding troughs and
automatic fish feeders will be provided in the hatchery building
to provide for future intensive rearing programs.

Table 1 provides anticipated production schedules for walleye fry
and fingerlings including egg requirements, fry and fingerling
production estimates (length, weight, number), rearing . unit
requirements (type and total number) water flow and temperature
requirements.

Northern Pike (Esox lucius)

Northern Pike fry production shall be completed using standard
jar hatching of eggs field collected from northern pike similar
to the method described for walleye. Adequate (preferably
several different) sources of northern pike adults should be
developed to insure that sufficient supplies of green eggs are
available. Since northern pike are early spring spawners, spawn
runs often occur under the ice or ice-out conditions making
collection difficult.

Table 2 provides recommended production schedules for northern
pike fry and fingerlings including egg requirements, fry and
fingerling production estimates (length, weight, number), rearing
unit requirements (type and total number) water flow and
temperature requirements.

Intensive culture of northern pike in a production environment
using the W-16 diet has been completed in Michigan, .Pennsylvania
and several other state and federal hatcheries. The design of
the Montana Warmwater/Coolwater Hatchery should provide for both
intensive and extensive rearing of northern pike using building
start/holding tanks and outdoor production raceways as well as
rearing ponds.

Smallmouth Bass (Micropterus dolomieui)

Smallmouth Bass fingerling production. will be accomplished using
a combination of proven extensive pond culture techniques and
newly developed intensive spawning, egg incubation and initial
rearing to swim-up fry techniques. Providing a method of
controlling the spawning of smallmouth bass is particularly
desirable since this species is notorious for abandoning spawning
nests during spring cold fronts causing significant losses of
eggs and fry. Due to the variability of Montana spring weather,
smallmouth bass production can be dramatically influenced by cold
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TABLE 1 REARING PROGRAM CRITERIA FOR WALLEYE

SPECIES: WALLEYE
SPAWNING METHOD: STRIPPING ADULTS TEMP: 48-58 F
APPROX DATES: END APRIL- MID MAY

PRODUCT ION
ANNUAL FRY PRODUCTION NUMBER: 42,000,000
"FRY REQUIREMENT FOR FINGERLING PRODUCTION 4,200,000
ANNUAL TOTAL FRY REGUIREMENT 44,000,000
GREEN EGG REQUIREMENTS: SO% 607 70% 80%

MILLIONS 92. 4M 77M% 66M S8M
NUMBER OF EGGS PER RQUART: 110,000
INCUBATION JAR REQUIREMENTS AT 2 BTS/JAR

300 JARS
TOTAL WATER REQUIREMENT 300 GPM AT 1GPM / JAR
150 GPM AT .SGPM /JAR
WATER TEMPERATURE SaF
INCUBATION TO HATCH (DAYS) 11.5 AT 300 DEGREE DAYS TO
' HATCH
FINGERLING PRODUCTION
ANNUAL FINGERLING PRODUCTION 2,100,000
LENGTH: 2.0" WEIGHT LBS. 0.000239 #FISH/LB. 416
TOTAL LBS. S039
REARING POND FRY STOCKING DENSITY/ACRE 100,000
FERTILIZATON METHOD ALFALFA (CHOPPED)  400-800 LBS/WEEK
REARING PERIOD IN DAYS 21 TO 45
FINGERLING HARVEST #/ACRE
SURVIVAL % 30% 407 SO%* &07 70%
30,000 40,000 50,000 60,000 70,000

# 1.5 A PONDS 47 35 28 24 20
# 1.0 A PONDS 70 53 42 35 30

HARVEST DATA
# OF 40 CUBIC FOOT HOLDING TANKS RER./POND HARVESTED 3
HOLDING TANK VOLUME CUFT. /POND HARVESTED 120
HOLDING TANK INFLOW GPM S 10O 20

# = RECOMMENDED FOR PLANNING PURPOSES
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TABLE 2 REARING PROGRAM CRITERIA FOR NORTHERN PIKE

SPECIES: NORTHERN PIKE
SPAWNING METHOD: STRIPPING ADULTS TEMP: 39-45 F
APPROX DATES: APRIL

PRODUCTION
ANNUAL FRY PRODUCTION NUMBER: 5,000,000
FRY REQUIREMENT FOR FINGERLING PRODUCTION 1,200,000
ANNUAL TOTAL FRY REQUIREMENT 6,200,000
GREEN EGG RERUIREMENTS: 3S0% &0/ 70% 80%
MILL IONS 12.4M 10.3M* 8.8M 7.75M

NUMBER OF EGGS PER QUART: 50,000
INCUBATION JAR RERQUIREMENTS AT 2 RTS/JAR

; 103 JARS
TOTAL WATER REQUIREMENT 103 6PM AT 1GPM / JAR

52 6FPM AT .3S6PM /JAR
WATER TEMPERATURE S5—-58F
INCUBATION TO HATCH (DAYS) 7.0 AT 180 DEGREE DAYS TO
HATCH
FINGERL ING PRODUCTION
ANNUAL FINGERLING PRODUCTION 550,000
LENGTH: 2.0" WEIGHT LBS. 0.00159 #FISH/LB. 425
TOTAL LBS. 880
REARING POND FRY STOCKING DENSITY/ACRE 100,000
FERTILIZATON METHOD ALFALFA (CHOPPED) 400-800 LBS/WEEK
REARING PERIOD IN DAYS 21 TO 45
FINGERLING HARVEST #/ACRE
SURVIVAL % 304 407 S0%* &0% TO%
30,000 40,000 50,000 60,000 70,000

# 1.5 A PONDS 13 10 08 07 06
# 1.0 A PONDS 70 19 - 14 11 10

HARVEST DATA
# OF 40 CUBIC FOOT HOLDING TANKS REQ./POND HARVESTED 2
HOLDING TANK VOLUME CUFT. /POND HARVESTED 79.5
HOLDING TANK INFLOW GPM S TG 20

* = RECOMMENDED FOR PLANNING PURPOSES
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fronts as was the case in 1984 (Bud Butterfield, personal
communication). Holding smallmouth bass adults in holding tanks
to suppress spawning until more stable spring weather and water
temperatures will be used to prevent early spawning losses in the
future.

- smallmouth bass fry collection has traditionally been a problem
since the fry disperse from the nest after only a brief swim-up
period. Location and observation of spawning nests in large
ponds is often difficult due to wind and wave action, plankton
blooms and turbidity. The portable nest spawning technique
described by Hutson (1983) provides a simple method of
collecting, enumerating and moving smallmouth fry from spawning
ponds to fertilized zooplankton rearing ponds (Figure 1). The
technique works well in spawning ponds with silt bottoms but does
not work successfully in the present Miles City Hatchery ponds
due to the amount of gravel in the pond bottoms and levee side
slopes. One half acre elongated rectangular ponds with exposed
plastic membrane liners will be provided as spawning ponds.

Recently, raceway spawning of smallmouth (and largemouth) bass
has been demonstrated at several hatcheries using removable
spawning substrates. In Illinois, at Sand Ridge State Fish
Hatchery adhesive smallmouth eggs were removed from nesting box
mock substate using the matrix-dissolving chemicals now used to
separate channel catfish eggs. The eggs were incubated
successfully in both jars and Heath vertical flow egg incubation
units (with modified screens). Due to the controlled environment
available in raceways (including - adjustment of water
temperatures, light, flow rates, etc.), it appears that
controlled intensive spawning of smallmouth bass is feasible and
offers potential to solve many of the identified spawning
problems experienced with pond smallmouth culture.

Fingerling smallmouth production will be completed in rearing
ponds fertilized with chopped alfalfa hay to "~provide a
zooplankton food source. Facilities will be available to provide
for intensive production of fingerling smallmouth using the newer
artificial diets in the future. The benefits of maintaining
smallmouth broodfish on artificial diets rather than on cultured
forage fish Jjustifies experimental intensive culture work with
this fish alone. '

Smallmouth broodfish will be initially obtained from both wild
and hatchery reared fish. However, the goal is to establish
groups of hatchery reared brood fish of Age III, IV and V for
spawning with 1/3 replacement of brood fish occuring each year.
Forage for brood stock maintenance is estimated at 5,000 to 7,000
pounds annually based upon the recommended 5.5 pounds of forage
per pound of bass maintained. Fathead minnow forage will be used
(or other suitable forage species). Security fencing for
preventing theft of bass brood fish will be provided.
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FIGURE 1 PORTABLE BASS SPAWNING BOX
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TABLE 3 REARING PROGRAM CRITERIA FOR SMALLMOUTH BASS

SPECIES: SMALLMOUTH BASS
SPAWNING METHOD: POND &/0R RACEWAYS d TEMP: &8-72 F
APPROX DATES: MAY- MID JUNE

AVG.# FRY /7 FEMALE : 4,000 ADULT STOCKING DENSITY #/A 100

TOTAL # OF ADULTS: 472 MIN.
SIZE OF SPAWNING POND: 0.5 ACRE TOTAL SPAWNING PONDS 8

PRODUETION

FRY REQUIREMENT FOR FINGERLING PRODUCTION 787 , 000
ANNUAL TOTAL FRY RERUIREMENT 787,000

FOR INTENSIVE SPAWNING /7 HATCHING ONLY

GREEN EGG RERUIREMENTS: &0%
MILLIONS 1.31%

NUMBER OF EGBS PER QUART: 50,000

INCUBATION JAR RERQUIREMENTS AT 2 GTS/JAR

13 JARS

TOTAL WATER RERUIREMENT 13 GPM AT 1GPM / JAR
7.56PM AT .5S6PM s/JAR

WATER TEMPERATURE S8-68F

INCUBATION TO HATCH (DAYS) S.0 AT 140 DEGREE DAYS TO
HATCH

FINGERLING PRODUCTION

ANNUAL FINGERLING PRODUCTION 500,000

LENGTH: 1.0%" WEIGHT LBS. 0.001 #FISH/LB. 1,000
TOTAL LBS. S00

REARING POND FRY STOCKING DENSITY/ACRE 75,000
FERTILIZATON METHOD ALFALFA (CHOPPED)  400-800 LBS/WEEK
REARING PERIOD IN DAYS 21 TO 31
FINGERLING HARVEST #/ACRE

SURVIVAL % 30% 407 SO%* 60 70%

22,500 30,000 37,500 45,000 52,500
# 1.5 A PONDS 15 12 09 08 07
# 1.0 A PONDS 23 17 14 12 10

HARVEST DATA
.# OF 40 CUBIC FOOT HOLDING TANKS RE®&./POND HARVESTED 2
HOLDING TANK VOLUME CUFT. /POND HARVESTED 75
HOLDING TANK INFLOW GPM S 1O 20
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Table 3 provides anticipated production schedules for smallmouth
bass fingerlings, including brood fish requirements, fingerling
production estimates (length, weight, number), rearing unit
requirements (type and total number), water flow and temperature
requirements.

Largemouth Bass (Micropterus salmoides)

Largemouth Bass fingerling production will be accomplished using
a combination of proven extensive pond culture techniques and
newly developed intensive spawning, egg incubation and initial
rearing techniques similar to those discussed for smallmouth
bass. Largemouth Bass culture suffers from many of the same
problems previously discussed for smallmouth bass. The schooling
nature of the largemouth bass fry generally s1mp11f1es fry
collection and transfer from spawning ponds to rearing ponds when
compared to smallmouth bass. However, the variability of spring
. weather, wind conditions and wave condltlons, plankton levels and
turbidity all influence the spawning of largemouth bass and
observation of nests and collection of fry.

Largemouth spawning will be completed in 1/2 acre elongated
plastic lined spawning ponds on portable (i.e. removable)
spawning boxes. Normally, fry will be removed from these ponds
by standard school seining technlques, however the recent removal
of eggs and successful incubation in jars ‘and/or Heath Vertlcal
egg incubation units may also be used in the future.

Fingerling production to 1.0 inch fish can easily be accomplished
in alfalfa fertilized spawning ponds. Should management needs
require larger fingerlings than 2.5 to 3.0 inches then intensive
culture feeding programs currently used for production of 4.0 to
6.0 inch fish should be used. Facilities for intensive feeding
of largemouth bass will be provided.

Table 4 provides anticipated production schedules for largemouth
bass fingerlings, including brood fish requirements, fingerling
production estimates (length, weight, number), rearing unit
requirements (type and total number), water flow and temperature
requirements.

White Crappie (Pomoxis annularis)

White Crappie are colonial nest building sunfish that are only
occasionally reared in warmwater hatcheries since mature adult
fish are often stocked in lieu of fingerling crappie. Crappie
spawning will be completed in extensive rearing ponds in a manner
similar to that used for other sunfish such as bluegill and
redear. "Wild" adult fish will be collected prior to spawning
and placed into fertilized spawning ponds. Adult fish may be
removed from the spawning ponds by seining or angling or left
with the fingerlings until harvest.
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TABLE 4 REARING PROGRAM CRITERIA FOR LARGEMOUTH BASS

SPECIES: LARGEMOUTH BASS
SPAWNING METHOD: POND &/0R RACEWAYS TEMP: &8-72 F
APPROX DATES: MID MAY- MID JUNE

AVG.# FRY /7 FEMALE : 4,000 ADULT STOCKING DENSITY #/A
100

TOTAL # OF ADULTS: 472 MIN.
SIZE OF SPAWNING POND: 0.5 ACRE TOTAL SPAWNING PONDS 8

PRODUCTION

FRY RERUIREMENT FOR FINGERLING PRODUCTION 787,000
ANNUAL. TOTAL FRY RERUIREMENT 787,000

‘FOR INTENSIVE SPAWNING 7 HATCHING ONLY

GREEN EGG REGQUIREMENTS: =10 )4
MILLIONS 1.31»

NUMBER OF EGGS PER BUART: 50,000

INCUBATION JAR REGUIREMENTS AT 2 ATS/JAR
13 JARS

TOTAL WATER RERUIREMENT 13 6PM AT 1GPM / JAR
7.56PM AT .SG6PM /JAR

WATER TEMPERATURE &8-72F '

INCUBATION TO HATCH (DAYS) 4.0 AT 140 DEGREE DAYS TO
HATCH

FINGERLING PRODUCTION
ANNUAL FINGERL ING PRODUCTION 500,000
LENGTH: 1.0" WEIGHT LBS. 0.001 #FISH/LB. 1,000
TOTAL LBS. 500

REARING POND FRY STOCKING DENSITY/ACRE 75,000
FERTILIZATON METHOD ALFALFA (CHOPPED) 400-800 LBS/WEEK
REARING PERIOD IN DAYS 21 TO 31
FINGERLING HARVEST #/ACRE

SURVIVAL % 30% 407 SOxL* &60%L 70%

22,3500 30,000 37,500 45,000 52,3500
# 1.5 A PONDS 15 12 09 08 07
# 1.

O A PONDS 23 17 14 12 10

HARVEST DATA
# OF 40 CUBIC FOOT HOLDING TANKS REB./POND HARVESTED 2
HOLDING TANK VOLUME CUFT. /POND HARVESTED 75
HOLDING TANK INFLOW GPM S TO 20
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No special spawning requirements are necessary, however, handling
small 1" fingerling crappie is often difficult (the fish are very
sensitive and .die easily). Salt solutions, fish anesthetics and
oxygen are often used to assist in crappie harvest and transfer.

Table 5 provides anticipated production schedules for white
crappie fingerling production (length, weight, number) rearing
unit requirements (type and total number), water flow and
temperatures.

Channel Catfish (Ictalurus punctatus)

Channel catfish fingerling production (22,000-2" fingerlings) can
be accomplished easily using eggs or fry obtained from other
state or federal hatcheries. The maintenance of brood fish and
development of spawning equipment is not justified at this level
of channel catfish production. In addition, the spawning of
channel catfish would likely take place in late June and July in
Montana, and would move fingerling growth to 2" fish into
September or October (Table 6).

Should the state significantly increase the channel catfish
production program in the future to include larger numbers of
fingerlings and/or the 1larger non-vulnerable (to predation) 8
inch plus fish now being produced by several hatcheries, the
ponds, raceways and interior building features of the Montana
Hatchery would permit the expansion of the catfish program.

Reservoir Forage Species Production

Reservoir forage fish production of species such as Cisco, shad
or a variety of Notropis (minnow) species can be accomodated in
the Montana Hatchery using rearing units and egg hatching
equipment available for other sport fishes.

Cisco production was completed in 1984 using eggs obtained from
outside sources (Canada and Minnesota). The timing of Cisco
hatching to meet the needs of the reservoir stocking program can
be better controlled using the heat pump system proposed for the
building process water system. Using the heatpump, water may be
heated or chilled to accelerate or suppress egg hatching. In
1984, Cisco hatching at Miles City Hatchery was faster than
required due to the warmer well (55 degrees F) incubation water.

In addition to the production of reservoir forage species, the
hatchery will require several thousand pounds of forage fish for
the maintenance and development of hatchery reared largemouth and
smallmouth bass brood fish. Fathead minnow production is
probably the best choice for this forage requirement although
golden shiner, goldfish, carp and a variety of other fish have
been used to meet bass forage needs.

Fathead minnow production requires some type of cavity spawning
structure. PVC or clay pipe or sheets of black plastic are often
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TABLE S REARING PROGRAM CRITERIA FOR WHITE CRAPPIE

SPECIES: WHITE CRAPPIE
SPAWNING METHOD: POND TEMP: 60-68 F
APPROX DATES: MID MAY- MID JUNE

AVG.# FRY /7 FEMALE :25,000 ADULT STOCKING DENSITY #/A 100
TAOTAL # OF ADULTS: 100 MIN.
SIZE OF SPAWNING FOND: 1.0 ACRE TOTAL SPAWNING PONDS 1 — 2

PRODUCTION

FRY RERUIREMENT FOR FINGERLING PRODUCTION 1,250,000 AT 25%
SURVIVAL

NOTE#* FRY WILL NORMALLY REMAIN WITH THE ADULTS IN THE SPAWNING
PONDS AND WILL NOT BE TRANSFERED TO SEPERATE REARING PONDS

FINGERL ING PRODUCTION

ANNUAL FINGERLING PRODUCTION 300,000

LENGTH: 1.0" WEIGHT LBS. 0.003 #FISH/LB. 3,300
TOTAL LBS. 90

REARING POND FRY STOCKING DENSITY/ACRE 300,000
FERTILIZATON METHOD ALFALFA (CHOPPED) 400-800 LBS/WEEK
REARING PERIOD IN DAYS 31 TO 45

FINGERLING HARVEST #/ACRE
SURVIVAL % 25% 30%
HARVEST #/A 312,500 375,000
# 1.5 A PONDS 1 1

# 1.0 A PONDS 1 i

HARVEST DATA
# OF 40 CUBIC FOOT HOLDING TANKS RE@./POND HARVESTED 4
HOLDING TANK VOLUME CUFT. /POND HARVESTED i80
HOLDING TANK INFLOW GFPM S 1O 20

# = RECOMMENDED FOR PLANNING PURPOSES
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TABLE & REARING PROGRAM CRITERIA FOR CHANNEL CATFISH

SPECIES: CHANNEL CATFISH :
SPAWNING METHOD: OBTAIN FRY FROM OUTSIDE SOURCE-TRADE

TEMP: 78-80 F
APPROX DATES: LATE JUNE- JULY

PRODUCTION

FRY RERQUIREMENT FOR FINGERLING PRODUCTION 50,000 AT S0%L
SURVIVAL

FINGERLING PRODUCTION

ANNUAL FINGERLING PRODUCTION 22,000 2"

LENGTH: 2.0" WEIGHT LBS. 0.00239 #FISH/LB. 4146
TOTAL LBS. 33

REARING POND FRY STOCKING DENSITY/ACRE 50,000
FERTILIZATON METHOD ALFALFA (CHOPPED) 400-800 LBS/WEEK OR
USE ARTIFICIAL FOOD ENTIRELY
REARING PERIOD IN DAYS 45 TO &0
FINGERLING HARVEST #/ACRE
SURVIVAL % S0%
HARVEST #/A 25,000
1.0 A PONDS 1

HARVEST DATA
# OF 40 CUBIC FOOT HOLDING TANKS RER®./POND HARVESTED 2
HOLDING TANK VOLUME CUFT. /POND HARVESTED 53
HOLDING TANK INFLOW GPM S TO 20

* = RECOMMENDED FOR PLANNING PURPOSES
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TABLE 7 REARING PROGRAM CRITERIA FOR FATHEAD MINNOW FORAGE

SPECIES: FATHEAD MINNOW
SPAWNING METHOD: POND TEMP: 60-65 F
APPROX DATES: MID MAY- MID JUNE

ADULT STOCKING DENSITY #/A 15,000-25,000
TOTAL # OF ADULTS: 250,000
SIZE OF SPAWNING POND: 1.0 ACRE TOTAL SPAWNING PONDS 10

PRODUCT ION

FINGERLING PRODUCTION S00,000 / ACRE AT 2" OR 1201 LBS/A
FRY MAY BE TRANSFERED TO SEPERATE REARING PONDS

FINGERLING PRODUCTION
NORMAL REARING PERIOD 45-70 DAYS
LENGTH: 2.0" WEIGHT LBS. 0.00239 #FISH/LB. 416
TOTAL PONDS = 10, TOTAL POUNDS = 12,010

FERTILIZATON METHOD ALFALFA (CHOPPED) 400-800 LBS/WEEK
AND ARTIFICIAL FEEDS FED AT 2% OF BODY WT. / DAY

NOTE: FATHEAD FORAGE PONDS WILL BE HARVESTED AND FORAGE
INTRODUCED TO LARGEMOUTH & SMALLMOUTH BASS AS REQUIRED TO KEEP
FISH IN 600D CONDITION.

* = RECOMMENDED FOR PLANNING PURPOSES
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TABLE 8 REARING PROGRAM CRITERIA FOR CISCO RESEROIR FORAGE

SPECIES: CISCO

SPAWNING METHOD: JAR INCUBATION- TEMP: 35-41 F

APPROX DATES: DEC-JAN-FEB

CISCO EGGS ARE OBTAINED FROM WILD COLLECTED ADULTS OR FROM
TRADES WITH OTHER AGENCIES

EG6 INCUBATION (DAYS) 110 TO 125 DAYS

NOTE: FRY WILL BE COLLECTED AND STOCKED DIRECTLY INTO
RESERVOIRS FOR GROWTH. FRY REPORTEDLY CAN SURVIVE UP TO 18 DAYS
BEFORE REGUIRING ACTIVE PLANKTON FEEDING. EGG HATCHING CAN BE
ACCELERATED BY USING WARMER EGG INCUBATION WATER TO SPEED
DEVELOPMENT OR CHILLED WATER TO SLOW DEVELOPMENT

CONSIDERABLE CULTURAL FLEXIBILITY SHALL BE AVAILABLE TO PRODUCE
OTHER FORAGE SPECIES AS REQUIRED (IE. SPOTTAIL SHINER, OTHER
SHAD, OTHER MINNOW SPECIES, CARP, GOLDFISH ETC.)
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used to provide a place for egg deposition. The black plastic
method provides a method to move eggs to minnow production ponds
by moving sheets of plastic upon which eggs have been layed.
This method permits assessment of spawning success by hatchery
personnel. Forage is essential to the bass program. Backup
sources of forage should be available via purchase from outside
minnow dealers. The artificial feeding program for brood stock
maintenance previously discussed should be investigated.

B. Hatchery Design Criteria

1. Rearing Unit Requirements

Rearing Unit needs were determined by summarizing the individual
species production requirements presented in Tables 1 thru 8.
Fish rearing unit requirements (i.e. # of jars, start tanks,
ponds and raceways) were developed for the Montana
Warmwater/Coolwater Hatchery using "demonstrated" fish production
values from state and federal hatcheries and fisheries literature
guidelines.

Projected monthly rearing unit utilization by species is given in
Table 9. Water supply requirements for each rearing unit were
developed by interviews with Department personnel and established
criteria.

. The following number and type of fish rearing units are required
to meet the identified production goals:

a. 4-Jar Incubation Racks with 100 McDonald Jars per Rack.
Each rack to be equipped with 2-rectangular fiberglass fry
catch tanks (8 fry catch tanks total). Rectangular fry
catch tank dimensions of 10' X 2' X 2' (or 40 cubic feet)
are recommended. Stainless steel fry screens shall be
provided.

b. 32-Fiberglass Start/Holding Tanks. Suggested start tank
dimensions are: 24 rectangular tanks 10' X 2' X 2' (40
cubic feet/tank) and 8 circular tanks diameter 6 feet X
2.5' deep (75.6 cubic feet/tank). Total start/hatchery
tank volume = 1525 cubic feet. Aluminum screens and flow
baffles shall be provided.

c. l6-Fiberglass Initial Feeding Troughs. Suggested size 10'
X 1l' X 0.66', or 6.6 cubic feet/tank. Total Trough Volume
= 105.6 cubic feet.

d. 13-1/2 acre exposed membrane lined (synthetic plastic
liner) extensive spawning ponds. Total surface acreage =
6.5 acres; Volume = 29.3 acre feet. Pond outlet struc-
tures and kettles shall have aluminum screens.

e. Earthen extensive rearing ponds totaling a minimum of 48
surface acres. Individual pond size should be 1.0 or 1.5
surface acres or a combination of both sizes. Ponds
should have uniform size and volume. Pond outlet struc-
tures and harvest structures shall be equipped with per-
forated aluminum plate screens. Rearing ponds of varying
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TABLE 9.1 RECOMMENDED WATER SUPPLY FOR THE MONTANA WARMWATER/COOLWATER HATCHERY AND DATA FOR REARING UNITS.

INTENSIVE REARING UNIT # OF UNITS RECOM. FLOW UNIT VOLUME VOLUME
a TOTAL D TON! UB GALIONS
HATCHING JARS 400 1 gpom 400 6' x 18%" 0.76 5.68
OID 12.6"' x 3' x 3' 113.4 848
START/HOLDING TANKS 16 25 gpm 400 10.8" x 3 x-3' '97.2 727
NEW
START/HOLDING TANKS 6 25 ggm 400 10.0"' x 2' x 2' 40.0 299
CIRCULAR
REARING TANKS 8 25 gpm 200 6'0 x 3' 75.2 562
INITIAL
FEED ' TROUGHS 16 5 gom 80 10" x 1" x 0.66" 6.6 49.3
CONCRETE
RACEWAYS 8 269- 2,152 60' X 6' x 3' 1080 8,078
: 538~ 4,304 TOTAL GROUP
KEARING PONDS & TOTAL~1480 0Py  SURFACE TOTAL VOTIME  TOTAL AVERAGE FILLING TIME FILLING TIME
RESERVIOURS ACRES ~SURFACE ~ ACRE FEET VOLUME DEPTH FEET AT 3,000 gpm AT 1,000 gpm
8 ACRES @ ACRE FEET
1.5 ACRE REARING POND 21 1.5 31.5 6.75 141.8 4.5°' 11.0 DAYS 32.0 DAYS
1.0 ACRE REARING POND 15 1.0 15.0 6.75 67.5 4.5.° 5.0 15.2
SPAWNING
3.0 ACRE REARING POND 2 3.0 6.0 13.5 . 27.0 4.5¢ 2.0 6.1
UPPER SUPPLY 1 3.0 3.0 15 15 5.0° 1.1 3.4
RESERVOIR
LOWER SUPPLY 1 12.0 12.0 60 60 5.0' 4.5' 13.5
RESERVOIR
0.5 ACRE LINED SPAWNING 13 0.5 6.5 2.25 29.25 4.5° 2.2 6.6
POND :
SEDIMENTATION 1 0.25 0.25 1.25 1.25 5.0° ——
CHANNEL *
1.5 WASTEWATER" 1 1.5 1.5 6.75 6.75 4.5" ——
LAGOON
75 acres 341.8 acre feet 28.5 days 76.8 days
59 acres of rearing ponds
RECOMMENDED WATER PUMPING CAPACITY 3,000 to 4,000 gpm.
= RECOMMENDED
* NOT INCLUDED IN TOTAL
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and irregular size and volume should not be built. Total
rearing pond volume will be approximately 216 acre feet.

f. A combined solar warming/water storage reservoir should
be constructed. The reservoir should have a surface
acreage of at least 15 acres and should provide a storage
volume of at least 75 acre feet (average depth 5 feet).

g. Eight (8)-60' X 6' X 3' (Volume = 1080 cubic feet)
concrete production raceways shall be constructed. These
production units shall be constructed in 2 tiers: 2 pair
of upper tier raceways and 2 pair of lower tier units pro-
viding for water reuse. Paved 14' wide access roads shall
be provided around the perimeter of each raceway.
Raceways shall be equipped with modern aluminum screens,
flow distribution baffles and walkways. Total raceway
volume = 8,640 cubic feet.

Rearing Unit Density (pounds per cubic foot of rearing volume)
and Flow Index (pounds per gallon per minute inflow) for each of
the rearing units are presented in Appendix G. These tables
. should be used as a technical reference only to guide the
hatchery staff determining the fish carrying capacity of the
rearing units.

2. Water Supply Requirements

Water supply requirements were determined for the Montana
Warmwater/Coolwater Hatchery based upon established criteria for
rearing units discussed in Piper, etal. 1982 and through
discussions with Department personnel. The following basic
design criteria was used:

a. Jar Incubation Water Supply Headers shall be capable of
providing up to 1 gpm per jar of filtered, ultraviolet,
sterilized, heated (or chilled) process water (or any
combination thereof). In addition, direct river or
reservoir water shall be supplied to the jar incubation
system. Total flow requirement = 400 gpm.

b. Initial Feed Troughs shall be provided with 3.2 gpm each
(R=4). Total flow requirement = 52 gpm. Treated process
water and river or supply reservoir water inlets shall be
provided to each trough.

c. Start/Holding Tanks shall be provided with the following
design flows: Rectangular units (40 cu. ft.) shall be
supplied with 20 gpm each (R=4). Total Flow requirement =
480 gpm. Circular Units - 6 ft. diameter shall be
supplied with 35 gpm each (R=4). Total Flow requirement =
282 gpm. All tanks will be equipped with treated process
water and river/reservoir supply lines.

d. Production Raceways supply piping should be designed to

provide design flows up to 538 gpm/raceway (R=4) or a
Total Flow Requirment of 4,304 gpm. Normally, raceways
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shall operate with full serial reuse in the lower tiers,
reducing the inflow requirement to 2,152 gpm. Exchange
rates for warmwater and coolwater species may range from
less than 1 up to 3 per hour. To permit the station to
effectively handle trout for additional rearing ‘or
distribution, we suggest the design inflow of R=4 be
designed for. Both direct river (pumped) and supply
reservoir (gravity) supply lines will be provided to the
raceways. A provision in the raceway supply piping system
shall be made to permit reuse of treated process water
from the main hatchery building.

e. Pond Water Supply design shall provide for overall
filling of the hatchery in 21 days. Individual pond
filling of any pond should be provided in 24 to 36 hours.

Recommended pond water supply to provide filling of 48 surface
acres of large rearing ponds (1.0 & 1.5 surface acre, 4.5 feet
average depth or 48 X 4.5' = 216 acre feet) and 6.5 surface acres
of small rearing ponds (0.5 surface acre 4.5 feet average depth =
or 6.5 X 4.5' = 29.3 acre feet). Total rearing pond volume of
'245.3 acre feet is required (not including evaporation and ground
seepage). Pond filling in 21 days will require pumping capacity
of 2,650 gpm. System design should provide water supply capacity
in the range of 3500 gpm to accomodate hatchery building and pond
supply needs.

Total Hatchery Water Supply Requirement

Total water supply requirement for the hatchery is presented in
Table 9.1. Monthly flow projections indicate that a water supply
system in the range of 2,500 gpm to 4,000 gpm is required.

Process Water Treatment System Requirements

A process water treatment system capable of providing filtration,
ultraviolet sterilization and heating (or chilling) of at least
500 gpm is required to meet incubation, initial fry feeding and
brood stock holding needs. The interconnecting piping of the
treated water system components should permit any combination of
treatment methods desired. A water to water electric heat pump
capable of heating (or chilling) process water a maximum of 10
degrees F is recommended due to the dual heating or chilling
capability and efficient energy utilization. Plate 8 illustrates
a typical process water treatment system, combined packed column
aerator/degasser-supply headbox and heat pump/heat. recovery sump
for Miles City Hatchery. This sytem is absolutely essential to
provide the required flexibility in egg incubation initial fry
feeding and broodstock holding for the fish production program.

Specific details of all water suupply system piping and drains
should be carefully coordinated with Department hatchery staff
during the final design phase of the Montana Hatchery Project to
insure that all requirements are addressed.
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Low Pressure Air System

A low pressure air system capable of providing 5 psi air to all
rearing units in the main hatchery building for screen cleaning
and supplemental aeration shall be provided. Air generation
shall be provided via low pressure air blowers to be located in a
remote blower building (due to noise).

3. Hatchery Buildings and Related Support Facility Requirements

Based upon the identified fish production program requirements
and our understanding of Department hatchery operational needs,
the following facility requirements are recommended:

a. A main hatchery building (9,800 +/- square feet) to
include Offices, Visitor Displays, Incubation and
Start/Holding Tanks Room, Mechanical Room for Process
Water Treatment System, Shop, Food Preparation Area and
Crew Support Facilities.

b. Low Pressure Air Blower House and Generator Building (600
square feet) to provide isolation of equipment from the
main hatchery building (due to high noise levels).

c. An equipment storage building of at least 4,000 square
feet. The building will provide additional shop working
area as well as equipment storage. A pre-engineered
heated and insulated metal building is recommended.

d. Security Fencing around the entire hatchery complex is
recommended. Minimally, security fencing around bass
broodstock ponds and raceways will be provided to
discourage vandalism.

e. Three residences (1400 to 1500 square feet) with garage
are recommended.

f. Paving around the main hatchery building, storage building
raceways, residences and visitor parking is strongly re-
commended. All pond access roads shall be compacted ag-

gregate surfaces.

SECTION: III. PAGE: 27



SECTION IV
Site Selection Criteria

A, General Description of the Fort Peck Reservoir Site and Miles
City State Fish Hatchery Site

l. Fort Peck Reservoir Site
Figures 2 and 3.

Fort Peck Dam and Reservoir is located 18 miles southeast of
Glasgow, Montana. Fort Peck reservoir is located at Missouri
River Mile 1771.5 and was the first of 6 Missouri River Main Stem
Reservoirs constructed (Figure 4). The dam represents one of the
longest and oldest hydraulic earth fill dams in the world. The
reservoir is 134 miles long with 1,520 miles of shoreline at
normal operating pool of 2246 MSL (240,000 acres).

Based upon field inspections and discussions with Mr. Johnny
Kuncheff, Montana Area Engineer; Mr. Ron Wallem, Head of Project
Maintenance and Construction; and Mr. Bob McInerney, Head of
Project Recreation and Resource Management, U.S. Army Corps of
Engineers (COE), several potential hatchery sites at Fort Peck
Reservoir were investigated and analyzed. -

Plate 1 shows the location of potential hatchery sites A, B and C
located downstream (i.e. in the tailwater area) of Fort Peck Dam.
Areas A, B and C were analyzed with respect to their ability to
provide approximately 100 acres of 1land area necessary for
hatchery development, potential to provide gravity flow water
supply from the dam, topography, flood protection and overall
compatibility with existing Corps of Engineer reservoir
operations.

Area B

Area B (located adjacent to the dredge cut pond) provides
approximately 50 acres of project land for hatchery development.
An additional 50 acres of private land would be required for
hatchery development. Gravity water supply from the #1 Unit
Intake Tube would require over 12,000 feet of main water supply
pipe. Due to the distance from the dam and the required purchase
of private land, Area B is not recommended for hatchery siting.
Hatchery water supply could be pumped from the dredge cut pond,
however, this option is not recommended due to operational costs
associated with water pumping. Area B is shown in Figure 5.

Area C
Area C (located along the left bank of Missouri River channel)
provides approximately 70 acres of project 1land for hatchery

development. Private land acquisition of 30 acres (shown on
Plate 1) would be required for hatchery development. Gravity
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water supply from the #1 Unit Intake Tube would require over
11,000 feet of main water supply pipe and would require expensive
pipe line crossing of the Missouri River. Area C could be
adversely impacted by the (proposed) construction of the Corps of
Engineers Re-Regulation Dam and high discharges from the dam
control works. Similar to the reasons discussed for Area B, Area
C development is not recommended. General location of Area C is
shown in Figure 6.

Area A

Area A (located along the 1left bank of the Missouri River
channel) immediately downstream of the dam is the preferred Fort
Peck Hatchery Site. This location was suggested as a possible
hatchery site in the 1946 Corps of Engineers Master Recreation
Development Plan for Montana.

Area A provides the required 100 acres required for hatchery
development and can provide the desired gravity flow water supply
line (approximately 6,000 feet) from the #1 Unit Intake Tube.

Figures 7 and 8 show the location and general topography and
characteristics of Area A. Figure 9 illustrates the routing of
the new Fort Peck Water Treatment Plant Supply Line from the #1
Unit Intake Tube to the Plant.

Figure 10 illustrates the area below the west side of the dam
(southwest of the town of Fort Peck). This area was also
considered as a potential hatchery site, but would require the
construction of a separate reservoir water intake structure and
long drainage ditch to the tailwater area. Further consideration
was not given to this area.

2. Miles City State Fish Hatchery Site

Operation of the Miles City State Fish Hatchery was assumed by
MDFWP under the provisions of a 30-year lease agreement (Appendix
A) from the United States Department of the Interior, Fish and
Wildlife Service on March 31, 1983. The hatchery was constructed
by the U.S. Fish and Wildlife Service and was operated by that
agency from 1958 - 1983,

The hatchery is located 1 mile north of Interstate 94 in Custer
County, Montana. Plate 3. Distance to Miles City 1is
approximately 1 1/2 miles to the northeast. The hatchery is
bordered to the south and east by the Fort Keogh U.S. Department
of Agriculture Range and Livestock Experiment Station. Northern
boundry of the hatchery is Spotted Eagle Lake (Figure 11), a City
Operated Recreation Area. Western boundry is formed by Branum
Lake, a public fishing lake built and owned by the Department,
now operated as a forage production lake as a part of the
hatchery complex. The Miles City Hatchery includes 168.22 acres
of land and 40 acres of land associated with Branum Lake.
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Plate 4 shows the general layout and components of the hatchery
complex. Tables 10 and 11 (USFWS Real Property Inventory Forms)
provide date of construction and initial cost of all major
components of the Miles City Hatchery.

The following description and figures characterize the existing
Miles City Hatchery.

Main Hatchery Building

The main hatchery building is a 4,636 sqg. ft. structure (122' X
38') completed in 1959 at a cost of $175,000. The building
provides office area, food preparation/storage area, visitor
display, aquarium room, garage/shop area and combined start
tank/egg incubation room with vehicle drive~-thru corridor.
Concrete start/holding tanks (16) are located on 2 separate
levels of the start tank room. General condition of the main
hatchery building is good. Figures 12, 13 and 14 show the
exterior of the main building and Figures 15, 16 and 17
illustrate the interior condition of the building. The main
building is heated by gas forced air furnace and gas space
heaters, Figure 18.

Flammable Storage Building and Underground Gasoline Storage Tank

The 120 square foot brick flammable storage building (Figure 19)
was constructed in 1959 at a cost of $6,000.00. A 1,000 gallon
steel underground storage tank is available for fuel storage.
Condition of existing equipment is good.

Garage/Storage Building

The frame, unheated garage storage building (1,848 square feet)
was constructed in 1960 at a reported cost of $11,094 (Figure
20). Condition of the garage is good, however, additional
equipment storage area is needed (Figure 21).

Hatchery Residences

Two 1,600 square foot frame residences with concrete basements
were completed in 1959 at a cost of $19,000 each (Figure 22).
Generally, condition of the residences is good, due to the repair
painting and renovative work completed by Department hatchery
personnel. The garage slab-on-grade floor is cracked and damaged
in both garages and should be replaced. Landscaping and lawn
repair 1is needed at both residences. A third residence
originally constructed by the USFWS was sold and removed from the
hatchery property.

Sewage Lift Station and Lagoon
The domestic sewage 1lift station and 0.54 acre lagoon was

installed in 1970 at a cost of $19,409 (Figure 23). The system
has generally performed well under the present loading.
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FIGURE 12

MILES CITY SFH ~ MAIN BUILDING EXTERIOR
{SOUTH VIEW)

FRONT DRIVE THRU eNTRANCE



MILES CITY SFH ~ MAIN BUILDING EXTERIOR
(EAST & WEST VIEW)

FIGURE 13

SECTION: IV. PAGE: 22



FIGURE 14 MILES CITY S
(NORTH VIEW &

SECTION: IV. PAGE: 23



FIGURE 1% MILES CITY SFH - MAIN BUILDING INTERIOR
(OFFICE & VISITOR AQUARIUM)
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FIGURE 1§ MILES CITY SFH - MAIN BUILDING INTERIOR
(CREW ROOM & FOOD PREP. ROOM)
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FIGURE 17

MILES CITY SFH - MAIN BUILDING - START
TANK ROOM & SHOP
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FIGURE 18 MILES CITY SFH - MAIN BUILDING ~ GAS
FPURNACE & GAS UNIT HEATERS
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FIGURE 20 GARAGE/STORAGE BUILDING (NORTHEAST VIEW)

FIGURE 21 GARAGE/STORAGE BUILDING (SOUTHEASI VIEW)
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FIGURE 22

HATCHERY RESIDENCE WITH BASEMENT (TYPICAL)
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Domestic Water Supply System

The domestic water supply system consists of a 49 gpm East Well
$2 (Figure 24) and brick well house constructed in 1958 and a
12,000 gallon buried storage tank located on the “camelsback" to
provide gravity flow to the hatchery building (Figure 25). The
control portion of the domestic system that provides ®automatic®
filling of the storage tank (via stop/start of the well) is not
functioning and needs repair. The domestic water system also
provides supply to the fire water system (Figure 26) and can be
used to supply limited amounts of water to the hatchery building
rearing water system.

Hatchery Water Supply System

The components of the hatchery water supply system consisting of
the Tongue River pump station, sedimentation pond, upper and
lower water supply reservoirs, water recirculation (i.e. reuse)
pump station, 120 gpm West well #2, 49 gpm East well #1, hatchery
building, 15 rearing ponds, Branum Lake and all associated drain
and supply lines are shown on Plate #5.

The Tongue River pumping station consisting of river intake
structure, Corrugated Metal Pump House, 1,000 gpm l5-horsepower
440 volt main pump, 3-horsepower priming pump and related power
meter controls and power distribution egquipment  are shown in
Pigures 27, 28, 29 and 30. The existing Tongue River Pumping
System has suffered from low and shifting channel «river
conditions, sediment pumping and wear on pump components.
Periodic yearly maintenance is required to keep the system
functioning correctly.

Water pumped from the Tongue River pump station is conveyed to a
0.32 surface acre sedimentation channel for solids settling.
Sediment must be removed fraom the channel periodically. From the
sedimentation channel water may be directed into the 3.0 surface
acre uppper supply reservoir or 12.0 surface acre lower supply
reservoir via concrete outlet structures equipped with sluice
gates (Figure 31 and 32).

The upper (3.0 acre) and lower (12.0) supply reservoirs provides
important water supply storage, solar water warming, secondary
sedimentation removal and zooplankton food production functions.

Generally, the condition of the supply reservoirs is good.

Repair to concrete outlet structures, screens and basin grading
is required periodically. Repair of an electric centrifugal
booster pump from the 12 acre reservoir to the main hatchery
building is also needed (Figures 33, 34, 35 and 36). The upper
gnd lower reservoir was constructed in 1958 at a reported cost of

30,000.

The water recirculation (i.e. reuse) pump station provides the
capability to reuse pond drainage water and hatchery building

SECTION: IV. PAGE: 32
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FIGURE 30 TONGUE RIVER INTAKE STRUCTURE & RIVER
(WINTER)
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FIGURE 33 UPPER SUPPLY RESERVOIR OUTLET STRUCTURE
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FIGURE 35 LOWER SUPPLY RESERVOIR OUTLETL STRUCTURE
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FIGURE 36 LOWER RESERVOIR TO BUILDING BOOSTER PUMP
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overflow water for re-filling rearing ponds, the 12 acre lower
supply reservoir and (optionally) Branum Lake. Pumping is
provided by 2-1500 gpm 20-horsepower 220 volt 3-phase turbine
pumps and a 3-horsepower, 225 gpm turbine pump. Components of a
Healey-Ruff Water Level Control System are present in the reuse
pump station but not presently functional. Pond drainage water
is transferred from the ponds to the reuse pump station via open
earthen drainage ditches. Static screens located at the inlet of
pump station remove algae and large debris but are difficult .to
keep clean by manual cleaning. Periodic cleaning (sediment
removal) of the earthen basin leading to the reuse pump station
inlet is necessary as is re-building and maintenance of turbine
pumps. Water not re-circulated may be directed to Spotted Eagle
Lake (for lake filling) via open drainage ditch. Figures 37, 38,
39 and 40 show the major components of the reuse water pump
station. '

The #l1 West Well is a 6" diameter, 120 gpm submersible turbine
pump mounted in a 12" diameter casing. Well depth is 300 feet.
The well is equipped with a 20-horsepower 220-volt, 3-phase motor
and is located in a 6' X 8' brick pump house where the pump and
control systems are located. 1In addition to supplying well water
to the main hatchery building, the 55 degree F well water may
also be used to fill and maintain brood stock holding ponds #3
and #4 which are equipped with metal cone aeration units for
winter pond aeration and de-icing. Ponds #3 and #4 may also
reuse building overflow water for filling and de-icing.
Paddle-type pond aeration units powered from the #l1 Well House
are used to maintain required dissolved oxygen levels for brood
stock during severe winter conditions. Figures 41 and 42
illustrate the existing equipment.

Existing rearing ponds consist of two-3 surface acre and
thirteen-1.5 surface acre earthen rearing ponds. Ponds are
equipped with concrete control structures for standard harvest
screens and sluice gates. A concrete interior (i.e. inside pond)
kettle with side inlet notches is available for fish harvest.
Pond water supply inlets are located at the kettle and shallow
end of the pond. Side slopes of the rearing ponds are equipped
with cobble size riprap for erosion control. Pond bottoms
require annual re-grading and discing. Sediment must be removed
from kettles annually. Metal kettle stairs have deteriorated on
most of the ponds and need replacement. Generally, supply piping
and the outlet structures are in good condition due to recent
intensive maintenance work completed by hatchery personnel.
Screens are in fair to poor condition and should be upgraded to
modern perforated aluminum plate screens with aluminum frames.
Figures 43, 44, 45 and 46 illustrate the characteristics and
condition of the rearing ponds. Pond roads are in fair to good
condition, but require additional gravel and compaction.

Branum Lake is a 20-acre Department owned public fishing lake

that has been operated by the hatchery for bass forage fish
production. Generally, the lake and 1its inlet and outlet

SECTION: IV. PAGE: 47
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FIGURE 40

SECTION: IV.

REUSE WATER PUMP CONTROLS

PAGE: ©GSi



well #2
UMP
House
“EEL
Prole”
ATéY AToR

FIGURE

¢RO%s coNNEL] Box

‘f;
41 WELL #2 INLET SUPPLY LINE, AERATION CONE &

WINTER AERATION DEVICE IN BASS BROOD STOCK
HOLDING PONDS #3 & #4

SECTION: IV. PAGE: 52



FIGURE 42 REARING POND SHALLOW END WATER SUPPLY INLET
AND SPLASH PAD & WEST WELL #1 CROSS CONNECT
VALVE BOX
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structures are in poor condition as are the levee access roads
(Figures 47, 48, and 49).

Generally, the existing exterior hatchery piping system is in
good condition. One exception to this are transite concrete
drain lines leading from the ponds to the drainage ditch. In
several locations drain lines have settled and concrete energy
dissipation pads have cracked, shifted and eroded away from ditch
bank (Figure 50).

B. Climate and Its Impact Upon Fish Production

Climatological data obtained from the National Climatic Date
Center (Appendix B) for the period of 1943 to 1982 for Miles City
and Glasgow, Montana have been reviewed. The data reviewed
indicates that the Miles City Area has a significantly more
moderate climate than the Fort Peck Area. Monthly normal, mean
and extreme temperatures (for the 39 year reporting period)
indicate that the Miles City Area is generally 3 to 4 degrees F
warmer than the Fort Peck Location (Table 12).

Climate has a major impact upon a warmwater/coolwater hatchery
production program due to its relationship to water temperature
and fish growth. Spawning of smallmouth bass and largemouth bass
is particularly influenced by "unpredictable" swings in Spring
weather. Cold fronts cause adults to abandon nests with dramatic
losses in fry production. Fingerling rearing is also influenced
by water temperature. Cooler temperatures reduce fish growth

rates and zooplankton production. Solar warming of hatchery
water supplies also reduces the amount of heat required to insure
correct egg incubation water temperatures. This is a major

factor at the potential Fort Peck Hatchery site due to the
extremely cold supply water temperatures (38 F - 44 F) in April,
May and June during main egg incubation period when 55 F - 58 F
is required.

The Miles City location has a definite climatological advantage
over the Fort Peck location.

C. Hatchery Water Supply Quality and Quantity

Water Quality

Analysis of water quality data obtained from the United States
Géological Survey (U.S.G.S.) Corps of Engineers, Miles City Water
Treatment Plant, U.S. Fish and Wildlife Service-Miles City
Hatchery Water Quality Study has been completed for the Tongue
River, Yellowstone River at Miles City and Fort Peck (tailwater
release). Data has been compared to accepted hatchery water
supply desirable water quality parameters (Table 13). Generally,
the Fort Peck water supply has dissolved nitrogen, fluoride,
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éUPPLT Nlet ZAA]%E. praN sLuice

FIGURE 47 BRANUM LAKE (USED AS FORAGE PRODUCTION POND)

SECTION: IV. PABE: 359



BAANUM LAHE
H\J a 6UE Lide
FRe USE PUMP
STA 1157

FIGURE 48 BRANUM LAKE INLET SUPPLY LINE AND LEVEE ROAD

SECTION: IV. PAGE: 60



JIVD IIATILNO GNY ANIT
X1ddNS JALISNVYEI QILVYOTYIALIA IWVT WONVIL

6v FYNOIA

PAGE: 61

Iv.

SECTION:



7L ow

ReAR! g]é\

FIGURE 50 DETERIORATED POND DRAINAGE DITCH, POND DRAIN
LINES AND ENERGY DISSIPATORS

SECTION: IV. PAGE:



TABLE 12

COMPARISON OF AIR AND WATER TEMPERATURES FOR THE FORT PECK AND MILES

CITY HATCHERY

SITES

Fort Peck Miles City Fort Peck Miles City Miles City
Air Max. Air Max. Tongue River Yellowstone
Min. Min. Water Water River Water
January 9.1 19.2 15.1 25.5 33.0 32.0 33.8
-1.0 4.7
February 15.7 26.2 21.3 32.2 33.0 33.0 34.7
5.1 10.4
March 26.9 37.8 31.5 42.8 33.8 44.6 44.6
16.0 20.1
April 43.5 55.8 45.5 57.9 38.0 52.7 53.6
31.2 33.1
May 55.0 67.7 56.5 69.0 41.0 57.2 57.0
42.2 44.0
June 63.5 76.1 65.5 78.1 44.6 66.0 61.7
50.8 52.8
July 71.1 85.3 74.4 88.8 46.4 76.2 72.5
56.8 60.0
August 69.4 83.7 72.3 86.8 48.9 74.3 73.4
55.0 57.8
September 57.8 71.4 60.5 74.2 50.0 63.5 64.4
44.1 46.7 )
October 46.5 59.5 48.6 61.5 51.8 48.2 50.7
33.5 35.7
November 29.3 39.9 32.1 42.8 46.4 38.0 40.1
18.7 21.4
December 16.8 26.7 22.0 32.1° 38.0 32.0 32.0
6.9 11.9
Annual 42.0 54.1 45.4 57.6 35.1 51.8 47.5 84.0 51.8 82.4
Mean 29.9 33.2 33.0 32.0 32.0
#days
<32 F 96 78
#days
< 0F 59 44
Degree
Days Base
65 F Heating Heating
8969 7889
Cooling Cooling
465 776
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TABLE 12 (continued)

Precipi-
tation
in./yr. 10.8" 13.9"

Data Source: National Climatic Data Center

. U.S. Army Corps of Engineers - Omaha District
U.S. Geological Survey
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TABLE 13

N.D.=NO DATA

HATCHERY WATER QUALITY STANDARDS COMPARISON FOR FORT PECK AND MILES CITY
HATCHERY SITES

Parameter U.S. EPA Outside Fort Peck Tongue Yellow-
Hatchery Recommended River stone
Standard Limits River
Alkalinity(asCaCO) >20mg/l 250-270 140-480 86-250
150-160 110-280 82-439
Aluminum Al <.01 mg/1 N.D. N.D. N.D.
Ammonia NH <.02 mg/1 (occasional) .02-.63 0.-.35 0.06-.7
Arsenic As 5.0 mg/1 .003 .002 .002
Barium Ba .0005 mg/1 0.100 .100 .100
Cadmium Cd4 .005 mg/1 0 .001 .001
Calcium Ca >.52 mg/1l 56-62 31-77 18-80
Chlorine Cl gas .003 mg/1 N.D. N.D. N.D.
Chromium Cr .03 mg/1 .010 .010 .010
Carbon dioxide CO g 1.5 mg/l N.D. N.D. N.D.
Copper Cu .03mg/1 0.006 .005 .013
Dissolved Oxygen D.O.>5mg/l 8.6-14.0 8.3-14.1 8.6-12.8
75% sat.
Fluoride F <0.5mg/1 .6=-.7 .1-.5 0.4
Hydrogen Cyanide HCN<O0.005 mg/1l N.D. N.D. N.D.
Hydrogen sulfide H 5<0.003 mg/1 N.D. N.D. N.D.
Iron fe <0.1 mg/1 .190 0.010 .01-.18
Lead Pb <0.02 mg/1 .004 0.003 .004
Magnesium Mg <15 mg/1l 26 28-61 9.0-58
Manganese Mn <.01 mg/1 0.010 0.20-0.12 .02-.27
Mercury Hg <.2 mg/1 0.002 0.0001 .001 :
Nitrogen N gas <103% super 120%> N.D. N.D.
sat.
Nitrate NO <1.0 mg/1 0.44 0-.17 .09-.43
Nitrite NO <1.0 mg/1 " " "
Nickel Ni <.01 mg/1 0.002 .003 .019
PCB (polychlorinated.002 mg/1l N.D. N.D. N.D.
biphenyls)
pH range of 6.7-8.6 8.3-8.5 7.8-8.4 7.1-8.7
Potassium K <5.0 mg/1 3.5-4.2 3.3-6.5 3.9-7.7
Salinity (parts per <5 ppt N.D. N.D. N.D.
thousand)
Selenium Se <.01 mg/1 0.001 0 .001
Silver Ag <.003 mg/1 0 0 .001
Sodium Na 1 54-63 18-130 22-81
Sulfur S <1.0 mg/1 N.D. N.D. N.D.
Sulphate SO <50 mg/1l 190-230 74-410 130-260
Total Dissolved <400 mg/1l 437-498 216-846 4-611
Solids TDS
Total Suspended <80 mg/l (concern) Not a Filtration of In-
Solids TSS problem Incubation Water '
(Data (Data
needed) needed)
Uranium O <.1 mg/1 N.D. N.D. N.D.
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Vanadium V <.1l mg/1

Zinc Zn 0.005 mg/1
Ziconium 2 0.1 mg/1
Conductivity

Turbidity JTU

N.D.

N.D.

734
0.5-13

SECTION:

Iv.

N.D.
.030
N.D.

872
1.6-240

PAGE: 66

N.D.
.005
N.D.

551-980
4.1-410

.062



iron, magnesium, sulfate and total dissolved solids that
(sometimes) exceed recommended limits. Tongue and Yellowstone
River water quality has fluoride, iron, magnesium, sulfate,
potassium, sodium, total dissolved solids, and total suspended
solids that (sometimes) exceed recommended limits. Potentially,
supersaturated nitrogen levels at Fort Peck and high suspended
solids load during high river stages on the Tongue River and
Yellowstone River, are the most troublesome. These "exceedances"
can be controlled at reasonable cost at either the Fort Peck or
Miles City location with the proper equipment. Water quality
rating is approximately equal at both sites with no major
advantage or disadvantage to either site.

Water Quantity

Hatchery water quantity in thé range of 2,500 gpm to 4,000 gpm
flow is required to effectively operate the desired future fish
production program (see Section III).

The enhancement of the present Tongue River Water Supply Pumping
Station or installation of a new Yellowstone River Supply System
(or combination of both) is needed to insure the proper quantity
of water to operate the Miles City Station at the desired level
of production. The existing Tongue River System cannot supply
the amount of water needed without major upgrading. In addition,
the existing 650 acre foot water rights permit for the Tongue

River (Appendix C) would need significant expansion. The
Department has, via transfer, obtained a 3,650 acre foot/year
water right on the Yellowstone River (Appendix C). Cost

estimates for both systems have been prepared and are included in
Section VII of this report. Annual re-occuring pumping cost in
the range of $10,000 to $20,000 are expected for operation.

The Fort Peck location provides the opportunity to utilize a
gravity flow supply system with no re-occuring pumping costs.

The Corps of Engineers has reviewed a tentative request for peak
water supply demand in the range of 2,500 to 4,000 gpm. The
Corps of Engineers indicates that a main tap of the #l1 Unit 24°
diameter supply lines to provide that amount of water is
potentially available without causing significant head loss to
the generation units. Unfortunately, the heating requirement of
the cold 200 foot deep Fort Peck main intake offsets the no
pumping costs due to gravity flow. The Fort Peck location has an
advantage in water quantity (availability) over the Miles City

location.

D. Land Base: (Space Ownership, Acquisition, Soils & Topography

The space requirement for development of the desired hatchery
production ponds and hatchery complex is approximately 100 acres.
Review of potential Fort Peck Hatchery Sites has revealed that
only the downstream tailwater area site (Site A) is large enough
for the hatchery (without private land acquisition required at
Site B). Elevation at Site C is too low and could be impacted
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severely by high river conditions or possible construction of the
COE re-regulation dam. The acquisition of private land would
also be required at Site C. If the hatchery was constructed at.
Fort Peck Area A, future expansion potential would be limited due
to the location of the City water treatment plant and downstream
recreation area. Hatchery construction at Area A will require
relocation of the City water supply line and golf course and will
have an impact to potential visitor traffic movement in the
downstream recreation area. The Corps of Engineers tentatively
supports the use of Area A for the hatchery. Soils and
topography at Area A at Fort Peck appear to be suitable for
hatchery construction.

Miles City Hatchery has approximately 168 acres within the
original USFWS boundary and 41 acres in the state owned Branum
Lake Area. Future expansion (beyond that necessary for the
expanded production program) is possible if the Tongue River
Railroad Development Project does not severely impact the
hatchery. Acquisition of land from the USDA, Fort Keogh Research
Center may be possible if additional future expansion is
undertaken. The recent Federal Court Injunction against the
Tongue River Railroad Development Project may "tie up" the
project indefinitely. The final outcome of the railroad project
and its potential adverse impacts to the Miles City location
should be determined before committing state capital construction
dollars to expansion if possible. Acquisition of the hatchery
from the U.S. Fish and Wildlife Service is also necessary before
any expansion program is undertaken. The purchase cost (if any)
of the hatchery from the Federal government may have an impact on
the future construction of the Montana Warmwater/Coolwater
Hatchery System. Based upon acquisition of other National
Hatcheries closed recently, we assume the hatchery can be
obtained via legislative action.

The Miles City Site, in our opinion, has an advantage in the land
base category over Fort Peck (pending outcome of the railroad
development and COE re-regulation dam projects).

E. Effluent Treatment Requirements

Domestic wastewater and tank cleaning wastes will be treated in
hatchery lagoon systems at either 1location. Since production
poundages are well under the 100,000 pound/year limit for £fish
hatcheries set by the Federal EPA, and the fact that the planned
expansion is essentially extensive rearing ponds, no hatchery
wastewater treatment appears to be required. Retention of the
hatchery wastewater and overflow water at both locations is
recommended in a 1.5 acre retention pond for settling.

Discussions with the Montana Department of Health and
Environmental Services indicates that "solids settling" is the
only required form of wastewater treatment currently used at the
State and Federal Hatcheries producing coldwater species (i.e.
trout and salmon) in Montana. We recommend that a retention pond
(1.5 acres) be available to provide solids settling of pond
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drainage water prior to discharge. All filter backwash water,
hatchery start/holding tank cleaning effluent and floor drain
wastewater will be treated in the hatchery domestic wastewater
treatment lagoon system. wWarmwater/coolwater hatcheries
(traditionally) have not come under the stricter effluent
standards as the flow-thru intensive trout hatcheries, since the
ponds tend to "buffer" the wastewater treatment requirement. In
our opinion, both sites are equal in this regard.

F. Energy and Communications Source and Requirements

Electrical energy availability is equal at both locations.
Electrical costs are approximately equal at both locations under
the standard commercial rates. If the Western Area Power
Administration would provide "reduced rate" power to the State of
Montana, this might favor the Fort Peck Location (our initial
contacts with WAPA do not appear to indicate a willingness to
provide reduced rate power). Telecommunication services are also
equal at both sites. Commercial services of electricity and
communication services are available at both the Fort Peck and
Miles City Hatchery 1locations for meeting the proposed
Warmwater/Coolwater Hatchery Project requirements. Natural gas
is available at the Miles City Hatchery Site and is not available
at the Fort Peck location.

G. Distribution Distance for Fish Stocking

Radius maps from the Fort Peck location and Miles City location
have been prepared to reflect the 1983 Fish Planting Program
(Plates 10 and 11). Using the 117 stocking requests to
reservoirs and ponds listed in the 1983 Fish Planting Program,
(Appendix D) the number of stockings shown in 50 mile radius
increments are shown. Using the 1983 data, 94% of all stockings
are within a 200 mile radius from Miles City and 85% from the
Fort Peck Location. Interstate Air Transportation of eggs and
fry via major commercial airlines is easiest out of Billings.
Intrastate air transportation out of Glasgow or Miles City are
approximately equal. Some stockings of Noxon Rapids Reservoir
(not shown in 1983) in Northwestern Montana involve long travel
distances of 400 to 700 miles one way and are difficult to
accomplish from either site. Trout distribution of fish reared
at Lewistown Hatchery is approximately equal from both the Fort
Peck and Miles City Hatchery Sites. The Miles City Hatchery
appears to have a slight advantage over the Fort Peck Location in
the fish distribution category.

H. Hatchery Accessibility Relative to Brood Fish Sources and

Commercial Transportation Systems
Based upon our analysis of brood %155 collection locations, both
hatchery sites appear to be equal in this category. Collections
in Medicine Lake, Nelson Reservoir, Fresno Reservoir, Fort Peck

Reservoir favor the Fort Peck site. Collections made in the
southern reservoirs like the Tongue River Reservoir and Big Horn
Lake favor Miles City. Walleye egg collections in the
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Yellowstone River at Intake are approximately the same distance
from both hatchery sites, although road access is easier to Miles
City via Interstate 94. The availability of Interstate 94
simplifies interstate egg shipments. Due to large size of the
State of Montana, we strongly recommend that several sources of
brood fish collection sites be developed. This provides
flexibility in the timing of brood fish collection and permits
greater latitude in meeting production requirements due to the
"unpredictable" biological factors involved (i.e. poor spawning,
climate conditions, <collection problems, etc.). Fisheries
managers should cooperate with the hatchery staff in developing
strong populations of brood fish that are collectable for support
of the hatchery program.

I. Site Problems

Four principle areas of concern (unknowns) still exist and
require reasonable answers before any final decisions are made
regarding actual design and construction of the new
warmwater/coolwater hatchery:

Fort Peck Site

1. Resolution of the proposed COE Re-Regulation Power Dam Project
and its impacts to the Fort Peck Area A Site. This project does
not appear to be moving forward rapidly; the cost/benefit ratio
may not warrant its construction.

2. Full support and cooperation between the U.S. Army Corps of
Engineers and Montana Department of Fish, Wildlife and Parks in
the development, construction and operation of a hatchery at the
Fort Peck location is necessary. The Corps of Engineers has been
very helpful in development of this study and does support the
concept of locating the hatchery at the Fort Peck Location. 1In
our oplnlon, the COE would fully support the project at the Fort
Peck location.

Miles City Site

3. Resolution of the proposed Tongue River Railroad Project and
its impacts to the existing Miles City State Fish Hatchery. Due
to the recent Federal 1Injunction of the Tongue River Railroad
Development Project and questionable construction benefits of the
project, we recommend that the Department move forward with the
Miles City Hatchery expansion project identified in this report.

4. Title acquisition of the Miles City State Fish Hatchery from
the U.S. Fish and Wildlife Service. This requirement can best be
addressed by the combined legislative efforts of the Department,
Governor's Office and Montana Legislators.

J. Site Comparison Matrix Table
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Table 14, a Site Selection Comparison of the Miles City and Fort
Peck hatchery Sites has been prepared to reflect the overall
rating of Site Specific Paramters A through H. 1In addition to
items A through H, the factor of initial construction cost, Item
I (due to its importance in any hatchery construction program)
has also been included. Based upon simple "unweighted" rating
system of the site specific parameters, the Miles City Hatchery
location was rated higher (2.25 vs. 1.75) when compared to the
Fort Peck location. The issue of cold water temperatures at the
Fort Peck location vs. limited availability of the Tongue River
Water supply are very important factors. The use of the
Yellowstone river as an additional water supply at the Miles City
Hatchery provides a viable construction alternative to the need
for high quality water in sufficient quantity to support the
expanded production program. The problem of cold rearing water
temperatrues at the Fort Peck location is difficult to address in
an operationally cost effective manner. The reoccuring cost of
mechanical water heating makes the use of the Fort Peck Reservoir
water supply very prohibitive.

Item I, overall construction cost comparison (see Section VII) of
5.1 million for the expansion of the existing Miles City Hatchery
compared to 6.7 million (see Section VII) for the construction of
a new hatchery complex at the Fort Peck location is, of course,
the bottom line that must be addressed by the Department on the
development of the Montana Warmwater/Coolwater Hatchery Program.

K. Public Review Meetings

The summarized findings of the Site Selection Phase of this study
were presented to the public by Director James Flynn on July 23,
1983 at the Elks Club, Glasgow, Montana and July 24, 1984 at the
Miles City Junior College, Miles City, Montana. Both Public
Meetings were well attended at both locations. Questions of
primary interest centered around:

1. Water Quality and Quantity from the Tongue River at Miles City
and "rumors" of past-operational problems.

2. Possible gravity flow water supply in lieu of pumping from the
Yellowstone River at Miles City.

3. Equitable comparison of the Fort Peck location site selection
parameters to the Miles City parameters.

4. Questions of construction cost and overall project funding.

At the completion of both Public Meetings, Director Flynn invited
the public to submit any written comments, questions or concerns
regarding the Montana Warmwater/Coolwater Hatchery Study to the
Department. As of October 1, 1984, no written responses were
received.

L. Site Selection Recommendation
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TABLE 14

MONTANA WARMWATER/COOLWATER FISH HATCHERY STUDY SITE SELECTION COMPARISON OF
THE MILES CITY AND FORT PECK HATCHERY LOCATIONS

Site Selection Item Miles City State Fish Hatchery Potential Hatchery
Site and Fort Peck
Reservoir

Fish Production Parameters

Rearing Pond Acreage

approx. 54 acres 2 2
Water Supply (Flow

Required) 2,500 to

4,000 gpm : 2 2
Site Specific Parameters
A. Climate 3 1
B. Water Quality 2 2
Water Quantity 1 3
C. Land Base: (Space, Ownher-
ship, Acquisition,
Soils, Topography) 3 1
D. Effluent Treatment
Requirements 2 2
E. Energy and Communications 2 2
F. Fish Distribution 3 1
G. Brood Fish Collection 2 2
H. Site Problem/Concerns 2 2
I. Initial Construction Cost 3 1
TOTAL AVG. AVG. = 2.25 AVG. = 1.75

SITE RATING SYSTEM:

3 = site advantage
2 = sites equal
1l = site disadvantage
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Based on analysis of site selection parameters, initial
construction and operational costs and demonstrated successful
fish culture production program for warm and coolwater species at
the Miles City Fish Hatchery, it is recommended that the Montana
Department of Fish, Wildlife and Parks select the Miles City
Hatchery as the site for development of the Montana
Warmwater/Coolwater Hatchery Program.
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SECTION V

Environmental Impacts Associated with Hatchery Construction and
Site Development

A. Water Withdrawal and Water Rights

1. Fort Peck Reservoir Withdrawal

The U.S. Army Corps of Engineers has given tentative
approval to the withdrawal of 2,500 gpm from the #1
Unit Intake Tube at the Fort Peck Reservoir Location.
Corps of Engineers requirements for 1Intake Unit #1
maintenance and repairs could impact the operation of a
hatchery at Fort Peck (although this is not considered
to be a major negative factor). All reservoir
withdrawal of water from Fort Peck Reservoir via the #1
Unit would be regulated (and approved) by the Omaha
District and higher COE authorities.

2. Miles City Hatchery-Tonque River Water Withdrawal and
Water Rights

Tongue River pumping during the irrigation season
(May-September) is limited by existing Water Right of
650 acre feet purchased from the Tongue River Water
Users Association. An increase water supply requirement
from the Tongue River during the irrigation season
(above the 650 acre feet authorization) would require a
modification in the existing water right. Note: wunder
the recommended plan, an increase in the Tongue River
Water Right will not be necessary.

3. Miles City Hatchery - VYellowstone River Water
Withdrawal and Water Right

Provisional Permit 15530-S42KJ (Montana Department of
Natural Resources - Water Rights Division for
Yellowstone River Water Withdrawal in the amount of
3,650 acre feet per year at a rate of 10 CFS or 4,480
gpm is a valid right; a post-1973 right) that must be
updated with a DNR Form 608 or extended by letter to
the DNR. Filing of this water right will be required
to pursue the recommended development of the
Yellowstone River water supply system to Miles City
Hatchery). '

2. Easements and Cooperative Operational Regquirements

Fort Peck Site

Development of the Fort Peck Area A Hatchery Site would require:
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Approval from the Montana Area and Omaha District U.S.
Army Corps of Engineers (and higher Missouri River
Division authority) before the use of project lands
could be formally authorized. The State of Montana
through the Montana Department of Fish, Wildlife and
Parks would negotiate a formal agreement with the Omaha
District to accomplish hatchery construction on the
project.

Tentatively, the COE supports the construction of the
hatchery at the Fort Peck Area A, using water available
from the #1 Intake Tube.

Relocation of the new City of Fort Peck Water Supply
Line through Area A would be necessary to construct a
hatchery at Area A. COE approval and adherence to COE
requirements would be required to relocate the water
line to the new water treatment plant (this work can
be accomplished without major service interruption).
Other possible relocation requirements and/or impacts
may include the three-hole golf "course" in the COE
tailwater recreation area.

Hatchery Construction and Operation at Fort Peck
Reservoir would require full cooperation between the
Department and COE. Based upon Garrison Dam and Gavins
Point National Fish Hatchery Operation, the Omaha
District would cooperate in the operation of the
proposed Montana State Hatchery at Fort Peck.

Installation of new electrical service to the hatchery
site from the powerhouse to the hatchery site would
require COE and Western Area Power Administration
approval and easements. Proposed electrical routing
would be similar to the water supply line.

Miles City Hatchery Site

Development of the Miles City Hatchery Site would require the
following easements and cooperative agreements.

5.

Yellowstone River Supply Line Construction Easements
from the City of Miles City, Montana. Fort Keogh U.S.
Department of Agriculture, Montana Department of
Transportation and Burlington Northern Railroad.

Electrical Power Line Construction Easements to the
Yellowstone River Pump Station.

Construction Easement to provide for construction of a
new Yellowstone River Pump Station and Inlet Structure
from Fort Keogh or agreement to install and operate
hatchery pumps from the existing Miles City Water
Treatment Plant River 1Intake (this would be the
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9.

preferred method). Use of the Treatment Plant Intake
Structures with new hatchery supply pump(s) would
require cooperation between the Department and City.

Continued cooperation with the City of Miles City
regarding operation of Spotted Eagle Lake and the pond
drainage water routing.

Road use easements/agreements during construction.

c. Permit Requirements

The following permits will be required.

1.

.2.

Corps of Engineers Section 10/404 Permit (river
intakes/outlets).

Montana Department of Fish, Wildlife and Parks Stream
Bed Preservation Permit (river intake & outlets).

Montana Department of Health and Environmental Sciences

Discharge Permit and Quarterly Sampling of Suspended
Solids. BOD and Discharge Volume (CFS).
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SECTION VI
Preliminary Engineering & Architectural Hatchery Design

A. Conceptual Hatchery Plan - Ft. Peck

The conceptual layout of the warm/coolwater hatchery analyzed at
Ft. Peck Reservoir is shown on Plate 2, "Ft. Peck - Area A
Layout". As discussed earlier, other hatchery 1locations
downstream of the Ft. Peck dam were eliminated from further
consideration due to several reasons (too far from dam for water
supply, area not large enough for hatchery site, elevation too
low, etc. - see Plate 1 for other hatchery site locations).

The basic hatchery consists of the following components:

1. Water supply from the Ft. Peck Power Plant to the hatchery
site.

2. A solar pond for heating water and storage prior to use in
the hatchery.

3. An aeration/degassing and process water treatment system.

4. A main hatchery building for egg incubation, fry rearing and
various other production oriented functions, as well as room for
storage, offices, shop area, and visitor information.

5. Support facilities such as storage buildings and staff
residences.

6. Site work and utilities including drainage, roads, parking,
site security & 1lighting, electrical, communications, domestic
water and wastewater, production overflow and waste retention.

7. Spawning and rearing pond and associated supply and drain
piping and concrete water control and harvest kettles.

8. Intensive culture concrete production raceways and associated
supply and drain piping.

B. Recommended Ft. Peck Hatchery Construction Items, Design
" Requirements, and Estimated Construction Costs

1. Land Requirements - As discussed in earlier sections the
amount of land required for this hatchery is dependent upon the
production level goals, pond 1loading requirements, and pond
layout. It has been determined that approximately 32-one and
one-half acre ponds and 13-half acre ponds, as well as hatchery
building, residences and support facilites are required to meet
the production goals of the Department. At Ft. Peck it was also
determined that a shallow solar heating pond would be required to
pre-heat the production water prior to filling ponds, but more
importantly, prior to mechanically heating the water for use in
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the hatchery building for egg incubation and fry rearing. A pond
area of approximatley 15 acres was chosen more for the layout of
the Area A topography than because of optimum size. A pond in
the size range of ten to thirty acres is normally used in this
type of application based on the availability of land.

Therefore, based on the extensive pond size requirements, the
need for a solar heating pond and the necessary support
facilities the criteria of a hatchery site containing a minimum
of 100 acres was established. The land needed to be relatively
flat, or gently sloping from the water supply side to the water
discharge side to provide for gravity water flow throughout the
hatchery. The lower elevations should not be susceptible to
flooding or highwater since that condition would cause back-up of
drain lines in the hatchery. Area A appeared to be the only site
that met all of the land requirements and still provided
economical gravity flow from the water source at the power plant.

The following discussion will summarize the various design
requirements and/or considerations for the individual
construction items and hatchery system components identified
above and on Plate 2. 1In addition the estimated probable cost of
the items will be discussed as summarized in Section VII, "Cost
Estimate".

2. Water Supply - One of the most attractive aspects of the Ft.
Peck Hatchery site is the large volume of high quality water
available via gravity-flow directly downstream of the Ft. Peck
Dam. In order to insure that no pumping of water is required it
will be necessary to tap one of the power plant's penstocks to
provide the head pressure created by the water surface of the
impounded water. See Appendix E for a May 4, 1984 letter to the
Corps of Engineers, Omaha District regarding the availability of
a water tap at the Power plant. The Corp's response dated August
7, 1984 (also in Appendix E) indicates the following:

"Because your request is one of a number of similar re-
quests to tap various Corps penstocks, we are seeking
general policy guidance concerning this matter from our
Division office. In the meantime, we offer the following
comments. The tap located on Tunnel #1 would be sufficient
to supply both the fish hatchery and the City of Glasgow at
the withdrawal rates determined by your office and the
city. We must note, as we have in the #t to Glasgow city
officials, that this supply could not be guaranteed at all
times because of the necessity to dewater the tunnels for
maintenance and inspections. A description of the outage
requirements is included as enclosure 2. In addition, a
water storage contract would have to be set up to define
the water withdrawal amounts and charges and the operation
and maintenance requirements."

Further design requirements indicate that water demands for the
hatchery will vary from 2,500 gallons per minute to a peak of
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4,000 gpm if filling of the rearing ponds in a short period of
time is required. If the ponds can be filled more gradually
flows in the 2,500 gpm range are acceptable.

Based on the flow ranges that cannot be finalized at this
preliminary stage and without an in-depth analysis of the full
impact of the City of Glasgow Water Supply Project (which appears
to be delayed at the time of this report) a supply line in the
eight to twelve inch range will be required. For cost estimating
purposes a twelve-inch water supply line from the No. 1 Penstock
along the general route shown on Plate 2 to the solar pond, as
well as a by-pass straight to the hatchery building was used.

A joint tap or other interior valving and piping was estimated at
$50,000. This number is obviously impossible to determine until
other unknown parameters have been established. The water supply
line was estimated to cost $30.00 per lineal foot, with the total
distance of supply piping estimated to be 9,000 feet.

3. Solar Pond/Supply Reservoir - As discussed in previous
sections the benefits of the Ft. Peck site (water gquantity) are
balanced against the extremely cold temperature of the reservoir
water at the 200 foot water intake depth. 1In order to "pre-heat"
this water prior to mechanical heating to the required
temperature = a solar pond/supply reservoir was schematically
designed. This pond will serve two purposes. First, depending
upon the time of year, the hatchery building production water
temperature requirements, and the volume of "warmer" water needed
the solar pond will elevate the water temperature from a few
degrees to approximately ten degrees above normal intake water
temperature. Secondly, it will provide a small volume (67.5 Acre
feet) buffer for critical water needs during any short period
shutdown of the water source. _

Due to the topographic and horizontal limitations of the Ft. Peck
site the pond was designed in an irregular shape that provides
approximately 15 surface acres of water. The "perched" pond (a
pond with levees around all four sides with pond bottom at
existing grade) is schematically designed with a 4.5 foot average
water depth and 1.5 foot freeboard (six foot overall levee
height). Based on a visual analysis of existing earth embankment
construction in the area but without the benefit of current soils
data and analysis the levees were schematically designed with ‘a
twelve foot top width and 3:1 side-slopes. Eighteen-inch thick
riprap is to be provided for full side-slope erosion protection.
A pump station was also included in schematic design since it
does not appear that there will be enough head differential
between the pond and the estimated maximum 1,200 gpm to the
building. ' _ ;

For estimating purposes 25,000 cubic yards of earth embankment

(at $3.00/cy) and 4,600 cubic yards of riprap (at $15/cy) as well
as $75,000 for a 1,200 gpm pump station were used.
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4. Aeration/Degassing and Process Water Treatment System - The
process water that will be used within the hatchery for egg
incubation and fry rearing will be aerated and/or degassed,
filtered for sediment removal, sterilized by ultraviolet
radiation, and elevated in temperature by a water-to-water heat
pump. The water treatment requirements will be similar in size
and layout to those at the Miles City facilty. Plate 8 shows a
schematic layout for the treatment system at Miles City.

The volume of water to be treated will obviously impact both the
initial construction cost as well as the operating and
maintenance costs of the facility. For estimating purposes the
following rates of treatment and associated initial costs are as
follows:

A. Degassing/Aeration and Filtration System - Up to 500
gpm - $250,000

B. Ultra-violet sterilization - Up to 500 gpm - $20,000

C. Water heating - Up to 500 gpm from 38 F to 60 F -
$76,000

The need for a process water treatment system capable of
providing water filtration, ultra-violet sterilization and
heating or chilling has been discussed in Section III of this
report. The system would consist of (automatic) rapid sand
pressure filters, ultra-violet water sterilization unit (Aquafine
Corporation recommended) and a electric water to water heat pump
system capable of heating (or chilling) process water. System
design shall provide 500 gallons per minute treatment capacity.
Figure 51 illustrates this type of process water treatment
equipment. Aeration and degassing of hatchery water will be
completed in packed column aeration.

Figure 52 shows one of the main 24 foot diameter intake tubes at
the Fort Peck Powerhouse that would be tapped to provide water
supply. Water - quality of the Fort Peck Reservoir release is very
good. Figure 53 shows Cisco forage egg incubation and hatching
successfully completed at the powerhouse in 1984. High iron
levels exist in the Fort Peck dam relief well flow making use of
this water for hatchery supply not recommended (Figure 54).

5. Main Hatchery Building - Based on the space requirements for
production raceways, incubation racks, offices, storage,
restrooms, visitor information, shop area, water treatment
equipment and mechanical room it is recommended that a hatchery
building approximatley 10,000 square feet (84' X 120') be
considered. Due to the amount of sophisticated plumbing, high
quality concrete finishing and other non-standard construction
requirements a unit price of $65.00 per square foot has been
established to cover the building and all furnishings and
equipment except for the water treatment equipment discussed in
Item 4, above. 1In addition to the building cost two associated
costs have been included in the hatchery building estimate. An
emergency electrical generation system for key production and
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FIGURE 52 MAIN 24' DIAMETER INTAKE TUBE AT FORT PECK
POWERHOUSE

oLCL{On: VI. LAGE S



g

FIGURE 353 CISCO RESERVOIR FORAGE EGG INCUBATION AND
HATCHING AT FT. PECK POWERHOUSE
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FIGURE 54 DAM RELIEF WELL SHOWING HIGH IRON LEVEL>

S2ECTION: V1. PAast e



support systems is estimated to cost $80,000. 1In addition, since
visitor information and education is an important function in any
government-operated hatchery a lump sum amount of §15,000 has
been established for visitor-oriented displays and information
boards. Expenditures of this magnitude are well-justified for at
least two reasons. First, it serves to provide the ultimate
user/owner of the facility what the purpose of the hatchery and
the fisheries management system is attempting to accomplish.
Secondly, a well-designed display and visitor-orientation program
will allow for more self-education and/or tour and drastically
reduces the amount of time that hatchery staff personnel must
allocate to visitors.

6. Support Facilities - The main support buildings required to
efficiently and economically operate a hatchery of this size are
a storage building for materials, nets, screens, piping and
vehicles and residences for on-site living by hatchery personnel.
The storage building is proposed to be approximately 4,000 square
feet (40 X 100) with overhead doors and concrete floor but no
heat or bathroom facilities. A unit price of $15.00 per square
foot was established to reflect the type of facility required.

It is the policy of the Department to provide on-site residential
units for key hatchery staff and their families. A hatchery of
this size normally would include housing for three staff members.
Typical housing should include three bedrooms, a basement if site
conditions allow, and at least a one car garage. Floor space,
exclusive of the garage should be approximately 1,500 square
feet, similar to the residence at Miles City. A unit price of
$60,000 per residence (approximately $40/SF) has been used for
this facility. This price includes all utility hook-ups to five
feet outside the building units.

7. Sitework and Utilities - The Ft. Peck-Area A site requires
modification to at 1least two existing site features. A new
ten-inch diameter water main ws installed in 1983 from the power
plant to the municipal water treatment plant and traverses
through the proposed site. The relocation of this 1line is
estimated at $15.00 per lineal foot for the 3,200 lineal feet
affected. A major surface water drainage ditch also is located
in the area of the future ponds. In order to relocate
approximately 2,600 lineal feet of ditch, approximately 7,000
cubic yards of earth at an estimated unit price of $3.00/cy is
required.

additional site work at Ft. Peck is to provide new primary power
from the generation plant to the site and electrical distribution
and security lighting within the hatchery site. At this stage of
schematic design each of these items was estimated at a lump sum
figure of $100,000.

Water for domestic use in the residences and hatchery building

can be provided from the nearby municipal water treatment plant.
Likewise, domestic wastewater from these facilities can be pumped
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to the municipal wastewater treatment plant. The Corps of
Engineers, owner and operator of these facilities, indicate in
" their August 7, 1984 letter (see Appendix E) that connection to
their facilities would not be a major complication. For
estimating purposes, water service was set at $10,000 and sewage
hook-up and pump station at $20,000.

A paved entrance road and parking lot as well as pit-run gravel
access roads around all ponds and the solar pond/storage
reservoir has been schematically designed on Plate 2. A total of
16,500 cubic yards of gravel and 1,000 tons of hotmix pavement
(asphaltic concrete) have been estimated at $12.00/cy and
$35.00/ton, respectively.

For security from predators and vandalism as well as safety for
the general public it is recommended that the entire hatchery
site be fenced with six foot high chain-link fencing material.
It is estimated that approximately 10,000 1lineal feet at
$10.00/L.F. will be required.

A l1l.5 acre retention/wastewater 1lagoon has been 1located to
retain/settle overflow water from raceways and/or cleaning wastes
from raceways and ponds, if required by Regulatory Agencies. A
lump sum cost of $50,000 has been estimated to complete this
facility. :

8. Spawning and Rearing Ponds - It has been determined that
approximately 1l3-one-half acre spawning ponds and 32-one and
one-half acre rearing ponds will be required to provide the
facilities necessary to meet the Department's ultimate production
goals. These extensive ponds will be similar to the existing
ponds at Miles City. '

Included in the design of these ponds will be twelve foot
(interior) and sixteen foot (exterior) levee tops with slopes in
the 2:1 to 3:1 range depending upon soil conditions. Each pond
will be riprapped for erosion control for the entire
interior-slope. For preliminary design it has been estimated
that 4,000 cubic yards of earthwork will be required for
construction of each pond. Twelve inch thick riprap (using
four-inch cobble) on approximately 13.5 feet of -exposed side
slope requires approximately 600 cubic yards of riprap for each
pond. Pit run gravel to cover the levee top has been discussed
in Item 7 above. Unit prices of $3/cy for earthwork and $15/cy
for riprap have been used for estimating.

In addition, each pond will be provided two-valved water supplies
from a looped-supply line. Supply line is estimated to be in the
eight to ten inch diameter range at a unit cost of $15/LF. Drain
lines for reuse or discharge are estimated to be in the 24 inch
diameter size-range and $30/LF in-place cost-range. Each rearing
pond will include a concrete water control structure equipped
with wooden stop-logs, fish screens, and sluice or slide gate for
dewatering. The structure can be used for internal fish
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harvesting or fish may be piped to an external kettle common to
several (or all) the ponds for harvesting at one centralized
structure. It is estimated that each concrete harvest kettle
will cost approximately $6,000.

The only major difference in the spawning ponds and the rearing
ponds besides the size (0.5 and 1.5 acres) is that the spawning
pond will be lined with plastic membrane liner. The purpose of
the 1liner from a bioengineering standpoint is discussed more
fully in Section III, A. The unit price for the liner material
in-place is estimated at $0.50 per square foot.

9. Concrete Raceways - Intensive culture concrete production
raceways approximately six feet wide, sixty feet long and four
feet high will be located near the hatchery building in
four-double units (8 total raceways). Bioengineering criteria
and justification for intensive raceways is discussed in Section
III, A. Due to the various embedded items in the concrete for
spawning cubicle hooks, screen and baffle guides, stoplogs and
overflow weirs and piping the wunit price per cubic yard of
in-place concrete is set at $350.00. Miscellaneous supply and
drain piping will also be provided to these raceways.

This concludes the major construction items, design requirements,
and associated estimated construction costs for Ft. Peck Area A.

C. Conceptual Hatchery Plan - Miles City

The conceptual layout of the renovation/expansion of the existing
Miles City State Fish Hatchery is shown on Plates 6-8. The
existing hatchery components have been analyzed for function and
serviceability and recommended rehabilitation and expansion have
been designed to make use of the existing systems. The basic
hatchery expansion and rehabilitation consists of the following
components:

1. Subdividing Branum Lake into 1l5-one acre rearing ponds.

2. Adding six 1.5 acre rearing ponds similar to and adjacent to
the existing thirteen 1.5 acre ponds.

3. Thirteen 0.5 acre spawning ponds and associated supply and
drain piping and concrete water control and harvest kettles.

4. Water supply system from the Yellowstone River, with intake
structure and pump station to the existing storage reservoir,
replace the existing Tongue River intake/pump station, and
groundwater well system.

5. An aeration/degassing and process water treatment system.

6. A main hatchery building addition for egg incubation, fry
rearing and various other production oriented functions, as well
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as expansion of storage area, offices, shop area, and visitor
information area.

7. Sitework and wutilities including roads, parking, site
security and 1lighting, landscaping/irrigation, and production
overflow and waste retention.

8. Intensive culture concrete production raceways and associated
supply and drain piping.

9. Support facilities such as storage buildings, staff residence
rehabilitation and the addition of one residence.

D. Recommended Miles City Hatchery Rehab/Expansion Construction
Items, Design Requirements, and Estimated Construction
Costs

1. Land Requirements - As discussed previously the existing
USFWS hatchery property contains 168 acres, and the Branum Lake
area an additional 40 acres. The proposed expansion can all be
accomplished within the existing boundaries, with marginal area
remaining for even further future expansion.

The following discussion will summarize the various design
requirements and/or considerations for the individual
construction components identified above and on Plate 6. In
addition, the probable cost of the items will be dlscussed as
summarized in Section VII, "Cost Estimate".

2, Branum Lake - This "perched" Lake which depends upon its
water from the reuse pump station is recommended to be subdivided
into 15 one-acre rearing ponds similar to the existing 1.5 acre
ponds. During the design process it must be determined whether:
it will be beneficial to raise the bottom of the Branum Lake
ponds high enough to gravity drain back to the reuse pump
station. If this is desired, the pond bottom elevation will need
to be raised approximately five (5) feet. If the pond bottoms
are not raised, it will not be possible to reuse this water
through the existing reuse pump station. The design of the ponds
will be similar to those discussed at Ft. Peck with 16 foot
perimeter levee tops and 12' interior levees. Side slopes will
be between 2:1 and 3:1 and will be protected with twelve inch
thickness of 4" cobble riprap. Levee surfaces will be covered
with compacted pit run gravel. Water supply will be furnished to
both ends of the pond with a looped network, suppy line eight
inches to ten inches in diameter. Drain (and/or reuse) 1lined
concrete channel will be provided. Internal concrete kettles as
well as an external centralized kettle will be constructed.

Earthwork is estimted at 60,000 cubic yards (at $3/cy), riprap at
8,250 cubic yards (at $8/cy), water supply piping 5,300 1lineal
feet (at $15/LF), drain/reuse channel at 2,600 llneal feet (at
$§25/LF), and the 15 internal kettles are estlmated to cost $6,000
each, and 4 external kettles at $4,000 each.

SECTION: VI. PAGE: 15
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3. Rearing and Spawning Ponds - In addition to the subdivision
of Branum Lake, it is proposed that six additional 1.5 acre
rearing ponds and thirteen 0.5 acres spawning ponds be added at
Miles City. These ponds would be similar in design as those
existing and those proposed for Branum Lake. The exception would
be that the smaller spawning ponds will be lined with a synthetic
plastic liner on the bottom and sideslopes as was discussed at
the Ft. Peck Site (see Section VI, B.8).

4. Water Supply

A. Yellowstone River Supply System: A Yellowstone River supply
system providing flows up to 4,000 gpm is recommended. Two
options for this system are available, (1) construct a new river
intake, screen system, pump station and pipeline to the hatchery
or (2) utilize the existing Miles City Water Treatment Plant
River Intake. Plate 4 illustrates the possible location of both
a new river intake and utilization of the Miles City River Intake
and suggested supply pipeline routing to the hatchery. Figures

55, 56, and 57 illustrate the character of Yellowstone River at -
the Miles City Treatment Plant, the Intake Structure, Existing
City Supply Pumps and Location for future pump expansion. No
screening is currently available at the Miles City Intake Silo
and moss entrainment from moss fragments apparently released
during upstream discharges from Yellowtail Reservoir is a pump
maintenance problem often clogging pump intakes. Installation of
screening for moss and fish removal is recommended. The plant
operator/engineer has expressed a willingness to cooperate with
the Department in this regard, however, formal approval by the
City Council is necessary. '

Figures 58, 59, and 60 illustrate the irrigation system,
Yellowstone River intake, tangential static intake screen, and
pumps currently used to supply water to Fort Keogh. Moss
clogging was also mentioned as a maintenance problem at this’
intake station.

Figures 61, 62, 63 and 64 illustrate the ground condition along
the proposed Yellowstone Pipeline routing to the hatchery. The
intake/pump station is estimated to cost $200,000 and the supply
line approximately $372,000 (7,000 lineal feet at $36/LF and
$120,000 for road and railroad boring/jacking installation.

B. Tongue River Supply System: The existing Tongue River Water
Supply System has been discussed in Section IV of this report.

We recommend maintaining the Tongue River System in the future to
provide pumping flexibility should a problem with the Yellowstone
System occur. The shifting nature of the Tongue River Channel
has caused intake maintenance problems in the past and channel
control dikes were proposed to improve this situation. However,
broken concrete was used in 1984 to complete this work was not
approved fill material and was removed (Figure 65). Quarry stone
should be obtained and used to construct the channel dikes in the

SECTION: VI. PAGE: 17
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MILES CITY WATER TREATMENT PLANT AND
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FIGURE 58 USDA IRRIGATION SYSTEM SUPPLY PUMPS &
CONTROLS
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FIGURE 59

USDA IRRIGATION SYSTEM INTAKE STATIC
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FIGURE 60

USDA IRRIGATION SYSTEM SUPPLY PUMP & PUMP
MOUNTING
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FIGURE 62

RIGHT-OF-WAY (VIEW NORTHEAST)

ROUTING YELLOWSTONE RIVER PIPELINE -
RENDERING PLANT ACRES FORT KEOGH USDA
PROPERTY TO YELLOWSTONE RIVER (NEW INTAKE

SITES)
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FIGURE 63 ROUTING YELLOWSTONE RIVER PIPELINE FROM
RENDING PLANT ALONG BRIDAL PATH TO U.S.
ROUTE 12 (VIEW SOUTHEAST & VIEW NORTHWEST)
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FIGURE 64

ROUTING YELLOWSTONE RIVER PIPELINE FROM
U.S. ROUTE 12 TO BURLINGTON NORTHERN
RAILROAD (VIEW SOUTHEAST)
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future.  Pump replacement and other minor enhancements to the
pump station were included in the cost estimate. Figure 66
illustrates the difference in suspended solids load of the Tongue
River compared to the Yellowstone River at the confluences. The
use of the sedimentation pond in the future is recommended and
will require periodic maintenance.

Rehabilitation of the intake/pump station is estimated to cost
$75,000.

C. Well Water Supply System: The existing 120 gpm West Well #1
and 49 gpm East Well #2 provide 54-55 F water for fish rearing
and domestic purposes. We recommend that both wells be
maintained and upgraded in the future program. The warm 55 F
water will provide an excellent source of heat for the treated
process water system heat pump for early spring northern pike and
walleye egg incubation. Cost estimates of $50,000 reflects
desired upgrading of these facilities including repair of the
domestic water control system (currently not functional).

D. Reuse Pump Station: Rehabilitation of the existing reuse
sump and pump station and pumps is estimated at $83,000.

5. Aeration/Degassing and Process Water Treatment System - See
Plate 8 for proposed layout. The design parameters are similar
to those discussed at the Ft. Peck site (see Section VI, B.4)
except that the water heating requirements will be to heat up to
500 gpm from 5 degrees to 10 degrees temperature rise at an
estimated cost of $60,000. Ultra-violet sterilization and
filtration system construction costs are similar to Ft. Peck.

6. Main Hatchery Building - The existing and proposed layout of
the hatchery bu11d1ng are shown on Plate 8. The layout is
conceptual only and is intended to show the additional process,
equipment and functions recommended for the hatchery building.
The design phase should address actual space allocation,
necessary functional and structural modification to the existing
building to allow for better compatibility with the added space,
and the overall program and production goals to be accomplished
within the building.

Funds up to $20.00 per square foot for the existing 4,000 square
foot building ($80,000) has been allocated for nwdlflcatlon to
piping and valves, repairing raceways and trench drains, new
aluminum grates, higher efficiency building heat system and/or
office air-conditioning, and better insulated windows.

An emergency electrical generator system ($80,000) and visitor
information/education facilities ($15,000) associated with the
hatchery building will be similar in magnitude and scope as those
discussed at Ft. Peck in Section VI, B.5.

Section VI, D.10 will discuss the specific recommendations for
additional fish production rearing units in the hatchery addition

SECTION: VI. PAGE: 29
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including egg incubation and fry catch tank, initial rearing
troughs, circular and/or rectangular rearing tanks, as well as
rearing ponds and harvest kettles and production raceways outside
the hatchery building.

A unit price of $65.00 per square foot has been estimated for the
building expansion and the fisheries production equipment. Water
treatment equipment costs are estimated separately.

7. Sitework and Utilities - Domestic water and wastewater
treatment systems appear to be adequate at the Miles City
facility and no major expansion or modification is recommended.
Additional site lighting is recommended for security and safety.
A lump sum of $20,000 has been allocated for this purpose.
Security fencing (six foot chain 1link) is recommended around the
broad ponds and the concrete raceway complex. Public safety and
the prevention of vandalism are the main reasons for adding the
fencing. It is estimated that 2,900 lineal feet (at $10/LF) is
required for the site fencing. Additional perimeter fencing
(woven-wire or three strand barbed wire) will be added to the
west, north and east boundaries. Approximately 6,800 lineal feet
(at $4/LF) is necessary to complete the perimeter fencing.

It is recommended that $20,000 be allocated for lawn irrigation
equipment and landscaping to provide a more appealing appearance
to the hatchery and residence area. Further site improvement
recommendations include adding base course gravel to the existing
entrance road, hatchery building parking lot and residences drive
and surfacing with a hot mix (asphaltic concrete) pavement. This

paved surface will provide for less dust in the
building/residence area and will greatly enhance snow removal and
all-weather traffic movement. It is estimated that 1,200 cubic

yards of pit run gravel (at $6/cy) and 1,400 tons (8,000 square
yards) of hot mix material (at $35/ton) will be required to
complete this proposed paving.

As at Ft. Peck it is recommended that all new pond levees be
surfaced with pit run gravel (6 to 9 inches thick) and that all
existing levees be re-surfaced with 4 to 6 inches of gravel. It
is estimated that 17,000 cubic yards (at $6/cy) will be required.

8. Concrete raceways - Intensive culture concrete production
raceways approximately six feet wide, sixty feet long and four
feet high will be located near the hatchery building in
four-double units (8 total raceways). Bioengineering criteria
and justification for intensive raceways is discussed in Section
ITI, A. Due to the various embedded items in the concrete for
spawning cubicle hooks, screen and baffle guides, stoplogs and
overflow weirs and piping the unit price per cubic yard of
in-place concrete is set at $350.00. Miscellaneous supply and
drain piping will also be provided to these raceways.

9. Support Facilities - It is recommended that an expansion of
the existing 28' X 66' storage building with a 2,100 square foot
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addition be completed to provide additional storage space for
materials, nets, screens, piping and vehicles. Overhead doors
and concrete floors but no heat or bathroom facilities will be
included. A unit price of $15.00 per square foot was established
to reflect the type of facility required.

As discussed at Ft. Peck it is desirable to provide three
residential units at a hatchery of this size. It is recommended
that a third residence be constructed at the site where a USFWS
house was previously located. A house of the same design as the
existing homes should be built. The existing residences are
approximately 1,300 square feet of 11v1ng space (plus basement)
and 350 square feet of garage. It is estimated that a residence
of ths size would cost approximately $60,000. 1In addition it is
recommended that $10,000 be allocated for energy efficiency
improvements at each of the two existing residences. Possible
improvements include modifications to furnace, insulation,
windows, roof, carpet and other energy related items.

10. Fish Production Rearing Units - A suggested layout of fish
rearing units and new water supply and drains is shown on Plate
8. The layout of equipment provides drive-in vehicle access into
the rooms to permit easy unloading/loading of fish and eggs. We
suggest that fiberglass modular tanks be used for the
start/holding tanks, circular tanks and initial feed troughs to
allow simple movement and re-configuration of the start tank room
to best meet program requlrements or future innovations in fish
culture. Typical flberglass rearing units are shown in Figure
67. Rearing unit supply piping and dralns, valves and standpipes
should be PVC (polyvinyl <chloride) pipe to permit future
modification. Since the layout of fish culture equipment is one
of personal preference, during final design, modifications and
enhancements to the basic layout proposed in Plate 8 are
expected. In addition, repairs to the existing start tanks,
supply piping, rusted floor trench grates, tank screens and other
related items should be completed. The Department hatchery staff
has completed many repairs and enhancements to the existing
equipment. Items not completed should be identified for
inclusion in final design. Cost estimate includes funding
necesary for repairs to the existing main hatchery building.
(Figures 68 and 69 illustrate some needed repair items.

Details of raceway design and pond kettle design are items that
will be completed in final design including items such as
screens, flow distribution baffles, stoplogs, catwalks,
standpipes and other related features.

11. Special Hatchery Equipment Requirements

In addition to identified new construction items, several types
of equipment are recommended for purchase:

1. Sixteen (16) of the Start/Holding Tanks and the 16 Initial
Feed Troughs should be equipped with programmable automatic fish

SECTION: VI. PAGE: 32
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FIGURE 69

NEEDED SUPPLY LINE AND VALVE REPLACEMENT
AND TRENCH DRAIN UPGRADING
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feeders. The 24" or 48" AFS24 or AFS48 Sweeney Trough Feeder are
recommended with 2-AFT1-QA quartz automatic timer/controllers.
Cost = $8,000.00.

2. Automatic or Demand Type Pond Feeders and DFT-Q Time &

Rechargeable Dry Battery System (if automatic). Cost =
$3,100.00. :

3. Perforated Aluminum Plate Screens for Kettles, Pond Outlet
Structures and Existing Start Tanks. Cost = included in
estimate.

4. Fish Transportation Tank and Trailer (for bumper hitch

mounting). A 250 to 300 gallon Insulated Fiberglass or Insulated
Aluminum Fish Transportation Tank with compartments complete with
12 volt aerators, oxygen diffuser system, 6" diameter quick
release outlets and fish transfer hose shall be mounted on a
suitable low-boy type trailer for hatchery use. Estimated cost =
$5,000.00 complete

5. Fish Transportation Truck and Transportation Tank. A larger
diesel fish transportation truck (l-ton flatbed) with a 250 to
300 gallon multi-compartment, fiberglass transportation tank unit
(complete with 12 volt aerators, oxygen diffuser system, 6"
diameter quick release outlets and fish transfer hose) is also
recommended for transporting brood fish and large 1loads of
fingerlings for distribution. Cost Estimated at $25,000.00
complete. The truck would also be used to transport fertilizer
feed or chemicals (with the tank removed).
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SECTION VII - A.
Cost Estimates

A. Cost Estimate Format

The purpose of the preliminary cost estimate provided in this
study is two-fold. First the estimate will serve to compare the
initial cost of construction at both the Ft. Peck and the Miles
City proposed locations. In order to assign meaningful and/or
relative cost of these two similar facilities it is imperative
that the method of determining the various quantities and units
of work at both locations is consistent. Once quantities have
been established the various factors that will impact the
contractors bid must be analyzed including:

1) Volume of various components of works: Items such as
earth embankment, riprap erosion control, plastic synthetic
pond liner, roadway base and surfacing are normally provided
at smaller unit prices as the quantity increases since fixed
mobilization, overhead and administrative costs <can be
allocated over a larger number of units.

2) Location of material sources: Cost of items such as
concrete, riprap, gravel and asphaltic concrete surface are
often dramatically effected by their availability to a
specific construction location. One time mobilization costs
for earthmoving equipment or delivery of pump, filters, etc.
are not greatly impacted by distance variations of one to
eight hours travel time. However, materials that must be de-
livered by truck for each unit can have a wide variation in
costs due to travel delivery time.

3) Soils/Water/Climate: The quality and physical parameter of
the soil can have a large impact on the overall cost of a
project. Soils that require extra compaction requirements
or specialized structural foundations are obviously more
expensive than average to good soil. The amount of surface
(pond, river or overland drainage) water or ground (near
rivers) water encountered or expected to be encountered can
impact the cost of the project. The 1length of the
construction season and the type of work (inside work which
can proceed during inclement weather) will also impact the
overall construction costs.

The analysis of the two project locations and overall estimated
quantities identify the following:

1. Although the Ft. Peck site is farther from a regional source
of building supplies than Miles City (18 miles versus 2
miles) that factor is balanced by the increased quantities
involved in the construction of Ft. Peck. Therefore,
generally the unit prices for most items were identical at
both locations.
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2.

Based on disucssions with Montana Department of Fish,
Wildlife and Parks engineering personnel, it was determined
that the unit cost of aggregate items (riprap and gravel)
were approximately twice as expensive at Ft. Peck versus
Miles City. Unit prices at Ft. Peck for riprap was set at
$15.00 per cubic yard and gravel at $12.00 per cubic yard

" compared to $8.00 and $6.00 for Miles City.

Since no soils information was readily available for
either site all estimated unit prices are based on similar
soils/water condition, and that the soil is fairly common for
the area. This appears to be a realistic assumption based
on the existence and performance of ponds at Miles City and
of the wastewater treatment plant and old swimming pool at
Ft. Peck. It is important  that soils information is
documented and analyzed early in the design phase of the
construction project.

The second purpose of the cost estimate is to provide budgeting

and

funding appropriation direction to the Department for

upcoming Legislative action. In providing this information,
several items need to be highlighted for further consideration
and/or action.

1. All quantities and  unit ©prices are estimated
conservatively to cover unknown or undetermined design
elements. For example, no valves or fittings have been

estimated for the water supply piping, however the quantity
of piping and the unit price have been rounded off upward to
cover this design phase element.

There is an item titled "10% Contingency/Adjustment due to
the Preliminary Nature of the Estimate” which is added to the
construction cost subtotal. This item is included to reflect
the fact that this Preliminary Design Report is not refined
enough to include all the incidental construction
requirements that will be defined in the Design Development
Phase of the project. All major components and units of work
have been identified except for additional parameter
requirements due to Regulatory Agency mandates that cannot be
identified in this preliminary planning stage. Examples of
additional construction-related regulatory requirement
might be the Tongue and/or Yellowstone River Intake systems,
hatchery production wastewater treatment requirements, etc.

Planning, Design & Construction Engineering Fees are
included in the project cost and obviously subject to
operating procedures, availability of State personnel and
contract negotiations between the State and the
consulting engineering firm.

1. The design fee has been estimated on a sliding
scale as a percentage of the overall construction costs
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and degree of difficulty. This cost ranges from 7.2%
for Miles City to 7.4% for Ft. Peck.

2. Surveying - RAerial topography should be flown and
mapped over the entire hatchery property and water
supply line easements and plotted to a scale of one
inch equals one hundred feet and to one foot contour
intervals. If possible, this work should be scheduled
and completed prior to the design phase.

3. Soil Borings - As discussed above, detailed soils
information will be required at either hatchery
location. As shown in the correspondence with the Fish
& Wildlife Service in the Appendix E, soils data may be
available at the Denver Engineering Center for Ft. Peck
and at the Corps of Engineers Office in Omaha. If a
file search does not produce the needed information
then soils investigation and analysis will be requlred
as one of the first steps of design development.

4. Construction Inspection - It is recommended that
full-time construction inspection be provided for this
project either by state personnel or by the consulting
engineer. Preliminary estimates indicate the following
construction time will be required:

A. Ft. Peck: 18 months
B. Miles City: 15 months

The length of reasonable construction period must be
addressed more fully during the design phase. The most
cost effective time to begin construction is at the
beginning of the construction season (April-May) so
that as 1little interruption as possible due to winter
shutdown is necessary.

5. Construction Materials Testing - This is an
important control function that can either be completed
with State personnel and laboratories and/or

independent testing labs. Items to be tested during
construction include earthwork compaction, concrete
strength, air entrainment, and slump, structural steel
strength, water and drainline leakage tests, pond
and/or synthetic 1liner leakage tests, etc. The
quantity and types of testing (and subsequent testing
costs) must be addressed in the design phase.

6. Operations & Maintenance Manual - This is a very
important document that is normally prepared by the
design engineer as an additional services above and
beyond the design/construction phase. Items included
in a typical O & M Manual consists of all major aspects
of the hatchery system operation and the relationships
to the fish production program.
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The manual should present the operation and maintenance
of each of the "systems"™ of the hatchery including
detailed instructions on the operational modes of each
of the fish rearing units. Most O & M Manuals are
bound in a three-ring binder with a complete index
tabbing system for easy location and reference of
manual sections. Emergency system operating
instructions and procedures should be clearly indicated
for each of the "systems™ in the hatchery. The manual
should present instructions and procedures in narrative
form, figures (graphic plans), labeled photographs and
tables. A manual will clearly illustrate the important
fish cultural and mechanical aspects of the operation
and maintenance of the Fish Hatchery.

Major features to be covered should be:

(a) Water supply systems to the building and ponds;
(b) Fish production systems;

(c) Wastewater systems;

(d) Supplemental water systems;

(e) Identification of all mechanical aspects.

Cost of the Manual depends on the depth and detail
requirements of the Owner and are negotiable with the
_.consulting firm.

With this narrative explanation of the Cost Estimate Format and
the discussion of Preliminary design concepts in Section VI the
following Preliminary Cost Estimate Form should be easier to
interpret and understand.
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SECTION VII - B.l

MONTANA WARMWATER - COOLWATER

FISH HATCHERY STUDY

September 28, 1984

Fort Peck State Fish Hatchery

New ‘Development
Summary Cost Estimat
(Full Scope)

ITEM

l. 1.5 Ac Ponds (32)

2. 0.5 Ac pPonds (13)

3. Solar Pond

4. Water Supply System

5. Main Hatchery Building

6. Concrete Raceways

7. Hatchery Support Bldgs. & Residences
8. Sitework

+ 10% Contingency/Adjustment Due to
Preliminary Nature of Estimate
Subtotal

+ 10% Construction Contingency

1984 CONSTRUCTION GRAND TOTAL

Engineering Design Fee

Reimbursables:

a. Surveying

b. Soil Borings

c. Construction Inspection-Full Time
(18 months)

d. Construction Material Testing

3. Operations & Maintenance Manual

LS ol

Planning, Design & Construction Engineering

Subtotal

1984 PROJECT TOTAL

e

+ 112% Cost escalation to 1986 Construction

Season

For Preliminary Project Budget (Option 1) Use

SECTION: VII. PAGE:
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TOTAL COST

$1,179,000

441,000
219,000
666,000
745,000
100,000
240,000
700,000

$4,290,000

$

429,000

$4,719,000

$

471,900

$5,190,900

$

$

400,000

8,000
12,000

70,000
30,000

50,000

570,000

$5,760,900

$6,452,200
$6,500,000




ITEM # UNITS
1.5 Ac. Ponds (32)
a. .Earthwork Excavation:

4,000 cy/pond X 32 128,000
b. Concrete Kettles 32
c. Riprap-12" X 4"

cobble on 13.5' side

slope-600 cy/pond

X 32 19,200
d. Supply Line - both

ends & looped 11,000
e. Drain Lines - 24"

dia. +/- 5,000
0.5 Ac. Ponds (13)
a. Earth excavation:

2,000 cy/pond X 13 26,000
b. Concrete Kettle 13
c. Plastic Membrane Liner-

30,000 SF/pond X 13 390,000
d. Supply Line 2,000
e. Drain Lines-24"

dia. +/- 2,000
Solar Pond-15 Ac., 6'
levee, 12' top, 4' water
lined.
a. Earth Exc. (1.20

Compaction Factor) 25,000
b. Riprap - 18"

deep 4,600
c. Pump Station-1,200

gpm to Bldg. 1
Water Supply System

a.

b.

c.
dl

Itemized Cost Estimate

Powerhouse Intake

Tap 1
Supply Line-from

Power House 12"

dia. +/- 9,000
Filtration System 1
Ultra-violet Sterili-
zation-500 gpm to

Bldg. 1
Water Heating 1

SECTION: VII.

UNIT INSTALLED
MEAS. COST/UNIT
C.Y. . $ 3.00
ea. 6,000.00
c.Y. 15.00
L.F. 15.00
L.F. 30.00
c.¥Y. 3.00
ea. 6,000.00
s.f. 0.50
1.f. 15.00
1.f. 30.00
c.Y. 3.00
c.Y. 15.00
1l.s. 75,000.00
l.s. 50,000.00
1.f. 30.00
1l.s. 250,000.00
l.s. 20,000.00
1l.s. 76 ,000.00
PAGE: 6

TOTAL COST

$ 384,000
192,000

288,000
165,000

150,000
$1,179,000

78,000
78,000

195,000
30,000

60,000
$ 441,000

$ 75,000
69,000
75,000

219,000

$ 50,000

270,000
250,000

20,000
76,000
$ 666,000




a. Main Hatchery
Building (approx.

84' X 120') 10,00
b. Emergency Generator

System
Cc. Visitor Information

& Education
Concrete Raceways-8 at
a. 6' X 60' X 4' high

(8" walls)-22 CY/

Raceway X 8 176
b. Miscellaneous Piping
Hatchery Support Buildings
& Residences
a. Equipment Storage

Bldg. 40 x 100 4,000
b. Residenes - including

all utility hook-ups

to 5' outside building

Furnished. Approx.

1,500 SF 3
Sitework
a. Site Electrical 1
b. New Primary from

Power Plant 8,500 +/-

LF 1
c. Domestic Water Hook-up 1
d. Domestic Sewer Hook-up 1
e. Relocation of existing

City Water Main (10"

dia.) 3,200
f. Fencing-6' Chainlink 10,000
g. Retention Lagoon 1
h. Relocate Drainage

Ditch 2,600 LF 7,000
i. Gravel Entrance Road

& Parking Lot-Pit Run

Gravel-9" comp.

thickness 4,500

Hot Mix Pavement-

3" thick-9,000 sy 1,500
k. Pond & Reservoir-

Gravel Access Roads-

Pit Run Gravel (33,000

LF X 12')-9" comp.

thickness 12,000

SECTION: VII.

0
1
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PAGE:

65.00
80,000.00
15,000.00

350.00

15.00

60,000.00

100,000.00

100,000.00
10,000.00
20,000.00

15.00
10.00
50,000.00

3.00

12.00

35.00

12.00

7

$

$

$

650,000
80,000

15,000
745,000

61,600

38,400
100,000

60,000

180,000

240,000

100,000

100,000
10,000
20,000

48,000
100,000
50,000

21,000

54,000

53,000

144,000




+ 10% Contingency/Adjustment
Due to Prelim. Nature of
Estimate

+ 10% Bidding & Construction
Change Order Contingency
CONSTRUCTION GRAND TOTAL

A. Engineering Design Fee
B. Reimbursables

1. Surveying

2. Soils Borings

3. Construction Inspection-Full Time (18 months +/-)

4. Construction Materials Testing
C. Operations & Maintenance Manual

Planning, Design & Construction Engineering Subtotal

1984 PROJECT TOTAL

+ 112% Cost Escalation to 1986 Construction Season

14
For Preliminary Project Budget Use

END OF FT. PECK ESTIMATE
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$§ 700,000

Items #1-8 Subtotal $4,290,000

Subtotal

PAGE:
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$ 429,000

$4,719,000
$ 471,900
$5,190, 900
$ 400,000
$ 8,000
12,000
70,000
30,000
50,000
§ 570,000
$5,760, 900
$6,452,200

$6,500,000



SECTION VII - B.2

MONTANA WARMWATER-COOLWATER
FISH HATCHERY STUDY
SEPTEMBER 28, 1984

Miles City State Fish Hatchery
Expansion & Rehabilitation
Summary Cost Estimate

ITEM
1. Branum Lake Ponds - 1.0 Ac. (15)
2. 1.5 Ac. Ponds (6)
3. 0.5 Ac. Ponds (13)

4. Water Supply System
5. Main Hatchery Building
6. Concrete raceways

7

. Hatchery Support Bldgs. & Residences
8. Sitework

+ 10% Contingency/Adjustment Due to
Prelim. Nature of Estimate

Subtotal

+ 10% Construction Contingency

1984 CONSTRUCTION GRAND TOTAL

l. Engineering Design Fee

2. Reimbursables
a. Surveying
b. Soil Borings
c. Construction Inspection (15 months)
d. Construction Materials Testing
3. Operations & Maintenance Manual

Planning, Design & Construction Engineering

Subtotal

1984 PROJECT TOTAL

+ 112% Cost Escalation to 1986 Construction

Season

For Preliminary Project Budget Use
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TOTAL COST
$ 496,500
245,800
390,000
1,110,000
524,000
100,000
111,500
255,400
$3,233,200
$ 323,300
$3,556,500
$ 355,700
$3,912,200
$ 300,000
$ 4,000
6,000
50,000
30,000

$ 50,000

$ 440,000

$4,352,200

$4,874,500

$4,900,000



Itemized Cost Estimate
Option One (Full Scope)

ITEM # UNITS UNIT INSTALLED TOTAL COST
MEAS. COST/UNIT

Branum Lake (15)
a. Earth Excavation 60,000 C.Y. $ 3.00 $180,000
b. Concrete Kettles 15 ea. 6,000.00 90,000
c. Riprap-12" X 4"

- cobble on 13.5°

side slope-550 CY/

Pond X 15 8,250 c.Y. 8.00 66,000
d. Supply Line-Both
ends & looped 5,300 1.f. . 15.00 79,500
e. Drain & Reuse Lined
Concrete Channel 2,600 1.f. - 25.00 65,000
f. External Kettles 4 ea. 4,000.00 16,000
$496,500

1.5 Ac.; Ponds (6)
a. Earth excavation -

3,000 CY¥/pond x 6 18,000 C.Y. 3.00 54,000
b. Concrete Kettles 6 ea. - 6,000.00 36,000
c. Riprap-12" X 4"

Cobble on 13.5' side

slope-600 cy/pond

X 6 3,600 C.Y. 8.00 28,800
d. Supply Line-Both
ends & looped 2,400 1.f. 15.00 36,000
e. Drain & Reuse Lined
Concrete Channel 3,000 1.f. 25.00 75,000
f. External Kettles 4 ea. 4,000.00 16,000
$245,800

0.5 Ac. Ponds (13)
a. Earth excavation

1,000 cy X 13 13,000 c.Y- 3.00 39,000
b. Concrete Kettles 13 ea. 6,000.00 78,000
c. Plastic Membrane

Liner-30,000

SF/pond X 13 390,000 s.f. 0.50 195,000
d. Supply Line 2,600 1.f. 15.00 39,000
e. Drain Lines 1,300 1.f. 30.00 39,000

$390,000

Water Supply System :
a. Tongue River Intake 1l l.s. 75,000.00 75,000
b. Filtration System 1 1l.s. 250,000.00 250,000
c. Ultra-violet Steril-

ization-500 gpm to

Bldg. 1 1l.s. 20,000.00 20,000
d. Water Heating 1 l.s. 60,000.00 60,000

e. Reuse Sump & Pump
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House
l. 50'X50'X6'X8"

thick 132 C.Y- 250.00 33,000
2. Pump House & Pumps
(3) 1 1l.s. 50,000.00 50,000
f. Well Improvements &
Expansion 1l 1l.s. 50,000.00 50,000
g. Yellowstone River
Intake & Pumps-2/1000
gpm 1 l.s. 200,000.00 200,000
h. Yellowstone River
Supply - 16" dia. -
1. 7,000 1.f. 7,000 1.f. 36.00 252,000
2. Road & R.R.-
Jacking 300 1.f. 400.00 120,000
$1,110,000
Main Hatchery Building
a. 44' x 122' addition
on North 5,368 s.f. 65.00 $349,000
b. Rehab existing -
building 4,000 s.f. 20.00 80,000
c. Emergency Generator
System 1 ea. 80,000.00 80,000
d. Visitor Information
- & Education 1 ea. 15,000.00 15,000
$§524,000
.Concrete raceways = 8/
a. 6'X60'X4' (8" walls) -
22 CY/Raceway X 8 176 c.y. 350.00 61,600
b. Miscellaneous Piping 38,400
$100,000
Hatchery Support Buildings
& Residences
a. Addition to Storage -
Garage 28' X 75°' 2,100 s.f. 15.00 31,500
b. Residence Improve-
ments - General 2 ea. 10,000.00 20,000
c. 3rd Residence 1 ea. 60,000.00 60,000
$111,500
Sitework
a. Gravel Entrance Road
& Parking Lot (4")
Pit Run Gravel 1,200 c.y. 6.00 7,200
b. 3" Hot Mix Pavement
8,000 sy 1,400 T 35.00 50,000
¢. Pond Access Roads -
Pit Run Gravel - 12°
wide X 42,000 LF/total
9" thick-new
4"-6" thick-existing 17,000 c.Y. 6.00 102,000
d. Fencing 6' Chain
SECTION: VII. PAGE: 11



Link:Broodpond &

Raceways) 2,900

Perimeter Fencing

(Woven wire) 6,800
e. Site Electrical &

Lighting 1
f. Lawn Irrigation

System and

Landscaping 1

CONSTRUCTION SUBTOTAL
ITEMS 1-8

+ 10% Contingency/Adjustment
Due to Prelim. Nature of
Estimate

Subtotal

+ 10% Bidding & Construction
Change Order Contingency

CONSTRUCTION GRAND TOTAL

A. Engineering Design Fee
B. Reimbursables
1. Surveying
2. Soils Borings
3. Construction
Inspection-Full Time
(15 mo)
4., Construction Materials
Testing
C. Operations & Maintenance Manual
Planning, Design & Construction
Engineering Subtotal

1984 PROJECT TOTAL

+ 112% Cost Escalation to 1986
Construction Season

For Preliminary Project Budget Use

END OF MILES CITY ESTIMATE
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20,000.00

20,000.00

29,000
27,200
20,000

20,000
$255,400

$3,233,200

$323,300
$3,556,500

$355,700
$3,912,200
300,000
4,000
6,000
50,000

30,000
50,000

$440,000
$4,352,200

$4,874,500
$4,900,000




SECTION VII - C.

C. Operational Cost Estimates and Staffing Requirements

l. Water Heating Cost at the Fort Peck Hatchery Site

One of the major considerations is site selection between Ft.
Peck and Miles City is that of water heating for optimum egg
incubation and fish rearing.

At Ft. Peck, recorded winter temperatures in the reservoir
indicate that 38°F water could be expected from the existing deep
intake as long as 60 days during periods when the optimum rearing
water temperature would be 60°F.

Water Heating Demand

Heating demand is found by the equation

Q = (M)x(cp)x(Delta T)
where: -
Q = heat rate in Btu/hr -
M = mass flow rate in 1lb./hr
cp= heat capacity for water =
1.0 Btu/1b.-°F
Delta T=-tempera§ure difference in
F
During egg incubation and young fry rearing the water budget
shows a need for 500 gpm of 60 F water. R
Q=500 gal/m%n. x 8.33 lb{gal. X 60 min/hr x 1.0 Btu/lb.-F x
(60 - 38) F = 5.5 x 100 Btu/hr ;
Q=5.5 x 106 Btu/hr or 5500 MBH

Heating Alternatives

Various methods of achieving the water heating were investigated
including conventional oil and electrical boilers, a heat pump
and a solar pond.

The solar pond would reduce the annual water heating cost, but it
would be expensive to construct ($219,000) and it would likely
necessitate repumping all the water passing through it. Thus,
the energy saved by solar heating would be partially expended to
pump water. Also, some type of conventional heating system would
be required as a back-up for the solar pond in order to maintain
temperatures on cloudy days or periods when the pond may not be
operating at full capacity.

Comparisons were made on a life cycle cost basis for water
heating with oil-fired boilers, electric boilers and water source
heat pumps. These comparisons are presented in Table 15. During
the course of this study, we were unable to determine what the
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LIFE CYCLE COST ANALYSIS OF PROCESS WATER HEATING

SIZE OF UNIT (MEH)
LIFE (YRS)
DISCOUNT RATE
INITIAL COST
ANNUAL ELECT. COST
ELECT. INFLATION RATE
ANNUAL FUEL COST
FUEL INFLATION RATE
ANNUAL MAINTENANCE COST
§¥ OF INSTALLATION COST
MAINTENANCE INFLATION
MAJOR MAINTENANCE
PRESENT WORTH .

TABLE 18§

FT. PECK SITE

$ 7

OIL

5,500
25
10%

7,000

400
3%

86,000

5%
3,850

5%

2%

25,000

$1,37

3,000

ELECT. HEAT HEAT PUMP
5,500 5,500
25 25

10% 10%
$98,000 $148,500
107,600 13,600

3% 3%
2,940 1,485

3% 1%

2% 2%

15,000 7,500
$1,412,000 328,000

BASIS: #2 FUEL OIL - $1.05 GL, 138,000 BTU/GAL
ELECTRIC - $0.04482/KWH
$2.25/KW OVER 10 KW DEMAND CHARGE
HEATING RATE - 5,500,000 BTUH OR 500 GPM AT 22°F AT
HEATING PERIOD - 60 CALENDAR DAYS CONTINUOUS

SEE APPENDIX - FOR COST CALCULATIONS
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cost of electrical energy might be for operation of the hatchery
at Ft. Peck. There are fish hatcheries in the Federal system
such as Dworshak in Idaho and Garrison in North Dakota that pay
only a fraction of normal industrial electrical rates as a part
of the mitigation for the management projects. If such were the
case at Ft. Peck, the annual cost numbers would be somewhat
lower, but probably not low enough to affect the outcome. For
the purposes of this study, an electrical rate for Ft. Peck was
assumed to be the same as that at Miles City or $0.04482/KWH.

Inspecting Table 13, it can be seen that the present worth is
lowest with the heat pump alternative. The present worth is that
amount of money that would be needed today to support the
construction cost of the system, plus the operating cost over the
projected life of the units, 25 years. The heat pump system has
the lowest present worth cost and is therefore the recommended
supplemental water heating method. In addition, the heat pump
can chill as well as heat process water.

Solar Pond

A l5-acre solar pond has been included in the proposed facilities
at Ft. Peck for both storage and water heating. The features of
the solar pond are described in Section VI. The northeast region
of Montana has favorable conditions for solar, however, the cool
air temperatures in the Glasgow area reduce the effectiveness of
an open solar pond to some degree.

Basically, an open solar pond could provide some rearing water
heating from mid-May to mid-September. As shown by calculation
in Appendix F, the pond can provide more heat capacity than is
actually needed on a daily basis, however, it will provide only a
two to four degree F temperature increase. During the summer
months, the solar pond could be utilized to pre-heat the process
prior to final heating by the heat pump.

2. Water Heating Costs at Miles City Hatchery

The analysis of process water heating for the Miles City SFH is
similar to that of Fort Peck presented in Section VI. Flow rates
for water heating are the same, 500 gpm, however the temperature
difference is less. Only a 10°F rise is necessary to achieve the
optimum 60 F water.

Water Heating Demand

From the same equation used above, the water heating demand is:

Q=500 gal/min x 8.33 1lb/gal x 60 min/hr x 1.0 Btu/lbe x (60-50)F
Q=2,500,000 Btu/hr or 2,500 MBH

Heating Alternatives
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With similar reasoning as was applied to the Fort Peck facility,
a heat pump system was determined to be the most cost effective
method of water heating at Miles City. The unit would be rated
at 2,500,000 Btu/hr output, 93 KW. The initial cost of this unit
would be $75,000 - $80,000. The annual operating cost would be
$6,000.

Solar Considerations

Like the Fort Peck site, the Miles City hatchery would benefit
from pre-heating process water through some type of open solar
pond in the summer months. Essentially, the 3-acre and l2-acre
supply reservoirs serve this purpose.

The heating capacity of these two reservoirs would be similar to
the l1l5-acre reservoir proposed at Fort Peck, or about a 2°F to 4
°F temperature rise (averaged over 24 hours). See Appendix F

for calculations.
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SECTION VII - D.

D. Comparative Costs of Modern Hatchery Construction

As a comparison to hatchery construction costs at other similar
facilities, an attempt has been made to equate existing
hatcheries with the proposed hatcheries at either Ft. Peck or

Miles City.

Based on the Department's production goals stated in Section III
the size of the hatchery required is very similar to Blue Dog
Lake State Fish Hatchery constructed in northeastern South Dakota
by the Department of Game, Fish and Parks in 1980.

According to Mr. Robert Hanten, Hatchery Bureau Chief of South
Dakota Department of Game, Fish & Parks the following first year
(1982) production goals compared to the Montana goals are as
follows:

Montana South Dakota

Walley Fry 42,000,000 50,000,000

Walleye Fingerling 2,100,000 1,000,000

Northern Pike Fry 5,000,000 20,000,000

Northern Pike Fingerling 550,000 700,000
Largemouth Bass Fingerling 500,000 500,000
Smallmouth Bass Fingerling 500,000 500,000

Crappie Fingerling 300,000 3,000,000 Crappie
Channel Catfish Fingerling 22,000 W ——mmmemeee—- Bluegill
Forage Minnows 300,000 W —emmmm———- etc.

Original Construction Costs including planning and design based
on 1980 costs was approximately $5.0 million. Escalating the
cost by 6% annually for inflation through 1986 (same base year as
Montana) would make the cost of Blue Dog Lake approximately $7.1
million. '

Comparing other warmwater/coolwater hatcheries of similar size
indicates the following:

1. Garrison National Fish Hatchery 1located downstream of
Garrison Dam (Lake Sakakawea) in North Dakota was built in 1964
for approximately $850,000. It has a total land acreage of 182,
over 36 acres of ponds, and a reservoir water supply of 5,000
gallons per minute.

Escalating the 1964 construction cost by 10% per year through
1980 and 6% per year through 1986 (Montana base year) for
inflation yields an existing value (replacement cost) of the
hatchery of $5.5 million.

2. Little Grassy State Fish Hatchery located in southern
Illinois was built in 1981 at a cost of $5.5 million. Escalating
this cost to 1986 yields a cost of $7.4 million.
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3. Milford State Fish Hatchery located in northeastern Kansas
was built in 1983 at a cost of $6.7 million. Escalating this
cost to 1986 yields a cost of $8.0 million.

4. Miles City National Fish Hatchery built in 1958 at a cost of
$460,000. Escalating this cost to 1986 yields a replacement
value at $5.3 million.

It is the purpose of the above examples to put the proposed
Montana Warmwater/Coolwater Hatchery in economic perspective with
other modern hatcheries. As the table below shows, either ‘a
single phase or a dual phase program compare favorably with other
facilities discussed in this section.

Ft. Peck Miles City
Assume 1986
Construction $6.5 million $4.9 million
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SECTION VIII

Hatchery Design and Construction Time Requirements and Possible
Phasing Alternatives

A. Architectural and Engineering Design Recommendations and
Time Schedule

Design- recommendations have been set in Section VI. It is the
intent of the Department to present a funding request to the 1985
Legislature seeking funding for design and construction of a
warmwater/coolwater fish hatchery in eastern Montana. Assuming
that the project is approved, funds will be appropriated
effective July 1, 1985. Providing for two months for design
consultant selection and contract negotiation by the Department
of Administration, Architecture & Engineering Division and the
Department of Fish, Wildlife and Parks, design could be started
in September 1985.

Information and data that must be secured immediately are: (1)
aerial photography and topography suitable in scale and elevation
contour elevation to serve as base construction documents; (2)
soils borings and analysis. Various details must be resolved so
that design can proceed such as location of river intake
structure(s), to what degree hatchery operations can (or should)
function during construction, etc.

Normally, technical reviews by State personnel for a project of
this scope and complexity are conducted at either three (30, 60,
95%) or four (25, 50, 75, 95%) intervals. Assuming design begins
September 1, 1985, a typical submittal/review schedule might be:

30% -~ November 1, 1985
60% - February 1, 1986
95% - April 1, 1986

Final Plans could be available for advertising and bidding in May
with a bid opening in late June 1986.

Ideally, a project of this size and scope would allow for an 8 to
10 month design period. However, it is also ideal to bid a
project in March/April so that a full construction season is
available to the building contractor. Length of design time will
depend upon when design can begin and when bids need to be taken
and are subject to design consultant contract negotiations.

B. Construction Phase Recommendations and Time Schedule

Based on economic analysis and because of less disruption to the
hatchery operations it is recommended that the entire project be
constructed in one phase. If this option is not available due to
funding problems a two-phased construction program with major
construction accomplished in 1986 and supplementary construction
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completed in 1988 has been set forth in the cost estimates found
in Section VII.B.

Assuming that single-phase construction is chosen it is estimated
that two full construction seasons will be required to complete
construction. If construction begins June 1, 1986 it is
estimated that construction could be completed by December 1,
1987 at Ft. Peck and September 1, 1987 at Miles City. It is
important to note that enough building construction must be
completed prior to winter 1986-87 so that interior building work
can be completed during the sitework shutdown period. Therefore,
it is important to complete design work in a timely fashion so
that advertising, bidding, award, and administrative functions
can be completed prior to the start of the construction season.

If two-phase construction is required it is estimated that Ft.
Peck would require 15 and 6 months for construction and 12 and 6
months at Miles City.

Project costs for construction inspection and construction
materials testing have been identified and discussed in Section
VII. Obviously the length of the time necessary to complete
construction will have an impact on these project costs.

C. Operation & Maintenance Manuals and Training

Section VII also identifies the need for an associated cost of an
O & M Manual. It is important that hatchery management staff are
involved in all phases of the project including design,
construction, and the development of the O & M Manual. Training
for staff on new equipment and methods must be a part the
construction requirements as well as the O & M Manual.

Normally equipment wuse training is conducted by factory
authorized service personnel prior to final acceptance of the
project. The O & M Manual development should be started in the
late stages of construction and completed within the first year
of operation.

D. Fish Rearing Subimpoundment at Fort Peck

A 50 to 100 acre fish rearing subimpoundment complete with
harvest kettle and outlet control structure would be a useful
walleye and northern pike rearing area for expanding the
fingerling production program for Fort Peck Reservoir. The
subimpoundment could be located somewhere on the reservoir to
provide direct fish draining into the lake. The States of South
Dakota, Illinois and other states have successfully used these
areas to increase fingerling production for reservoir management
since large numbers of fingerlings are often required for
stocking. 1In our opinion, the development of such an area on the
reservoir would meet an important management need and would
provide some local public relations benefit with fishermen and
fishing organizations like Walleye Unlimited.
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United States Department of the Interior

FISH AND WILDLIFE SERVICE rep 22198
MAILING ADDRESS: STREET LOCATION:
Post Office Box 26486 134 Union Blvd.
Denver Federal Center Lakewood, Colorado 80228
IN ﬂEPLFYRREFER TO: MW, Colorado 80228

"FEB 15 1983

James W. Flynn, Director
Department of Fish, Wildlife and Parks
1470 East 6th Avenue
Helena, Montana 59620
¢ Vol al

Dear Mps—Ftynn:

The transfer of the Miles City National Fish Hatchery to the State of Montana
will be completed with your signature on the attached Agreement. I have
enclosed four signed Agreements for your final review and signature. Please
sign each of the four Agreements and return three for our use.

The Agreement will be effective on or about March 31, 1983, but it is contingent
upon the funds being appropriated by the State Legislature.

We will continue to work with your fisheries staff on improving FWS operations
in Montana as well as providing any assistance possible on warmwater fish
culture and fish trades. Good luck on your new warmwater fish cultural program.

‘ Sincerely yours,

‘“iﬁiﬁﬁg12)1ﬁtz;zziﬁzu7¢¢°-~
GALEN L. BUTERBAUGH

Regional Director

Attachment

Save Energy and You Serve America!




I.

Memorandum of Agreement
between
U.S. Fish and Wildlife Service
Department of the Interior
and the
State of Montana
Department of Fish, Wildlife and Parks

PURPOSE

THIS AGREEMENT, made and entered into by and between the Department of the
Interior, United States Fish and Wildlife Service, hereafter referred to
as the Service, represented by the Denver Regional Director, and the
Montana State Fish, Wildlife and Parks, hereafter referred to as the State,
represented by its Director, is hereby entered into under the authority of
the Fish and Wildlife Act of 1956 as amended, 16 U.S.C. 742f(a)(4), and
the Fish and Wildlife Coordination Act, 16 U.S.C. 661, et. seq.

The Service believes it would be mutually beneficial to discontinue Service
operation of the Miles City National Fish Hatchery (NFH) temporarily in
favor of State operation. This Agreement is for the purpose of facilitating
the cooperation of the Service and the State in fishery programs, and for
the purpose of maintaining and increasing public opportunities for fishery
resources in the State of Montana, and provides for the loan of certain
real and personal property of the Miles City NFH.

The lands are more particularly described as follows:

Situated in the State of Montana, County of Custer, Range 47 East, Township
7 North, Tract 1, Section 4, 5, 8, and 9; beginning at a point from which
the quarter corner common to Section 5 and 8 bears North 45° 06' 38". West
613.85 feet; thence South 45° 06' 38". East approximately 72.0 feet to the
centerline of the access road, thence easterly with the centerline of the
access road of the U.S Range Livestock Experiment Station approximately
3,850.0 feet, thence North approximately 2,027.12 feet, thence North 48°
30" West approximately 1,610.84 feet; thence South 41° 30' west approxi-
mately 4,065.0 feet to the point of beginning; containing 168.22 acres,
more or less, also a drain ditch right-of-way, said right-of-way to be 66
feet wide extending from the Northeast corner of the above described 168.22
acres to the Tongue River; also a 66 foot right-of-way for a pipeline
extending from the East boundary of the aforedescribed 168.22 acres easterly
to the Tongue River and including a right-of-way for intake structure and
low level dam for water diversion (Exhibit A attached hereto and made a
part of this Agreement). Subject to BLM oil and gas lease No. M-43267,
dated May 1, 1981.

It is the intention of the Service, and the State agrees, effective upon
execution of this Agreement, that Miles City NFH shall not be operated by
the United States for fish rearing and conservation purposes during the
term of this Agreement. ' :
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I1.

I1I.

In recognition of the mutual advantages and benefits accruing to the
parties hereto, the Service hereby transfers to, and the State accepts,
responsibility for operation of the Miles City NFH, at State expense,
under the terms set forth hereinafter for the term of this Agreement.

REAL PROPERTY

(1)

(2)

(3)

(4)
(5)
(6)

(7)

(8)

The Service hereby grants to the State the use and control of the
Miles City NFH real property described in Exhibit B, attached
hereto and incorporated by reference in this Agreement. '

The State shall bear all costs of maintenance and.repair of all real
property provided by the Service under the terms of this Agreement.

The State shall not grant or permit occupancy of the land or the
1mprovements by third parties, other than those under the direct
supervision and control of or under contract or agreement with the
State, and such contracts and agreements shall be for the furtherance
of fishery purposes only.

The State shall assume responsibility for all pollution monitoring
required by State and/or Federal agencies and assume responsibility
for any corrective actions necessary to achieve compliance with State
and/or Federal Pollution Abatement Standards.

The State will not dispose of any timber nor gas, oil, or other
minerals, including sand and gravel, by sale, permit, or otherwise.

The State will pay the United States the fu]] value for all damages
to the lands or other property of the United States caused by it or
its employees, contractors, or agents of the contractors.

The State will not alter, remodel, or dispose of buildings without
prior written approval of the Service.

The State must comply with applicable State or Federal Occupational
and Safety and Health Administration requirements.

PERSONAL PROPERTY

(1)

(2)

(3)

The State shall be responsible for and bear all costs of maintenance,
repair, or loss of personal property owned by the Service and used
by the State during the term of this Memorandum of Agreement
identified in Exhibit. C (attached hereto and made a part of this
Agreement). Maintenance schedules shall be established for such
personal property similar to State schedules for like State-owned
property.

The State shall not dispose of or transfer from the site personal
property of the Miles City NFH.

The State shall conduct an annual inventory of the personal property
of the Miles City NFH, and provide a copy to the Service.
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(4) The Service reserves the right to recall any item of personal property
described in Exhibit C, for use by the Service upon thirty (30) days
written notice to the State.

(5) The State will not be liable for normal wear and tear on any item of
personal property to which this Agreement pertains.

IV. GENERAL PROVISIONS

The Service does not assume and the State agrees to hold the United States
harmless from any liability from any fines, claims, damages, losses, judge-
ments, and expenses arising out of or resulting from any act, omission or
activity by the State in connection with the activities undertaken in the
operation, maintenance and use of the herein described real and personal
property.

The Service reserves unto itself, the Department of the Interior, and/or
General Services Administration, the right to make an annual Personal
Property Utilization Survey of the facility to identify property that may
not be necessary for conduct of the State program. Notification will be
given to the State prior to the initiation of said Survey and the State
will be consulted before any disposal action by the Service.

In carrying out the terms of this Agreement, the State shall not discrimi-
nate against any employee or. applicant for employment because of race,
creed, color, or national origin and shall require an identical provision
to be included in all subcontracts.

V. TENURE OF AGREEMENT

(1) This Agreement shall be in effect for a period not to exceed 30 years
following execution hereof.

(2) This Agreement or any renewal thereof may be terminated by either
party upon one (1) year written notice.

(3) Upon completion of this Agreement, all personal property identified

- in Exhibit C will be returned within sixty (60) days to the Service in

good working order. If items of personal property are lost, missing,

or beyond repair due to the fault of the State, the State agrees to
furnish like or similar articles of personal property in lieu thereof.

(4) This Agreement will be effective on or about March 31, 1983, but is
contingent upon the funds being appropriated by the State Legislature.

ACCEPTED:

By Date_2~/5 -9
Regional Directof, Region 6

U.S. Fish and Wildlife Service

414.\ AAAA Date 37—8-3

By

Director, Montana Pepartment of
Fish, Wildlife ahd Parks
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REAL PROPERTY INVENTORY OF .BUILDINGS

Designation: I-FWS-493

Unit: Miles City NFH Division:
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Item

Truck, Dodge 4 x -4 1/2 ton
Truck, Dodge 3/4 ton
Tractor, wheeled, agricultural
Grader road

Pump, centrifugal

Pump, centrifugal

Pump, centrifugal

Trailer boat

Range, electric, household
Range, electric, household
Range, electric, household
Refrigerator, domestic
Refrigerator, domestic
Refrigerator, domestic
Boat

Motor, outboard

EXHIBIT C

Property Number

148339
604350
141678
618506
144900
150303
618501
132479
605457
605468
605469
605321
605322
605323

23351
135482




UNITED STATES " “ - —
LEPARTMENT OF THE INTERIOR : '

POSTAGE AND FEES PAID

Bureau of Land Management
222 North 32nd Street us DEPARTMﬁ .f; THE INTERIOR
P.O. Box 30157 AN EQUAL OPPORTUNITY EMPLOYER '
Billings, Montana 59107
Official Business ! A - —_—
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Mr. Juris Eglite, Div. of Realty
U. S. Fish & Wildlife Service
Denver Federal Center

P. 0. Box 25486

Denver, CO 80225

ot 11/23/82 e

Dear Mr. .Eglite,

7

Per your request, here is a copy of Lease M 53267 (Z'Ji
Also, I attached BLM's Request to Fish & Wildlife o
requesting your lease conditions on May 3, 1979. d

Your reply of May 21, 1979 is also attached. 5

Hope this helps.

298
Esther Rivera, 0il and Gas
Land Law Examiner

RECEIVED \
NOV24'82 &
Divigiee.s &7 ?

RE:-\Lx v B Y
3

R'TY ‘k .
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UNITED STATES R
DEPARTMENT OF THE INTERIOR ., g

FISH AND WILDLIFE SERVICE ' = -'.;.‘--, -
The Federal Building, Room 3035 . i
31§ North 26th Street .
Billings, Montana 59101 RECENEU

IN REPLY REFER TO: (RE)

NOV 2 6 82

pivisiun CF
REALTY

i

" May 21, 1979

Kenneth J. Sire, Chief
Minerals Adjudication Section
Bureau of Land Management

222 North 32nd Street

P. 0. Box 30157

Billings, MT 59107

DeaE_Mr. Sire:

In reﬁ]y to your letter of May 3, 1979, regarding oil and gas lease
offers M 43267, M 43268 (943.12) on Fish and Wildlife Service lands.

Enclosed is a map of Miles City National Fish Hatchery showing the
location of two of the lease offerings. :

It is difficult to imagine any o0il and gas development activity within
the hatchery boundary which would not adversly impact the operation of
the hatchery: '

If you should need additional information, please contact Jack Larmoyeux
or Rich Johnson of this office at 657-6115.

Sincerely, -

> /0/6’7»%
thnG.%p

Acting Area Manager

Enclosure

CC: Miles City NFH
Region 6 (FR/RE)
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P+ M 43267 (942

. . J . M 43268
o gma B .. May'3, 1979
SO ‘\' . -

Area Manager
Fish and Wildlife Service
Federal Bldg., Rm. 3035 _
316 RNorth 26th S s T
Billings, Montana 59101 At s ArmE s e s L
Dear Sir: o L e el

Attached are copies of the above-numbered oil and gas lease offers
that have been recently filed. According to our records part of the
lands in the offers were in a Relinquishment and Transfer - Excess .

Property to U. S. Fish and Wildlife Service on May 11 1978.

Please inform us of lease condicions necessary to protect the Fish
and Wildlife Service. .

6L-€7% wea

Sincerely yours, -l

s/ Kenneth J. Sire

&

Kenneth J. Sire"” :

N - Chief, Minerals Adjudicacion :
' ) ; Section ik .
Enclosures T e o e P .__;;'f .
1-Copies of 01l & Gas Lease Offers T P e
2-0G Plats ' , _ _
943.12:?JDavidson:pd:5/3/79;6566 B ' e A
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a knovn geclogical structure ort . oo Form spproved :
« Form 3110=1 " UN ITED ST'ATES i Budgel Duresu No. {2-R0990
o Eieventh f.:ih!on N . ’ .
o ong R o) 24981/ DEPARTMENT OF THE INTERIOR office..M O NTALLA
X7, 21, A0 Do BUREAU OF LAND MANAGEMENT .
il <7 s 1,326

Congyxstiprdpanager/RE  OFFER TO LEASE AND LEASE FOR OIL AND GAS
orme “l?irector ;! (Sec. 17 Noncompetitive Public Domain Lease)
u. 'ﬁieggale?%é:ﬁe'nsn%%ey offers to lease all or any of the lands described in item 2 that are available for lease, pursuant and subject -

the terms and provisions of the Act of February 25, 1920 (41 Stat. 437, 30 U. S. C. sec. 181), as amended, hereinafter referred to as i}
Act and to all reasonable regulations of the Secretary of the Interior how or hereafter in force, when not inconsistent ¥ith ampexpre:

and specific provisions herein, which are made a part hereof. - < T o
Mr.
™ Mo _ v
1. Miss _Connie diull
{First Name. Middle Initial, Last Name)
Flosar smrly the
-'—--:‘-ﬂ-luy an 1072

(Number and Sireet)

L Denver, Co. .....80201
(City, Stste, ZIP Code)

2. Land requested: State ligontana County Custer

7N- 47%
3,10: Tr. U
4: Lots 18-25, Tr. S,V, SWKSEX

5: Lots 6,10,11,17,21,22, SWYNEY, SKNVX, SW¥, Tr. Q
6: Lots 1,2,3,6,7,8, SYNEY, SE¥SVY, SEY
7: Lot 1, NENNWY, SMNWY, NEY, S4%
ON-47E )
32: Lots 9,17,21,22,253,28,31,32, Tr. F,G,L,R,T, 34: Lot 4
33: Lots 12-17, Lots 20 (3.38-1.48) Tr. A,B,C rotalArea 2403.17 Acre
3. Land included’i Tease s it X Montana  County Custer T. : R. : Meridia.
. D ’
-t
- See attached land descrintionm.

3. Land included in lease M 43267;

T. 7 N., R. 47 E., P.M.M. T. 8 N., R. 47 E., P.M.M. T. 8 N., R. 47 E., P.M.M.
Sec. 3 & 10: Tract U _ Sec. 32: Lots 9,17,21,22, Sec. 33: Lots 12,13,14,1°
Sec. 4: Lots 18,19,20,21, 23,28,31,32, 16,17, Tracts A

22,23, 24, 25, Tracts F,G,L,T Sec. 33: Lot 20 (3.38 A.)
_ Tracts s,V, SWiSEY Sec. 32: That portion of _ accepted under
Sec. 3: Lots 6,10,11,17, 21, 22, Iract R lying in approved survey
Tract Q, SWANEY, . Sec. 32 containing April 24, 1947
SisNWl, SWh 0.95 Acres Sec. 33: Lot 20 (1.48 A.)
Sec. 6: Lots 1,2,3,6,7,8, SLNEL, | accepted under
ELSWY, SEY approved survey
Sec. 7: Lot 1, NE%, NERWl, April 24, 1974
ShNW, Sk Sec. 34: Lot 4

7. Offeror's signature to this offer shall also constituie cHeror's SIZNALUTe L0, ANU BULCPLBILE Wi, wass iLa asia iy Sy i
that may cover any iand described in this offer open to lease application at the time the offer ‘was filed but omitted from this lease
for any reason, or signature to, or acceptance of, any separate lease for such land. The offeror further agrees that (a) this
cfier cannnt be withdrawn, either in whole or in part, uniess the withdrawal is received by the land office befcre_ this lease, an amend-
Inehit 10 this Jease, or a sepsrate lesse, whichever covers the !land described in the wilhdraw_al, has been signed in 'beha!f of the
United States, and {5) this offur and lease shall apply only to lands not within a known geologic structure of a producing oil or gas

Seld.
8. If :his lesse furm dues not contain sli of the terms and conditions of the lease form in effect at the date of Sling, the oferor further
sgrees 1o be bound by the terms and conditions contained in that form.

9. Il is hereby certified that the staiemnents made herein are complete and correct Lo the best of offeror’s knowledge and belief and are
inade in good faith.

1

()]
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(Offeror does not fill in this block) Total Area  2365.407 Acres Rental retaineds 2366.00

4. Amount remitted: Filing fee $107 Reatal S.-.?.‘}.Q.A.-a..O.OTotal 8___2..4.3-..4;;.00

5. Undersigned certifies as follows:
(¢) Offeror is a citizen of the United States. Native born .____X

entity (specify what kind):

Naturalized e Corporation or other legal

(b) Offeror’s interests, direct and indirect, do not exceed 200,000 acres in oil and gas options or 246,080 chargeable acres in
options, offers to lease and leases in the same State, or 300,000 chargeable acres in leases, offers to lease and options in each leas-
ing district in Alaska. (¢) Offeror accepts as a part of this lease, to the extent applicable, the stipulations provided for in 42
CFR 3103.2. (d) Offeror is 21 years of age or over (or if a corporation or other legal entity, is duly qualified as shown by state-
men{s made or referred to herein). (e) Offeror has described all surveyed lands by legal subdivisions, all lands covered by pro-
tracted surveys by appropriate subdivisions thereof, or all unsurveyed lands not covered by protracted surveys by metes
and bounds, and further states that there are no settlers on unsurveyed lands described herein.

6. Offeror (0 is (] is not the sole party in interest in this offer and lease, if issued. (If not the sole party in interest, statements
should be filed as prescribed in Item 6 of the Special Instructions.)

7. Offeror’s signature to this offer shall slso constitute offeror's signature to, and acceptance of, this lease and any amerndment. thereto
that may cover any land described in this offer open to lease application at the time the offer was filed but omitted {rom this lease
for any reason, or siznature to, or scceplance of, any separate lvase for such land. The offeror further sgrees that {a) this
affer cannat be withdrawn, vithier in whole or in part, unless the withdrawal is received by the land office before this lease, an amend-
et Lo thus lease, or & separate lease, whichever covers the land described in the withdrawal, has been signed in behalf of the
Unite-d States, and (3) this offer s Jease shall apply only to lands not within a known geologic structure of a producing oil or gas
field. . :

8. If :his lesse form docs not contain ail of the terms and conditions of the lease form in effect at the date of flling, the oferor further
s&rvei to be bound by the terms and conditions contained in that form.

9. It is hereby certified that the statements made herein are complete and correct to the best of offeror’s knowledge ard belief and sre
inade in gond faith.

-~
.

w

A
Offeror duly executed this instrument this ... t2%% dayof ...50 Sl . 19

Lo P

L

(u;;e sigaature) {Lessee sizmcur:i'

(Attorney-in-fact}

This lease for the lands described in item 3 above is hereby issued, subject to the provisions of the offer and on the reverse side hereo!.

THE UNITED STATES OF .A..\/xmu.c/ /, /.1
il i A

MAY 1 jag Chief/ Minerals  (Simingéce) ip
. . A . . a o
Efective date of lease . Adjudica Q'J’Q‘}-'rus.f;a‘; tion A} R___h oY1

THIS GFFER MAY BE REJECTED AND RETURNED TO THE OFFEROR AND WILL AFFORD THE OFFEROR NO PRIORITY
IFIT IS NOT PROPERLY FILLED IN AND EXECUTED OR IF IT IS NOT ACCOMPANIED BY THE REQUIRED DOCUMENTS -
Cil PAYMENTS.

11, S, C, see, AT r.eles it 8 cilme far ory percon Lrowingly and willfully (o matke to eny I')c;.-u_'.mj.-nt or egency of the United
Teany Lbe fatiions wi rLnllhent it enenty OF Feprescntations &8 1o &7F anller within its Juris 2ction,




1-

" The -
L] .

SPECIAL STIPULATION
o’

UNITED STATES DEPARTMENT OF AGRICULTURE
Science and Education Administration

Agricultural Research

Western Region
- 1333 Broadway, Suite 400
Oakland, California 94612

M 43267

Prior to entry for the exploration or operations on statiom land,
approval must be obtained from the Location Leader through this
office.

All construction must be approved by this.Agency.

Existing roadways will be used to the maximum extent.

will be built only upon the approval of this Agency and in accordance
with our specifications.

¢

New roadways

During and after exploratory or production operations, the company

will be required to maintain and/or restore the work area to a
satisfactory natural conditdion. ‘

Station security policy will be adhered to by the-company.-

Station research projects will not be interferred with in any way.
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UNITED STATES DEPARTMENT OF THE INTERIOR
Bureau of Land Management ’

This lease is issued pursuant and subject to the the terms and provi-
sions of Section 302 of the Department of Energy Orgamization Act
(42 U.S.C. 7152) and to the regulations of the Secretary of Energy
promulgated thereunder relating to the:

(1) fostering of competition for Federal leases (including but not
limited to, prohibition on bidding for developﬁent rights by certain
types of joint ventures);

(2) implementatién of alternative bidding systems authorized for
the award of Federal leases;

(3) establishment of diligencé requirements for operations conducted
on Fedegal leases (including, but not limited to, procedures relating to
the granting or ordering by the Secretary of the Inéerior of suspension
of operations or production as they relate to such requiremenfs);

(4) setting rates of production for Federal ieases; and

(5) specifying the procedures, terms, and conditiomns for the

acquisition and disposition of Federal royalty interests taken in kind.

MSO 3100-52 (October 1978)
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. "UNITED STATES
o DEPARTMENT OF THE INTERIOR
BUREAU OF LAND MANAGEMENT

SURFACE DISTURBANCE STIPULATIONS

N

Ares O] and Gas Supervisor or
District Engineer (Address, include zip code)_

United States Geological Surn
P. 0. Box 2550

3 Seventh Street West
Billings, Montana 59103
Phone: 406-657-6185

Management Agency (name)

District Manager
.- Miles City District
T Bureau of Land Management

Address (include zip code)

P. 0. Box 940

Miles City, Montanma 59301 .
(Office located about two miles west of
city on old U.S. Bwy. 10 and 12)

Phone: 406-232-4331

1. Notwithstanding any provision of this lease to the

' contrary, any drilling, construction, or other operation
on the leased lands that will disturb the surface there-
of or otherwise affect the environment, hereinafter
called ‘‘surface disturbing operation,’’ conducted by
lessee shall be subject, as set forth in this stipu-
lation, to prior approval of such operation by the Area
Oil and Gas Supervisor in consultation with appro-
priate surface management agency and to such rea-
sonable conditions, not inconsistent with the purposes
fqr which this lease is issued, as the Supervisor may
require to protect the suzface of the leased lands and
the environment.

2. Prior to entry upon the land or the disturbance of

the surface thereof for drilling or other purposes,

lessee shall submit for approval two (2) copies of a

map and explanation of the nature of the anticipated
" -activity and surface disturbance to the District Engi-

neer or Area Oil and Gas Supervisor, as appropriate, and
oo will also furnish the appropriate surface management
e agency named above, with a copy of such map
anc explanation.

P,

e

An environmental analysis will be made by the Geo-
logical Survey in consultation with the appropriate
surface management agency for the purpose of assuring
proper protection of the surface, the natural resources,
the environment, existing improvements, and for
assuring timely reclamation of disturbed lands.

3. Upon completion of said environmental analysis,
the District Engineer or Area Oil and Gas Supervisor,
as appropriate, shall notify lessee of the conditions,
if any, to which the proposed surface disturbing
operations will be subject. e

- Said conditions may relate to any of the followiné:

(a) Location of drilling or other exploratory or
developmental operations or the manner in
which they are to be conducted;

(b) Types of vehicles that may be used and areas
in which they may be used; and

(c) Manner or location in which improvements
such as roads, buildings, pipelines, or other
improvements are to be constructed.

Form 3109=5 (August 197C

GPO B4 -2




UNITED STATES
DEPARTMENT OF THE INTERIOR
. : BUREAU OF LAND MANAGEMENT

SURFACE DISTURBANCE STIPULATIONS

District Englnecr (Addrrx:. include zip code)

U.S. Geological Survey
P. 0. Box 2550
Billings, MT 59103

Phone: (406) 657-6367

Managament Agency (rzame)

Science and Education Administration
Agricultural Research
Western Region

Address {include zip code)

1333 Broadway, Suite %00
Oakland, California 94612

1. Notwithstanding any provision of this lease to the
contrary, any drilling, construction, or other operation
on the leased lands that will disturb the surface there-
otherwise afiect the environment, hereinafter
‘“*surface disturbing operation,”” conducted by
lessee shall be subject, as set forth in this "stipu-
lation, to prior approval of such opefation by the Area
Oil and Gas Supervisor in consultation with appro-
priste surface management agency and to such rea-
sonablé conditions, not inconsistent with the purposes
for' which this lease is issued, as the Supervisor may
require to protect the surface of the leased lands and
the environment.

of or
called

2. -Prior to entry upon the land or the disturbance of
the surface thereof for drilling or other purposes,
lessee shall submit for approval two (2) copies of a
map and explanation of tlie nature of the anticipated
activity and surface disturbance to the District Engi-
neer or Area Oil and Gas Supervisor, as appropriate, and
will also furnish the appropriate surface management
agency named above,.with a copy of such map
and explanation.

An environmental analysis will b¢ made by the Geo-
logical Survey in consultation with the appropriate
surface management agency for the purpose of assuring
proper protection of the surface, the natural resources,
the environment, existing improvements, and for
assuring timely reclamation of disturbed lands.

3. Upon completion of said environmental analysis,
the District Engineer or Area Qil and Gas Supervisor,
as appropriate, shall notify lessee of the conditions,
if any, to which the proposed surface disturbing
operations will be subject.

-
-~

Said conditions may relate to any of the following:

(a) Location ‘of drilling or other exploratory or
developmental operations or the manner in
which they are to be conducted; '

.(b) Types of vehicles that may be used and areas

: in which they may be used; and

(c) Manner or location in which improvements
such as roads, buildings, pipelines, or other

improvements are to be constructed.

— e

Form 3109-5 (August 1973)

GPO 8349 -288
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UNITED-STATES DEPARTMENT OF THE INTERIOR
Bureau of Land Management

. M 43267
(0G SIM Serial No.) (Serial Number)
SPECIAL OIL AND GAS LEASE STIPULATIONS
The following special stipulations may be modified when specifically approved in - '—:

writing by the District Engineer, Geological Survey with concurrence of the
Federal surface management agency.

(Only stipulations . : (Approximate

checked apply % of lease ‘.
to this . affected by -
lease.) . stipulation.)

( XX) No occupancy or other activity on the surface of the 3z

following-described land is allowed under this lease:
By request of USF&WS
T. 7 N., R. 47 E., P.M.M.

Sec. 4: Lots 23,24

Sec. 5: Lots 9,12,13

Reasons for this restriction are:

( XX) No occupancy or other surface disturbance will be allowed (3%)
within 300 feet of the Spotted Eagle Recreation Area, -
T. 7 N.., R. 47 E.; P.M,M., Sec. 4: Tract S

( ) No drilling or storage facilities will be allowed within ( )
feet of g
located in

( ) No occupancy or other surface disturbance will be allowed ( )
on slopes in excess of percent.

. ( ) In order to ( )

exploration, drilling, and other development activity will
be allowed cnly during the period from
to . . This limitation does not apply to
maintenance and operation of poducing wells and facilities.
Lands within the leased area to which this stipulation
applies are described as follows:

( ) The will not be used as
&n access road for activicies on this lease except as follows:

.- . 7 . o .-
. AT g DR RS 2

Date Lessee's Signature

¥S0 3100-45 (February 19293)



UNITED -STATES DEPARTMENT OF THE INTERIOR -
Bureau of Land Management

M 43267

(0G SIM Serial No.) _ (Serial Number)

SPECIAL OIL AND GAS LEASE STIPULATIONS {'73 -_—

: ..
The following special snipulations may be modified when specifically approved in.,
writing by the District Engineer, Geological Survey with concurrence of the -

Federal surface management agency. : - e

(Only stipulations (Approximéce --

checked apply Z of lease

to this : affected by
lease.) stipulation.)
( X ) " No occupanéy or other activity on the surface of the 88%

following-described land is allowed under this lease:
By request of USDA, Ft. Keogh.

T, 7 N. R. 47 E., P.M.M, _
Sec. 6,7(all lands.applied for)
Sec. 5(all lands applied for except that portion managed by USF&WS
Sec. 4: Lots 18,19, 20 22,25, Tr. S.V., SWiSE%

T. 8 N., R. 47 E. P

Reasiis: t%% :héllte E‘éf@fi Tx{‘- are

(xy) No occupancy or other surface disturbance will be allowed (3% )
within _1,000 feet of the Tongue River -

N

( X)) No drilling or storage facilities will be allowed within (2% )
300 feet of occupied dwellings
located in T. 8 N., R. 47 E., P.M.M., Sec. 32,33,34 and
T, 7 N., R. 47 E., P.M.M., Sec. 3,10 .

( ) No occupancy or other surface disturbance will be allowed ( )
on slopes in excess of ° percent.

( ) In order to : . ( )

exploration, drilling, and other development activity will™
be allowed only during the period from
to . This limitation does not apply to
maintenance apd operation of poducing wells and facilities.
Lands within the leased area to which this stipulation
applies are described as follows:

o ) The will not. be used as
an access road for activities on this lease except as follows:

AR (7 vt 7700l

Date Lessee's Signature

MSO 3100-45 (February 1689)



‘ . UNITED STATES DEPARTMENT OF THE INTERIOR
Bureau of Land Management

M 43267
(Serial Number)

OIL AND GAS LEASE STIPULATIONS

CULTURAL AND PALEONTOLOGICAL RESOURCES - The Federal surface management agency -—
is responsible for assuring that the leased lands are examined to determine if "~ -
cultural resources are present and to specify mitigation measures. Prior to’-! ¢
undertaking any surface-disturbing activities on the lands covered by this ..: o
lease, the lessee or operator, unless notified to the contrary by the authorized~
officer of the surface management agency, shall: il

=

1. Engage the services of a qualified cultural resource specialist accepfable
to the Federal surface management agency to conduct an intensive inventory -
for evidence of cultural resource: values;

.
.

2. Submit a report acceptable to the authorized officer of the surface management
agency and the District Engineer, Geological Survey, and

3. Implement mitigation measures required by'the surface management agency to’
preserve or avoid destruction of cultural resource values. Mitigation may
include relocation of proposed facilities, testing and salvage or other
protective measures. All costs of the inventory and mitigation will be
borne by the lessee or operator, and all data and materials salvaged will
remain under the jurisdiction of the U.S. Government as appropriate.

The lessee or operator shall immediately bring to the attention of the District
Engineer, Geological Survey, or the authorized officer of the Federal surface
management agency any cultural or paleontological rescurces or any other objects
of scientific interest discovered as a result of surface operations under this
lease, and shall leave such discoveries intact until directed to proceed by the
Disctrict Engineer, Geological Survey.

ENDANGERED OR THREATENED SPECIES - The Federal surface management agency is
responsible for assuring that the leased land is examined prior to undertaking

any sgrface-dis:urbing activities to determine effects upon any plant or animal
species, listed or proposad for listing as endangered or threatened, or their
habitats. The findings of this examination may result in some restrictions to

the operator's plans or even disallow use and occupancy that would be in .vielatiom
of the Endangered Species Act of 1973 by detrimentally affecting endangered or
‘threatened species or their habitats.

The lessee/operator may, unless notified by the authorized officer of the surface
zanagement agency that the examination is not necessary, conduct . the examination
on the leased lands at his discretion and cost. This examination must be done

by or under the supervision of a qualified resources specialist approved by the
surface management agency. An acceptable report must be provided to the surface
managerent agency identifying the anticipated effects of a proposed action on
endangered or threatened species or their habitats. .

ESTHETICS - To maintain esthetic values, all surface-disturbing activities,
semipermanent and permanent facilities may require special design including
jocaction, painting and camouflage to blend with the natural surroundings and

meat the inteat of the visual quality objectives of the Federal surface management
agency. :

RASION CONTROL - Surface discurbing activities may bde prohibited during muddy
anc/or wet soil periods. -This limitation does not apply to operation and maintenance
F)

o /L

L.

Zate Lessee's Signature

MSO 3100-47(3) (February 1550)
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 Fowe 3106- UNITED STATES FORM APPROVED
(November i9%1) DEPARTMENT OF THE INTERIOR e N 002 i
' BUREAU OF LAND MANAGEMENT Lesse Serial V
} M-43267
ASSIGNMENT AFFECTING RECORD TITLE

Lease effective date
TO OIL. AND GAS LEASE

FOR BLM OFFICE USE ONLY

- PART | imemazs 3

1. Assignee’s Neme Samuel Gary = 50% '5 =L
Four Inverness Court East T

En ado 11 L =

Address (inciude zip code) Natomas North America, Inc. - 50% == B 3
1155 pairy Ashford, Suite 100 rESS O
Housfon, Texas 77079 = —
The undersigned, as owner of 100 percent of the record title of the nbove-dcsi;nnod oil and gas lcm, hereby trans-

fers and assigns to the assignee shown above, the record title interest in and to such lesse as specified below.

2. Describe the lands affected by this usiment 'Auignmnx approved as to lands doscdbedu e
Land included in Lease M-43267: i o
Township 7 North, Rang=e.47 East, P.M.M. . Township 8 North, Range 47 East, P M.M.
Section 3 & 10: Tract U Section 32: Lots 9,17,21,22,23,28,31,32,
Section 4: Lots\8.19,20,21 22 23 24.25, Tracts F,G,L,T '
Tracts'§,V, SWWSEX Section 32: That portion of Tract R lying
Section 5: Lots 6,70,11,17,21,22, Tract Q, in Sec. 32 containing 0.95 Acres
SWiEs, Iku Sig Section 33: Lots 12,13,14,15,16,17, TractsA,B,C

Section 6: Lots 1,2,3,6,7,8, SisiB, SEiSWy Section 33: Lot 20 (3.38 A.) accepted under

SEx approved survey dated April 24,1947
Section 7: Lot 1, NEXx, NEdiWs, SiNWkg, Sk Section 33: Lot 20 (1.48 A) accepted under

approved survey dated April 24,1947
Section 34: Lot 4

2,365.407
- Custer County Montana. containing 2536541 acres, more or less.

3. swymmmﬁumsmmwmmmminﬂ 1002
4. Specify imterest or percent of record title interest being retained by assignor, if any None /
S. Specify overriding royalty being ressrved by assignor 1%
6. Specify overriding royaity previously reserved or conveyed, if any 1o

7. If any payments out of production have previously been created out of this lease, or if any such paymeats are being
resarved under this' sssignment, attach statement giving full details as to amount, method of payment, aand other
pmlmnuu-nptavided under 43 CFR 3106.

ltisumdmutheobunuonm-p-y any averriding royaities or payments out of production of oil crested herein,
which, when added to overriding royalties or payments out of production previcusly created and to the royalty paysble
to the United States, aggregate in excess of.17% percent, shall be suspended when the average production of oil per
well per day aversged on the monthly basis is 15 barrels or less.

1 CErTrY That the statements made herein are true, complete, and correct. to the best of my knowledge and belief
and are made in good faith.

Executed this '7:1 day of April - ,19 82,
<
i YTl P. 0. Box 963
(A.nlgwr‘l Slnllm) " (Assignor’s Address)

Connie Mull °

RDenver, Colorado 80201
(Cley) {State) (Z21ip Code)

Title 18 U.S.C., Section 1001 makes R [ erhan for any person knowingly and willfully to maks to eny department ar agency of the
United States sny f(aise, { or fr or reyp ions as to any matter within its jurisdiction.

THE UNITED STATES OF AMERICA

hlA' - Taug . ;"_'Sl’ '- h- . e vemease
Assignment approved effective By
X (Authorized Officer)
62002 ED MNIR L smeamen szroy NOV 1 7 qem
(Title) (Date)

ORIGINAL CASE FILE COPY



PART Hl

* S

S ASSIGNEE'S REQUEST FOR APPROVAL OF ASSIGNMENT

A. ASSIGNEE CERTIFIES THAT - B
1. Assignee is over the age of majority vrm ma e
2. Assignee is a citizen of the United States o go I3ET

C.

3. Assignee is [_]Individual [] Municipality [] Association [{] Corporation. If other than an individual,
assignee’s statement of its qualifications are attached. If previously furnished, identify- the senal number of
the record in which filed . e -"-' s

4. Assignee’s interests, direct and indirect, do not exceed 200,000 acres in oil and gas. opt:ons or 246, 000 charge-
able acres in options and leases in the same State, or 300,000 chargeable acres in leases and options in each
leasing District in Alaska. '

S. Assignee [ Jis [{}is not the sole party in interest in this assignment. Information as to interests of other -
parties in this assignment must be furnished as provided in the regulations (43 CFR 3106).

6. A filing fee of $25.00 is attached. )
ASSIGNEE AGREES That, upon approval of this assignment by the authorized officer of the Bureau of Land Man-
sgement, he will be bound by the terms and conditions of the lease described herein as to the lands covered by
this assignment, including, but not limited to, the obligation to pay all rentals and royalties dup and actruing
under said lease, to condition all wells for proper abandonment, to restore the leased lands upon completion of any
drilling operations as prescribed in the lease, and to furnish and maintain such bond as may be required by the
lessor to assure compliance with the terms and conditions of the lease and the applicable regulations.

It 1s HEREBY CERTIFIED Thnt the statements made herein are true, complete, and correct to the best of under-
signed’s knowledge and belief and are made in good faith,

Executed this “0‘”\ day of  Appil I ,1982 .

(Assignee’s Addreas)

—_NATOMAS NORTH AMERICA, INC<~ ; -
: = S Z - 1155 Dairy Ashford. Suite 100

Samuel A. B aize
Vice President - Land Houston, Texas 77079
(City) (State) (Zip Code)

Title 18 U.5.C., Section 1001, makes it a crime for any person kmowingly and willfully to make to any department or agency of the
United States sny false, fnc!uiuu:. or fraudulent statements or representations as to any matter within its jurisdicti on.

INSTRUCTIONS

Use of Form — Use only for assignment of record title in- submit, at the time sssignment is filed, a signed staiement’
interent in oll and gas leases. If more than one assigrment giving the names of any other parties who will have an
is made out of s lesse, a separste hnn:nenl of transfer interest in the lease. Within fifteen (15) days after the
is required [or ench assignment. filing of the assignment, the assignee and all such other
interested parties mus! submit, together with evidence of

Filing and Number of Cnopies — File three (3) completed their quslifications to hold the lease interest, separate,
and manually signed copies in the sppropriste BLM office. signed statements giving the nsture and extent of the
A $525.00 nonrefundable filing fee mus:/ accompany the interest of sach, the nature of agreement between them,
assignment. File assignment within ninety (90) days afrer if oral; and a copy of the agreement, if written.

date of final execution.

Effective Daie of Assignment — Assignment, il approved, S. Effect of Assignment — Approval of sssignment of a de-
. takes effect on the [irst day of the month following the finitely described portion of the leased lands creates
date of filing of all required papers. Assignee's qualili- separste leases of the reteined and the assigned portions.
cations must be in full compliance with the regulations 1t does nof change the terms and conditions of the lease
(43 CFR 3102). If bond is necessary, it must be furnished or the lsase snniversary date for purposes of payment of
prior to spproval of the assignment. annval rental.

Statement of Intevest of Other Parties — If assignee is not 6. A copy of the lesase out of which this assignment is made
the sole party in interest in the assignment, assignee mus! should be obtained from the assignor.

NOTICE

The Privacy Act of 1974 and the regulation in 43 CFR 2.48(d)

provide that you be [urnished the [ollowing information in

connection with infermation required by this sssignment and
. request for approval.

AUTHORITY: 30 U.5.C, 181 et. seq.

PRINCIPAL PURPOSE ~ The informstion is to be used to
process the assignment and request for spproval.

ROUTINE USES:

(1) The sdjudication of the lssignee s rights 10 the land or
resources.

(2} "Documentation Tor public information in support of nota-
tions made on land ststus records for the management,
disposal, and use of public lands and resources.

(3) Transf{er to appropriste Federal agencies when concur-
rence is required prior to granting a right in public
Iands or resources,

(4X5) Iaformation from the record and/or the record wil] be
trans({erred to appropriate Federal, Staste, local or
foreign agencies, when relevant to civil, criminal or
tegulatory investigetions or prosecutions,

EFFECT OF NOT PROVIDING INFORMATION = If all the in-
formaticn is not provided, the assignment may be rejected.

Bureau of Land Mansgement collects this infaamation pursusnt to the jaw (See 43 CFR 310613 (c)).

Bureau of Land Mansgement uses the information to create » record of lease assignment and to determine the qualiflications of
sagignees.

A Federal lessee is obligated to report this information under provisions of 43 CFR 3106.

/ ~ N



Mr. W.E. Woodford SUBJ: sState of Montana
May 4, 1984 Warmwater/Coolwater Fish Hatchery

Study

this time. Specifically, is the land area shown as Area A available
for long-term use as a fish hatchery and is no or low cost electricity
available similar to the arrangement at Garrison Dam and Garrison
National Fish Hatchery. :

2) Construction pians for the new Ft. Peck water treatment plant supply
line. (Relocation of the line may be required if the hatchery is
located in Area A.)

3) Any additional information you may have in your historical records
regarding the past planning efforts for a fish hatchery below the.
dam. . We understand that Ft. Peck was considered as a National Hatchery
site prior to the selection and construction of Miles City in the
late 1950's. We are also contacting the USFWS in this regard.

4) Regarding a future hatchery water supply, we understand that the City
- of Glasgow is planning a Water Supply Project that will include

a 20"t diameter tap in Power House #1 tunnel. Can you provide any
insight or direction regarding a future hatchery water supply either
in conjunction with the Glasgow Project or as a separate tap/source.
It is estimated that the peak hatchery water demand will be 2,500%
gallons per minute.

5) Please provide any information you have available regarding general
soil type, classification, campaction, and water holding capability
for the area downstream of the Dam.

6) What downstream River fluctuation data is available. Specifically,
what is the record high water elevation downstream of the Dam.

7) What is the status and impact to a hatchery site of the Ft. Peck re-
regulation dam that we understand is under consideration or study.

Will the proposed regulation project impact the use of Area A as a fish
hatchery site?

8) Based on this very preliminary information regarding location, what
type of Section 10 & 404 Permits may be required.

9) What are the preliminary positive and negative impacts on the commmity
of Ft. Peck. Are there any problems or special requirements with re-
gard to mumnicipal tie-ins for domestic water and sewers? Are there
any other special planning and/or design considrations based on the
Corps of Engineers perspective?

We appreciate the positive assistance we have received to date by your
staff at Ft. Peck thus far in the Study. We lock forward to working with the
Omaha District during the evaluation of the Ft. Peck site(s). Your prompt
attention to these general questions is greatly appreciated by the Montana De-
partment of Fish, Wildlife, and Parks. If you have any questions regarding this
request, please contact Mr. Thamas L. Johnson or me at 217-753-0075.

Vi trul&/ypiz,
Wilken, P.E.
GAW:cw
cc: Emmett Colley, Dept. of FWP
Bud Butterfield, Dept. of FWP, Miles City Hatchery

Johnny Kuncheff, COE, Ft. Peck



ASSOCIATED ENGINEERS I, INC.

11 1201 SOUTH SIXTH STREET . SPRINGFIELD, ILLINOIS 62703
217 -753-0075

PEORIA, IL PEKIN, IL
SPRINGFIELD, IL ' OLYMPIA, WA

May 4, 1984

Mr. W.E. Woodford

Chief, Operations Division

Corps of Engineers - Omaha District
6014 U.S. Post Office & Courthouse
Omaha, Nebraska 68102

SUBJ: State of Montana
Warmwater/Coolwater Fish Hatchery

Study
Dear Mr. Woodford:

We have been selected by the Montana Department of Fish, Wildlife & Parks
to camplete an evaluation of potential sites foranew or expanded warnwater/
coolwater fish hatchery. The two sites being considered are the former Miles
City National Fish Hatchery now being operated by the State of Montana and
several areas immediately downstream of the Ft. Peck Dam. In February, we met
with Corps of Engineers personnel at the site, Mr. Johnny Kuncheff, Montana Area
Engineer, and Mr. Robert Mc:l:nemey Recreation Resources Management.

We have enclosed a topographJ.c map indicating several possible hatchery
locations at Ft. Peck. Our preliminary calculations indicate that approximately
60t acres of production pands and a total area of 100t acres is necessary to meet
production goals. As can be seen, there is appa.rmtlyonlyonelocat:.onat
lower elevations downstream with that much total area available. This is the
same area identified by the COE/USFWS in the 1946 Ft. Peck Master Plan for a
potential hatchery site including 72 acres of ponds and 137 total acres.

In order to contimue our evaluation, weareseeldngi.r@rtfmyourz\ge:my
on behalf of the State of Montana, Department of Fish, Wildlife and Parks.
Specifically, we are seeking the following information:

1) The keys to Ft. Peck being considered for a hatchery site is the
availability of land owned by the Corps of Engineers and a low
cost electrical supply for the necessary water heating for produc-
tion use. We understand the State and the Corps have addressed these
points in general in the past, but an updated status is requested at

REGISTERED PROFESSIONAL ENGINEERS AND LAND SURVEYORS
CIVIL « MECHANICAL + ELECTRICAL - STRUCTURAL +« CONSERVATION =« LAND PLANNERS
ENERGY MANAGEMENT « WATER RESOURCES + FEASIBILITY STUDIES + MINE RECLAMATION



Date
May 4, 1984
August 7, 1984
May 4, 1984
May 24, 1984

May 4, 1984
May 25, 1984

August 13, 1984
May 4, 1984
March 22, 1984

March 30, 1984

APPENDIX E

Correspondence
From To
Consultant Corps of Engineers,
Omaha
Corps of Consultant
Engineers, Omaha
Consultant U.S.Fish & wWildlife

USFWS, Denver

Consultant
City of Glasgow

City of Glasgow
Consultant
Consultant
Valley County

Development
Council

Service, Denver
Consultant

City of Glasgow
Consultant

Corps of Engineers,
Omaha
City of Miles City

Corps of Engineers,
Ft. Peck
Consultant

Topic
Ft. Peck Site

Response to May
4 letter
Miles City
N.F.H.
Response to
May 4
Ft. Peck Site
Response to May
4 letter
Update

Water Quality
Data
Ft. Peck

Ft. Peck
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”

FISHERIES STATION

- (P\A\ N PLANTING PROGRAM FOR THE __ Miles City Year ;931 :
' 77 Planting
Name of Water Region Location Code No. .| Species] Size | Number Planting Instructions
Custer £0:;-pEgntinued 7__ |T08N,R53E,527 |21-7845-08 [sus | 1-2 500 Contact Mark Gorges 232-4331
“ 7 oo b w o erappte 12 | 100 LI .
Dean S. Res. 7__|To7N,R48E,S12 [21-2678-08 [sMB 1-2 500 2 noo "
"o 7 N LR Crappie | 1-2° | 1,000 " noo "
'Ft.Keoqh Bass Pond 7 T8N,R46E,534 fassiqgn appie { 1-2 l.boo COntaci Jim logan 232-3856
Krutzfeldt, Rutth Res. 7 T7N,R47E,S01 _ Jassian LﬁB 1-2 = 2;500 Contact Phil Stewart 232-43f¢
" . S el Ajgggjgn. lcrappie 1-2 | 5,000 . " "
Dawson Co. - 16
011 Pumn Res. 7__ [T13N,R56E,$30° 121-6238-07 Ic,Cat 1-? 1,000 Contact Mark Gorges 232-433]
: N ; New reservoir
Wilgosh Res, ° 7__ JI18N,R51E,510 hssiqn LM3 1-2__ 12,000 Contact Terry Hill _365-6452
" " 7 W . o Crappie |1-2 000 " n__u "
Rattlesnake Res. 7___[T13N,R56E,509 P1-7505 4B 1-2__| 2,000 Contact Mark Gorges  232-4331
" " 7 L R § . SMB- 1-2__ {2,000 " w "
Fallon Co. - 39
- ; New BLM pond
Maier, Ray [8N, R58E,524 ssian M8 1=2_ {1,500 Contact Mark Garges 232-433]
" " i [ A . rappie {1-2° 11,500 " " " "
Baker Lake 7 “Yommsoes13 bi-zza20 | 1o bsng Contact John Ramsey 778-3568
_§ggth Sandstone Res. ;§E”PT07N,R58E,SZ7 p1-3775-08 | MB 1-2 ?0;000 W " "
" " " 7% o7, RssE 527 1-8775-08 M8 1=2 80,000 u n__ u
" " " 7*~Mi TO7N,R58E,S27 21-8775-08  Lrappie [1-2.° fin onn n m__m n
" " 25 A I Frv - [300,0m W w



PLANTING PROGRAM FOR THE Miles City

FISHERIES STATION

Year 1984

P Date Prepared 3-20-5%
/- ' Planting ‘ / 2esir
Name of Water Location Code No. Species Number Planting Instructions
Biq Horn Co. - 22 _
‘ d T6S,R38E, S35 ign . LMB 2,000 New pond
Stonehouse (Taylor) pon S R S esian Contact Randy Yuertz 757-22]
" " " " " " n NP .1200,000 w' " " "
(Pike o nE _
Tonaque River Reservoir-Marsh) T09S.R40E,S15_121-9001-03 |NP 1,000,000 | Contact Phil Stewart 232-43
" " Yo T08S,R40E,S00 [21-9001-06 |NP 20,000 iy “ " “
[1] [} n H 1] [} 1] [} n HE 2 000 000 L1} n n n
—r - 9 ]
Carter Col - 42 *+ |
- Newpomd
Relph Dam 7 T2S,R62E,S03 |12-3750-03 |LMB 2,000 Contact John Ramsey 778-356

] 1} 7 1} 1} " " n [} NP 200 ’000 1} n ] "

11} n 7 " n n 1] l-l n Cra pp.l e 3 N 000 1] 0 L] 11}
Rucholtz Res. 7 T03S,R62E,S10 |12-0726-03  {Crappie 1,000 " " . "
Horton Bass Pond 7 T05S,R60E,S04 [12-1700-08 |LMB 500 " " . "
Kerr Pond #2 7 T04S,R60E,S15 ]12-2131-08 {LMB- 750 " " " u
West Plum Res. 7 T02S,R62E,529 [12-5150-08. |LMR 750 " . " "
Cheisman Res. TO3S,R6TE, ST2}12-0875-08 |{LMB 750 " " " "

Custer Co. - 14 .
New pond -
Custer R & 7 Pond TO9N,RA7E,S31 |21-2668-038 |Crappie 1,000 Contact Phil Stewart 232-43
Brown Res. TN7N,R52E,313 |assiqn LMB 500 Contéct'Jim Légan 232-3856
' T ' New BLM pond
Marshall Res. _ |{T1ON,R54E,S8 |assian LMB 1,000 Contact Mark Gorges 232-433°
11} 1" : 1] n ] SMB 'l , 000 1] [1} 1} "
" " n l.l S | ] Crappie 2’000 1] 1] [} n




_—

o '( . FLANTLING FRUGRAIM FUK INC LS ia0umt il 1iires Ly FIONEKIED JIAILIUN rear |{Yd4
%U % . . Date Prepared
/ -

o Name of Water : Region Elzgtlgg Code No. Species. Size | Number "~ [Planting Instructions
" Rosebud County - 29 o ‘ - : T "
Grebe, Ed Res. 7 __[IIN,R33E,S33 .21;3336-07 | Rb .": 2-4' 2,900 Contact K.Schaal 356-7806
Rinqstve;idt, Pete #1 7 2N.RANE.SQ5 PR1-7870-20 Rb 2-4 11,500 : Contact K.Schaal 356-7806
Zemple Res. 1 [Egu,gazg,sog p1-9800-03 R | 2.4 |a.000_ —| Contact K.Schaal 356-7806
Kukuchka #3° (Petticord) 7 IMON.R32E,504 P1-4783-07 1 2-4 11200 | contact K.Schaal 356-7806
Philbrick, Newell Res. 7 __M3IN,RA3E.S13_ 21-7152-07 Rh 2.4 |1.00n ' Contact-K. Schaa1356-7806.
B ; New. pond contact P. Stewart
Hook-Ranch #3 1 10N.R43E. S12 | assign Rb .2-4 1,001 or Ken Walcheck 232-4365
Kearns Res. #1 7 J10N,R37E, S11 p1-4610-52n |Rb 2-4 {1,070 anfact K. Schaal356-7806
Hook Ranch_#1 7__J10N,P44E,529 Pp1-3845-07 |Rb 2-4 | 500 Contact 1P..Stowart lor
Schiffer, Art #2 7 J12M,R37E,523 P1-8325-07  |Rb 2-4 11,000 | Contact K. Schaal 356-7806
Wibaux County = 52 2
Meeke, A, H_Rog 7 __ T16N,RR9F ,S30 >]-_‘34425-[')7 Rh 2-4 ]-Obﬂ Terry Hill - 365-6452
Miske, Felix Pond 7 J12N,RROF,S31 _P1-5435-30 | Rb | 2-4 11,900 " |ferrv Hill - 365-6452
: , ~ Contact Terry Hill
_Wibaux Pond . |7 T14N,RROF, S12 §2-7252-03 Rh 2-4_11,100 365-6452




PLANILING PKUOGKAM FOR THL LewTsione ana Miies Lvity ' - FISHERIES'STATION ' Yea¥ 1944

_ ) Date Prepared ———
. - Planting ' o , .
Name of Water Region Location | Code No. Species] Size | Number "~ | Planting InStructions
-Garfield tounty -50 7 |towgrase, s3al 2 [ f2-4 | 1,000 [contact Bernie HiTAelidZd
McKeever Trout Res. 7 _{T2IN,R35E, $20]16-6945-07 | Rb 2-4 500 Contact Bernie H??Z;ﬁi:ﬁd
Pierson Res, 7__|T21N,R32E, S5 ? _ Rb " | 2-4 . 500 Contact Bernie H??Z;ﬁﬁ:ﬁd
BreezyBasinRes. | 7 |onme2e,sis| 2[R |, 1,000 lcontact sernte HTaZ
Olson, Norman #1 . 7 T20N,R38E;52] 16-7357-07 Rb 2;4 1,0N0 Contact Bernie Hildebrand
Clear, Res. 7_ITI7N,R39E,524 | 2 Rb 2-4 | 1,500 _ [Contact Bernie Hildebrand
Powder River Countv - 09 | ' . | . Confact Bernie Hildebrand
Sanburn Res. 7 TOBS;R53E,512 21-8012-07 | Rb 2-4 4,100 Contact M Andﬂif;ﬁZSI
Carter, Harvey 7 _|TO1S,R53E,506 |21-2412-07 Rb 2-4 1,090 Contact M And2228§25]
Wiltse Res. - : . 7__|1o15,R47€,527 [21-9652-07 | mb 2-4 1,0 lontact M_ Anderson 436-275
Reairie—Count 45 '
Clarks Reservoir 7__{T13N,RABF,S18 {21-2450-03 Rhb ;LgL; 8,110 Lontact M. Gorges 232-4331
Ayers #3, Res | Z__{T10N ,RA5EF,S10 ?1;1]7]-07 Rh 2=-4 2,000 Contact T. Hill _365-R4K”2
Reukauf (Harms) Res. 7 IT13M,R48F,S31 |21-7846-07 | ph 2.4 | 2000 lcontact T Hill 385-6452
Silvertip Res. Z7__|TI3N,R43F S24 [21-8A50-98 Rh 2-4 | 2 000 Contact Mark Garges 232-4133]
lee, Don Res. 7 IT10N,R52F, S31) assign Rh 2.4 800 lontact T_Hi1l _365-6452
Richland County -~ 27 -
LaBonte Res, ‘ 7 T25M,R59E, S20 121-4790-7 Rh  12.4 | 1 ang Contact R.Schoeningd82-5392_
Buxbaum Res. ' ::i?; T210,R59F, S25 {21-6309-07 h 2.0 | 5,000 Contact R Schoening 482-5397
Buxbaum Hest Res. | 7 T20H ,R5QF, S17 |21-2356-07 _Bh_ ' 9-;; 1,000 | Contact R.Schoening 482-5392
_Johnson Res, oy E?anrgqﬁr;;éln 21.4155-08 435 2-4 l.OQQT. Contact R.Schoening 482-539z




R PLANTING PROGRAM FOR THE Lewistown % Miles Citv FISHERIES STATION Year!934
‘%/ A(ﬂ : : Date Prepared
e N Planting '
Name of Water Region Location | Code No. Species] Size | Number Planting Instructions v
Dawson County - 16 continued - : ' New Pond
1ileck Rp{ 7 IT15N. R58E.S10] assian, Rb 2-4 ‘ 1,000 Contact T, Hill - 365-6452
: PR L - _ New Pond
___Kartevold Pond 7 __|T15N, R58F,S20] assign Rb 2-4 N0 Contact T, Hill - 365-6452
EalJnn_Cnuéva- 39 '
Prustt, Clyde 2 |110M RA8F S27 |21-7305-07  |Rh 2-4 | g Contact ). Bamsey 778=13568
—Schueigert, HilhertRes 7 1T 9N me Rh 2-4 1,110 Contact J, Ramsey 778-3568
Pinnow Res 7 _|TNAN RAOE,S1A |21-7273-031 |Rh 2-4 | 2.5 Contact J, Ramsey 778-3563
Rush Hall . 7 ITION,RSQF,S27 |21-7975-07 |Rh 2=4 2,000 Contact J, Ramsey 778-3568
__McKay Ranch Trout Pond 7 1T 5N RAAF,SN8 |assign Rh ' 2-4 anq Contact J. Ramsey 778=3568
Garfield County = 50
, i N 557-2442
Clark, E. Beservoir . 7___|T20N,R34F,S20 |16-4701-07_ IRh 2-4 811 Contact B, Hildebrand
o . 557-2442
Engdahl, Pearl 7 |T?0N R37E,S0A -[16-50A9-A7 |Rh 2-4 8n0 . Contact B, Hildebrand
Fngdahl, lester 7 _|T20M,R37F,S17 |16-5065-20 |Rh 2-4 | 2,500 Lontact B, Hildebrand
Guesanbury #2 7 {T1AN,RI6E,S36 |16-5375-07 | Rh 2-4 | 1,000 Contact B. Hildebrand
Hauso, Sidney 2 _{T21N R35E S18 118-7790-20 _|Rh 2-4_1 1,500 Contact B, Hildebhrand
Phipns, . Res 7 {71218 R33E,S29 |16-7656-07 |Rh 2-4 1,000 Contact R. Hildebrand
Phipps, Bobby 7 {T18N,R35E,S13 116-7657-07 |Rh 2-4 5,000 Contact B. Hildebrand
0'Connor P41 z_|Ti6N.R31,525  |16-7345-07 |Rh 2.4 | 1,5m Contact B. Hildebrand
Seversan. Geo. _ 7 _|7Tisn,R35F S31 |16-8247-07 |gh 2-4 | 1,0m Contact B. Mildebrand
New pond 232-4365
—_Newman #1 Z ITIAN R3AF S21 lassian Bh 2-4 50N Contact P. Stewart
e 557=2442
BLM Section 13 Res ~ 7 JTI8N R3IE, S13] 2 Rh 2-4 | 1,000 c i e
L . : " Contact B. Hildebrand
Engdahl, C. C T20M,R36F, S 1]16-5063-07 2-4_ | 610 BLM
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PLANTING PROGRAM FOR THE Lewistown and Miles City

FISHERIES STATION

Date Prepared

Name of Water Region {l:::::g .Code No. Species. Size | Number Planting Instructions
"Carter County - 42 l_ | L ] K | o ' |
Gardiner Res. 'l7' 065 ,RE6E, $34| 12-1319-07 [Ro 2.4 6,000 Contact Mark Anderson 436-
___Lraft+_éprald in ) )i TDBé.R56E. SN91 12-1959-07 |Rb ?;4 2,000 Contact Mark Anderson 436-2
__Griffin, Carson 1 1025 .R56E. S27| 21-3339-07 {Rb  [2-a 1,000 Contact ‘John Ramsey 778-356
Yalker Bros. > :] T5S. R59E, S29 12-4710;30 Rb 2-4 1,000 Contact M..Anderson 436-225
__Sidney Rgs 7 _|T055.R59E, S29] 12-4059-03 [ Rb 2-4 1,000 Contact M, Goraes 232-4331
Berry (new) Res..#] 7 _1T35.R60F, $34 | 12-0725-07 |Rb 2;4 | 500 Conféct J. Ramsey 778-3568
Buck, Gary Res. #1 7_|145.R61E, S19 | 12-0781-07 | Rb 2-4 500 Contact M. Anderson 436-225
Buck, Gary Res. #2 Z__{T4S.R61E, 519‘ 12-0782-07 | Rb 2-4 500 | Contact M. Anderson 436-225
King, Araaylon Res. - 7 |16S.R58E, 502 | 12-2190-07 |Rb_ 2-4 _ |1,500 contact M. Anderson 436-225
Custer County -_14
Haughian_Res. #1 7| T12M,R47E,506 | 21-3570-07 |Rb 2-4 12,07 Contact J. Logan  232-3856
Bngers, Houston 7| T05Y,R49E,524 | 21-7330-07 { b 2-4 2,000 Contact J. Loaan  232-3856
Beardsley, Pat 7 _1TN9N,RH2E.S14 | 21-1820-20 | Rb 2-4 2,019 Contact M. Gorges 232-4331
Flemming Res- 7_ITO7N,RS3F, S21] 21-3160-03 | Rb 2-4 2,500 Contact J. Loaan  232-3856
—_Hnlmes, Homer Bes J T05N,RS1E, S20] 21-3334-92 | Rb 2-4 2070 Contact J. Loaan  232-3856
Dawson_ - IL ;; : -
Camp Res. 7 I TI13N,R56E, SN9| 21-2369-39 | Rb 2-4 1,000 Contact Terry Hill -365-645
—Shaw, James Res. - T14N.R58E, S21| 21-8548-07 | Rb 2-4 11,000 Contact Terry Hill -365-645
0il_Pump Res T13M.RG6E, S30 21-6238-97 | Rb 2-4_ 13,009 | Contact Terry Hill -365-645
Cedar Dam I]ZN.R?GEffS]Z _2]-2420-07 Rb : éj4”? __50n E | Contact Terrv Hill -365-645

o




oo ) / PLANTING PROGRAM FOR THE MILES CITY ' FISHERIES STATION Year 1984
. W , - Date Prepared —9/28/
: Planting ' /

Name of Water Region Location Code No. Species| Size | Number Planting Instructions

" VALLEY CO - 11

26N, 41E,00 16-5140 WE 1 15 Million Contact Wiedenheft

Fort Peck Reservoir 6

Fort Peck Reservoir 6 6 41E 16-5140 WE 2 200,000 ‘Cogtact Wiedenheft

Fort Peck Reservoir -6 42§N.41E.00 16;5140 SMB 12 | 65,000 Coﬁtac; Wiedenheft

Fort Peck Reservoir 6 | 26N,41E, 00 _16-5140 Cisco 1. 10 Million -

PHILLIPS CO - 11 :

Ester Reservoir 6 | 278,278,16 | 15-5120 | we |2 10,000 | Turn north of mile mark.

133




PLANTING PROGRAM FOR THE MILES CITY" FISHERIES STATION Year 198

/ ' i
Name of Water Re ion “Code No. S ecies Size Number ~~ Plantin Instructions

(below Fresno Res.)

IN -

ia e

e R_
PHILLIP
Palef
P lefa
Bellrid
Bellri e es

Do ow Res r

Undesi nated Locations wil e submi
by April 15



o % . [Sepu\mms PROGRAM FOR THE MILES CITY FISHERIES STATION Year 1984
A . o '

Planting ; .
Name of Water - Re ion Location .Code No. S ecies Size Number = Plantin Instructions
' YELLO: O -
Br * .' 'I -—
te -
Lke E o - -
Lake Jose ° -
Laurel Pond 5 0 2 0 -3
) " Transfer adults from
Broadview Reservoir 0N 23 09 18- 3 3 a i To ue River Res v ir
. Transfer adults from
Lake Jose ine 1S 26E 16 22-8334 C a . To ue River Reservoir
WHEATLAND CO - 44
Transfer adults from
Lebo Lake . 5 06N 13E 00 18-823 C i Ton ue River Reser oir
Lebo La -
Chief J e P 0 -

' Planting information will
Musselshell Co n e r 'se b F eb

if fish are available
BIG O -

Ara ooish Pond 5 01S 34E 07 22-7164 SMB 1l 5 000
CARBON CO - 10

Coone Reservoir 5 04s 20E 35 22-7518 WE 1 million Contact Fredenber



. Ng I
. Z/féil%bj \>E5 PLANTING PROGRAM

FOR THE

Year. Jggé

__MILES CITY FISHERIES STATION
Fianting - . t - Date Prepared 9/27/83

Name of Water Region|  Llocation .Code No. Species| Size | Number " | Planting Instructions
“TETON CO - 31 | _ ' | '

Priest Butte Lake 4 23&,04w,o9 14-6540] tMB | 2 | 10,000 !contact Al Wipperman
Priest Eutté Lake 4 | 23N,04W,09 |- .14-8540 Cra9214 1~ 50,000 'Cont;ct Alhwggg;iégi
_TOOLE CO - 21 ' .

'Tibér Reservoir 4 | 30N,05E,28 | 14-9240 CrappiL i 200,000

PETROLEUM CO - 55 '

War Horse 4 | 1en,25E,00| "18-9440|Np |1 | 40,000 [contact Mike Poore
Petrolia Reservoir 4. i4N,22E,25 1§-8120 NP 1 40,000 |Contact Mike Poore -
Tiber Reservoir 4 | 30N,05E,28 | -14-9240/ wE 1 _J]1 million

Undesignated ponds 4 ‘ LMB fg 50,000 Contact Mike Poore

Ponds will be designated

by April 15




 1420 East 6th Avenue
Helena, Montana 59620

- M 1984
Mr. Tom Johnson {Eg
Associated Engineers III, Inc. ' ¥
1201 South Sixth Street pbT g 1984

Springfield, Illinois 62703

ASSOCIATED ENGINEERS i, luc.
Dear Tom: SPRINGFIELD

Some time ago you requested that I submit to you our annual
planting program for the number and size of fish we are request-
ing from the Miles City Hatchery. The rainbow are reared to
about four inches in length and transferred to Miles City for
distribution to the small reservoirs in the Miles City area.
This does involve some type of inside holding ponds for a short
period of time; maybe two weeks to a month, depending on how
fast they can release them.

The remainder of the planting program is self explanatory, on
the number and sizes of the warm-cool water fish. The distribu-
tion of these species in Region 4 involves travel to reservoirs
near Choteau and Chester north and west of Great Falls and also
areas around Lewistown.

Regions 6 and 7 are the Glasgow-Miles City area.

We also have one plant of 100,000 smallmouth bass in Noxon
Rapids Reservoir on the Clark Fork of the Columbia River in
extreme western Montana. Many of these trips involves. 400 to
700 miles travel one way to arrive at the release site.

I have tried to explain some of the more important details and
the distances to be travelled. If you need more information on
the number of fish to be reared and areas to be traveled let me
know.

Sincerely,

ey

Emmett L. Colley
Hatchery Bureau Chief

ELC/bjm
Encl.



APPENDIX D 1983 MDFWP FISH PLANTING PROGRAM
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one time. The capacity of the two holding reservoirs is 60 acre
feet for the lower reservoir and 15 acre feet (approximately)
for the upper reservoir. So even if the ponds had to be filled
several times, the 3,650 acre feet would be more than adequate.
In fact, Dick thought they could get by with about one third of
that amount.

AE/bjm
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STATE OF MONTANA e
DEPARTMENT OF FISH, WILDLIFE AND PARKS

e preeioca.
fEV e R .,Iz
P4 { it

1887

~ L

Office Memorandum

TO : Ron Marcoux Attn: Art Whitney DATR: 9/13/82

FROM : Keith Seaburg By: Al Elser
SUBJBCT: National Fish Hatchery

I checked on the water rights for the Miles City Hatchery as
discussed in Galen Buterbaugh's letter to Jim Flynn dated
August 30.

The two wells for the main water supply were not refiled on
according to SB 76 requirements. At least the Water Rights
Division of DNR could not find them in the records. Perhaps
they were never filed on. At any rate, this is not a critical
problem since they could be filed on at this time by the Fish
and Wildlife Service or by us if we took control of the hatchery.

The vested right on the Yellowstone with the priority date of
July 1, 1927 for the original hatchery also was not refiled for.
Apparently the Fish and Wildlife Service decided this right was
no longer necessary.

Provisional permit 15530-S42KJ for the Yellowstone for 3,650 acre
feet annually is a valid right. The priority date for this right
is September 29, 1977. A copy of the permit is attached. Since
this is a post 1973 right, refiling was not necessary. This
right is transferable in the event we take the hatchery over.

All we would need to do is file a form 608 with the DNR.

The extension of time granted until October 1, 1983 means that
development of this right should begin by that date. If this
hasn't happened, another extension can be asked for and probably
received. After that, the right should be developed or good
cause shown why it hasn't been developed. If the right is not
developed, then it is lost. ;

I discussed the amount of water necessary to run the hatchery as
related to the amount of the Yellowstone water right with Dick
Thompson (Hatchery Manager) on September 7. His exact words were
"3,650 acre feet of water a year would be water up the gazook".
Currently the hatchery uses 650 acre feet purchased from the Tongue
River Water Users. Dick thinks this is about how much is necessary
and used annually. It takes 108 acre feet to fill the 14 ponds
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United States Department of the Interior

FISH AND WILDLIFE SERVICE ST 21582
MAILING ADDRESS: STREET LOCATION: ~D!RECIOR'3 OFFiCE
Poat Office Box 25486 134 Union Blud.
Denver Federal Center Lakewood, Colorade 80228
IN REPLY REFER TO: Denver, Colorado 80225
SS/EN
WR MT
AUG 3 g 1882

Mr. James W. Flynn, Director

Montana Department of Fish,
Wildlife and Parks

1420 East 6th Avenue

Helena, Montana 59620

T/AA
Dear Mr—Ftym:

This responds to the telephonic request made by Mr. Marcoux of your office
for information regarding water rights at the Miles City National Fish
Hatchery.

The main water supply comes from 2 wells drilled in 1957. Well #1 pro-
duces 350 gpm, up to 564.5 acre-feet annually, and well #2 produces
100 gpm, up to 155.3 acre-feet annually.

A vested right is also claimed for 2200 gpm, up to 3548.6 acre-feet

annually, of water from the Yellowstone River, priority date July 1,
1927, based on diversion and use at the original Miles City Hatchery
site.

Water from the Tongue River is purchased under contract dated May 18,
1960, from the Tongue River Water Users Association and the Montana
Water Board. The contract stipulates that 650 acre-feet of water will
be delivered from the dam at Decker, Montana during the irrigation
season. There is no charge for water used after irrigation season.(

The Fish and Wildlife Service filed application for Provisional Permit
#15530-s42KJ for diversion of water from the Yellowstone River at a rate
not to exceed 10 cfs or 4488 gpm, and a quantity of 3650 acre-feet
annually. The development plans for use of the Yellowstone River at a
proposed Hatchery Substation have never been completed and a request for
Extension of Time was granted to October 1, 1983.

EEEEesee—

We hope this information is all that you require. Please do not hesi-
tate to contact this office if we can be of further assistance.

Sincerely,

Saless 15 Tt

GALEN L. BUTERZALDH
Regional Director
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FORT PECK SAMPLING LOCATIONS

LAKE NOT SAMPLED DUE TO
ICE CONDITIONS

SPILLWAY

DOWNSTREAY TRANSECT

MILK RIVFR



Meter
Reading
Station  (mm Hg)

Patm

"(mm Hg)

SUMMARY OF SUPERSATURATION
BELOW FORT PECK DAM 3 MAY 1979%

B k%

0,

H,0

Tot. Dis. Gas—

% Sat.2/

+ Ar—

Fort Peck Spillway

A 87
Upstream Transect (Turbine)

A © =b

B =5

Downstream Transect
A -5
B 76
C 78

* Spillwéy discharge was 15,500 cfs. Turbine discharge was

764.032

764.032
764.032

764.032
764.032
764.032

** Bunsen solubility coefficient for oxygen.

*%% Gates 3, 5, 7, 9 & 11 spilling.

1/ %IDG = 9% (100) + 100"

NN
oo o

N NN
[« -~ -~ -]

9N, + Ar =

,04493

.04553

.04553

.04553
04553
.04553

13,488

5.792

5,605

5.605

5.605
5.605
5.605

cfs.

‘F’atm + DP - .5320 (n.o./noé) -

113.6

102.2
101.4

113.3

© 113.3

H.0

1_ (Patm - Pu2o) (.7902)

100



SUMMARY OF SUPERSATURATION
BELOW FORT PECK DAM 2 MAY 1979%

Meter Dis. % Sat. Water
Reading  Oxygen Dis. Patm Tgmp. B PH 0 % Sat 1/ % Satz/
Station (mm Hg) (mg/l) Oxygen (mm Hg) (°C) 2 Tot. Dis. Gas— N, + Ar=
Fort Peck Spillway . :
A 78 13.7 98 765.81 2.0 5.294 110.2 113.45
Upstream Transect (Turbine) '
A -3 13.0 95 765.81 2.2 5.370 99.6 101.17°
Downstream Transect
A -5 11.4 83 765.81 2.2 5.370 99.4. 103.9
B 75 13.0 95 765.81 2.2 5.370 109.8 114.2
c 75 13.0 - 95 765.81 2.2 5.370 109.8 114.2
* Spillway discharge was 13,600 cfs. Tuébine disc cfs.

*% Bunsen solubility coefficient for oxygen.
*%* Gates 3, 5, 7 & 9 spilling.

1/ %TDG ;-2% (100) + 100

2/ IN, + Ar

harge was 13,200

atm + DP - .5320 (D.O./BOz) - P

H.0
2 100

2

(Patm = Py o) ( 7902)



DEPARTMENT OF THE ARMY

OMAHA DISTRICT CORPS OF ENGINEERS
6014 U.S. Post Office and Courthouse
Omaha, Nebraska 68102

ATTENTION OF: December 8, 1983

Hydrologic Engineering Branch

Mr. Thomas L. Johnson
Associated Engineers III, Inc.
1201 South Sixth Street
Springfield, Illinois 62703

Dear Mr. Johnson:

In response to your November 21, 1983 request, the following information
is enclosed:

a. Reservoir Water Quality Data Report - 1981
b. Gas supersaturation data - 1979.
c. Monthly data summaries - 1982

In siting. the proposed hatchery facility, I would recommend the area be-
tween Fort Peck Dam to a point eight miles downstream on the left bank. Avail-
able supersaturation data indicates that spillway waters occasionally exceed
110% of saturation. Spillway usage is a relatively rare event, however, such
waters should be avoided. Approximately eight miles below Fort Peck Dam the
Milk River, so named because of its turbidity, joins the Missouri River. Since
the Corps has no data on Milk River water quality and since turbidity is high,
I would recommend avoiding the use of these waters for fish hatchery purposes.
Releases through Fort Peck Dam are taken from deep in the reservoir which re-
sults in the downstream waters being very cold water year around. Since your
letter mentioned a warm/cool water hatchery, the temperature may be unaccept-
able unless the use of Fort Peck surface waters is intended.

The reproduction and handling costs for the above material are $72.52.
Please make the check payable to the Omaha District, Corps of Engineers, and
mail it to the ‘following address:

USAED, Omaha

ATIN: MRORM-F _

6014 U.S. Post Office and Courthouse
Omaha, NE 68102

If we can be of further assistance, please contact Dr. John Andersen of
my staff, (402) 221-4622.

Sincerely,

7ﬁi/(/}%4fbuliﬁ_\~_

L. S. Horihan, P.E.
Chief, Hydrologic Engineering Branch
Enclosures Engineering Division



YELLOWSTONE RIVER BASIN
06309000 YELLOWSTONE RIVER AT MILES CITY, MT--Continued
TEMPERATURE, WATER (DEG. C), WATER YEAR OCTOBER 1981 TO SEPTEMBER 1982

WWWNG ONS S

- b b b

DAY MAX MIN  MEAN MAX MIN _ MEAN MAX MIN  MEAN
FEBRUARY MARCH APRIL
1 .0 .0 0 . - —- — 8.0 6.5 7.5
2 .0 .0 .0 ! e was - 6.5 4.5 5.5
3 .0 .0 .0 - . - 4.5 3.0 3.5
4 .0 .0 N S T S, - 3.0 1.5 2.0
5 .0 .0 .0 ' -—-- e ——- 4.5 1.0 2.5
i
6 .0 .0 .0 cmer it eme - 5.5 2.0 3.5
7 .0 00 0 .0 —— - . —— 3.5 3.0 3.5
8 .0 .0 .0 . - - 6.0 3.0 4.5
9 .0 .0 .0 . 7 k. e, . === 6.0 4.5 5.0
10 .0. .0 .0 — i - 7.5 4.0 6.0
o Y L ] * i
1 .0 .0 0 —— . omm . 9.0 6.0. 7.5
12 .0 .0 .0 -— cme  eee 10.5 8.0 9.5
13 .0 .0 .0 ——e IR 12.0° 9.0  10.5
14 .0 .0 .0 - -— —-—- 12.5 10.0 1.0
15 .0 .0 .0 - — -— 1.0 10,0 10.5
16 .0 .0 .0 -—- — - 1.5 9.0  10.0
17 .0 .0 .0 . - c—— eem 1.5 8.0 10.0
18 .0 .0 .0 ——- -—- -—- 9.5 7.5 9.0
19 .0 .0 .0 -—- - - 7.5 6.0 6.5
20 .0 .0 .0 - -— -— 9.0 6.0 7.0
21 - -— - -—- 10.5 6.5 8.5
22 —- - — 12.0 8.0 10.0
23 —-—- - - 14.0 9.5 11.5
24 - ——— ——— 15.0  11.5 13.0
25 - -e- - - 13.0 11.5 12.5
26 ——- --- - - - - 4.0  10.5 12.0
27 - —-- - - - 13.5  10.5 12.0
28 --- - - —- .- 13.5  10.5 12.0
29 e -e- --- - —-- — 13.5  11.5 12.0
30 ——- - ——- 8.0 -— — 15.0  10.5 12.5
3 _— - -—- . 6.0 7.5 i -— ——
MONTH .0 .0 .0 9.0 6.0 7.5 15.0 1.0 8.5
JUNE JULY AUGUST
1 12,0 10,0 11.0 —- -— - 26.0 21.5 22,5
2 13.5 11.5  12.5 S —— — 23.5 22.0 23.0
3 14.5 12.0 13.5 —— i e 23.5 22.0  22.5
4 15.5 135 14,5 — 23.0 21.5  22.5
5. 17.0  14.0 . 15.5 — 23.5 . 21.5 22,5
fook ) Fia. .- " A s
61 : 15.5 :13.%%. 18,9 —— 24.0-. 22.0  23.0
7: 15.00 3.0:  13.5 - -== 25,0+ 23.0  24.0
8 16,0 12.5:. 13.0 e 24,0 -; 22.0 23.0
9. 14,5 12.0 13.0 - 21,5  19.5  20.5
105 15.5 . 13,5 - 14,5 -— 22.0.;. 18.5  20.0
1 17.060 14.5 .  16.0 - — 23.0- 20.0  21.5
12 19.0:. 16.0 . 17.5 . --- 23.5 22.5
13 20.60 18.0- 19,0 i e mme 23.5- 22.5
14 - 210 19.0 - 20.0 ——- - ——— 24.5 23,0
15:. 21,00 19.0.-  20.0 ——i? == am= 24,0+ ; 22.8
16 19.5 17.5  19.0 —— — —— 26.0 21,5  22.5
17 17.5 16,5 17.0 -— -—- —— 2.5  22.0  23.0
18 16.5 15.5  16.0 --- — —- 25.0  22.0  23.5
19 16.0 15.0 15.5 - - - 24.5  23.0 23.5
20 16.5  15.0 16.0 - -— —- 25.5  22.5 24.0
21 18.0 16.0 17.0 - - -—- 25.0  23.0  24.0
22 19.0 17.5 18.5 ae- - — 25.0  22.5 23.5
23 19.0 18.0 18.5 23.0  22.5 23.0 23.0  20.5 22.0
264 18.0  16.0 17.5 23.0 22.0  22.5 22,5 20.0 21.0
.25 16.0 15,0 15.5 22.0  20.5 21.5 22.5 20.0  21.0
26 - ——— ——- 21.5  20.0 20.5 21.5 19.5 20.0
27 - - - 21.5  20.0 21.0 22.0 18.5 20.0
28 - - . 22.0  20.5 21.5 22.0 19.5 21.0
29 .- —— .- 22.5  21.0 22.0 22.5 19.5 21.0
30 - ——- - 23.0  21.5 22.5 22.5 20.0 21.0
31 - _— - 23.0 22.0  22.5 22.0  20.5 21.0
MONTH  21.0  10.0 16.0 23.0 20.0  22.0 25.5 18.5 22.0
YEAR 25.5 .0 10.0
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YELLOWSTONE RIVER BASIN

412
06309000 YZLLOHSTOﬁE RIVER AT .HILES CITY, MT--Continued
WATER-QUALLTY RECORDS
PERIOD OF RECORD.--Water years 1948-52, 1965, 1974;75, 1977 to current year.
PERIOD OF DAILY RECORD.-- . (

WATER TEMPERATURES: May 1974 to Sept_ember 1975, July 1977 to current year.

INSTRUMENTATION, --Tenperature recorder May 1974 to September 1975, July 1977 to current year.

REMARKS . ~-Temperature probe located about 25 ft (8 @) out from left bank, Flow from Tongue River enters on right
bank 0.9 mi (1.4 km) upstream from gage. Temperature record is equivalent to Yellowstone River near Miles City
(station 06296120) located above confluence of the Tongue River.

<

EXTREMES FOR PERIOD OF DAILY RECORD.~2 . -
WATER TEMPERATURES: Maxinum, 28.0°C. Aug.
. . . ¥ . t

FOR CURRENT YEAR.=-

EXTREMES :
WATER TEMPERATURES: Maximum rec

orded

fowal T

. 25.5°C ‘Aug.
TEMPERATURE, WATER (DEG. C), VATER YEAR OCTOBER 1981 TO SEPTEMBER 1982

:1.8-20. 1981; wminimum, 0.0°C on many days during winter periods.

20; minioum, 0.0°C on many days during Hovember to February.

DAY MAX MIN MEAN MAX MIN MEAN MAX MIN MEAN MAX MIN MEAN
OCTOBER NOVEMBER DECEMBER JANUARY
1 16.5 12.5 14.5 10.0 7.5 9.0 .0 .0 .0 .0 .0 .0
2 16.0 13.0 14.5 10.0 8.0 9.0 .0 .0 .0 N) .0 .0
3 14.5 13.0 14.0 10.0 8.0 9.0 <5 .0 .0 .0 .0 .0
4 13.0 11.5 12.5 9.5 8.0 8.5 1.0 .0 <5 .0 .0 .0
5 13.5 11.0 12.0 9.5 7.3 8.5 5 .0 5 .0 .0 .0
6 13.5 10.5 12.0 9.0 7.0 8.0 1.5 5 o5 .0 .0 .0
7 13.0 11.0 12.0 9.0 6.5 7.5 2.0 .5 1.5 .0 .0 .0
8 12.0 11.0 12.0 8.0 6.5 7.5 2.0 1.0 1.5 .0 .0 0
9 13.0 10.5 11.5 8.0 6.0 7.0 3.0 1.5 2.5 .0 .0 .0
10 13.0 10.5 11.5 8.0 6.0 7.0 3.5 2.5 3.0 .0 .0 <0
1 13.5 11.5 12.0 7.5 5.5 6.5 4.0 3.0 3.5 .0 <0 .0
12 11.5 8.0 9.5 7.5 5.5 6.5 3.0 2.0 2.5 .0 .0 .0
13 9.5 7.5 8.5 7.0 6.0 6.5 2.5 1.5 1.5 .0 .0 .0
14 9.5 7.5 8.5 7.0 6.0 6.5 1.5 .5 1.0 .0 .0 .0
15 10.5 7.5 9.0 7.0 5.5 6.0 -] .0 .0 .0 .0 .0
16 10.5 8.0 9.0 7.0 5.5 6.5 .0 .0 .0 .0 .0 .0
17 10.0 8.0 9.0 7.0 6.0 6.5 .0 .0 .0 .0 .0 .0
18 10.0 7.5 8.5 6.5 5.0 6.0 . .0 .0 .0 0 .0 (
19 11.0 8.0 9.5 5.0 4.0 4.5 ) .0 .0 .0 .0 .0
20 9.0 7.5 8.5 5.0 3.5 4.0 - .0 .0 .0 .0 .0 .0
21 8.5 7.0 7.5 5.0 3.5 4.0 -0 .0 .0 .0 .0 .0
22 7.5 5.5:. 6.5 5.0 4.0 4.5 0 0 0 -0 .0 .0
23 6.0 5.0 " 5.5- 5.0 - 4.0 4.5 ) .0 ) .0 .0 .0
26 6.0 5.0 5.5 4.5 4.0 4.0 <0 .0 <0 .0 0 .0
25+ 1.0 . 5.5+ 6.0¢ &0- - 3,05, 3.5.. .0 .0 .0 .0 .0 .0
o B DES = g o idr . . o
26 8.5 6.0V - 7.5 3. o 2.5 -0 0 .0 -0 0 N
27 9.5, 7.5 . 8.5 a5 5 1.0 0 -0 <0 .0 .0 .0
28 - 10.5 -°. 8.0~ 9.0°° 1.0: <0 5 I -0 - o0 0 «0 0 «0
29 . 10.0 8.5 . 9.0 o3 o .0 0 .0 <0 . 0 <0
30" 9.5 8.0% 8.5 - .5 . .0 .0 .0 .0 .0 .0 .0
31 9.5 7.5 8.5 ——— ——— 0 0 . .0 . .0
MONTH 16.5 © 9.5 10.0° 4.0 -0 3 .0 -0 .0




YELLOWSTONE RIVER BASIN 411

06309000 YELLOWSTONE RIVER AT MILES CITY, MT

LOCATION.--Lat 46°25'18", long 105°51'38", in NEXSWMNWX sec.28, T.8 N., R.47 E,, Cuaster County, H drologic Unit
10100001, on left bank at upstream side of bridge on State Highway 22 at Miles City, 0.8 mi {1.3 km) down-

stream from Tongue River, and at mile 184.2 (296.4 lkm).

DRAINAGE AREA.--48,253 mi? (124,975 km?).
WATER-DISCHARGE RECORDS

PERIOD OF RECORD.--September 1922 to September 1923, August 1928 to current year. Monthly discharge only for
some periods, published in WSP 1309.

REVISED RECORDS.--WSP 1729: Drainage area.

GAGE.--Water-stage recorder. Datum®of gage is 2,333.3 ft (711.19 m) National Geodetic Vertical Datum of 1929
(levels by U.S. Army Corps of Engineers). Prior to May 6, 1929, nonrecording gages at pumping plant 1.2 mi
(1.9 km) downstream at different datums. May 6, 1929, to Sept. 30, 1931, nonrecording gage, and Oct. 1, 1931,
to Nov., 10, 1937, water-stage recorder 300 £t (91 m) upstream from present site at same datum., Nov. 11, 1937,
to Sept. 30, 1946, water-stage recorder at pumping plant 1.2 mi (1.9 km) downstream at different datum.
Oct. 1, 1946, to Mar. 15, 1979, water-stage recorder at site 300 ft (91 m) upstream at present datum. Mar. 16,
1979, to Sept. 21, 1979, nonrecording gage at present site and datum, Sept. 22, 1979, recording gage
established at same site and datum.

REMARKS ,--Water-discharge records good except those for January and February, which are poor. Some r ulation
by reservoirs on tributary stresms. Diversions for irrigatiom of about 1,100,000 acres (4,450 km above

station (does not include flood irrigation).
AVERAGE DISCHARGE.~-55 years (1922-23, 1928-82), 11,600 £t3/s (328.5 m3/a), 8,404,000 acre-ft/yr (10.4 km3/yr).

EXTREMES FOR PERIOD OF RECORD.--Maximum discharge, 102,000 ft3/s (2,889 m3/s) May 22, 1978, gage height, 16.50 ft
(5.029 m); maximum gage height, 21.7 ft (6.61 m) Mar. 20, 1944 (ice jam, from floodmark, at site 300 ft (91 m)
upstream at present datum); minimum discharge, 996 ft3/s (28.2 /8) Dec. 14, 1932,

EXTREMES FOR CURRENT YEAR.=-Maximum discharge, 61,000 €e3/8 (1,730 m3/s) July 2, gage height, 11.84 fr (3.609 m);
minimum daily, 3,500 ££3/s (99.1 m¥/s) Jan. 10.

DISCHARGE, IN CUBIC FEET PER SECOND, WATER YEAR OCTOBER 1981 TO SEPTEMBER 1982

MEAN VALUES

DAY oCcT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP
1 5450 ° 7850 7190 5000 6000 8540 7920 9190 21500 57000 19800 10800

2 5540 7750 7100 4900 5400 8210 7870 9380 18400 59800 19000 10400

3 5770 7640 7110 4800 4000 8330 7590 9150 16900 59600 18600 10100
4 5800 7620 7190 4700 4500 7890 7640 9040 16500 55000 17700 9810

5 5920 7640 7220 4500 5000 8050 = 7630 9740 16300 49900 17000 9580

6 6010 7640 7150 4800 6400 7760 7580 11600 16700 46000 16300 9480

7 6110 7600 7320 5400 7000 8200 7550 12800 19900 42400 15600 9350

8 6230 7550 7480 5800 4500 8770 7640 11500 22100 37800 14700 9130

9 6450 7550 7510 4500 4500 8440 7550 10500 22100 34300 13500 8910
10 6550 7470 7430 3500 5000 8240 7460 10300 21300 34400 13300 8670
11 6640 7420 7430 4000 5200 8830 . 7570 10400 20700 37000 13600 8480
12 6710 7410 7390 4300 5600 9230 7630 10100 18900 37600 14200 8380
13 6610 7390 7250 5000 6000 9340 7620 9650 18500 35900 14000 8550
14 6800 7370 7080 6200 6800 9490 8120 9060 19300. . 34200 - 13400 8760
15 6800 7340 7020 5800 8000 9490 9470 8510 23200 . 34000 13100 9950
16 6800 7340 7240 4500 9000 9150 9810 8490 31200: ' 33900 12900 11800
17 7270 7380 7310 6000 11000 8600 9570 8470 35400- 33700 12600 12000
18 6670 7450 7140 5600 13000 8980 9200 8990 37700 32000 12300 11600
19 6320 7400 7070 5000 14000 7980 8680 9700 42000 29700 11900 11500
20 7200 7390 7230 4700 15000 7620 . 8370 10800 42800 27300 11500 11800
21 7890 7420 6890 4300 15000 = 7520 8320 12700 41600 25600 11500 11900
22 8100 7450 7010 4200 14500 7310 8270 14200 42100 24400. 11400 11700
23 8060 7460 7860 4100 14000 7240 8050 13700 44300 23400 11600 11800
24 8030 7330 7890 5000 13100 7340 7900 13100 46400 23400 11600 11700
25 7990 7470 7440 7000 12100 7400 7940 15000 49800 24200 11800 11600
26 8060 7450 7110 8000 11300 6930 8170 17400 53200 25400 11700 11500
27 8100 7390 6870 8000 10100 6750 8660 18000 53200 27100 11300 11800
28 8100 7180 6770 7400 8470 7210 9280 19700 51800 25800 11000 11800
29 8100 6920 5800 6400 ——- 7240 9530 24600 52400 23500 10900 11900
30 7990 7070 5600 6000 .- 7640 9050 29300 54100 22100 10900 12700
n 7960 - 5200 5600 -—- 7770 ~—- 26300 ——- 21000 10800 .-
TOTAL 216030 223340 219300 165000 244470 251490 247640 401370 970300 1077400 419500 317450
MEAN 6969 7445 7074 5323 8731 8113 8255 12950 32340 34750 13530 10580
MAX 8100 7850 7890 8000 15000 9490 9810 29300 54100 59800 19800 12700
MIN 5450 6920 5200 3500 4000 6750 7460 8470 16300 21000 10800 8380

AC-FT 428500 443000 435000 327300 484900 498800 491200 796100 1925000 2137000 832100 629700

CAL YR 1981 TOTAL 3928500 MEAN 10760 MAX 54400 MIN 3260 AC-FT 7792000
WIR YR 1982 TOTAL 4753290 MEAN 13020 MAX 59800 MIN 3500 AC-FT 9428000
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PARTICLE-SIZE DISTRIBUTION OF SUSPENDED SEDIMENT, WATER YEAR OCTOBER 1980 TO SEPTEMBER 1981

TIME

0900
0915
1330
0900
1400
1500
1000
1030
1700
1330
1400

0900

TEMPER-
A,
(00010)
5.5

2.5

1.5

.5

4.0

9.5
13.0
14.0
12.5
23.0
27.0
14,0

YELLOWSTONE RIVER BASIN

06296120 YELLOWSTONE RIVER NEAR MILES CITY, MT--Coatinued

STREAM-
FLON,
INSTAN-
TANEOUS
(CFS)
(00061)
8770~
7070
7770
6250
5720
4460
3830
22000
38200
10000
5030
5310

. SEDI-

MENT,

.SUS-

PENDED
(MG/L)

(80154)

© 55
17
36

|
24
19
25

1300

426
40

21

3

SEDI-
MENT,
DIS-
CHARGE,
SUS-
PENDED
-{T/DAY)
(80155)

1300
325
755

68

3n
229
259
77200
39300
1080
367
uyy

SED.
SUSP.
FALL
DIAM.

$ FINER
THAN

.004 MM

(70338)

SED.
SUSP.
FALL
DIAM.

§ FINER
THAN

.016 MM

(70340)

SED.
. SUsP.
FALL
DIAM.
% FINER
THAN
.062 MM
(T0342)

SED.
SUSP.
FALL
DIAM.

% FINER
THAN

.125 MM

(70343)

o e et e b e i 8 e

SED.
susP.
FALL
DIAM.
$ FINER
THAN
.250 MM
(70344)

SED.
SUSP.
SIEVE
DIAM.

$ FINER
THAN

.062 MM
(70331)

94

94

93

85

86

97

97

72

96

95

93



DATE

ocT

29...

JAN

20...

APR

22...

JUL

29...

DAY

-
QO VIEWN =

o Y Gy
W N =

- h b
L-X- L K-

N
o

MEAN
WTR YR 1981

SPECIFIC CONDUCTANCE (MICROMHOS/CM AT 25 DEG. C), WATER

oCcT

600
603
608
610
620

631
640
640
649
652

659
660
665
671
668

658
651
670
665
66T

670
670
681
681
680

670
638
680
672
672
673

654

COBALT,
DIS-
SOLVED
(UG/L
AS C0)
(01035)

<3

MERCURY
DIS-
SOLVED
(UG/L
AS HG)
(71890)

.0
.0
.0
.0

NOV

670
671
680
679
675

670
671
680
680
680

680
667
645
643
647

647
660
670
684
693

698
675
679
670
655

658
670
671
670
670

670
MEAN

YELLOWSTONE RIVER BASIN
06296120 YELLOWSTONE RIVER NEAR MILES CITY, MT--Continued

WATER QUALITY DATA, WATER YEAR OCTOBER 1980 TO SEPTEMBER 1981

COPPER,
TOTAL

RECOV-
ERABLE
(uG/L

AS CU)
(01042)

657

DEC

660
680
683
698
760

766

765
753

671
718

COPPER,
DIS-
SOLVED
(uG/L
AS CU)

(01040)

3
1

3
<10

NICKEL,
TOTAL
RECOV-
ERABLE
(UG/L
AS NI)

(01067)

JAN

710
710
(a3
718
728

728
729
729
730
738

732
T40
742
T49
740

753
756
758
750
755

763
759
738
730
™

738
738
738
740
740
31

737
MAX

IRON,

TOTAL
RECOV-
ERABLE
(uc/L
AS FE)
(01045)

930

14

0

320

110

NICKEL
DIS-
SOLVE
(uGsL
AS NI

(01065

0

D

)
)

2
3
3

1

LEAD,
TOTAL
RECOV-
ERABLE
(uUG/L

AS PB)
(01051) ¢(

14

SELE-
NIUM,
TOTAL
(UG/L

AS SE)
(o1iar) «(

-

N N

LEAD,
DIS-
SOLVED
(UG/L
AS PB)
01049)

w N O w

SELE-
NIUM,
DIS-
SOLVED
(UG/L
AS SE)
01145)

NN

ONCE-DAILY

FEB MAR APR
811 781 800
817 790 811
840 798 820-
835 801 821
830 810 768
810 816 T72
840 820 818
819 818 - 799
815 812 795
814 818 790
820 818 760
815 819 768
872 820 768
910 798 804
920 798 787
850 790 780
770 792 792
T20 791 185
700 790 829
700 792 780
728 789 800
730 800 779
740 810 751
740 820 740
732 820 696
740 825 694
739 830 683
750 820 709
—— 818 708
—— 812 612
——— 809 -——-
793 807 767
920 MIN

LITHIUM
DIS-
SOLVED
(UG/L
AS LI)
(01130)

48

STRON-
TIUNM,
DIS-

SOLVED

(UG/L

AS SR)

(01080)

MAY

583
540

551 °

569
510

382
"398
421
438
510

520

565
620

298

MANGA-
NESE,
TOTAL
RECOV~
ERABLE
(uG/L
AS MN)
(01055)

40
10
8o
50

VANA-
DIUM,
DIS-
SOLVED
(UG/L
AS V)
(01085)

< 6.0

JUN

316
306
313
305
326

312
341
328°
298
335

342
374
153

“u5k
454

159
490
514
516
T

446
428
394
377
377

345
365
362
351
350

383

MANGA-
NESE,
DIS-
SOLVED
(UG/L
AS MN)
(01056)

ZINC,
TOTAL
RECOV-
ERABLE
(uG/L
AS 2N)
(01092)

10
20
T0
10

JuL

357
386
387
393
403

409
415
826
442
399

407
430
465
482
490

484
488
518
522
557

520
510
523
526
523

524
572
574
571
568
568

479

MERCURY
TOTAL
RECOV-
ERABLE
(uc/sL
AS HG)

(71900)

.2

.0

o1

.0
ZINC,
DIS-

SOLVED
(UG/L

AS IN)
(01090)

50
10

YEAR OCTOBER 1980 TO SEPTEMBER 1981

AUG

585
589
596
602
604

623
629
622
665
666

661
657
656
676
666

687
685
670
662
661

667
688
687
706
710

712
706
T04
702
703
710

663

827

SEP

710
712
713
700
703

708
710
m™m
T11
708

696

698
701
699

702
706
701

692

695
693
696

690

689
689
687
686
681

699
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DATE

oCT
29...

NOV
18...

DEC

16...

JAN
20...
FEB
27...
MAR
24, .,
APR
22...
MAY
20...
JUN
170
JuL
29...
AUG
18...
SEP
30...

DATE

0CT

JAN-

29...

YELLOWSTONE RIVER BASIN

06296120 YELLOWSTONE RIVER NEAR MILES CITY, MT--Continued

¥ATER QUALITY DATA, WATER YEAR OCTOBER 1980 TO SEPTEMBER 1981

- SOLIDS
ALKA- CHLO- FLUO- SILICA, SUM OF' SOLIDS, SOLIDS, NITRO~-
LINITY SULFATE RIDE, RIDE, DIS- CONSTI- D1S-~ DIS- GEN,
LAB DIS- DIS- DIS- SOLVED TUENTS, SOLVED SOLVED NO2+NO3
(MG/L SOLVED SOLYED SOLVED (MG/L DIS- (TONS (TONS TOTAL
AS (MG/L (MG/L _(HG/L AS SOLVED PER PER (MG/L
CACO3) AS S04) AS CL) AS F) S102) (MG/L) AC-FT) DAY) AS N)
(90810) (00945) (00940) (00950) (00955) (70301) (70303) (70302) (00630)
150 190 9.3 Nl n a4 .60 10400 .20
150 190 9.4 .b 10 Y .60 8420 AT
160 190 9.0 .4 1" 448 .61 9400 .6
160 240 1" .5 . 9.1 526 .72 8880 .34
150 210 1" .4 7.9 470 .64 7260 .10
160 260 14 .5 8.5 550 .75 6620 .05
150 250 21 .5 4.4 530 .72 5480 .01
120 150 5.9 .3 11 351 .48 20800 .03
95 130 9.9 .3 11 304 L1 28100 .26
120 170 7.9 .3 9.6 377 .51 10200 W1
150 200 9.9 U 9.3 451 .61 6130 .01
150 190 12 .5 10 441 .60 6320 .25
NITRO- CARBON,
NITRO- NITRO- GEN,AM=- CARBON, ORGANIC
GEN, GEN, MONIA + PHOS- CARBON, ORGANIC  SUS=- BORON, IRON,
AMMONIA ORGANIC ORGANIC PHORUS, ORGANIC  DIS- PENDED DIS- DIS-
TOTAL TOTAL TOTAL TOTAL TOTAL  SOLVED TOTAL SOLVED  SOLVED
(MG/L (MG/L (MG/L (MG/L (MG/L (MG/L (MG/L (uG/L (UG/L
AS N) AS N) AS N) AS P) AS C) AS C) AS ©) AS B) AS FE)
(00610) (00605) (00625) (00665) (00680) (00681) (00689) (01020) (01046)
.02 .92 .9u .08 - 10 .7 160 <10
.07 .36 .43 .02 8.3 . -— 150 <10
.03 .51 .54 .05 2.3 -- . 120 10
.09 .38 47 .02 - 6.8 .0 150 10
.18 .65 .83 .08 4,0 - .8 150 10
.02 .62 .64 .03 3.7 3.7 - 200 20
.13 T4 .87 .06 - 4.1 .6 220 10
.08 - - - 25 - - 210 40
.22 .29 .51 .23 6.5 - - 60 =30
.32 .59 .91 .0l - 9.4 . 120 12
.21 .89 1.1 .06 4.3 - -- 160 <10
.10 .63 .13 .02 5.5 - - 170 27
BERYL- CHRO-
LIUM, BERYL- CADMIUM MIUM, CHRO-
ARSENIC BARIUM, TOTAL LIUM, TOTAL CADMIUM TOTAL MIUM,
ARSENIC DIS~- DIS~ RECOV- DIS- RECOV- DIS- RECOV- DIS-
TOTAL SOLVED SOLVED ERABLE SOLVED ERABLE SOLVED ERABLE SOLVED
TIME (ugG/L (UG/L (UG/L (UG/L (uc/L (uG/L (UG/L {uG/L (uG/L
AS AS) AS AS) AS BA) AS BE) AS BE) AS CD) AS CD) AS CR) AS CR)
(01002) (01000) (01005) (01012) (01010) (01027) (01025) (01034) (01030)
0900 7 6 - 0 < 0 <1 0 0
0900 7 5 - 0 <1 0 <1 0 0
1000 9 8 -- 0 <1 0 <1 10 10
1330 7 6 50 0 <1 1 <1 20 0




YELLOWSTONE RIVER BASIN 428
06296120 YELLOWSTONE RIVER NEAR MILES CITY, MT

LOCATION.--Lat 86°23'S53", long 105°53'42%, in SE}SW! sec.31, T.8 N., R.AT E., Custer County, Hydrologic Unit
10100001, at Keogh Bridge, 1.6 @i (2.6 km) upstream from Tongue River, 2.0 mi (3.2 km) west of Miles City,
and at mile 186.6 (300.2 km), revised,

DRAINAGE AREA.--42,847 mi2 (110,978 km2),
PERIOD OF RECORD.--Water years 1969 to current year.

PERIOD OF DAILY RECORD.--~
SPECIFIC CONDUCTANCE: October 1968 to current year.

REMARKS.--Water discharge computed by subtracting the discharge of Tongue River at Miles City (station 06308500)
from that of Yellowstone River at Miles City (station 06309000). Flow affected by reservoirs and diversion
for irrigation upstream from station, Once-dally water temperatures are available in the Helena district

office,

EXTREMES FOR PERIOD OF DAILY RECORD.--
SPECIFIC CONDUCTANCE: Maximum daily, 1,110 micromhos Apr. 1, 1979; minimum daily, 225 micromhos May 31, 1979.

EXTREMES FOR CURRENT YEAR.--
SPECIFIC CONDUCTANCE: Maximum daily, 920 micromhos Feb. 15; minimum daily, 298 micromhos June 9.

WATER QUALITY DATA, WATER YEAR OCTOBER 1980 TO SEPTEMBER 1981

OXYGEN,
SPE- . DIS-
STREAM- CIFIC SOLVED
FLOW, - WEATHER CON- TEMPER- OXYGEN, (PER-
INSTAN-  (WMO DUCT- PH ATURE, TEMPER- DIS- CENT
TIME TANEQUS CODE ANCE AIR ATURE SOLVED  SATUR-
DATE “(CFS) NUMBER) (UMHOS) (UNITS) (DEG C) (DEG C) (MG/L) ATION)
(00061) (o0041) (00095) (00400) (00020) (00010) (00300) (00301)
oCT
29... 0900 8770 1 640 8.0 7.0 5.5 1.0 94
NOV
18... 0915 7070 0 686 8.4 5.0 2.5 12.6 99
DEC
16... 1330 7770 3 670 8.1 16.5 1.5 12.9 100
JAN
20... 0900 6250 0 810 9.0 -.5 .5 14.3 107
FEB
27cee 1400 5720 T T20 8.7 .5 4.0 12.6 104
MAR
24... 1500 k460 1 817 8.5 13.0 9.5 1.7 110
APR
22.4. 1000 3830 0 760 - 8.8 14.0 13.0 10.1 104
MAY
20... 1030 22000 1 525 - 21.0 14,0 8.4 89
JUN
1Tee. 1700 34200 51 457 8.0 16.0 12.5 9.2 93
JuL . :
29... . 1330 10000 0 560 8.5 24,0 23.0 8.9 114
AUG
18... 1400 5030 0 680 8.7 33.0 27.0 8.8 121
SEP
30... 0900 5310 1 640 8.6 9.0 14.0 9.2 97
COLI- STREP- HARD- :
FORM, TOCOCCI NESS MAGNE- SODIUM  POTAS-
PECAL, FECAL, HARD-  NONCAR- CALCIUM SIUM, SODIUM, AD- SIUM,
0.7 KF AGAR  NESS BONATE DIS- DIS- DIS~- SORP=- DIS-
UM-MF (coLs. (MG/L (MG/L SOLVED SOLVED SOLVED TION SOLVED
(CoLS./ * PER AS AS (MG/L (MG/L (MG/L RATIO - (MG/L
DATE 100 ML) 100 ML) CACO03) CACO3) AS CA) AS MG) AS NA) AS K)
(31625) (31673) (00900) (95902) (00915) (00925) (00930) (00931) (00935)
oCT
29... 24 K40 220 75 57 20 59 1.7 3.6
NOV .
18... -— 20 230 83 57 22 58 1.7 3.7
DEC
16... K4 uy 230 70 56 22 60 1.7 3.4
JAN
20... K30 K12 270 110 70 2u T 1.9 3.7
FEB
2T... - - 250 97 61 23 63 1.7 3.6
MAR
24..,, <A K1 280 120 71 26 70 1.8 3.6
APR
22... K5 K2 260 110 60 27 73 2.0 3.6
MAY
20... 2600 3300 170 52 41 17 50 1.7 3.8
JUN
17... 250 200 160 65 LR 14 38 1.3 2.3
JuL
29... 25 K18 190 68 u7 17 49 1.7 3.3
AUG
18... K6 K12 210 63 u9 22 66 2.2 3.9
SEP
30... K32 50 230 75 S4 22 59 1.9 3.5
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YELLOWSTONE RIVER BASIN

06296120 YELLOWSTONE RIVER NEAR MILES CITY, MT--Continued

SPECLFIC CONDUCTANCE (MICROMHOS/CM AT 25 DEG. C), WATER YEAR OCTOBER 1981 TO SEPTEMBER 1982

OoCT

684
675
675
666
662

649
652
644
629
623

610
612
621
623
618

672
658
659
667
642

699
728
727
748
751

753
756
750
751
733
730

680

NOV

750
752
754
760
759

753

755
753
749

749

756
757
766

764
760
159
761
760

761
754
751
757
777

770
772
768
774
787

760
MEAN

DEC

804 -

803
811
809
774

772
749
744
742
728

730
769
773
767
759

774
784
778
795
794

778
780
786
755
767

765
753
778
809
848
864

779
628

JAN

765
757

759 .

754
756
748

752
520
770
776
773
749

836
MAX

FEB

705
709
719
720
732

734
773

836
838

855
858

864
838

809
766
645
636
589

584
570
582
600
605

607

SUSPENDED-SEDIMENT DISCHARGE,

DATE

20...

10...

30...
SEP

29...

TIME

1400
1230
1300
1300

1255
1215

1300

0845
1400

0845

TEMPER~
ATURE
(DEG C)
(00010)

9.5
1.0

ONCE-DAILY
MAR APR
675 837
710 836
729 812
740 815
775 805
778 805
800 809
796 818
782 807
785 822
762 824
747 839
3 847
734 820
720 721
726 671
730 667
780 669
781 684
782 690
798 713
801 727
803 723
830 726
835 732
841 713
838 711
867 704
872 671
873 671
878 ——
784 756
MIN

MAY

657
640
629
583
587

516
529
481
476
487

484
499
531
557
556

567
579
572
537
472

470
418

423
402

331

262
262
265
277

477
238

JUN

293
315
362
361
390

373
375
442
556
504

505

463
423
415

369
351
325
324
315

313
288
276
262
261

271
252
255
247
238

352

JuL

256
272
276
281
281

307
312
324
348
345

340

333

339
340

330
332
374
359
387

412
415
386
412
392

400
395
407
402
425
443

WATER YEAR OCTOBER 1981 TO SEPTEMBER 1982

D1S-
CHARGE,
IN

CUBIC
FEET
PER

SECOND

(00060)
7410
6820
4350
7440

21500
43900

27000

13100
10700

11600

(MG/L)
(80154)

37
12
5
134

972
401

203

29
Nn

34

SEDI-
MENT,
DIS-
CHARGE,
SUS-
PENDED
(T/DAY)
(80155)

740
221
59
2690

56400
47500

14800

1030
896

1060

SED.
SUsP,
SIEVE
DIAM.
% FINER
THAN

.062 MM
(70331)

91

AUG

438
453
474
475
474

492
492
519
518
510

521
492
491
514
517

516
533
535
535
543

553
548
539
538
525
537
536
528
528

515

SEP

551
550
531
531
518

519
528
536
516
539

526
533
546
523
526

527
505
549
524
523

517
514
504
502
532

535
562
583
602
631

536



360 YELLOWSTONE RIVER BASIN

06296120 YELLOWSTONE RIVER NEAR MILES CITY, MT--Continued (
WATER QUALITY DATA, WATER YEAR OCTOBER 1981 TO SEPTEMBER 1982 '
NITRO- CARBON, °
SOLIDS, SOLIDS, NITRO-  NITRO- NITRO- GEN,AM- CARBON, ORGANIC C
DIS- DIS- GEN, GER, GEN, MONIA + PHOS-  ORGANIC SUS- BORON,  IRON,
SOLVED  SOLVED NOZ4+NO3 AMMONIA ORGANIC ORGANIC PHORUS,  DIS- PENDED DIS- DIS-
(TONS (TONS  TOTAL . TOTAL  TOTAL TOTAL  TOTAL  SOLVED  TOTAL SOLVED  SOLVED
PER PER (MG/L  (MG/L (MG/L  (MG/L  (MG/L (MG/L (MG/L  (UG/L  (UG/L
DATE  AC-FT) DAY) AS N) AS N) ASN) AS N) AS P) AS C) AS C) AS B) AS FE)
(70303) (70302) (00630) (00610) (00605) (00625) (00665) (00681) (00689) (O 020) (01046)
ROV
a... .70 10180 28 = a7 .56 T .02 -- - 150 12
v .
Fg .68 9040 .22 1 .45 .56 <.01 4.3 .5 160 11
Hx:... .76 6530 .56 .26 .60 .86 .03 - -- 200 18
Jag... J77 11450 .28 .13 .41 .56 .03 5.7 .6 170 9
0... .45 19390 .20 A7 1.2 1.4 .32 9.2 3 100 74
le“3' .23 18250 .15 .21 1.1 1.3 .20 6.5 .9 50 51
20... .31 17130 .21 .35 .85 1.2 .15 -— - 90 26
AUG
10... J44 11420 .13 R .86 1.0 .04 4.5 .4 120 20
33... .45 9820 .20 .61 1.7 2.3 .03 1" .9 230 7
SE
29... .49 11370 .30 .25 .75 1.0 .05 4.6 .3 130 17
' BERYL~ CHRO-
LIUM, BERYL- CADMIUM MIUM, CHRO- COPPER, IRON,
ARSENIC TOTAL  LIUM, TOTAL CADMIUM  TOTAL  MIUM, TOTAL  COPPER,  TOTAL
ARSENIC  DIS- RECOV-  DIS- RECOV-  DIS-  RECOV-  DIS= RECOV-  DIS- RECOV-

TOTAL SOLVED ERABLE  SOLVED ERABLE SOLVED  ERABLE SOLVED  ERABLE SOLVED ERABLE

TIME (UG/L (UG/L (UG/L (UG/L (UG/L (UG/L (UG/L (UG/L (UG/L (UG/L (UG/L

DATE AS AS) AS AS) AS BE) AS BE) AS CD) AS CD) AS CR) AS CR) AS CU) AS CU) AS FE)
(01002) (01000) (o101 2) (oto10) (O1 027) (o01025) (O1 0310) (01030) (01 042) (01040) (O1 045)

JUN
09... 1255 6 3 <10 1 4 2 <10 <10 220 18 14000
23... 1215 2 - <10 - <t -- 20 - 19 - 7000
SEP . {
29... 0845 6 5 <10 <t < < <10 <10 6 < 890.
e MANGA-
LEAD, NESE, MANGA- MERCURY NICKEL, . SELE- ZINC,
TOTAL  LEAD, TOTAL NESE, TOTAL MERCURY TOTAL  NICKEL, SELE- NIUM, TOTAL  ZINC,
RECOV- D1S- RECOV- pIS- 'RECOV- DIS- RECOV-  DIS- NIUM, DIS- RECOV- pIS-

ERABLE SOLVED  ERABLE SOLVED ERABLE  SOLVED ERABLE SOLVED TOTAL SOLVED  ERABLE SOLVED
(UG/L (uG/L - (UG/L (0G/L (UG/L (UG/L (UG/L (uG/L (UG/L (UG/L (UG/L (UG/L_
DATE AS PB) AS PB) AS MN) . AS MN) AS HG) AS HG) AS NI) AS NI) AS SE) AS SE) AS ZN) AS IN)
(01051) (01049) - (01055) (01056) (71900) (71890) (01067) (01065) (01 147) (01145) (01 092) (01090)

JUN

09... 26 12 420 T 42 3 - o2 160 3 1 1 160 35
23... 6 -- 200 - .1 - 23 - 1 - 40 -
SEP

29... <1 1 50 5 - - 7 1 -1 1 30 6



YELLOWSTONE RIVER BASIN

i 06296120 YELLOWSTONE RIVER NEAR MILES CITY, MT

LuuaTION,.--Lat 46°23'53",
10100001, at Keogh Bridge,

. ~t mile 186.6 (300.2 km).

. gu.-NAGE AREA.--42,847 ui2 (110,974 km2).

long 105°53°'42“, in SEXSWk sec.3l, T.8 N., R.47 E.,

1.6 mi (2.6 km) upstream from Tongue River,

PERIOD OF RECORD.--Water years 1969 to current year.

PERIOD OF DAILY RECORD.--

SPECIFIC CONDUCTANCE: October 1968 to current year.

Custer County,
2.0 mi (3.2 km) west of Miles City, and

359

Hydrologic Unit

REMARKS .--Water discharge computed by subtracting the discharge of Tongue River at Miles City (scation 06308500)

from that of Yellowstone River at Miles City (station 06309000).

Flow affected by reservoirs and diversioan for

frrigation upstream from station. Once-daily water temperatures are available in the Helena district office.

Mean monthly concentrations and monthly and annual loads

for selected chemical constituents

have been computed

using daily records of specific conductance and regression relationships between each chemical constituent and

specific conductance. Bicarbonate regression equations,
values from measurements of alkalinity.

EXTREMES FOR PERIOD OF DAILY RECORD.--

SPECIFIC CONDUCTANCE: Maximum daily, minimum daily,

1,110 micromhos Apr. 1, 1979;
EXTREMES FOR CURRENT YEAR.-~-

SPECLFIC CONDUCTANCE:
WATER QUALITY DATA, WATER YEAR OCTOBER 1981 TO SEPTEMBER 1982

DIS- OXYGEN,
CHARGE, SPE- DIS-
IN CIFIC SOLVED
CUBIC  WEATHER  CON- TEMPER- OXYGEN, (PER~
FEET (WMo DUCT- PH ATURE, TEMPER- DIS- CENT
TIME PER CODE ANCE AIR ATURE SOLVED  SATUR-
DATE SECOND NUMBER) (UMHOS) (UNLITS) (DEG C) (DEG C) (MG/L) ATION)
(00060) (00041) (00095) (00400) (00020) (00010) (00300) (00301)
NOV
03... 1400 7410 0 765 8.3 19.5 9.5 10.5 101
DEC :
FIS... 1230 6820 2 740 7.8 -6.0 1.0 13.4 103
EB
09... 1300 4350 1 820 7.9 -- .0 11.8 88
MAR
Jag... 1300 7440 2 870 8.4 6.5 7.5 10.6 98
09... 1255 21500 1 522 7.9 21.5 13.5 9.2 96
Jﬁi... 1215 43900 0 244 8.8 21.0 18.0 8.0 92
Alzlg... 1300 27000 0 385 8.1 27.0 19.5 8.2 98
10... 0845 13100 1 - 495 8.7 16.5 18.5 8.4 97
sgg... 1400 10700 0 T 545. 8.4 20.5 22.0 8.9 12
29... 0845 11600 1 582 - 4.0 11.0 9.4 93
MAGNE- SODIUM POTAS-  ALKA- CHLO- FLUO-
CALCIUM SIuUM, SODIUM, AD- SIUM, LINITY SULFATE RIDE, RIDE,
DI1S- DIS- DIS- SORP- DIS- LAB DIS- DIS~ DIS-
SOLVED SOLVED SOLVED TION SOLVED  (MG/L SOLVED SOLVED  SOLVED
(MG/L (MG/L (MG/L RATIO (MG/L AS (MG/L (MG/L (MG/L
DATE AS CA) AS MG) AS NA) AS K) CACO03) AS S04) AS CL) AS F
(00915) (00925) (00930) (00931) (00935) (90410) (00945) (00940) (00950)
NOV .
03... 66 24 68 1.9 3.5 160 230 12 .5
DEC
15... 63 23 64 1.8 3.8 160 220 " .5
FEB
09... 67 25 67 1.8 4.2 180 260 n .5
MAR
30... 70 27 77 2.0 3.6 170 270 10 b
JUN
09... 38 14 49 1.8 3.1 99 150 8.0 N
23... 23 7.2 16 .8 2.0 74 45 3.8 .2
JUL
20... 33 t 29 1.2 2.3 100 83 5.6 .3
AUG
10... 42 15 45 1.6 3.2 17 130 7.5 4
30... 41 15 44 1.5 3.2 123 140 7.6 4
SEP
29... 50 17 48 1.5 3.1 125 150 7.8 .4

2t e s et S e ®

concentrations and loads were calculated by transposing

225 micromhos May 31, 1979.

Maximum daily, 947 micromhos Jan. 7; minimum daily, 238 micromhos June 30.

HARD-
NESS
HARD- NONCAR-
NESS BONATE
(MG/L (MG/L
AS AS
CAC03) CACO3)
(00900) (95902)
264 100
2527 92
270 90
286 120
153 54
87 13
128 28
167 50
164 41
195 70
SOL1DS,
SILICA, SUM OF
DIS- CONSTI~
SOLVED TUENTS,
(HG/L DIS-
AS SOLVED
$102) (MG/L)
(00955) (70301)
“8.3 509
9.8 491
13 556
9.6 570
12 334
12 154
1 235
9.3 323
10 340
1 363
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TEMPERATURE, WATER (DEG. C), WATER YEAR OCTOBER 1980 TO SEPTEMBER 1981
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892 YELLOWSTONE RIVER BASIN
06309000 YELLOWSTONE RIVER AT MILES CITY, MT--Continued
) WATER-QUALITY RECORDS
. PERIOD OF RECOBD.--Water years 1948-52, 1965, 19T4-T5, 1977 to current year.

PERIOD OF DAILY RECORD.=- >
WATER TEMPERATURES: May 1974 to September 1975, July 1977 to current year.

) INSTRUMENTATIOK.--Temperature recorder May 1974 to September 1975, July 1977 to current year.

REMARKS .~--Temperature probe located about 25 ft (8 m) out from left bank. Flow from Tongue River enters on right
bank 0.9 mi (1.4 km) upstream from gage. Temperature record is equivalent to Yellowstone River near Miles

City (station 06296120) located above-gonfluence of the Tongue River.

EXTREMES FOR PERIOD OF DAILY RECORD .=~
WATER TEMPERATURES: Maximum, 28.0°C Aug. 18-20, 1981; minimunm, 0.0°C on many days during winter periods.

EXTREMES FOR CURRENT YEAR.--
WATER TEMPERATURES: Maximum, 28.0°C Aug. 18-20; wminimum, 0.0°C on many days during November to February.

TEMPERATURE, WATER (DEG. C), WATER YEAR OCTOBER 1980 TO SEPTEMBER 1981

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

1 16.0 14.0 15.0 9.0 7.0 8.0 .0 .0 .0 2.0 1.5 1.5
2 15.5 12.5 14.0 8.0 7.5 7.5 .0 .0 .0 2.5 1.0 1.5
3 15.5 13.0 14.5 8.5 7.0 7.5 .0 .0 .0 2.5 1.5 2.0
y 16.0 13.5 14.5 8.5 7.0 7.5 .0 .0 .0 2.0 1.0 1.5
5 - 16.5 14.0 15.5 9.5 7.0 8.0 .0 .0 .0 2.5 1.0 1.5
6 17.0 14.5 15.5 9.0 7.5 8.5 .0 .0 .0 2.5 1.5 2.0
7 17.0 14.5 15.5 10.0 8.0 9.0 .0 .0 .0 2.5 1.5 2.0
8 17.0 14.5 15.5 10.0 8.5 9.5 .0 .0 .0 1.5 1.0 1.5
9 15.5 13.5 15.0 9.5 8.0 8.5 .0 .0 .0 1.5 1.0 1.5
10 14.5 12.5 13.5 8.0 7.0 7.5 .0 .0 .0 2.0 .5 1.0
11 13.5 11.0 12.0 7.0 6.0 6.5 .0 .0 .0 1.5 .5 1.0
12 13.0 11.0 12.0 6.0 5.5 5.5 .0 .0 .0 1.5 .0 .5
13 13.5 11.0 12.0 6.0 4.5 5.5 .0 .0 .0 2.0 .5 1.0
14 13.0 11.0 12.0 5.0 4.0 4.5 .0 .0 .0 2.0 .5 1.0
15 11.5 10.0 10.5 4.5 3.0 3.5 -5 .0 .0 1.5 1.0 1.0
16 9.5 7.5 8.0 4.5 3.5 4.0 .5 .0 .5 1.5 .5 1.0
17 T.5 6.5 7.0 4.0 2.5 3.0 5 .0 .5 <5 .5 .5
18 7.5 6.0 7.0 3.5 2.0 3.0 .0 .0 .0 1.0 .5 .5
19 9.5 7.0 8.5 3.0 2.0 2.5 .0 .0 .0 1.0 .5 .5
20 10.5 8.0 9.5 3.0 1.5 2.5 .0 .0 .0 1.0 .5 .5
21 11.0 9.5 10.5 3.0 2.0 2.5 .0 .0 .0 <5 .0 .5
22 10.0 7.5 9.0 3.0 2.0 2.5 .0 .0 ) 2.0 5 1.0
23 8.0 7.0 7.5 2.5 1.0 2.0 .0 .0 .0 3.0 1.0 2.0
24 7.0 6.5 6.5 1.5 5 1.0 ] .0 .0 3.0 1.5 2.5
25 7.0 5.5 6.0 1.0 .0 5 0 .0 .0 3.0 2.0 2.5
26 6.0 5.5 5.5 1.5 .0 5 .0 .0 .0 3.0 1.5 2.0
27 5.5 5.0 5.0 .5 .0 .0 .0 .0 .0 2.5 1.0 1.5
28 7.0 5.0 5.5 1.5 .5 1.0 .0 .0 .0 1.0 .5 1.0
29 7.0 5.0 6.0 1.5 1.0 1.0 .0 .0 .0 5 .0 .0
30 1.5 5.5 6.5 1.5 . 1.5 1.5 .0 1.0 .5 .0 .0
31 8.0 6.0 7.0 ea= LT ma 2.0 1.0 1.5 .0 .0 -0
MONTH 17.0 5.0 10.5 10.0 .0 4.5 2.0 .0 .0 3.0 .0 1.0




YELLOWSTONE RIVER BASIN 491
06309000 YELLOWSTONE RIVER AT MILES CITY, MT

LOCATION.--Lat 46°25'18", long 105°51'38", in NEISWiNW} sec.28, T.8 N., R.4T E., Custer County, Hydrologic Unit
10100001, on left bank at upstream side of bridge on State Highway 22 at Miles City, 0.8 mi (1.3 km) down=-
stream from Tongue River, and at mile 184.2 (296.% km).

DRAINAGE AREA.--48,253 mi2 (124,975 km2).
WATER-DISCHARGE RECORDS

PERIOD OF RECORD.--SeptemBer 1922 to September 1923, August 1928 to current year. Monthly discharge only for
some periods, published in WSP 1309.

REVISED RECORDS.--WSP 1729: Drainage area.

GAGE.--Water-stage recorder. Datum of gage is 2,333.3 ft (711.19 m) National Geodetic Vertical Datum of 1929
(levels by U.S. Army Corps of Engineers). Prior to May 6, 1929, nonrecording gages at pumping plant 1.2 mi
(1.9 km) downstream at different datums. May 6, 1929, to Sept. 30, 1931, nonrecording gage, and Oct. 1, 1931,
to Nov. 10, 1937, water-stage recorder 300 ft (91 m) upstream from present site at same datum. Nov, 11, 1937,
to Sept. 30, 1946, water-stage recorder at pumping plant 1.2 mi (1.9 km) downstream at different datum.

Oct. 1, 1946, to Mar. 15, 1979, water-stage recorder at site 300 ft (91 m) upstream at present datum. Mar. 16,
1979, to Sept. 21, 1979, nonrecording gage at present site and datum. Sept. 22, 1979, recording gage
established at same site and datum.

REMARKS.--Water-discharge records fair except those for winter period, which are poor. Some_regulation by reser-
voirs on tributary streams. Diversions for irrigation of about 1,100,000 acres (4,450 km€) above station
(does not include flood irrigation). Several observations of water temperature were made during the year and
are available in files of Helena district office.

AVERAGE DISCHARGE.--54 years (1922-23, 1928-81), 11,570 rt3/s (327.7 m3/s), 8,382,000 acre-ft/yr (10.3 km3/yr).

EXTREMES FOR PERIOD OF RECORD.--Maximum discharge, 102,000 ft3/a (2,889 m3/s) May 22, 1978, gage height, 16.50 ft
(5.029 m); maximum gage height, 21.7 ft (6.61 m) Mar. 20, 1944 (jce jam, from floodmark, at site 300 £t (91 m)
upstream at present datum); minimum discharge, 996 rt3/s (28.2 m3/s) Dec. 14, 1932, .

EXTREMES FOR CURRENT YEAR.--Maximum discharge, 57,200 rt3/s (1,620 m3/s) June 12, gage height, 11.38 ft (3.469 m);
minimum daily, 3,260 ft3/s (92.3 m3/s) Apr. 27.

DISCHARGE, IN CUBIC FEET PER SECOND, WATER YEAR OCTOBER 1980 TO SEPTEMBER 1981
MEAN VALUES

DAY ocT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP
1 10500 8410 6600 . T490 6000 5920 4810 6600 44000 30700 8700 4620

2 10100 8320 6600 7280 5950 5810 4710 6210 46200 28100 8290 ° 4730

3 9810 . 8260 6600 7130 5850 5750 4490 6130 48500 27100 8090 4736

b 9670 8160 6200 7090 5800 5680 4200 8430 42000 26500 7860 4650

5 9550 8030 5400 7000 5800 5640 4370 11800 38800 25300 7730 4600

6 9350 7940 6000 6930 5800 5590 4670 11500 37800 24000 7310 4670

7 9230 7920 6600 6860 5750 5560 4570 9950 36800 221400 6970 4700

8 9110 7880 6200 6810 5800 5520 . 4500 10400 50200 20700 6660 4750

9 8990 7810 5600 6760 5200 5520 440 11100 54900 20300 6600 4860
10 8840 7780 5200 6640 4500 5510 4440 10800 47500 19500 6130 h930
1 8810 8110 7000 6580 - 3600 5460 4400 10700 543400 17200 5980 4860
12 8820 8530 7600 6580 3700 5190 4300 11300 53800 15700 5900 4750
13 8810 8140 7200 6550 4200 4800 4220 14600 45300 14900 5560 3800
14 8750 8290 7800 6450 4800 4600 4230 15800 41500 15000 5470 4700
15 8780 8280 8650 6400 5600 4510 4180 14800 40900 14500 5450 4470
16 9350 8130 8200 6400 7000 4510 3900 14000 38700 13200 5250 4520
17 10100 7680 7600 6250 9550 4600 3800 13700 35800 12400 5390 4650
18 10700 7350 6600 6150 9000 4610 3700 16900 32700 11800 5230 4650
19 10500 7120 6000 6350 8000 4760 3500 23600 31300 10900 5120 4650
20 10500 7090 6700 6400 7590 4760 3480 22100 29500 10300 4910 4730

/

21 10600 7190 6850 6450 7330 4700 3660 21400 28100 10100 4500 4730
22 10800 7250 6600 6580 7040 4670 3840 22700 31200 9840 4220 4700
23 11600 7060 6200 6550 6630 4670 4300 25800 32800 9410 4400 4750
24 11600 7120 5200 6500 6590 4600 4170 31800 32100 9190 4420 4860
25 11000 7000 4400 6490 6350 4570 3980 37700 34900 8880 4520 4910
26 8950 6810 5200 6420 6150 4580 3540 37800 36100 8810 4370 4880
27 8570 6750 6000 6430 6000 4500 3260 37900 33800 9300 4200 5010
28 9230 6690 8450 6310 5930 4570 3770 41400 32600 9950 4100 5280
29 9050 6850 8350 6150 — 4670 5580 45800 33900 10300 4200 5450
30 8880 6800 8000 6200 . 5070 6510 46700 34000 9910 4470 5560
N 8790 -— 7690 6200 -— 4960 ——— 54800 —— 9330 4570 -
TOTAL 299340 229150 207290 204380 171510 155860 127520 644220 1160100 485520 176570 144150
MEAN 9656 7638 6687 6593 6125 5028 4251 20780 38670 15660 5696 4805
MAX 11600 8630 8650 T490 9550 5920 6510 46700 54400 30700 8700 5560
MIN 8570 5690 4400 6150 3600 4500 3260 6130 28100 8810 4100 Lu70

AC-FT 593700 454500 k11200 405400 340200 309100 252900 1278000 2301000 963000 350200 285900

CAL YR 1980 TOTAL 3939250 MEAN 10760 MAX 33300 MIN 2200 AC-FT 7814000
WTR YR 1981 TOTAL 4005610 MEAN 10970 MAX 54400 MIN 3260 AC-FT 7945000
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DATE

26000

TIME

1445
1400

0900
1400

1130
1410
1500
0730
1355
1110
1355

TEMPER-
ATURE
(DEG C)
(00010)
8.5
7.5

.0
8.5
16.0
16.0
25.0
18.0
23.5

DIS-
CHARGE,
IN
CUBIC
FEET
PER
SECOND
(00060)

YELLOWSTONE RIVER BASIN

* STREAM=~

FLOW,
INSTAN-
TANEOUS

(CFS)
(00061)
- 261
222

379
233
343
288
196
226

SEDI-
MENT,
sus-
PENDED
(MG/L)
(80154)
29
16

42
38

651
154
70
627
89
314
91

SEDI-
MENT,
DIS-
CHARGE,
SUS-

PENDED

(T/DAY)

(89155)
19

9.6

22
19

932
158
&b
581
69
166
56

SED.
SUSP.
FALL
DIAM.
% FINER
THAN

.002 MM
(70337)

06308500 TONGUE RIVER AT MILES CITY, MT--Continued

PARTICLE-SIZE DISTRIBUTION OF SUSPENDED SEDIMENT, WATER YEAR OCTOBER 1981 TO S

SED.
SUSP.
FALL
DIAM.
% FINER
THAN

.0046 MM
(70338)

SED.
SUSP.

THAN
.008 MM
(70339)

SED.
SUSP.
FALL
DIAM.
% FINER
THAN

.016 MM
(70340)

EPTEMBER 1982

SED.
SUSP.
SIEVE
DIAM.
% FINER
THAN
.062 MM
(70331)
94
90

82
97
96
82
98
96
99
99




YELLOWSTONE RIVER BASIN 409

06308500 TONGUE RIVER AT MILES CITY, MT--Continued P..
SUSPENDED-SEDIMENT, WATER YEAR OCTOBER 1981 TO SEPTEMBER 1982

MEAN MEAN MEAN MEAN MEAN MEAN
CONCEN- CONCEN- CONCEN- CONCEN- CONCEN- CONCEN-
TRATION LOADS  TRATION LOADS TRATION  LOADS TRATION LOADS  TRATION LOADS TRATION  LOADS
DAY (MG/L) (T/DAY) (MG/L) (T/DAY) (MG/L) (T/DAY) (MG/L) (T/DAY) (MG/L) (T/DAY) (MG/L) (T/DAY)
OCTOBER NOVEMBER DECEMBER JANUARY FEBRUARY MARCH
1 63 4h 36 23 32 15 24 9.7 40 24 102 88
2 63 44 38 24 30 15 3 1 44 23 146 110
3 47 32 37 . 23 32 16 23 8.7 33 12 152 94
4 85 58 32 .20 34 18 19 8.2 22 8.9 106 66
3 79 51 26 16 ~ 32 18 41 15 19 9.2 60 36
6 68 38 30 18 27 16 42 14 24 14 54 35
7 54 30 32 19 32 20 32 13 24 13 62 44
8 52 29 63 38 28 17 25 13 27 11 51 33
9 70 38 34 20 25 16 3 13 30 12 42 34
10 99 55 23 14 32 22 43 13 28 13 363 461
11 72 40 17 10 49 34 37 14 26 13 1020 1600
12 1440 1070 10 5.9 3 19 24 9.7 17 9.6 2110 2850
13 1180 742 15 8.9 32 18 46 21 21 14 1640 1870
14 330 192 20 12 51 28 72 45 25 20 1300 1350
15 129 76 13 7.7 33 18 86 44 27 29 605 689
16 78 51 21 12 46 24 42 17 31 39 376 432
17 56 bl 30 18 50 26 29 15 552 715 162 178
18 S0 38 28 17 56 23 27 16 598 807 135 138
19 52 39 26 16 43 21 24 14 600 859 123 115
20 61 47 46 27 44 25 23 13 533 863 100 84
21 64 50 42 24 41 21 18 6.8 318 601 68 49 1
22 62 48 23 14 N 15 20 7.0 237 384 56 35 et
23 69 52 19 11 32 15 24 8.4 287 387 497 417 ’
24 34 25 33 19 62 28 25 10 302 326 691 625
25 17 12 41 25 48 23 25 13 250 202 352 303
26 21 15 20 12 32 16 48 36 215 174 216 177
27 32 20 17 6.4 AN 14 53 46 123 106 176 128
28 28 18 18 7.3 N 13 33 24 93 85 738 524
29 26 17 15 6.1 25 8.8 40 27 -—- -— 996 608
30 28 18 29 13 24 9.1 32 18 -—- -——- 728 405
3 26 16 —— ——— 32 13 34 18 -—- -—- 398 175
( TOTAL —— 3049 -—— 487.3 - 584.9 - 541.5 --= 5773.7 - 13753
APRIL MAY JUNE JULY AUGUST SEPTEMBER :
1 232 13 80 74 184 109 810 24610 403 238 151 93
2 144 95 66 61 105 60 651 2020 343 206 11 69
3 90 60 63 58 80 42 746 2640 278 164 90 54
4 70 47 73 47 37 30 937 3670 224 123 86 52
5 66 &t 81 46 80 42 736 2980 162 86 85 52
6 136 90 65 49 686 800 601 2390 144 76 86 52
7 182 122 66 49 5100 9580 438 1540 142 74 9 56
8 133 90 75 49 7370 9730 222 540 129 64 85 48
9 506 374 63 41 5490 9320 187 378 120 62 78 46
10 499 360 55 36 1990 2480 144 251 133 n 8 - &ty
1 179 127 53 33 770 707 143 216 173 90 69 37
12 131 89 53 32 546 414 146 202 144 74 57 30
13 150 99 55 33 347 336 121 153 131 66 51 26
14 66 43 62 37 297 324 121 139 105 s _ 33 27
15 43 28 55 33 765 956 114 121 103 50 282 169
16 33 21 153 104 684 850 91 89 120 66 250 173
17 32 20 580 388 887 1140 91 80 125 70 122 84 i
18 47 29 311 196 967 1210 89 69 133 92 62 38 |
19 87 52 110 66 550 799 77 61 245 142 69 47
20 81 66 1870 2600 436 554 90 69 148 76 69 46
21 87 77 7980 12400 301 376 103 73 107 56 56 37
22 89 80 3260 3030 235 292 101 65 17 71 - 50 33 |
23 86 78 616 437 216 261 94 61 192 140 50 33 i
24 90 81 315 195 208 249 375 542 609 339 48 31
25 84 76 292 170 218 266 3040 6210 853 444 47 31
26 68 62 244 136 257 332 1190 1250 461 264 50 32
27 68 62 213 113 737 1410 3690 7350 245 128 168 157
28 65 59 206 111 983 2160 3640 3850 295 156 2510 2340
29 62 57 1820 1690 939 2530 3700 2910 235 131 1090 892
30 62 57 726 494 889 2500 1760 1280 200 114 330 247
31 --- --- 323 200 ——— --- 715 436 193 114 - -——
TOTAL - ——— 23008 ——- 49859 - 44045 - 3897 - 5076

2676
TOTAL LOAD FOR YEAR: 152750.4 TONS .



408 YELLOWSTONE RIVER BASIN
06308500 TONGUE RIVER AT MILES CITY, MT--Continued
TEMPERATURE, WATER (DEG. C), WATER YEAR OCTOBER 1981 TO SEPTEMBER 1982

DAY MAX MIN  MEAN MAX MIN  MEAN MAX MIN  MEAN MAX MIN  MEAN
FEBRUARY MARCH APRIL MAY
1 .0 .0 .0 -—- ——- - - -— 20,0  13.0  16.5
2 .0 .0 .0 -— - - -- -— 22.0 15.0  18.5
3 .0 .0 .0 : - -—-- - el — 21,5 17.0  19.5
4 -0 -0 .0 -—- — ——- - --- - 18.0 13.5  15.0
5 .0 .0 .0 - - -— - - - 14.5 10.0  12.5
6 .0 .0 .0 - - -—- - - - 14.5 10.0  12.5
7 .0 .0 .0 N — -— —— —— 17.0 11.0  14.0
8 .0 .0 .0 - -—- -— - - 17.5 13.0  15.0
9 .0 -0 .0 ——- - -— - -— 13.5  11.5  12.5
10 .0 .0 .0 - - ——- - - - 11.5 9.0  10.0
n .0 .0 .0 -— -— - -— - — 13.0 8.5  10.5
12 .0 .0 .0 . —-— --- — - 17.5 10.0  14.0
13 .0 .0 .0 - -—- - - - 17.0 12.5  15.0
14 -0 .0 .0 = - - ——— ——- 15.0 13.0  14.0
15 .0 .0 .0 -—- —- - 12.0 8.5 14.0 12.5  13.0
16 .0 .0 .0 — _— - 12.0 7.0 9.5 13.5 1.5  12.5
17 -0 .0 .0 -- - - 13.5 6.5 10.0 18.5 12.5 15.0
18 .0 .0 .0 - - - 10.0 7.0 8.5 22.0 14.0  18.0
19 o - - - - - - 6.5 4.0 5.0 19.5 16.5  18.0
20 ——- - -— -— - - 9.0 3.5 6.0 16.5 13.0  14.0
21 - - ——- ——- P - 13.0 5.5 9.0 16.5 13.0  14.5
22 — ——- —- ——- - --- 16.0 8.5 12.0 21.5 14,0  17.5
23 — -— - ——- - - 18.5 11.0  14.5 19.0 16.5  18.0
2% - - - - -—- - 18.0 12.5  15.5 16.0  14.0  15.0
25 a— _—- — - - - 14,0 11.5  12.5 21.0 13.0 17.0
26 - - - — - - 14.5 8.5  11.5 23.0  15.0  19.0
27 --- - - — — -— 16.0 10.0  13.0 20.0 16.5  18.5
28 — - . - —-- - 17.0 11.0  14.0 17.5  12.0  15.0
29 - ——- - - —-- -—- 15.5 12.0  13.5 13.5 9.5 11.5
30 - ——- — - -— -— 18.0  10.5 14,0 13.0 9.5  11.0
31 . - -— - S -— - o — 18.5 9.5  14.0
MONTH .0 .0 .0 -—- - -—- 18.5 3.5  11.0 23.0 8.5  15.0
JUNE JuLy AUGUST SEPTEMBER
1 18.5 13.0  16.0 25.0 21.5  23.5 27.0 20,0  23.5 22.0 18.0  20.0
2 20,0 15.0 17.5 2.5 22.0 23.5 23.5  20.5  22.0 23.5 17.5  20.5
3 21,0 14.0 17.5 25.0 21.5  23.0 25.5 19.0  22.0 24,0 18.0 21.0
4 22.5 15.5  19.0 25.5 22,5  24.0 25.0 18.5  22.0 23.5 18.5  21.0
5 24.0 16.0  20.0 24.5 22.0 23,0 26.0 20,5 23.0 24.0 18.5 21.0
6 20.0 14.0  16.5 23.0 “21.0  22.0 26.5  20.5  23.5 26.5 19.0  22.0
7 18.0 12.5  15.5 24,5 .20.0 22.5 27,0  21.0  24.0 25.0 19.5  22.0
8 16.0 12.5  14.5 23,0 22.0 22.5 25.0 205  22.5 24.5 18.5  21.5
9 18.0 11.5  14.5 22.5 20.5  21.5 20.5 16.5  18.0 24.5 19.0 22.0
10 20.5 15.0 18.0 2.5 19.5  22.0° 22.0 15.5  18.5 21,5  18.5  20.0
1 23.0 15.5  19.5 26.5 210  23.5 26.0 17.5  20.5 20.0 16.0  18.0
12 25.0 18.5  21.5 27.5  22.5  25.0 24,5 19.0  21.5 19.5 1.5 17.0
13 2.5  20.0  22.5 28.5  22.5  25.5 25.0 18.5  22.0 15.5 11.8 14,0
14 26.0 20.5  22.5 28.5 23.5  26.0 26.5  20.5  23.5 1.5 10.0 10.5
15 26.0 19.5  22.5 27.5 23.5  25.5 25.0 20.0  22.5 13.0 9.0 11.5
16 24.0  20.5  22.5 25.5 20.0  22.5 26.5 20.0  23.0 4.0  11.5 13.0
17 22.5 20.0 21.0 20.5 18.0  19.5 27.0 21.0  24.0 16.5 10.5  13.5
18 22,5 18.0  20.5 2.5 17.5  21.0 28.5  22.0  25.0 17.5 12.0  15.0
19 23.0 18.0  20.5 26.5  20.5  23.5 26.5  23.0  24.5 17.0 12.5  15.0
20 25.0  19.5  22.5 28.0 22.0  25.0 28.0 21,5  25.0 17.0 12.0  14.5
21 27.0 21.0  24.0 29.5 23.5  26.0 26.5  22.5  26.5 18.0  12.5  15.5
22 28.5  22.0  25.5 29.5  23.5  26.5 25.0 21.5  23.0 19.0 15.0 17.0
23 27.0  23.5  25.0 29.0 25.0  27.0 22.0 18.0  20.5 18.0  14.0  16.0
24 2.5 21.0 23.0 25.5  22.5  25.0 22.0 16.5  19.5 19.0  14.5  17.0
25 24.0 20.0 22,0 22.0 19.0  20.5 23.0 17.5  20.0 19.0 15.0 17.0
26 27.0  20.0  23.5 2.5 18,5 21.5 22.5  18.0  20.0 17.0  14.5  15.5
27 27.0  22.5  25.0 24.0 20.0  22.0 23.5 17.0  20.0 15.5  13.5  14.5
28 26.5  23.0  24.5 24.0 20.0  22.0 2,.5 19.5  22.0 13.5  10.5 12.0
29 25.0 22.5  23.5 23.5 19.0 21,0 24.5  20.5  22.5 10.5 9.5  10.0
30 23.5  21.0  22.0 25.0 18.5  22.0 25.0 20.0  22.0 9.5 8.0 9.0
31 - - --- 25.0  20.0  22.5 23.0 20.0  21.5 - ——- .-
MONTH  28.5  11.5  21.0 29.5 17.5  23.0 28.5 15.5  22.0 25.0 8.0  16.5

YEAR 29.5 .0 11.5




YELLOWSTONE RIVER BASIN 407

06308500 TONGUE RIVER AT MILES CITY, MT--Continued
WATER QUALITY DATA, WATER YEAR OCTOBER .1981 TO SEPTEMBER 1982

NICKEL, SELE-  SILVER, ZINC,
MERCURY TOTAL  NICKEL, SELE- NI1UM, TOTAL  SILVER, TOTAL ZINC,
DIS- RECOV- DIS- NIUM, DIS- RECOV- DIS- RECOV- DIS-

SOLVED . ERABLE SOLVED TOTAL SOLVED ERABLE SOLVED ERABLE SOLVED
(UG/L (UG/L (UG/L (UG/L (UG/L (UG/L (UG/L (UG/L (UG/L

DATE AS HG) AS NI) AS NI) AS SE) AS SE) AS AG) AS AG) AS 2IN) AS ZN)
(71890) (01067) (01065) (01147) (01145) (01077) (01075) (01092) (01090)
0oCT .
26... .0 5 0 0 0 1 0 10 3
FEB
19... <.1 19 <1 1 <1 <1 <1 90 10
JUN
11... -- 16 4 1 1 1 <1 70 62
AUG
10... <.1 9 1 <1 <1 <1 <1 40 26
TEMPERATURE, WATER (DEG. C), WATER YEAR OCTOBER 1981 TO SEPTEMBER 1982
DAY MAX MIN MEAN MAX MIN MEAN MAX MIN MEAN MAX MIN MEAN
OCTOBER NOVEMBER DECEMBER JANUARY
1 16.0 11.0 14.0 9.5 5.5 8.0 .0 .0 .0 .0 .0 .0
2 16.5 11.5 14.5 9.5 6.0 8.0 .0 .0 .0 .0 .0 .0
3 15.0 12.5 13.5 9.0 6.0 8.0 .5 .0 .0 .0 .0 .0
4 12.0 10.0 11.0 8.5 5.5 7.5 .5 .0 .0 .0 .0 .0
5 12.5 9.0 10.5 7.5 5.0 6.5 .0 .0 .0 .0 .0 .0
6 12.5 7.5 10.5 6.5 3.5 5.5 .0 .0 .0 .0 .0 .0
7 13.5 9.5 12.0 7.0 3.5 5.5 .5 .0 .0 .0 .0 .0
8 12.5 10.0 11.5 6.0 5.0 5.5 .0 .0 .0 .0 .0 .0
9 12.5 8.0 10.5 6.0 2.5 4.5 .5 .0 .0 .0 .0 .0
10 13.0 8.5 11.0 6.0 3.0 4.5 .5 .0 .0 .0 .0 .0
1 14.5 11.0 12.5 5.5 2.5 4,0 .0 .0 .0 .0 .0 .0
12 11.5 7.0 9.0 5.5 2.5 4.5 .0 .0 .0 .0 .0 .0
13 8.5 5.0 7.0 5.0 3.5 4.5 .0 .0 .0 .0 <0 .0
14 8.5 5.5 7.0 5.0 3.5 4.5 .0 .0 .0 .0 .0 .0
15 10.0 5.5 8.0 5.0 2.5 4.0 .0 .0 .0 .0 .0 .0
16 10.5 6.0 8.5 5.5 3.0 4.5 .0 .0 .0 .0 .0 .0
17 9.5 8.0 8.5 6.0 4.0 5.0 .0 .0 .0 .0 .0 .0
18 9.5 5.5 7.5 6.0 2.5 4.5 .0 .0 .0 .0 .0 .0
19 11.0 7.0 9.0 2.5 1.0 2.0 .0 .0 .0 .0 .0 .0
20 9.5 5.5 7.5 2.5 .0 1.0 .0 .0 .0 .0 .0 .0
21 7.5 4.5 5.5 2.0 .0 1.0 .0 .0 .0 .0 .0 .0
22 5.0 3.0 4.0 2.5 1.0 1.5 .0 .0 .0 .0 .0 .0
23 3.5 1.0 2.5 3.0 1.0 2.0 -0 .0 .0 .0 .0 .0
24 4.5 3.0 3.5 2.5 1.0 1.5 .0 .0 .0 .0 «0 .0
25 6.5 3.5 5.0 1.5 .0 oS5 .0 .0 .0 .0 -0 0
26 9.0 4.5 7.0 1.0 .0 .0 0 .0 .0 .0 -0 .0
27 9.5 6.0 8.0 .0 .0 0 .0 .0 .0 .0 <0 .0
28 10.5 7.0 9.0 3 .0 .0 0 .0 .0 <0 <0 .0
29 9.5 6.3 8.5 .3 .0 .0 .0 .0 .0 .0 -0 .0
30 9.0 6.5 7.5 .5 .0 .0 .0 .0 .0 .0 .0 .0
3 8.0 4.5 6.5 ——— ——— ——— .0 .0 .0 .0 .0 .0
MONTH 16.5 1.0 8.5 9.5 .0 3.5 5 .0 .0 .0 <0 .0
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YELLOWSTONE RIVER BASIN
06308500 TONGUE RIVER AT MILES CITY, MT--Continued

WATER QUALITY DATA, WATER YEAR OCTOBER 1981 TO SEPTEMBER 1982'

SOLIDS, SOLIDS,
SODIUM POTAS-  ALKA- CHLO-  FLUO- SILICA, RESIDUE SUM OF
AD- - SIUM, LINITY SULFATE RIDE,  RIDE,  DIS- = AT 180  CONSTI-
SORP- DIS- LAB DIS- DIS- DIS-  SOLVED DEG. C TUENTS,
TION  SOLVED (MG/L  SOLVED SOLVED SOLVED  (MG/L DIS- DIS-
RATIO  (MG/L AS (MG/L  (MG/L  (MG/L AS SOLVED  SOLVED
DAT AS K)  CACO3) AS SO4) AS CL) AS F)  SI02)  (MG/L)  (MG/L)
€00931) (00935) (90410) (00945) (00940) (00950) (00955) (70300) (70301)
ocT '
26... 1.4 4.2 220 240 4.2 3 6.8 548 551
DEC
21... 1.7 5.2 250 300 5.5 % 5.6 639 686
FEB
19... 1.1 7.7 86 38 2.9 R 5.5 183 155
APR
14... 1.6 5.9 250 290 5.3 .4 2.4 620 644
JUN
TP 1.6 4.7 180 170 3.7 3 3.0 438 426
AUG
10... 1.2 3.9 170 120 2.7 3 7.6 381 352
SOLIDS, NITRO- NITRO- NITRO- PHOS-
SOLIDS, SOLIDS, RESIDUE  GEN, GEN, GEN,AM- PHOS-  PHORUS,
DIS- DIS- AT 105 NO2+NO3 AMMONIA WMONIA + PHOS- PHORUS,  ORTHO,
SOLVED SOLVED DEG. C,  DIS- DIS- ORGANIC PHORUS,  DIS-  DIS-
(TONS  (TONS  SUS- SOLVED SOLVED TOTAL  TOTAL  SOLVED SOLVED
PER PER  PEN (MG/L  (MG/L  (MG/L  (MG/L  (MG/L  (MG/L
DATE  AC-FT)  DAY)  (MG/ ASN) ASN) ASN) ASP) ASP) AS P)
(70303) (70302) (00530) (00631) (00608) (00625) (00665) (00666) (00671)
ocT "
26... .75 357 12 <.09  <.06 .66 .08 .02 .03
DEC
21... .87 328 4 <.09 .09 .42 .03 .02 .02
FEB
19... .25 262 611 .63 .70 4.4 .23 RE) 1
APR
164... .84 390 27 <.10 .13 .82 <.01 <.01 <.01
JUN
... .60 406 -- .26 <.06 1.2 .22 .04 <.01
AUG
10... .52 202 97 <.10 A7 1.4 .09 .08 .03
CHRO-
BARIUM, CADMIUM MIUM,  CHRO-  COBALT,
ARSENIC TOTAL' BARIUM, TOTAL CADMIUM TOTAL  MIUM,  TOTAL
ARSENIC  DIS-  RECOV-  DIS- RECOV-  DIS-  RECOV~  DIS- RECOV-
TOTAL  SOLVED ERABLE SOLVED  ERABLE SOLVED ERABLE SOLVED ERABLE
TIME  (UG/L  (UG/L  (UG/L  (UG/L - (UG/L  (UG/L  (UG/L  (UG/L  (UG/L
DATE AS AS) AS AS)" AS BA) AS BA) AS CD) AS CD) AS CR) AS CR) AS CO)
(01002) (01000) (01007) (0100S) (01027) (01025) (01034) (01030) (01037)
ocT
26... 1445 1 1 100. 68 <1 <1 <10 0 <1
FEB
19... 1130 2 1 100 N 1T« 20 <10 8
JUN
... 0730 2 2 <100 84 1 4 <10 <10 7
AUG
10... 1110 2 1 100 66 <1 1 20 <10 1
MANGA- -
COPPER, IRON, LEAD, NESE,  MANGA- MERCURY
COBALT, TOTAL COPPER, TOTAL  IRON, TOTAL  LEAD,  TOTAL  NESE,  TOTAL
DS~ RECOV-  DIS- RECOV-  DIS-  RECOV-  DIS-  RECOV-  DIS-  RECOV-

SOLVED ERABLE SOLVED  ERABLE SOLVED ERABLE SOLVED ERABLE
(UG/L (UG/L (UG/L (UG/L (UG/L (UG/L (UG/L (UG/L
DATE AS CO) AS CU) AS CU) AS FE) AS FE) AS PB) AS PB) AS MN)
(01035) (01042) (01040) (01045) (01046) (01051) (01049) (01055)

ocT

26... <3 5 1 410 ° <10 3 0
FEB

19... <3 31
JUN

... <1 22 13 9600 9 7 4

AUG
10... (4 20 5 5400 13 8 <1

13000 180 15 1

w

20
270
220
140

SOLVED - ERABLE
(UG/L (UG/L

AS MN) AS HG)
(01056) (71900)

17 N
51 .2
12 .2
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YELLOWSTONE RIVER BASIN

06308500 TONGUE RIVER AT MILES CITY, MT--Continued
‘ (National Stream Quality Accounting Network)

WATER-QUALITY RECORDS
LOCATION.--Samples collected at private ranch bridge, 11 mi (17.7 km) upstream from gaging station.
PERIOD OF RECORD.--Water years 1946 to current year.

PERIOD OF DAILY RECORD.--
WATER TEMPERATURES: April 1949 to curreat year.
SUSPENDED-SEDIMENT DISCHARGE: October 1977 to current year.

INSTRUMENTATION.--Temperature recorder April to July 1974, July 1977 to current year.

REMARKS , --Water-quality and sediment samples have been taken at private ranch bridge, 11 mi (17.7 km) upstream from
gaging station since October 1977. Flow affected by ice during most of winter wonths.

EXTREMES FOR PERIOD OF DAILY RECORD.~-

WATER TEMPERATURES: Maximum recorded (water years 1949-80, 1982), 30.5°C May 22, 1980; minimum, 0.0°C on many
days during winter periods.
SEDIMENT CONCENTRATIONS: Maximum daily mean, 7,980 mg/L May 21, 1982; minimum daily mean, 6 mg/L Feb. 18, 1980.
SEDIMENT LOADS: Maximum daily, 84,400 tons (76,600 megagrams) May 18, 1978; ninimum daily, 0.13 tom (0.12
megagram) May 5, 1981. .

EXTREMES FOR CURRENT YEAR,.--
WATER TEMPERATURES: Maximum, 29.5°C July 21, 22; minimum, 0.0°C on many days during November to February.
SEDIMENT CONCENTRATIONS: Maximum daily mean, 7,980 mg/L May 21; wminimum daily mean, 10 mg/L Nov. 12.
SEDIMENT LOADS: Maximum daily, 12,400 tons (11,200 megagrams) May 21; minimum daily, 5.9 tons (5.4 megagrams)
Nov. 12,

WATER QUALITY DATA, WATER YEAR OCTOBER 1981 TO SEPTEMBER 1982

D1s-
CHARGE, SPE-
IN ~ STREAM- CIFIC
CUBIC  FLOW, WEATHER  CON- TEMPER- TUR-  OXYGEN,
FEET  INSTAN-  (WMO DUCT- PH  ATURE, TEMPER-  BID- DIS-
TIME PER  TANEOUS CODE ANCE AIR  ATURE ITY SOLVED
DATE SPGOND (CFS)  NUMBER) (UMHOS) (UNITS) (DEG C) (DEG C)  (NTU) ~ (MG/L)
(00660) (00061 (00041 (00095) (00400) (00020) (00010) (00076)  (00300)
ocT : '
26... 1445 -- 241 1 775 8.4 17.5 8.5 8.0 10.5
DEC
21... 1400 190 -- 1 980 8.3 2.5 .0 6.1 12.8
FEB
19... 1130 530 -- 51 252 7.1 13.0 .0 4do 1.9
APR
14... 1500 - 233 0 940 8.5 20.0 16.0 13 9.0
JUN
11... 0730 -- 343 0 665 8.2 15.0 16.0 410 8.8
AUG
10... 1110 -- 196 "o 551 8.7 16.0, 18.0 110 8.6
OXYGEN, OXYGEN  COLI- STREP- . HARD-
DIS-  DEMAND, FORM,  TOCOCCI NESS MAGNE-
SOLVED CHEM-'  FECAL, FECAL, HARD- NONCAR- CALCIUN  SI(M, SQOIUM.
(PER-  ICAL 0.7 KF AGAR NESS  BONATE  DIS- pIS-  DIS-
CENT  (HIGH  UM-MF  (COLS.  (MG/L  (MG/L  SOLVED SOLVED SOLVED
SATUR- LEVEL) (COLS./  PER AS AS (MG/L  (MG/L  (MG/L

DATE ATION) (MG/L) 100 ML) 100 ML) CACO3) CACO3)

AS CA) AS MG)
(00301) (00340) (31625) (31673) (00900) (95902) (00915)

AS NA)
(00925) (00930)

0oCT

26... 99 28 K8 61 . 33 110 61 (23 58
Dgﬁ.. . 97 18 K6 45 439 190 80 58 81
ng. .e 89 97 270  K13000 82 .00 18 9.0 22
Af%. . 102 16 K3 K43 385 130 70 51 69
JEIR\‘ ces 97 38 1700 1400 248 72 50 30 58
Alljg. .. 99 17 1100 2100 223 50 48 25 40

i
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06308500 TONGUE RIVER AT MILES CITY, MT

LOCATION.--Lat 46°20'44", long 105°48°'10", in NEXNERSEk sec.23, T.7 N., R.47 E., Custer County, Hydrologic Unit
10090102, on right bank 4 mi (6 km) south of Miles City and at mile 8.1 (13.0 km).

DRAINAGE AREA.--5,379 mi2 (13,932 km2).

N

HAT!R-DI_SCHARGE RECORDS ‘(
PERIOD OF RECORD.--April 1938 to April‘ 1942, April 1946 to current year. Published as “"near Miles City" April 1938
to April 1942. Not equivalent to reéords published as "near Miles City" May 1929 to October 1932. Monthly dis-
charge only for some periods, published in WSP 1309.

REVISED RECORDS.--WSP 1729: Drainage area.

GAGE.--Water-stage recorder. Datunm of gage is 2,375.76 ft (724.132 m) National Geodetic Vertical Datum of 1929
(levels by U.S. Army Corps of Eng‘tneeras. April 1938 to April 1942, nonrecording gage at site 8 mi (13 km) up-
stream at different datum. April 1946 to Sept. 130, 1963, at datum 1.00 £t (0.305 m) higher.

REMARKS , --Water-discharge records good except those for winter periods, which are poor. Flow regulation by Tongue
River Risewolr (station 06307000), and many small reservoirs in Hyoming (combined capacity about 15,000 acre-ft,
18.5 hm2). Diversions for irrigation of about 100,800 acres (408 km<), revised, above astation.

AVERAGE DISCHARGE.--39 years (1938-41, 1946-82), 440 ft3/s (12.46 n3/s), 318,800 acre-ft/yr (393 ha3/yr)..

EXTREMES FOR PERIOD OF RECORD.--Maximum discharge, 13,300 f£t3/s (377 m3/s) June 15, 1962, gage height, 12.33 fc
(3.758 m), present datum, from rating curve extended above 8,220 ft3/s (233 w3/s) on basis of float measure-
ment; maximum gage height, 13.27 ft (4.045 m) Mar. 19, 1960, Feb. 15, 1971 (ice jam), present datum; no flow
July 9-19, Aug. 13, 14, Sept. 28, 1940.

EXTREHéS FOR CURRENT YEAR.--Maximum discharge, 1,510 ft3/a (42.8 n3/s) July 5, gage height 4.17 ft (1.2713m), max-

imun gage height, 10.02 ftr (3.054 m) Feb. 21 (backwater from ice jam); minimum daily discharge, 110 fco/s (3.12
w3/3) Jan. 10, result of freezeup.

DISCHARGE, IN CUBIC FEET PER SECOND, WATER YEAR OCTOBER 1981 TO SEPTEMBER 1982

MEAN VALUES

DAY ocT NOV DEC JAN FEB MAR APR MAY JUN JuL AUG SEP
1 256 233 170 150 220 320 209 343 219 1100 219 229
2 256 233 180 130 190 280 244 343 212 1150 222 229
3 252 233 190 140 130 230 248 343 196 1310 219 222
4 252 233 200 160 150 230 248 237 193 1450 203 222
5 237 222 210 140 180 220 248 209 196 1500 196 226
6 206 222 220 120 210 240 244 277 360 1470 196 226
7 203 222 230 130 200 260 248 277 696 1300 193 222
8 203 222 220 190 150 240 252 241 489 901 .183 209
9 203 222 240 160 150 300 274 241 629 748 190 219
10 206 219 260 110 170 470 267 241 462 646 199 209
1 206 219 260 140 180 580 263 233 340 560 193 196
12 252 219 230 150 no 500 252 226 281 512 190 193
13 233 219 210 170 240 422 244 222 359 467 187 187
14 215 219 200 230 " 300 386 .28 219 404 424 176 190
15 219 219 200 . 190 - 400 - 422 237 222 463 393 180 222
16 254 219 190 150 460 426 233 248 460 363 203 256
17 288 219 190 190 480 407 229 248 475 327 206 256
18 281 222 150 220 500 379 229 233 463 288 256 226
19 281 222 180 220 530 347 222 222 538 295 213 252
20 284 219 210 210 600 n 303 458 471 284 190 248
21 288 215 190 140 700 267 327 575 463 263 193 248
22 288 222 180 . - £30. 600 233 331 344 460 237 226 248
23 277 219 170 130 500 307 335 263 448 241 270 244
24 267 212 170 150 400 335 335 229 L4 464 206 241
25 263 229 180 200 300 319 335 215 452 724 - 193 2461
26 260 220 180 280 300 303 335 206 479 389 212 237
27 237 140 170 320 320 270 339 196 707 726 193 293
28 237 150 150 270 340 263 339 199 815 392 196 345
29 237 150 130 250 .- 226 339 308 999 291 206 303
30 233 160 140 210 -—- 206 339 252 1040 270 212 277
31 233 -—- 150 200 ——- 163 - 229 -—- 226 219 -—-
TOTAL 7597 6374 5950 5600 9110 9862 8289 8299 14213 19711 6342 7116
MEAN 245 212 192 181 325 318 276 268 474 636 205 237
MAX 288 233 260 320 700 580 339 575 1040 1500 270 345
MIN 203 140 130 110 130 163 209 196 193 226 176 187
AC-FT 15070 12640 11800 11110 18070 19560 16440 16460 28190 39100 12580 14110

CAL YR 1981 TOTAL 114557.4  MEAN 314 MAX 2200  MIN 2.2 AC-FT 227200

WIR YR 1982 TOTAL 108463.0 MEAN 297 MAX 1500 MIN 110 AC-FT 215100
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YELLOWSTONE RIVER BASIN

06308500 TONGUE RIVER AT MILES CITY, MT--Continued

PHYTOPLANKTON ANALYSES, JULY 1981 TO SEPTEMBER 1981

DATE
TIME

TOTAL CELLS/ML

DIVERSITY: DIVISION
.CLASS
. +ORDER
eo o FAMILY _
eee.GENUS

ORGANISM
BACILLARIOPHYTA (DIATOMS)
.BACILLARIOPHYCEAE
. JACHNANTHALES
.« .ACHNANTHACEAE
< +o+ACHNANTHES
++.+COCCONEIS
. +BACILLARIALES
...NITZSCHIACEAE
wee  NITZSCHIA
. .EUPODISCALES
...COSCINODISCACEAE
«esCYCLOTELLA
. .FRAGILARIALES
++-FRAGILARIACEAE
« e« FRAGILARIA
«e+«SYNEDRA
. .NAVICULALES
.. «GOMPHONEMACEAE
+ o« «GOMPHONEMA
«««NAVICULACEAE
oo NAVICULA
« «SURIRELLALES
« « «SURIRELLACEAE
+ e« CYMATOPLEURA

CHLOROPHYTA (GREEN ALGAE)
.CHLOROPHYCEAE

. .CHLOROCOCCALES

+ + +CHLOROCOCCACEAE

« «+ +SCHROEDERIA

«« e « TETRAEDRON

v+« DICTYOSPHAERIACEAE
e «DICTYOSPHAERIUM

« ++00CYSTACEAE

« o+ « ANKISTRODESMUS

v« s oCLOSTERIOPSIS

o +4+00CYSTIS

v+ e «SELENASTRUM

« « SCENEDESMACEAE

« v+ «COELASTRUM

+ s+ CRUCIGENIA

o« o GLOEOACTINIUM

o+« «SCENEDESMUS
+«VOLVOCALES

«+ «CHLAMYDOMONADACEAE
o+ » CHLAMYDOMONAS

.+ PHACOTACEAE

+ e PHACOTUS

. .ZYGNEMATALES
...DESMIDIACEAE

+ e+ +STAURASTRUM

CRYPTOPHYTA (CRYPTOMONADS)
.CRYPTOPHYCEAE

.. CRYPTOMONADALES

.. .CRYPTOCHRYSIDACEAE
....CHROOMONAS

CYANOPHYTA (BLUE-GREEN ALGAE)
.CYANOPHYCEAE

. .CRROOCOCCALES
...CHROOCOCCACEAE
....ANACYSTIS
....GOMPHOSPHAERTIA

. .OSCILLATORIALES
...0OSCILLATORIACEARE
....0SCILLATORIA

EUGLENOPHYTA (EUGLENOIDS)
.EUGLENOPHYCEAE

. .EUGLENALES
...EUGLENACEAE

. «..TRACHELOMONAS

JuL 23
083

CELLS PER-
/ML CENT

T
28

1708 1

42

130 1

220# 2

14

,81
Q

8

y

AUG 19,81
1300
10000
1.4
1.4
1.9
2.6
3.2

CELLS PER-

/ML CENT
200 2
67 1
3/ 0
67 1
67 1
100 1
200 2
870 5
3 0
19004 18

67

1800 13
270 3
980 10
170 2
67 1
980 10
29004 28
340 3

NOTE: # - DOMINANT ORGANISM; EQUAL TO OR GREATER THAN 15%

SEP 30,81
1245
16000
0.3
0.3
0.4
0.4
0.4

CELLS PER-

/ML  CENT
160 1
43 0
29 0
29 O
29 0
58 0
29 O
29 O
120 1
s8 O
170 1
14 4]
15000# 95
0

e —




YELLOWSTONE RIVER BASIN ' 489
06308500 TONGUE RIVER AT MILES CITY, MT--Continued
PHYTOPLANKTON ANALYSES, OCTOBER 1980 TO MAY 1981

DATE NOV 18,80 MAR 24,81 .MAY 19,81
TIME : 1300 0930 1030

TOTAL CELLS/ML .- 170 370 3800
DIVERSITY: DIVISION 1.5 1
+CLASS 1.5 1
« «ORDER 2.8 2
<« «FAMILY 2.8 2
« o ¢ +GBNUS 2.8 2

CELLS PER- CELLS PER- CELLS PER-
ORGANISM /ML CENT /ML CENT /ML CENT

BACILLARIOPHYTA (DIATOMS)

«BACILLARIOPHYCEAE

« ACHNANTHALES

« « «ACHNANTHACEAE :

o+« ACHNANTHES - - -~ - 20 1
«+++COCCONEIS 13 8 - - 20 1
«.BACILLARIALES

e« « NITZSCHIACEAE

eoe«NITZSCHIA 13 8 39 10 440 12
- .EUPODISCALES

««.COSCINODISCACEAE

essCYCLOTELLA 39# 23 1304 34 -— -
««« «STEPHANODISCUS - - -— - T80# 20
. .FRAGILARIALES

«« . FRAGILARIACEAE

«os«DIATOMA - - 13
+++FRAGILARIA - - --
«++«SYNEDRA - - 26
« «NAVICULALES

«+ o NAVICULACEAE

eeesNAVICULA 39¢# 23 13 3 280 6

CHLOROPHYTA (GREEN ALGAE)

-CHLOROPHYCEAE -

« «CHLOROCOCCALES

++DICTYOSPHAERIACEAE

«es.DICTYOSPHAERIUM -- - - - 80 2
<« HYDRODICTYACEAE

o+ PEDIASTRUM -- - - - 580# 15
«++00CYSTACEAE

o+ o « ANKISTRODESMUS - - - - 360 9
e+ ++00CISTIS 13 8 --
oo o« SELENASTRUM -— - -— - 20 1
« « « SCENEDESMACEAE

«« o »SCENEDESMUS - - 52 14 560 15
«.VOLVOCALES

« « « CHLAMYDOMONADACEAE

« » « « CHLAMYDOMONAS 26# 15 26 7 o= -

w

20

-1
N
o
-— e

CYANOPHYTA (BLUE-GREEN ALGAE)
.CYANOPHYCEAE

« CHROOCOCCALES

« « « CHROOCOCCACEAE

« s+ «AGMENELLUM -
eee oANACYSTIS 13

-—— - 160 4
6us 17 340 9 -

[N

EUGLENOPHYTA (EUGLENOIDS)

.EUGLENOPHYCEAE

. .EUGLENALES

.. .EUGLENACEAE

e+« TRACHELOMONAS 13 8 13 3 180 5

NOTE: # - DOMINANT ORGANISM; EQUAL TO OR GREATER THAN 153



YELLOWSTONE RIVER BASIN

06308500 TONGUE RIVER AT MILES CITY, MT--Continued

SUSPENDED-SEDIMENT, WATER YEAR OCTOBER 1980 TO SEPTEMBER 1981

488
MEAN MEAN
CONCEN=- ‘CONCEN=-
TRATION LOADS TRATION LOADS
DAY (MG/L) (T/DAY) (MG/L) (T/DAY)
OCTOBER NOVEMBER
1 88 4y 48 36
2 59 29 30 23
3 50 23 30 23
4 5S4 26 29 22
5 60 30 3% 26
6 64 32 36 28
7 58 27 39 30
8 40 17 uy 34
9 S4 23 38 30
10 84 32 28 22
1 57 21 19 15
12 47 17 14 11
13 46 18 26 20
14 4s 18 34 27 .
15 42 17 25 20
16 83 60 35 27
17 575 503 45 35
18 1450 1320 32 24
19 171 625 30 22
20 261 193 34 27
21 135 99 ks 40
22 437 354 40 34
23 1310 1270 23 17
24 1310 1130 21 12
25 541 429 42 24
26 219 164 L ¥ 25
27 130 97 23 13
28 89 66 61 41
29 T2 54 46 34
30 70 52 32 15
31 58 43 —— -—-
TOTAL —— 6833 ——— 757
APRIL MAY
1 34 12 25 .88
2 42 15 46 1.2
3 63 22 38 .88
] 38 13 22 .28
5 &6 16 22 .13
6 69 23 23 «23
7 56 9.2 24 .16
8 32 3.6 32 «53
9 15 1.0 86 2.3
10 18 97 46 1.7
1" 21 1.2 58 6.0
12 27 1.5 392 90
13 34 1.9 480 152
14 31 1.7 235 62
15 36 1.4 100 22
16 19 .62 73 14
17 26 .84 155 30
18 24 .78 195 31
19 23 .75 122 18
&G 16 .52 103 14
21 28 .9 90 12
22 36 1.2 390 63
23 4y 1.4 1230 232
24 59 2.2 820 166
25 56 2.1 260 53
24 60 2.1 210 142
27 50 1.9 780 1260
28 33 1.2 1510 3260
29 30 1.1 1220 3290
30 21 .79 1870 6560
31 ——— —— 1320 6770
TOTAL .-~ 141,88 -—= 22255.,29
TATAL LOAD FOR YEAR: 134689.27 TONS.

MEAN
CONCEN-

TRATION LOADS
(MG/L) (T/DAY)
DECEMBER
23 8.7
12 4.2
14 5.7
22 7.7
17 5.5
25 T.4
27 8.0
29 12
40 16
52 16
43 46
41 4y
32 26
ig 46
L 1] 60
41 48
30 28
43 29
37 12
31 10
52 17
us 16
28 9.1
26 5.6
19 5.6
32 14
82 20
48 26
57 31
29 15
30 13
— 612.5

.. JUNE
1370 7400
1080 5830
981 5560
983 5840
949 5640
920 5460
980 5820
937 5570
819 4860
57 4290
610 3460
727 4120
1000 5670
1080 6420
1050 5950
689 3530
520 2250
478 1940
377 1330
278 916
208 646
234 720
199 586
186 537
179 498
179 u88
158 400
140 344
142 322
123 258
-—- 96655

MEAN
CONCEN-
TRATION

(MG/L

35
28
29

27
24

170
238

131
115

LOADS
) (T/DAY)

JANUARY

14
11

-

-

e a o o o »
WOWEW ® =N WetINO WO

= OO N OEN VOOV oUW

N
o N
N
o

148
137
268
213

78

2301,1

MEAN

CONCEN-

TRATION  LOADS
(MG/L) (T/DAY)

FEBRUARY
120 42
118 35
99 35
b 15
21 7.9
26 9.8
23 8.1
26 7.0
21 5.4
22 5-3
22 5.9
30 9.7
28 1
19 7.7
18 8.3
10 5.9
57 46
98 95
56 60
a8y 100
133 162
119 145
128 159
103 131
116 143
148 123
17 58
52 35
e  1476.0
AUGUST
90 56
70 45
80 54
17 46
263 156
252 163
190 118
240 143
452 281
325 211
166 103
118 67
140 76
106 57
64 35
67 34
83 i5
81 4k
59 32
54 29
68 35
89 52
107 66
8y 52
T4 48
75 42
56 31
105 53
94 48
68 35
54 28
- 2285

MEAN
CONCEN~-
TRATION  LOADS
(MG/L) (T/DAY)
MARCH
39 25
23 14
23 14
20 11
16 9.0
2% 13
21 1
10 S.4
15 8.1
16 8.5
16 8.4
17 8.9
16 8.3
20 9.9
15 6.9
16 7.0
21 8.8
23 9.2
16 6.4
12 4.8
18 7.2
14 T 5.4
19 T.b
19 T.1
17 6.4
27 10
40 1%
33 12
25 8.8
50 18
49 17
- 310.9
SEPTEMBER
52 28
68 39
64 32
48 23
60 30
74 41
T1 &0
62 34
51 27
49 25
56 29
52 26
41 20
41 21
50 26
41 22
4y 24
i1 23
43 26
u7 27
42 24
34 19
38 21
36 20
35 21
34 21
30 19
30 18
28 17
38 26
——— 769

¢



DAY

VO NEWN =

10

MAX

29.0

MIN
JUNE

.0

YELLOWSTONE RIVER BASIN

06308500 TONGUE RIVER AT MILES CITY, MT--Continued

TEMPERATURE, WATER (DEG. C), WATER YEAR OCTOBER 1980 TO SEPTEMBER 1981

. MEAN

MAX

28.0
27.0
27.0

28.0

MIN
JuLY

PARTICLE-SIZE DISTRIBUTION OF SUSPENDED

TIME

1400

1330
0930
0930
1300
0930
1500
1030
0830
0830
1300
1245

TEMPER=~
ATURE
(DEG C)
(00010)
5.0

1.0

.5

.5

1.0

6.0
15.0
14,0

o

17.
21.
27.

A I = BN

15.

STREAM-
FLOW,
INSTAN-
TANEOUS
(CFS)
(00061)
276
273
430
170
456
144

12
57
1380
E62
182

252

-SEDI-
MENT,
SUS-
PENDED
(MG/L)

(80154)

81
s
37
8
144
15
39
89
472
uy
62

52

SEDI-
MENT,
DIS-
CHARGE,
SUS-
PENDED
(T/DAY)
(80155)
60
33
43
3.7
177
5.8
1.3
14
1760
7.4

30

MEAN

24.5
24.0

24.5

SEDIMENT,

SED.
SUSP.
FALL
DIAM.
% FINER
THAN
.004 MM
(70338)

487

MAX MIN MEAN MAX MIN MEAN
AUGUST SEPTEMBER
28.0 21.5 248.5 22.0 15.5 18,5
28.5 21.5 28.5 21.5 17.0 19.0
28.0 21.0 24.5 20.0 15.5 17.5
28.0 22.0 25.0 22.5 15.0 19.0
27.0 21.5 24.0 22.5 18.5 20.0
25.5 21.5 23.5 22.0 17.5 19.5
25.5 20.5 23.0 22.5 16.5 19.5
25.5 21.0 23.0 23.0 17.0 20.0
24,5 20.5 22.5 24.0 17.5 21.0
25.5 19.5 22.5 22.5 18.0 20.5
26.5 20.0 23.5 23.0 16.5 20.0
27.5 20.5 24.0 23.5 17.5 20.5
26.5 21.5 24.0 23.0 17.0 20.5
28.0 21.5 24.5 22.0 18.0 20.0
27.5 21.5 24.5 20.5 15.5 18.5
27.0 21.5 24.0 19.5 14.5 17.0
28.0 21.0 24.5 19.5 13.5 16.5
29.0 22.0 25.5 20.0 14.0 17.5
29.0 22.5 25.5 20.0 14.5 17.5
28.0 23.0 25.5 19.0 16.0 17.5
25.5 22.0 23.5 19.0 14.5 16.5
26.5 20.0 23.0 18.5 13.5 16.0
26.5 21.0 23.5 18.5 13.5 16.0
26.0 20.5 23.5 17.5 14.0 16.0
26.5 21.0 23.5 16.5 184.0 ~ 15.5
26.0 21.0 23.5 14.5 11.5 13.0
25.5 20.0 22.5 14.0 10.0 12.0
25.5 19.0 22.5 16.0 11.0 14.0
25.5 19.5 22.5 16.5 13.5 15.0
25. 18.5 21.0 16.5 13.5 15.0
21.5 15.5 18.5 —— ——— ———
29.0 15.5 23.5 24.0 10.0 17.5
WATER YEAR OCTOBER 1980 TO SEPTEMBER 1981
SED. SED. SED. SED. SED. SED.
SUsP. 3USP. SusP. SusP. SUsP. SUSP.
FALL FALL FALL FALL FALL SIEVE
DIAM. DIAM, DIAM, DIAM. DIAM. DIAM.
$ FINER % FINER % FINER % PINER $ FINER § FINER
THAN THAN THAN THAN THAN THAN
016 MM ,062 MM ,125 MM ,250 MM .500 MM .062 MM
(70340) (70342) (70343) (70344) (70345) (T70331)
- - -— - - 98
- - - - - 97
- - - - - 88
- - - - - 92
-- -- -- - - 85
-— - - - -— Qo
TU 87 91 98 100 --
- - -—- -- -~ 98
- - p— - - -)9



MIN MEAN

DECEMBER

MAX

WATER YEAR OCTOBER 1980 TO SEPTEMBER 1981
MEAN

ER AT MILES CITY, MT--Continued

MIN
NOVEMBER

YELLOWSTONE RIVER BASIN

06308500 TONGUE RIV

TEMPERATURE, WATER (DEG. C),
MAX

MIN . MEAN
OCTOBER

MAX

486
DAY
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YELLOWSTONE RIVER BASIN o 485
06308500 TONGUE RIVER AT MILES CITY, MT--Continued
PESTICIDE ANALYSES, WATER YEAR OCTOBER 1980 TO SEPTEMBER 1981

CHLOR- DI- DI~
PCB,  .ALDRIN, DANE, DD, DDE, DDT, AZINON, ELDRIN ENDRIN, ETHION,
- TIME  TOTAL  TOTAL  TOTAL  TOTAL  TOTAL  TOTAL  TOTAL' TOTAL  TOTAL'  TOTAL
DATE (ug/L) ~ (UG/L) (UG/L)  (UG/L)  (UG/L)  (UG/L)  (UG/L) . (UG/L)  (UG/L)  (UG/L)
(39516) (39330) (39350) (39360) (39365) (39370) (39570) (39380) (39390) (39398)
NOV : '
18... 1330 ND ND D ND ND ND ND . ND ND ND
HEPTA- -, METH-  METHYL  METHYL
. HEPTA-  CHLOR MALA- OXY-  PARA- TRI-  PARA- TOX-  TOTAL
¢ CHLOR, EPOXIDE LINDANE THION, CHLOR, THION, THION, THION, APHENE,  TRI-
TOTAL ~ TOTAL  TOTAL  TOTAL  TOTAL  TOTAL'  TOTAL  TOTAL'  TOTAL  THION
DATE  (UG/L)  (UG/L) (UG/L) (UG/L) (UG/L) (UG/L)  (UG/L) (UG/L)  (UG/L)  (UG/L)
vov (33810) (39420) (393%0) (39530) (39480) (39600) (39790) (39540) (39400) (39786)
18... ND ND ND ND ) ND ND ND ND ND
SPECIFIC CONDUCTANCE (MICROMHOS/CM AT 25 DEG. C), WATER YEAR OCTOBER 1980 TO SEPTEMBER 1981
ONCE-DAILY
DAY ocT NOV DEC JAN FEB  MAR APR MAY JUN JuL AUG SEP
1 851 911 979 952 1140 1040 1100- 1220 540 392 546 659
2 880 930 1000 990 1140 1040 1090 1230 515 105 549 657
3 880 932 1040 960 1150 1060 1100 1290 gk 457 551 645
1 871 929 1060 998 1210 1060 1100 1370 468 452 555 662
5 870 924 1040 991 1220 1060 1090 1360 434 463 558 659
6 870 920 1140 990 1210 1080 1140 1360 403 468 564 64T
7 880 920 1140 1010 1220 1090 1140 1420 396 467 580 648
8 908 920 1150 1040 1230 1080 1140 1320 374 463 577 - 6U1
9 900 917 1140 1040 1230 1100 1130 1250 347 472 580 651
10 909 919 1100 1040 1240 1100 1110 1060 328 499 589 640
1" 920 920 1100 1060 1250 1080 1150 930 353 511 573 642
12 931 912 1060 1000 1300 1090 1180 924 337 522 605 651
13 918 925 1060 1020 1300 1100 1180 963 334 561 586 659
14 921 920 1040 1040 1220 1080 1180 945 337 592 618 662
15 920 921 920 1040 1220 1080 1180 951 343 594 620 655
16 870 939 920 1050 1180 1100 1190 956 330 620 619 663
17 860 9i0 890 1060 1100 1110 1180 994 316 599 640 659
18 8k2 943 881 1100 1100 1120 1220 1020 350 601 641 653
19 861 948 966 1080 1020 1140 1220 1040 351 618 641 659
20 888 931 961 1100 648 1140 1240 1050 348 617 631 663
21 900 930 970 1100 703 1150 - 1250 1070 360 613 632 668
22 882 913 1020 1090 469 1160 1240 1010 366 611 609 665
23 861 951 1020 1020 - 619 1140 1260 985 359 599 586 659
24 870 942 1030 1020 885 1140 1260 1520 355 554 621 660
25 900 1040 1020 1000 900 1140 12140 1070 357 530 621 663
26 901 1040 1070 988 969 1180 1240 1050 359 512 626 654
27 909 1010 1060 968 1000 1150 1260 963 354 488 642 670
28 900 1020 1020 980 1000 1140 1270 765 370 489 655 680
29 900 980 1020 1020 -— 1140 1270 717 370 497 659 682
30 910 960 978 1020 — 1030 1220 577 380 504 668 656
31 908 -— 931 1120 — 1030 —— 531 - 524 655 i
MEAN 890 9uy 1020 1030 1070 1100 1190 1060 378 526 606 658

WTR YR 1981 MEAN 872 MAX 1520 MIN 316

N —
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YELLOWSTONE RIVER BASIN

06308500 TONGUE RIVER AT MILES CITY, MT--Continued

WATER QUALITY DATA, WATER YEAR OCTOBER 1980 TO SEPTEMBER 1981

NITRO- NITRO-  NITRO-  NITRO- CARBON,
GEN, NITRO- GEN, GEN,AM- GEN,AM- PHOS- CARBON, ORGANIC
AMMONIA GEN, ORGANIC MONIA +« MONIA + PHOS- PHORUS, CARBON, ORGANIC  SUS-
DIS-  ORGANIC DIS- ORGANIC ORGANIC PHORUS, DIS-  ORGANIC  DIS- PENDED
SOLVED  TOTAL SOLVED. TOTAL DIS. TOTAL SOLVED TOTAL  SOLVED TOTAL
(MG/L (MG/L (MG/L (MG/L (MG/L (MG/L (MG/L (MG/L (MG/L (MG/L
DATE AS N) AS N) AS N) AS W) AS N AS P) AS P) AS C) AS C) AS C)
(00608) (00605) (00607) (00625) (00623) (00665) (00666) (00680) (00681) (00689)
0CT
29... .02 .85 82 .85 .84 .02 .02 15 - ==
NOV .
18... .02 .51 .39 .53 41 .04 .02 - 18 -
DEC
16... .04 - .69 - .T3 .00 .02 14 - -
JAN
23..s .06 .76 .78 .81 .84 .ol .04 13 - -
FEB
Hig'-. .13 44 .40 <57 .53 .09 .06 - 22 1.5
24.., «06 .85 .57 1.2 .63 .02 .02 11 11 -
APR
21... .10 2.2 »53 2.3 .63 .0l .01 S.1 - -
MAY ’
19... .05 .63 .30 77 .35 .05 .01 - 15 -9
JUN
19... .09 .92 17 1.0 .86 2U .05 10 - -
JuL
23... .18 . .56 .82 .T4 .06 .02 4.4 - -
AUG
19... .18 U2 .36 .56 .54 .05 .02 - 4.3 .6
SEP
30... .08 .57 b2 .68 .50 .02 .01 6.2 - -
CHRO-
BARIUM, CADMIUM MIUM, CHRO-  COBALT,
ARSENIC  TOTAL  BARIUM, TOTAL  CADMIUM  TOTAL MIUM, TOTAL
ARSENIC DIS- RECOV-  DIS- RECOV- DIS- RECOV-  DIS=- RECOV-
TOTAL SOLVED ERABLE SOLVED ERABLE  SOLVED ERABLE SOLVED ERABLE
TIME (uG/L (UG/L (UG/L (UG/L (UG/L (UG/L (uG/L (uG/L (uG/L
DATE AS AS) AS AS) AS BA) AS BA) AS CD) AS CDh) AS CR) AS CR) AS CO)
(01002) (01000) (0100T) (01005)  (01027) (01025) (01034) (01030) (01037)
NOV
18... 1330 2 1 100. 60 1 <1 0 10 0
FEB
2;... 1300 2 1 300 70 1 <1 10 0 2
MA
190 1030 2 2 © 100 70 0 <1 10 0 3
AUG :
19... 1300 1 1 200 60 0 <1 10 0 0
MANGA-
COPPER, IRON, LEAD, NESE, MANGA- MERCURY
COBALT, TOTAL  COPPER, TOTAL IRON, TOTAL LEAD, TOTAL NESE, TOTAL
DIS- RECOV-  DIS- RECOV- DIS- RECOV- DIS- RECOV- DIS- RECOV-
SOLVED ERABLE  SOLVED ERABLE SOLVED ERABLE  SOLVED ERABLE SOLVED ERABLE
(uG/L (uG/L (UG/L (UG/L (uG/L (uG/L (vG/L (uG/L (ua/L (uG/L
DATE AS C0) AS CU) AS CU) AS FE) AS FE) AS PB) AS PB) AS MN) AS MN) AS HG)
(01035) (0to42) (01040) (01045) (0t046) (01051) (O1049) (01055) (01056) - (71900)
NOV
18... <3 5 2 420 <10 3 3 20 9 .0
FEB
25... <3 7 2 2200 20 4 1 100 S .1
MAY
19... <3 8 2 1100 <10 4 1 120 S .3
AUG
19... <3 4 2 1100 <10 2 0 4o 3 .1
NICKEL, SELE- SILVER, T INC,
MERCURY TOTAL NICKEL, SELE~ NIUM, TOTAL SILVER, TOTAL Z INC,
DIS- RECOV- DIS- NIUM, DIS- RECOV- DIS- RECOV- DIS-
SOLVED ERABLE  SOLVED  TOTAL SOLVED ERABLE SOLVED ERABLE  SOLVED
(uG/L (uG/sL (uG/L (UG/L (UG/L (UG/L (UG/L (ug/L (uG/L
DATE AS HG) AS NI) AS NI) AS SE) AS SE) AS AG) AS AG) . AS ZN) AS IN)
(71890) (01067) (01065) (01147) (01145} (01077) (01075) (01092) (01090)
NOV .
18... .0 5 3 0 0 0 0 10 10
FEB
25... .0 4 0 0 0 0 0 30 5
MAY
19... .0 8 1 0 0 0 0 10 3
AUG
19... .0 0 0 0 0 0 0 0 1



DATE

oCcT
29...
NOV
18...
DEC
16"'
JAN
234
FEB
25440
MAR
2"!1'
APR
21...
MAY
19¢00
JUN
19,44
JuL
23440
AUG
19,4
SEP
30".

DATE

0oCT
29._'.
NOV
18."
DEC
16..'
JAN
23"'
FEB
25"'
MAR
zu"'
APR
21..'
MAY
19"'
JUN
19.‘.
JUL
23"'
AUG
19"'
SEP
30"'

COLI-
PORM,
‘PECAL,
0.7
UM-MF
(COLS./
100 ML)
(31625)

K28
K20
T4
K2
K3
K6700
50
790
380
40
60

CHLO-
RIDE,

DIS-
SOLVED
(MG/L
AS CL)
(00940)
540
BT
u.z
5¢3
4.4
641
Tel
4.9
3'0
3.0
2.7

3'1

YELLOWSTONE RIVER BASIN

06308500 TONGUE RIVER AT MILES CITY, MT--Continued

WATER QUALITY DATA, WATER YEAR OCTOBER 1980 TO SEPTEMBER

STREP-

TOCOCCI

FECAL,

KF AGAR
(coLs.
PER

100 ML)

(31673)

150

K6

65

64

K15

K10

120

120

1000

280

42

ho
FLUO-
RIDE,
D1s-

SOLVED
(MG/L
AS F)

(00950)

N’

3

«3

«5

3

«3

ol

o3

|

12

2

.4

HARD-
NESS
(MG/L
AS
CACO3)
(00900)
380
380
380
840
360
120
510
390
110
230
250
280
SILICA,
DIS-
SOLVED
(MG/L
AS
S102)
(00955)
4,2
8.2
4,7
5.0
4,6
4.5
6.8
5.7
8'2
T.2
6e3
5.4

HARD=-
NESS

NONCAR-

BONATE
(MG/L
As
CACO03)
(95902)

130
120
120
160
130
160
140
150
33
60
68
88
SOLI
RESI
AT 1
DEG
DI
SOoL

(MG
(703

Ds,
DUE
80
« C
Se
VED
/L)
00)
652
627
656
736
610
T21
87%
691
216
396
387

4uy

CALCIUM

DIS-
SOLVED
(MG/L

" AS CA)

(00915)

66

68

70

7

63

70

62

66

31

u6

50

52
SOLIDS,
ConsT-
TUENTS,
SOLVED
(10301)
636
638
616
735
629
761
846
690
219
385
386
430

MAGNE-
SIUM,
DIS-

SOLVED

(MG/L

AS MG)

(00925)
53
50
51
59
49
60
61
54
16
28
30
36

SOLIDS,

DIS-

SOLVED

(TONS
PER

AC-FT)

(70303)
«89
<85
«89

1.0
«83
«98

1e1
«94
«29
-5“
«53

«60

SODIUM,

DIS-
SOLVED
(MG/L
AS NA)
(00930)

T1

69

64

85

75

- 98

130

90

18

15

45

uy
SOL1IDS,
DIS-
SOLVED
(TONS

PER
DAY)
(10302)

486

462

762

338

751

280
28.3

107

805
66.3

190

302

SODIUM
AD-
SORP-
TION
RATIO

(00931)

1.6

1.6

1.4

1.8

1.7

2.1

2.8

2.0

l7

1.3

1.4

143

SQLIDS,

RESIDUE
AT 105

DEG. C,
SUS-
PENDED

(MG/L)
(00530)

24

72

434
41
31
61

1981

POTAS~
SIUNM,
DIS-

SOLVED

(MG/L

AS K)

(00935)
S5¢6
5.8
5'7
4,6
“'3
5.7
6.5
5.0
2.2
3'3
3'9
3.9

NITRO-
GEN,

NO2+NO3

TOTAL

(MG/L

AS N)

(00630)
«00
«00
«05
«00
«02
«00
«00
.03
16
-21

< <10

12

ALKA-

LINITY
LAB

(MG/L

AS

CACO3)
(90410)

250
260
260
280
230
260
270
240
110
170
180
190

NITRO-
GEN,
NO2+NO3
DIS-
SOLVED
(MG/L
AS N)
(00631)

«Q0
«00
«06
«00
«03
«04
«01
«04
17
«01
«10
11

483

SULFATE
D1S~
SOLVED
(MG/L

AS SO4)

(00945)

280
280
260
330
290
360
410
320
T4
150
140

170

. NITRO-

GEN,
AMMONIA
TOTAL
(MG/L
AS N)
(00610)
«00
«02
«05
«13
«35
«10
AL
l08
l11
«14

«11




YELLOWSTORE RIVER BASIH

06308500 TONGUE RIVER AT MILES cITY, HT-—Continued
(National Streas Quality Accounting Network)

WATER-QUALITY RECORDS
110D OF RECORD.--Water years 1946 to current year.

1I0D OF DAILY RECORD.--

3PECIFIC CONDUCTANCE: January 1951 to September 1981 (dlscontinued).
{ATER TEMPERATURES: April 1949 to current year.

SUSPENDED-SBDIHENT DISCHARGE: October 1977 to current year.

- .
STRUHENTATION.-Tonperature recorder April to July 1974, July 1977 to current year.
MARKS .--Flow affected by ice during most of winter months.

TREMES FOR PERIOD OF DAILY RECORD.--

SPECIFIC CONDUCTANCE: Maximum daily, 2,390 micromhos Sept. 11, 1958; minimum daily, 215 micromhos Feb. 16, 1971.

WATER TEMPERATURES: Maximum recorded (water years 1949-80), 30.5°C May 22, 19803 oinimum, 0.0°C on many days
during winter periods. . '

SEDIMENT CONCENTRATIONS: Maximum daily mean, 5,900 wg/L May 18, 1978; oinimum daily mean, 6 mg/L Feb. 18, 1980.

SEDIMENT LOADS: Maxipum daily, 84,400 tous (76,600 megagrams) May 18, 1978; minimum daily, 0.13 tom (0.12

megagram) May 5, 1981.

TREMES FOR CURRENT YEAR.--

SPECIFIC CONDUCTANCE: Maximum daily, 1,520 micromhos May 24; minimum daily, 316 micromhos June 17.

WATER TEMPERATURES: Minimum, 0.0°C on many days during November to March.

SEDIMENT CONCEMTRATIONS: Maximum daily mean, 1,870 mg/L May 30; minimum daily mean, 9 ng/L Jan. 22.

SEDIMENT LOADS: Maximum daily, 7,400 tons (6,710 megagrams) June 1; minimum daily, 0.13 ton (0.12 megagranm)

May 5.
WATER QUALITY DATA, WATER YEAR OCTOBER 1980 TO SEPTEMBER 1981
OXYGEN, OXYGEN

SPE- DIS-  DEMAND,
STREAM- CIFIC SOLVED  CHEM-
FLOW, WEATHER CON~- TEMPER- TUR-  OXYGEN, (PER- ICAL
INSTAN-  (WMO DUCT=- PH ATURE, TEMPER- BID- DIS- CENT (HIGH
TIME TANEOUS CODE ANCE AIR ATURE ITY SOLVED  SATUR- LEVEL)
DATE _"(CFS)  NUMBER) (UMHOS) (UNITS) (DEG C) (DEG C) (NTU) (MG/L)  ATION) (MG/L)
(00061) (oook1) (00095) (00400) (00020) (00010) (00076) (00300) (00301) (00340)
oCcT
29... 1400 276 3 880 8.1 14.0 5.0 35 10.9 93 17
NOV :
18.0s 1330 273 0 1040 8.2 9.5 1.0 9.0 12.8 97 1%
DEC
Jlg... 0930 a30 3 940 8.0 4.5 5 5.1 12.8 96 2
pég... 0930 170 0 1100 8.2 3.5 i 5 1.6 13.1 99 14
Hig... 1300 456 0 8T0 8.4 4.5 1.0 L] 14.1 108 10
Agll... 0930 148 0 1150 8.4 9.5 6.0 5.5 12.3 107 15
R
21,00 1500 12 53 1200 8.7 13.0 15.0 12 10.2 111 41
MAY
Jaa... 1030 57 1 990 - 17.5 14.0 39 9.5 100 23
J:’9... 0830 1380 1 345 7.8 15.0 17.0 240 8.3 93 34
L :
23..0 0830 E62 0 590 8.4 21.5 21.5 26 8.4 104 21
AUG
19... 1300 182 0 610 8.6 31.5 27.0 32 8.7 120 39
SEP
30... 1245 252 1 670 8.3 15.0 15.5 13 9.5 103 4o




YELLOWSTONE RIVER BASIN
06308500 TONGUE RIVER AT MILES CITY, MT

LOCATIO& (REVISED) .--Lat 46°20' 48", long 105°48'10", in NEINELSE¢ sec.23, T.7 N., R.4T E., Custer County,
Hydrologic Unit 10090102, on right bank 4 mi (6 km) south of Miles City and a

DRAINAGE AREA.--5,379 mi2 (13,932 kn?).

WATER-DISCHARGE RECORDS
PERIOD OF RECORD.--April 1938 to April 1942, April 1946 to current year.
April 1938 to April 1942.
October 1932.
REVISED RECORDS.--WSP 1729: Drainage area.
GAGE.--Water-stage recorder.

(13 km) upstreaam at different datum.

REMARKS .--Water-discharge records fair except those for winter periods, which are poor.
Tongue River Reservoir £station 06307000), and many small reservoirs in Wyoming (co
). Diversions for irrigation of about 90,000 acres (364 km

15,000 acre-ft, 18.5 hm

Datum of gage is 2,375.T6 ft (724.132 m) National Geodetl
of 1929 (levels by U.S. Army Corps of Engineers). April 1938 to April 1942, nonrecor
April 1946 to Sept. 30, 1963, at datum 1.00 ft (0.305 m) higher.

AVERAGE DISCHARGE.--38 years (1938-41, 1946-81), hu4 rt3/s (12.57 m3/s), 321,700 acre-

EXTREMES FOR PERIOD OF RECORD.--Maximum discharge, 13,300 rt3/s (377 m3/s) June
(3.758 m), present datum, from rating curve extended above 8,220 rr3/s (233 m3/
ment; maximum gage height, 13.27 rt (U4.045 m) Mar. 19, 1960, Feb. 15, 1971 (ice jam), present datum; no

flow July 9-19, Aug. 13, 14, Sept. 28, 1940.

EXTREMES FOR CURRENT YEAR.--Maximum discharge, 2,250 rt3/s (63.7 m3/s) June 14,
observer gage height and extension of rating curve developed _at nonrecording ga

gage heigh
ge site

upstream at different datum; minimum daily discharge, 2.2 tt3/s (0.062 m3/s8) May 5,

for irrigation.

DISCHARGE, IN CUBIC FEET PER SECOND, WATER YEAR OCTOBER 1980 TO SEPTEMBER 1981

MEAN VALUES

DAY oCT NOV DEC JAN FEB MAR APR MAY
1 186 280 140 150 130 237 130 13
2 181 280 130 . 150 110 220 130 9.8
3 171 284 150 150 130 220 128 8.6
4 178 277 130 160 130 21 128 4.7
5 184 284 120 150 140 208 128 2.2
6 184 284 110 170 140 203 125 3.7
7 173 287 110 160 130 200 61 2.5
8 161 290 150 150 100 200 42 6.1
9 156 294 150 150 95 200 ) 25 9.8
10 141 290 140 140 90 197 20 14
1 134 294 400 150 100 194 22 38
12 137 297 400 160 120 194 20 85
13 148 290 300 160 140 192 21 17
14 146 290 350 150 150 184 20 97
15 146 290 450 150 170 17 14 82
16 214 290 430 130 220 161 12 13
17 324 290 350 130 300 156 12 T
18 338 280 250 140 360 148 12 58
19 300 270 120 150 400 148 12 54
20 274 290 120 150 440 148 12 52
21 271 N 120 160 4s0 © 148 12 50
22 300 314 130 170 450 144 12 60
23 359 270 120 170 460 144 12 70
24 320 220 80 170 470 139 14 5
25 294 210 110 160 455 139 14 75
26 277 220 160 150 307 137 13 250
27 277 210 180 140 2717 130 14 600
2 274 250 200 140 2u6 130 1t 800
29 277 270 200 140 -——- 130 i3 1000
3G 277 170 190 140 .- 130 A 1200
31 217 —-——— 160 140 —— 128 -——— 1900
TOTAL 7079 8136 6150 4680 6710 5291 1206 6981.4
MEAN 28 273 198 151 240 171 40.2 225
MAZX 359 331 450 170 470 237 130 1900
MLH 134 170 80 130 90 128 12 2.2
Ai-FT 14680 16260 12200 9289 13310 10490 READ] 13850
CAL YR 1980 TOTAL 96953.0 MEAN 265 MAX 1000 MIN 67 AC-FT 192300
WTR YR 1981 TOTAL 116061.4 MEAN 318 MAX 2200 MIN 2.2 AC-FT 230200

JUN

2000
2000
2100
2200
2200

2200
2200
2200
2200
2100

2100
2100
2100
2200
2100

1900
1600
1500
1310
1220

1150
1140
1090
1070
1030

1010
938
911
8uo
776

ugugs
1650
2200
776
§8150

3

rt/yr (397 hm3/yr).

t unknown,
1.0 mi (17.7 km)
as result of diversions

14830

t mile 8.1 (13.0 kam).

Published as "near Miles City"
Not equivalent to records published as "near Miles City" May 1929 to
Monthly discharge only for some periods, published in WSP 1309.

¢ Vertical Datum
ding gage at site 8 mi

Flow regulation by
bined capacity about
) above statlion.

AUG

230
240
250
220
220

280
230
220
230
240

230
210
200
200
200

190
200
200
199
196

193
215
229
229
241

206
203
187
124
192
196

6621
214
250
187

13130

from

381

5, 1962, gage height, 12.33 ft
s) on basis of float measure-

SEP

199
212
187
180
187

206
209

206

193
190

193
187
183
193
193

196
203
212
222
212

209
209
209
209
222

229
229
226
229
s

6186
206
252
18¢

12270




MISSOURLI RIVER MAIN STEM

06132000 MISSOURI RIVER BELOW FORT PECK bAM, MT--Continued

SUSPENDED-SEDIMENT DISCHARGE, WATER YEAR OCTOBER 1981 TO SEPTEMBER 1982

TIME

1400
7
1300
1200
1100
1500
1200

TEMPER-
ATURE
(DEG C)
(00010)
1.0
3.5
1.0

7.5
11.0

11.0

DIS-
CHARGE,,
N
CUBIC
FEET
PER
SECOND
© (00060)

10800
13900
13500
14300

9100

TANEOUS
(CFS)
(00061)

SEDI-
MENT,
SUS-
PENDED
(MG/L)
(80154)
18
9
3
"
8

46

SEb1-
MENT,
DIS-
CHARGE,
SUS-
PENDED
(T/DAY)
(80155)

525
338
109
425
244
1130

SED.,
SusP.
S1EVE
DIAM.
% FINER
THAN
.062 MM
(70331)
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MISSOURI RIVER MAIN STEM

06132000 MISSOURI RIVER BELOW FORT PECK DAM, MT--Continued

WATER QUALITY DATA, WATER YEAR OCTOBER 1981 TO SEPTEMBER 1y32

NITRO- NITRO-  NITRO- PHOS -
SOLIDS, SOLIDS, GEN, GEN,  GEN,AM- PHOS- PHOS-  PHORUS,
D1S- DIS-  NO2+NO3 AMMONIA MONIA + PHUS-  PHORUS, FPHORUS, ORTHO,
SOLVED  SOLVED DIS- DIS- ORGANIC PHORUS, DIS- ORTHO,  DIS-
( TONS (TONS SOLVED SOLVED TOTAL TOTAL SOLVED TOTAL  SOLVED
PER PER (MG/L (MG/L (MG/L (MC/L (MG/L (MG/L  (MG/L
DATE AC-FT) DAY) AS N) AS N) AS N) AS P) AS P) AS P) AS P)
(70303) (70302) (00631) (00608) (00625) (00665) (00666) (70507) (U0671)
NOV

03... .59 12700 . £.09 .08 43 .02 . .02 -- <.02
DEC 7 .

17... .59 16200 <.10 .09 W41 .03 .02 .02 .01
ng .60 16100 <.10 .07 46 .02 .04, <.0 <.01
lejs... .56 15900 <.10 .17 .60 .01 <.01 .03 <.01

N

25... .56 12500 <.10 .43 1.6 .04 .02 .02 .02
AUG

27... .57 10200 <.10 12 .70 .05 .03 .01 <.01

CHRO-
BARLUM, CADMIUM MIUM, CHku-  COBALT,
ARSENIC TOTAL  BARIUM TOTAL  CAUMIUM  TOTAL MIUM, TOTAL
ARSENIC DIS- RECOV-  DIS- RECOV- LIS~ RECOV-  DLIS- RECUV-
TOTAL SOLVED ERABLE SOLVED ERABLE  SOLVED ERABLE SOLVED ERABLE
TIME (UG/L (UG/L (UG/L (UG/L (UG/L (UG/L (UG/L (UG/L (uG/L
DATE AS AS) AS AS) AS BA) AS BA) AS CD) AS CD) AS CR) AS CR) AS CO)
(01002) (01000) (01007) (01005) (01027) (01025) (01034) (01030) (01037)

NOV

03... 1400 4 4 200 66 <1 <1 <10 <10 <1
MAR

08... 1200 4 4 <100 39 1 <1 10 <10 1
MAY

26... 1100 4 4 <100 44 <1 <3 <10 <10 <1
JUN

5(5; 1500 4 5 <100 46 <1 <1 10 10 <1
Al

27... 1200 4 4 <100 43 <1 <1 10 <10 <1

MANGA-
COPPER, IRON, LEAD, NESE, MANGA- MERCURY
COBALT, TOTAL COPPER, TOTAL IRON, TOTAL LEAD, TOTAL NESE, TOTAL
DIS- RECOV-  DIS- RECOV- DIS- RECOV- DI1S- RECOV- DIS- RECOV-
SOLVED ERABLE SOLVED ERABLE SOLVED ERABLE SOLVED ERABLE SOLVED ERABLE
(UG/L (UG/L (UG/L (UG/L (UG/L (UG/L (UG/L (UG/L (UG/L (UG/L,
DATE AS CO) AS CU) ASCU) ASFE) ASFE) AS PB) AS PB) AS MN) AS MN) AS HG)
(01035) (01042) (Q1040) " (01045) (01046) (01051) (01049) (01055) (01056) (71900)
NOV - : .

03... <3 6 4 390 - <10 7 1 20 4 .1
"08... <3 4 2 30 .<10 <1 <1 10 2 o1
MAY

26... <1 3 3 160 <9 3 <1 20 3 .1
JUN

25... 2 2 S 120 <3 <1 <1 10 3 <.
AUG

27... <1 2 1 190 8 <1 2 20 8 ol

NICKEL, SELE- SILVER, ZINC,
MERCURY TOTAL NICKEL,  SELE- NIUM, TOTAL  SILVER, TOTAL ZINC,
DIS- RECOV-  DIS- NIUM, DIS- RECOV- DIS- RECOV- DIS-

SOLVED ERABLE SOLVED TOTAL SOLVED ERABLE SOLVED ERABLE  SOLVED

(UG/L (UG/L (UG/L (UG/L (UG/L (UG/L (UG/L (UG/L (UG/L
DATE AS HG) AS NI) AS NI) AS SE) AS SE) AS AG) AS AG) AS ZN) AS 2N)

(71890) - (01067) (01065) (01147) (01145) (01077) (01075) (01092) (01090)
NOV

03... .0 2 1 1 1 <i <1 20 6
MAR

08... <. 1 Q 1 1 <1 A 20 <3
MAY

26... . 3 2 1 1 <1 <1 <10 QA2
JUN Sl . ’

25... <1 8 6 <1 < < <1 10 4
AUG

27... <. 4 1 1 1 <1 <1 10 <3



MISSOURI RIVER MAIN STEM

06132000 MISSOURI RIVER BELOW FORT PECK DAM, MT--Continued
(National Stream Quality Accounting Network)

WATER-QUALITY RECORDS

PERIOD OF RECORD.--Water years 1964, 1975 to current year.
WATER QUA_LIT‘I DATA, WATER YEAR OCTOBER 1981 TO SEPTEMBER 1982

DIS-
CHARGE, SPE-
IN STREAM- CIFIC CULOR
cusIcC FLOW, WEATHER  CON- TEMPER- (P1.AT- TUR-
FEET INSTAN- (WMO DUCT- PH ATURE, TEMPEK- INIIM- BLL-
TIME PER TANEOUS  CODE ANCE AIR ATURE COBALT Iy
DATE SECOND _ (CFS) ~ NUMBER) (UMHOS) (UNITS) (DEG C) (DEG €)  UNITS)  (FLU)
(00060) ~(00061) (00041) (00095) (00400) (OUL20) (0VO10) (VOLBO) (ULOTG)
NOV
03... 1400 10800 -- 0 698 8.5 17.0 1.0 -- 13
DEC
17... 1300 13900 -- 2 691 8.4 -5.0 3.5 0 2.8
MAR
08... 1200 13500 -- 0 702 8.2 ~24.0 1.0 0 .50
MAY
26... 1100 14300 .- 1 640 8.3 16.5 7.5 150 2.8
JUN
25... 1500 -- 11300 1 648 8.4 27.0 11.0 5 1.5
AUG
27... 1200 9100 -- 1 638 8.3 12.0 11.0 5 2.8
OXYGEN, COLI- STREP- HARD- MAGNE-
DIS- FORM, TOCOCCIL NESS CALCIUM SIUM, MAGNE-~
SOLVED FECAL, FECAL, HARD- NONCAR- TOTAL CALCIUM  TUTAL S1UM,
OXYGEN,  (PER- 0.7 KF AGAR  NESS BONATE RECOV-  DIS- RECOV- DIS-
DIS- CENT UM-MF  (COLS. (MG/L (MG/L ERABLE SOLVED ERABLE  SOLVED
SOLVED  SATUR- (COLS./ PER AS AS (MG/L (MG/L (NG/L (MG/L
DATE (MG/L)  ATION) 100 ML) 100 ML) CACO3) CACO3) AS CA) AS CA) AS MG) AS MG)
(00300) (00301) (31625) (31673) (00900) (95902) (00916) (00915) (U0Y27) (00925)
NOV
03... 9.6 94 K1 K10 250 90 - 59 - 25
DEC ,
17... 12.2 98 K3 K5 240 84 38 58 21 24
MAR
08... 13.7 103 <1 K12 260 93 42 64 19 25
MAY
26... 10.9 99 <1 K5 240 83 50 58 - 19 23
JUN
25... 11.3 110 K2 K5 240 81 29 58 20 23
AUG
27... 1.4 11 53 K28 230 79 32 55 20 23
) SOLIDS, SOLIDS,
SODIUM POTAS- . ALKA- CHLO- FLUO- SILICA, RESIDUE SUM OF
SODIUM, AD- SIUM, LINITY SULFATE' RIDE, RIDE, DIS- AT 180 CONSTI-
DIS- SORP- DIS- LAB DIS- DIS- DIS- SOLVED DEG. C TUENTS,
SOLVED TION SOLVED (MG/L SOLVED SOLVED SOLVED (MG/L DIS~ p1s-
(MG/L RATIO (MG/L AS (MG/L (MG/L (MG/L AS SOLVED  SOLVED
DATE AS NA) AS K) CACO3) AS S04 AS CL) AS F) $102) (MG/L)  (MG/L)
(00930) (00931) (00935) (90410) (00945) (00940) (00950) °(00955) (70300) (70301)
NOV
. 03... 52 1.6 3.7 160 180 1 .6 9.1 437 437
DEC
17.0e 50 1.5 3.9 160 190 14 7 74 432 444
MAR
08... 52 1.5 3.7 170 200 9.4 .8 7.0 441 464
MAY
26... 47 1.4 3.8 160 180 8.4 .7 7.7 411 423
JUN .
25... 46 1.4 3.8 160 160 8.3 7 7.5 410 403
AUG
27... 46 1.4 3.6 150 170 8.6 .7 7.6 416 407



iSZ MISSOURL RIVER MAIN STEM
06132000 MISSOURL RIVER BELOW FORT PECK DAM, MT

_DCATLON.--Lat 48°02°39", long 106°21°'21", in Nwk sec.6, T.26 N., R.42 E., McCone County, Hydrologie Unit 10060001,
on right bank 2 at (3 km) upstream from Milk River, 6 mi (10 km) south of Nashua, 8 mi (13 km) downstream fron
Fort Peck Dam, and at mile 1,763.5 (2.837.5 km).

SRAINAGE AREA.--57,556 mi2 (149,070 knd). (
UATER-DISCHARGE RECORDS

PERIOD OF RECORD.--March 1934 to current year.

REVISED RECORDS .--WSP 1729: Drainage area.

GAGE.--Water-stage recorder. Datum of gage {9 -2,018.00 ft (615.086 m) Hacional Geodetic Vertical batum of 1929
(U.S. Army Corps of Engineers bench mark). Prior to Apr. 14, 1938, at site 0.7 mi (L.l km) upstream at different
datum; Apr. 14, 1938, to Sept. 30, 1963, at present site at datum 2.00 ft (0.610 m) higher, all water-stage
recorders. Since Oct. 1, 1969, published discharge is determined by flowmeters 4t Fort Peck Dam.

REMARKS .--Flow completely regulated by Fort Peck Lake. Diversions for irrigation of abhout 880,400 acres (3,560
kml) above station.

COOPERATION .--Records since Oct. 1, 1969, furnished by U.S. Army Corps of Engineerts; 2 to & Jischarge measurements
are made each year and the records are reviewed by Geological Survey. Records for March 1934 to Sepceuber 1969

collected and computed by Geological Survey.

AVERAGE DISCHARGE.--5 years (1934-39, P ior to Fort Peck Lake reaching operational level), 6,347 fc3ls (179.7
m3/s), 4,598,000 acre-fr/yr (5,67 km3/yr); 39 years (1943-82, after operational level in Fort Peck Lake was
reached), 10,030 fe3/s (284.0 mals), 7,267,000 acre-ft/yr (8.96 km3/yr).

EXTREMES FOR PERIOD OF RECORD.--Maximum discharge, 51,000 fc3/s (1,440 m3/s) including 32,000 £e3/s (906 m3/s)

inflow from spillway 1 mi (2 km) downstream from station, Aug. 8, 1946; maximun gage height observed, 12,30 ft

(2.769 m) Mar. 10, 1936 (ice jam), gite and datum then in use; maximum daily reverse flow, 400 fed/s (113
m3/s) Mar. 29, 1943 (backwater from Milk River).

EXTREMES FOR CURRENT YEAR . --Maxinum daily discharge, 15,600 fe3/s (442 m3/s) Jan. 21; minimum daily, 6,400 fe3/s
(181 m3/s) Sept. 26. :

DISCHARGE, IN CUBIC FEET PER SECOND, WATER YEAR OCTOBER 1981 TO SEPTEMBER 1982

MEAN VALUES

DAY oCT Nov DEC JAN - FEB MAR APR MAY JUN JUuL AUG SEP
1 13500 13200 11600 12100 14200 14900 9000 10200 14800 10800 10900 8300

2 13000 11500 10500 11900 14200 14200 9400 10400 14100 10800 10600 8900

3 13300 10800 9600 12000 13000 15300 9200 10900 14400 11900 10800 7900

4 13200 10600 11200 12500 - 11200 15200 9100 10100 14000 12000 9900 7000 ¢
5 13100 10700 11100 13400 11800 15500 9100 10200 13700 12200 10300 7200 ‘.

6 13000 10800 11200 12100 11700 15400 11900 10100 14000 11800 10600 6700

7 13000 10800 11600 11500 12000 14900 13400 9800 13900 12300 10000 8100

8 12600 10500 12400 11700 11900 13500 13100 9300 13700 13200 10100 7800

9 12800 10700 12800 11100 13500 13500 13300 9800 13800 13800 9600 8100
10 13500 10900 12700 11700 14700 13200 12900 10000 14500 14000 10400 7800
1 13400 11100 12400 13200 14600 13300 12500 10100 13800 13600 9500 7400
12 10800 10900 12300 14200 14500 13700 10700 10100 14000 14400 9100 7400
13 10700 10800 12400 15200 14400 13500 9900 10800 13300 14200 9900 7100
14 -9800 10800 = 12900 14900 14200 13400 11600 10700 9800 12500 8900 6800
15 9900 10700 13600 15400 14100 13400 11300 10300 10400 9800 9200 6700
16 10000 9100 14400 14400 - 14800 13600 11200 10200 11300 13700 9500 6700
17 9900 8800 13900 14200 14700 13200 11200 10300 11400 13700 -+ 9400 7100
18 9800 10400 14300 14600 15300 13000 10600 10600 11100 13900 9800 6800
19 10000 9900 12100 14300 15500 13200 11200 10300 11200 13900 8900 6600
20 10100 9400 12000 15000 14800 12600 11200 10300 11000 13800 9500 6700
2 10100 10600 12000 15600 15000 12100 10900 10100 10800 13700 . 8900 7400
22 10100 10100 12400 14100 14400 12900 11100 12600 11500 14100 8600 7300
23 10100 10200 12700 14700 15400 12800 10000 12300 11300 13600 8500 8100
24 11800 10800 12300 14000 15200 12900 10200 12800 11200 14100 8900 6900
25 10000 12100 11500 14800 15100 13200 10100 13900 11800 14200 8300 6700
26 11500 11000 12400 13900 15100 13100 9900 14300 11100 13200 8600 6400
27 11700 13200 11300 14200 15200 13000 10200 14400 11000 12300 9100 7000
28 12700 12800 12100 14400 14600 12900 10300 14300 11500 13300 8900 7700
29 13300 12600 11900 15400 - 13200 10300 12700 10800 10300 8100 11700
30 12700 11600 12200 14900 --- 11700 10300 12600 11000 11800 8400 11700
31 13600 --- 12200 15100 --- 8900 ——- 14600 -—- 11500 8500 -—-
TOTAL 363000 327400 378000 426500 395100 415200 324900 349100 370200 398400 291700 228000
MEAN 11710 10910 12190 13760 14110 13390 10830 11260 12340 12850 9410 7600
MAX 13600 13200 14400 15600 15500 15500 13400 14600 14800 14400 10900 11700
MIN 9800 8800 9600 11100 - 11200 8900 9000 9300 9800 9800 8100 6400

AC-FT 720000 649400 749800 846000 783700 823500 644400 692400 734300 790200 578600 452200

CAL YR 1981 TOTAL 4421100 MEAN 12110 MAX 15000 MLN, 7300 AC-FT 8769000
WTR YR 1982 TOTAL 4267500 MEAN 11690 MAX 15600 MIN 6400 AC-FT 8465000




MISSOURI RIVER MAIN STENM

06132000 MISSOURI RIVER BELOW FORT PECK DAM, MT--Continued

PHYTOPLANKTON ANALYSES, JULY 1981 TO SEPTEMBER 1981
AUG 31,81
1400

DATE
TIME

TOTAL CELLS/ML

DIVERSITY: DIVISION
.CLASS
. .ORDER
» s« FAMILY
++« .GENUS

ORGANISM

BACILLARIOPHYTA (DIATOMS)
<BACILLARIOPHYCEAE
« cACHNANTHALES -
«+ « ACHNANTHACEAE
«++.COCCONEIS
«++RHOICOSPHENIA
- «BACILLARIALES

«+ «NITZSCHIACEAE
e« NITZSCHIA

« .EUPODISCALES
«+«COSCINODISCACEAE
++..CYCLOTELLA

« -FRAGILARIALES
«««FRAGILARIACEAE
««+.DIATOMA
»++SYNEDRA

- NAVICULALES
+«.CYMBELLACEAE
+e+.CYMBELLA

++ «NAVICULACEAE
-««.NAVICULA

CHLOROPHYTA (GREEN ALGAE)
+CHLOROPHYCEAE

- . CHLOROCOCCALES

-+ «CHLOROCOCCACEAE

- <+ .SCHROEDERIA

+« O0CYSTACEAE

<+« . ANKISTRODESMUS
+++«KIRCHNERIELLA

CRYPTOPHYTA (CRYPTOMONADS)
-CRYPTOPHYCEAE

« .CRYPTOMONADALES
«+«CRYPTOCHRYSIDACEAE

«+ 0+ CHROOMONAS

CYANOPHYTA (BLUE-GREEN ALGAE)
-CYANOPHYCEAE

« .CHROOCOCCALES

«+ .CHROOCOCCACEAE
»+++ANACYSTIS

. NOSTOCALES

« + « NOSTOCACEAE

-+« +CYLINDROSPERMUM

NOTE: # - DOMINANT ORGANISM; EQUAL TO OR

JUL

CELLS
/ML

14
28

28
14

14

28
14

14

28

1200
200

PER-
CENT

-

14

25,81
2

/ML

CELLS PER-
CENT

82# 38
824 38

550 25

GREATER THAN 15%

SEP 29,81
1100
279
1.5
1.5
2.2
2.4
2,4
CELLS PER-
/ML CENT
29 11
43¢ 16
29 1
29 1
864 32
574 21

201
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06132000 MISSOURI RIVE
PHYTOPLANKTON ANALYSES, OC
1,80

DATE

. TIME

TOTAL CELLS/ML

DIVERSITY: DIVISION
.CLASS
~.ORDER
.o FAMILY
«««.GENUS

ORGANISM

BACILLARIOPHYTA (DIATOMS)
.BACILLARIOPHYCEAE
. .ACHNANTHALES

.« ACHNANTHACEAE
....COCCONEIS
+++-RHOICOSPHENIA
. «BACILLARIALES
«.NITZSCHIACEAE
++¢.NITZSCHIA

. .EUPODISCALES

. . COSCINODISCACEAE
«+++.CYCLOTELLA

. .FRAGILARIALES

.+ .FRAGILARIACEAE
... ASTERIONELLA
.+..DIATOMA

. .NAVICULALES

.. CYMBELLACEAE

« o+ CYMBELLA

.« NAVICULACEAE

e e+« NAVICULA

CHLOROPHYTA (GREEN ALGAE)
.CHLOROPHYCEAE .

. «CHLOROCOCCALES

« .+ 00CYSTACEAE

« e« « ANKISTRODESMUS

« «VOLVOCALES

« « s CHLAMYDOMONADACEAE

« « « «CHLAMYDOMONAS

CHRYSOPHYTA
.CHRYSOPHYCEAE

+ JOCHROMONADALES

« + «OCHROMONADACEAE
« « « «OCHROMONAS

CRYPTOPHYTA (CRYPTOMONADS)
.CRYPTOPHYCEAE

. .CRYPTOMONADALES
«++CRYPTOCHRYSIDACEAE

o« «  CHROOMONAS
««.CRYPTOMONADACEAE

+ «+ +CRYPTOMONAS

CYANOPHYTA (BLUE-GREEN ALGAE)

.CYANOPHYCEAE

. .CHROOCOCCALES

. . .CHROOCOCCACEAE
.+« ANACYSTIS

NOTE: # - DOMINANT ORGANISM; EQUAL T

DEC
1

CELLS

/ML

13
13

200

_ MISSOURI RIVER MAIN STEM

MAR 30,81°

1300

CELLS PER-
/ML CENT

654 31

0 OR GREATER THAN 15%

MAY

CELLS

/ML

28

28

42

R BELOW FORT PECK DAM, MT-~-Continued
TOBER 1980 TO JUNE 1981

28,81
1200

500

PER-
CENT

1104 22

56

14

42

56

42

14

T0

1

1

JUN
1

CELLS
/ML

134
134

13¢4

134

30,81
§00-

65

20

20

20

i

P




MISSOURI RIVER MAIN STEM

06132000 MISSOURI RIVER BELOW FORT PECK DAM, MI--Continued

SUSPENDED-SEDIMENT DISCHARGE, WATER YEAR OCTOBER 1980 TO SEPTEMBER 1981

DATE

ocT
28...
DEC
01...
30...
JAN
26...
MAR
03...
30...
APR
28...
MAY
28...
JUN
30...
JUL
25...
AUG
31...
SEP
29...

TIME

1400 7

1200
1300

1300

1200
1300

1400
1200
1400
1200
1400
1100

TEMPER-
ATURE
(DEG C)
(00010)

8.5

.0
1.0

.o

1.0
5.5

8.5
10.5
13.0
13.0
14.0
14.0

STREAM-
FLOW,
INSTAN-
TANEOUS
(CFS)
(00061)

8800

11200
10000

12800

12600
7600

9700
14600
14100
14300
13800

'1usoo

SEDI-
MENT,
SUS-
PENDED
(MG/L)
(80154)

25

VN N W Eo

16
10
24

SEDI-
MENT,
DIS~-
CHARGE,
Sus-
PENDED
(T/DAY)
(80155)

594

181
108

104

102
41

183

197"

609
618
373
940

SEBD.
SUSP.
SIEVE
DIAM.
$ FINER
THAN
.062 MM
(70331)

97

- e

44
76

15
65
62
59
70
75

199



198 ' MISSOURI RIVER MAIN STEM
06132000 MISSOURI RIVER BELOW FORT PECK DAM, MT--Continued : et
WATER QUALITY DATA, WATER YEAR OCTOBER 1980 TO SEPTEMBER 1981
MANGA-
" COPPER, : IRON, LEAD, NESE, MANGA- MERCURY ¢ ‘
COBALT, TOTAL - COPPER,  TOTAL IRON, TOTAL LEAD, TOTAL  NESE, TOTAL \
DIS- RECOV-  DIS- RECOV- pIS-  RECOV- DIS- RECOV-  DIS- RECOV-
SOLYVED ERABLE SOLVED ERABLE  SOLVED ERABLE  SOLVED ERABLE  SOLVED ERABLE
(UG/L (UG/L (UG/L (UG/L (uG/L (uGsL (UG/L (uG/L (UG/L (UG/L
DATE  AS CO) AS CU)  AS CU) AS'FE) AS FE) AS PB)  AS PB) AS MN) AS MN)  AS HG)
(01035) .(01042) (01080) (01ous) (01046) (01051) (01049) (01055) (01056) (71300}
DEC - -
01... <3 6 2 180 . <10 4 0 10 2 .0
MAR .
30... <3 3 2 - 100 20 3 4 10 8 .2
MAY
28... <3 4 2 80 10 3 4 10 3 .2
AUG
3t... <3 3 2 190 <10 13 3 10 4 .1
NICKEL, SELE-  SILVER, ZINC,
MERCURY TOTAL  NICKEL,  SELE- NIUM, TOTAL  SILVER,  TOTAL ZINC,
DIS- RECOV~  DIS- NIUM, DIS- RECOV- DIS- RECOV- DIS-
SOLVED ERABLE  SOLVED  TOTAL SOLVED ERABLE SOLVED  ERABLE SOLVED
(UG/L (uG/L (UG/L (uG/L (UG/L (UG/L (uc/L (UG/L (UG/L
DATE  AS HG) AS NI)  AS NI) AS SE) AS SE)  AS AG)  AS AG) AS ZN)  AS IN)
(71890) (01067) (01065) (01147) (01145) (01077) (01075) (01092) (01090) l
DEC !
01... .0 b 2 1 1 0 0 10 <3
MAR B
30... .0 3 2 1 1 0 0 30 0 P
MAY -
28... .0 3 2 0 0 0 0 20 4
AUG
3. .0 3 2 1 1 0 0 20 <3
SPECIFIC CONDUCTANCE (MICROMHOS/CM AT 25 gsgé g)iLgArsn YEAR OCTOBER 1980 TO SEPTEMBER 1981
-DA .
‘DAY ocT NOV DEC  JMN PEB MAR APR MAY JUN JuL AUG SEP
1 750 gos . 811 760 741 751 722 730 T4 570 681 673
2 789 178 181 760 750 752 . 121 722 713 683 682 681
3 780 780 810 755 750 759 728 722 716 671 682 678
4 787 171 802 756 149 761 728 723 713 667 682 681
5 780 779 798 760 750 761 727 T21 716 669 681 680
6 785 778 801 752 750 762 723 722 715 673 678 679
7 785 772 799 761 760 760 723 730 715 675 676 685
8 785 780 794 760 753 760 722 718 713 667 679 676
9 780 780 799 760 750 761 722 710 T4 659 681 685
10 780 785 798 750 755 760 728 709 701 656 680 688
n 785 770 798 755 750 760 720 702 708 663 687 675
12 787 790 799 758 759 760 722 703 699 64k 688 685
13 780 770 796 760 760 760 721 709 TO04 669 682 681
14 786 785 800 710 759 758 722 718 707 670 675 701
15 782 789 795 760 750 759 721 712 Tk 659 674 686
16 790 770 800 760 751 761 721 702 702 655 680 680
17 782 780 800 756 754 758 722 700 703 653 b8 680
18 780 179 802 752 751 759 721 699 702 664 - 679 684
19 787 780 801 759 751 757 721 706 687 667 682 682 ‘
20 790 772 800 759 750 758 121 7086 695 668 675 677 Q
21 790 780 800 761 ° 755 758 720 710 704 565 680 672 Q
22 785 179 809 752 750 761 720 715 709 560 675 875
23 780 788 810 760 753 758 720 707 705 657 676 679
24 783 795 810 757 751 760 T 720 708 701 662 685 674
25 785 790 818 760 750 760 719 708 .706 661 683 677
26 782 789 g 759 753 758 720 T10 707 661 683 580
21 785 792 810 757 750 158 720 710 709 566 6814 530
28 790 790 815 761 750 153 721 720 704 607 £81 ki
29 782 801 g 752 --- 758 720 121 704 bb5 b8 BTe
30 789 805 820 760 --- 758 715 712 694 660 687 077
3 790 -—- 818 760 --- 754 --- 715 -—- 657 580 —
MEAN 784 783 8oy 756 752 758 722 713 706 bbH 681 586

WTR YR 1981 MEAN 734 MAX . 820 MIN 64U



SOoLIDS, SOLIDS, NITRO- NITRO-
CHLO- FLUO- SILICA, RESIDUE SUM OF SOLIDS, SOLIDS, NITRO- GEN, NITRO- GEN,
RIDE, RIDE, DIS- AT 180  CONSTI- DIS- DIS~ GEN, NO2+NO3 GEN, AMMONIA
DIS- DIS- SOLVED DEG. C TUENTS, SOLVED SOLVED NO2+NO3 DIS-  AMMONIA DIS-
SOLVED SOLYED  (MG/L DIS- DIS- (TONS (TONS TOTAL SOLVED TOTAL SOLVED
(MG/L (MG/L AS SOLVED . SOLVED PER PER (MG/L (MG/L (MG/L (MG/L
DATE AS CL) AS F) s102) (MG/L)  (MG/L)  AC-FT) DAY) AS N) AS N) AS N) AS N)
(00940) (00950) (00955) (T70300) (70301) (70303) (70302) (00630) (00631) (00610) (00608)
ocT i .
Dza... 9.3 " 6.3 483 480 .66 11500 .00 .00 .02 24
EC
01... 8.4 .T 6.4 498 489 .68 15100 .00 .00 .03 .33
J30... 8.7 . 6.0 480 455 .65 13000 .00 .00 .09 .57
AN
ig... 1 T 6.5 489 500 .67 16900 .00 .00 .10 -
M .
03... 9.0 .6 6.1 391 478 .67 16700 .00 .00 .09 -
30... 8.5 .7 6.5 491 482 .67 10100 .05 .01 .08 .08
APR
28... 12 .7 6.8 483 469 .66 12700 .01 .00 .63 .13
MAY .
Jgg... 12 .6 6.7 467 470 .64 18400 .05 .00 .07 .05
Jgg... 8.7 .6 7.3 465 466 .63 17700 .03 .06 .25 .3
25... 16 .6 7.7 437 uut .59 16900 .06 .07 .18 .16
AUG
21... 7.8 .6 7.7 -— 451 .61 16800 .14 .18 - .28
SEP
29... 8.9 .7 8.3 44y uyT .60 17400 .uy .04 .07 .07
NITRO- NITRO-  NITRO- CARBON,
NITRO- GEN, GEN,AM- GEN,AM- PHOS- PHOS- - CARBON, ORGANIC
GEN, ORGANIC MONIA + MONIA + PHOS- PHORUS, PHORUS, CARBON, ORGANIC SUS-
ORGANIC DIS- ORGANIC ORGANIC PHORUS, DIS- ORTHO, ORGANIC DIS- PENDED
TOTAL SOLVED TOTAL DIS. TOTAL SOLVED TOTAL TOTAL  SOLVED TOTAL
(MG/L (MG/L (MG/L (MG/L (MG/L (MG/L (MG/L (MG/L (MG/L (MG/L
DATE AS W) AS N) AS N) AS N) AS P) AS P) AS P) AS. C) AS €) AS C)
(00605) (00607) (00625) (00623) (00665) (006566) (70507) (00680) (00681) (00689)
ocT
28... 1.3 .15 1.3 .99 .02 .01 .00 5.5 - -
DEC
01... .97 U7 1.0 .80 .03 .03 - - 5.6 .2
30... .61 .31 .70 .88 .03 .03 - T.4% - -
JAN
26... .53 -— .63 -— .02 .01 - 17 -— -
MAR
03... .80 - .89 - .04 - -—— 8.1 - -
30... .29 .28 .37 .36 .01 .00 - - 8.6 .2
APR
28... 57 .43 1.2 .56 .02 .01 .02 8.7 - -
MAY
28,.. .88 .51 .95 .56 .02 .01 .03 - 16 N
JUN
30... .75 .69 1.0 1.0 .03 .01 .03 13 - -
JOL
25... .70 .81 .88 .97 .03 .03 .00 3.6 - -
AUG .
3t... - .50 .53 .78 < .01 .03 .01 -— 6.3 .2
SEP
29... .42 .40 .49 'Y .04 < .01 .02 3.9 - --
CHRO-
BARIUM, CADMIUM MIUM, CHRO-  COBALT,
ARSENIC TOTAL BARIUM, TOTAL  CADMIUM TOTAL MIUM, TOTAL
ARSENIC DIS- RECOV-  DIS- RECOV- DIS- RECOV-  DIS- RECOV-
TOTAL SOLVED ERABLE SOLVED ERABLE SOLVED ERABLE SOLVED ERABLE
TIME (UG/L (UG/L (uG/L (UG/L (UG/L (UG/L (UG/L (uG/L (UG/L
DATE AS AS) AS AS) AS BA) AS BA) AS CD) AS CD) AS CR) AS CR) AS CO)
(01002) (01000) (01007) (01005) (01027) (01025) (01034) (01030) (01037)
DEC
o1... 1200 3 4 0 40 0 < 0 20 0
MAR
30... 1300 3 3 100 T4} 0 < 10 0 0
MAY
28... 1200 4 4 0 40 0 < 10 0 0
AUG
31, 1400 4 4 100 uo 0 < 0 10 1

MISSOURI RIVER MAIN STEM

06132000 MISSOURI RIVER BELOW FORT PECK DAM, HT--Continued

WATER QUALITY DATA, WATER YEAR OCTOBER 1980 TO SEPTEMBER 1981.
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196 MISSOURI RIVER MAIN STEM

06132000 MISSOURI RIVER BELOW FORT PECK DAM, MT--Continued
(National Stream Quality Accounting Network)

WATER-QUALITY RECORDS

PERIOD OF RECORD.--Water year.s 1964, 1975 to current year.

PERICD OF DAILY RECORD.--
SPECIFIC CONDUCTANCE:

October 1974 to September 1981 (discontinued).
REMARKS .--Once-dally water temperatures are avallable in the Helena district office.
EXTREMES FOR PERIOD OF DAIL! RECORD .-~ .
Si;:CgFIC CONDUCTANCE: Maximum daily, 1,080 micromhos Nov,
78. - .

EXTREMES FOR CURRENT YEAR,-- :
SPECIFIC CONDUCTANCE: Maximum daily, 820 micromhos Dec. 30;

WATER QUALITY DATA, WATER YEAR OCTOBER 1980 TO SEPTEMBER 1981

30, 1976; minimum daily, 520 ®sicromhos dJune 29,

minimum daily, 644 micromhos July 12.

OXYGEN,
SPE- DIS-
STREAN- CIFIC COLOR SOLVED
FLOW, WEATHER CON- TEMPER- (PLAT- TUR-  OXYGEN, (PER-
INSTAN-  (WMO puCT- PH ATURE, TEMPER-  INUM- BID- DIS- CENT
TIME TANEOUS CODE ANCE AIR ATURE COBALT ITY SOLVED  SATUR-
DATE (CFS)  NUMBER) (UMHOS) (UNITS) (DEG C) (DEG C) UNITS)  (NTU) (MG/L)  ATION)
(00061) (000481) (00095) (00k00) (00020) (00010) (00080) (00076) (00300) (00301)
ocT
28... 1400 8800 1 758 8.8 3.5 8.5 5 .50 14.3 129
DEC :
01... 1200 11200 2 800 8.3 -10.0 .0 - 3.6 13.3 96
30... 1300 10000 1 820 8.3 10.0 1.0 - 1.0 13.0 98
JAN .
26... 1300 12800 3 800 8.3 .0 .0 - .50 13.1 96
MAR
03... 1200 12600 0 730 8.3 11.0 1.0 = -- 1.7 12.8 97
30... 1300 7600 3 751 8.4 5.0 5.5 - 2.2 12.0 104
APR
28... 1400 9700 1 750 8.2 18.0 8.5 5 1.3 11.6 106
MAY
28... 1200 14600 ] 740 8.4 25.0 10.5 5 1.5 11.0 106
JUN
30... 1400 14100 ] 642 8.3 30.0 13.0 ] .70 10.6 108
JuL
55... 1200 14300 1 715 8.3 19.5 13.0 ] 1.6 8.7 88
AUG
31... 1400 13800 0 672 8.5 15.0 14.0 5 2.8 11.6 121
SEP - .
29... 1100 14500 2 680 8.2 13.0 14,0 ] 2.8 8.6 90
COLI-  STREP- HARD~ '
FORM, TOCOCCI NESS MAGNE- SODIUM  POTAS~  ALKA-
FECAL, FECAL, HARD- NONCAR- CALCIUM SIUM, SODIUM, AD- SIUM, LINITY SULFATE
0.7 KF AGAR  NESS BONATE DIS- DIS- DIS~ SORP- DIS- LAB DIS-
UM-MF  (COLS. (MG/L (MG/L SOLVED SOLVED SOLVED TION SOLVED  (MG/L SOLVED
(coLs./ PER AS AS (MG/L (MG/L (MG/L RATIO (MG/L AS (MG/L
DATE 100 ML) 100 ML) CACO3) CACO03) AS CA) AS MG) AS NA) AS K) CACO3) AS SO4)
(31625) (31673) (00900) (95902) (00915) (00925) (00930) (00931) (00935) (90410) (00945)
ocT
28... K2 <1 260 110 60 26 63 1.7 4.2 150 220
DEC .
01... K4 K5 260 110 61 26 62 1.7 3.8 150 230
30... K2 <1 250 8s 57 25 58 1.6 3.9 160 200
JAN
26... KS K2 260 99 . 61 26 65 1.8 3.5 160 230
MAR
03... <1 K2 260 110 60 26 62 1.7 3.8 150 220
30... K1 <1 270 120 67 26 59 1.6 4.0 150 220
APR
28... 38 K54 260 110 61 25 59 1.6 3.9 150 210
MAY
28... KU <1 260 110 62 26 59 1.6 3.9 150 210
JUN
30... > 200 > 270 250 88 58 25 56 1.5 .8 160 210
JuL
25... <1 K1 250 100 59 25 55 1.5 3.5 150 190
AUG
31... K1 <1 240 79 56 24 54 1.7 3.7 160 200
SEP
29... K1 K1 250 93 60 25 54 1.6 3.9 160 190



; ' MISSOURI RIVER MAIN STEM. _ 198
06132000 MISSOURI.RIVER BELOW FORT PECK DAM, MT '

LOCATION.--Lat 88°02739", long 106°21'21", in NW} sec.6, T.26 N., R.42 E., McCone County, Hydrologic Unit
10060001, on right bank 2 mi (3 km) upstream from Milk River, 6 mi (10 km) south of Nashua, 8 mi (13 kam)
dowastream from Fort Peck Dam, and at mile 1,763.5 (2,837.5 km). :

DRAINAGE AREA.--57,556 m12 (149,070 ka2).

WATER-DISCHARGE RECORDS

PERIOD OF RECORD.--March 1934 to current year.
REVISED RECORDS.--WSP 1729: - ‘Drainage area.

GAGE.--Water-stage recorder. Datum of gage is 2,018.00 rt (615.086 m) National Geodetic Vertical Datum of 1929
(U.S. Army Corps of Engineers bench mark). Prior to Apr. 1%, 1938, at site 0.7 mi (1.1 km) upstream at
different datum; Apr. 13, 1938, to Sept. 30, 1963, at present. site at datum 2.00 ft (0.610 m) higher, all
water-stage recorders. Since Oct. 1, 1969, published discharge is determined by flowmeters at Fort Peck Dam.

REHARKS.--Flgw completely regulated by Fort Peck Lake. ' Diversions for irrigation of about 880,300 acres
(3,560 kn<) above station. n G i . ‘

COOPERATION.--Records since Oct. 1, 1969, furnished by U.S. Army Corps of Engineers; 2 to U discharge measurements
are made each year and the records are reviewed by Geological Survey. Records for March 1934 to September 1969
collected and computed by Geological Survey. :

AVERAGE DISCHARGE.--5 years (1934-39, prior to_Fort Peck Lake reaching operational level), 6,347 ft3/s
(179.7 m3/s), 4,598,000 acrg-ft/yr (5.63 km3/yr); 38 years (1943-81, after_operational level in Fort Peck
Lake was reached), 9,986 fti/s (282.8 m3/s), 7;235,000.acre-tt/yr (6.92 kn3/yr).

EXTREMES FOR PERIOD OF RECORD.--Maximum discharge, 51,000 £t3/s (1,480 w3/s) including 32,000 ft3/s (906 m3/s)
inflow from spillway 1 mi (2 km) downstream from station, Aug. 8, 1946; maximum gage height obseryed, 12.30 ft
(3.74%9 3) Mar. 10, 1936 (ice. jam), site and datum then in use; maximum daily reverse flow, 400 ft3/s
(11.3 m3/s) Mar. 29, 1943 (backwater from Milk River).

EXTREMES gon CURRENT YEAR.--Maximum daily discharge, 15,000 ft3/s (425 m3/s) Aug. 27; minimum daily, 7,300 ft3/s
(207 m3/s) Apr. 15. e .

DISCHRARGE, IN CUBIC FEET PER SECOND, WATER YEAR OCTOBER 1980 TO SEPTEMBER 1981
5 ' . . MEAN VALUES el

DAY 0CcT NOV. ‘DBC:, ;~ JAN . FEB MAR APR- MAY JUN JUL. AUG SEP
1 12400 9100 11200: 10200 12300 10000. - 7800 9900 14300 14300 . 12400 14800
2 12200 - 9100 10900:/ 10200 12100 11000 " 1900 10300 14500 14100 11700 14600

3 12100 8800 10100: - 10000 13500 12600 8200 9600 14100 14800 12900 14200
§ 9800 8800 10000. - 10100. 12800 11600 7800 11500 13800 14100 14800 15000
5 9500 _3190 1100 10800. 13200 12000. 7600 10600 13300 14100 14600 13800
6 9900 8700. . 10500 11200 - - 13100 13200 7800 10400 13800 14800 14200 13500
T 9500 .. 9600 .12000-- 13300 14000 7800 10600 13800 13900 14100 14000
8 10200 .- -10000 12600 _ 13100 12700 7900 10200 11600 14100, 18000 14000
9 10000 < 9900 " 13100 " 13200 13600 7900 9800 11600 14500- 14000 18100
10 9700 10200 13%00.. . 13100 14000 7900 9700 13200 18100; T4000 14100
11 9100. .o, 10200:. 12700 13100 13800 7700 10100 ° 14300 14000 13700 13800
12 9100 92007, 10100 = 13000 13200 13900 7900 9800 13700 18200 13800 13700
13 8900 9400 . 9600 13400 13400 14300 74800 9200 13700 18700 14200 14000
14 8900 9100 9700 13000 14100 13900 7800 10500 12600 14800 18200 14200
15 8800 9600 9800 13400 13600 13300 7300 11000 - 13900 13900 18400 13700
16 8900 " 9200 9900 13100 14400 12000 7600 - 10800 13200 14500 14400 14100
17 8600 9100 10100 12700 13900 9600 7600 10800 13700 15100 12100 14600
18 9100 9000 9900 12400 13900 9600 7900 10500 13700 f4200 12500 14000
19 8700 9000 10000 13600 11800 9900 7800 10600 12200 14300 14300. 14100
20 9300 8900 8900 12900 9900 9800 T600 10700 13200 14300 14300 13900
21 8900 9100 9600 13200 10300 9700 8000 10900 10000 14400 14400 14100
22 8800 9200 9900 12900 10000 9400 8100 10600 12600 14300 14300 13900
23 9400 9500 10100 13000 10000 9800 8000 10500 13500 13700 14300 14900
24 8700 9300 10600 12700 9800 9500- 7700 10500 13900 14500 14300 14400
25 8800 9500 10000 12700 10100 9500 8000 10700 13500 14300 14600 15200
26 8400 9900 10200 12800 9700 9900 8400 12900 13200 14300 14300 13900
27 8700 8200 10100 13100 10c00 10c00 9400 14900 13300 142090 1500C 14200
28 8800 8200 10000 11900 9930 3600 9700 14600 13600 14300 15000 14500
29 8700 8500 9900 11900 -—- 8500 10100 14200 13400 14200 14000 14500
30 8800 9100 10000 11900 - 7600 10200 14500 14100 13200 14600 14200
31 8400 —— 10300 11800 ——— 8200 -— 14500 -—- 12900 13800 -
TOTAL 291100 272000 312400 381700 340800 346500 242800 345400 399000 439300 433200 424000
MEAN 9390 9067 10080 12310 12170 11180 8093 11140 13300 14170 13970 14139
MAX 12400 9900 11200 13600 14400 14300 10200 14900 14500 14800 15000 14900
MIN 8400 8200 8900 10000 9700 7600 7300 9200 10000 12990 11720 13500

AC-FT S5TT400 539500 619600 757100 676000 687300 481600 685100 791400 871480 359300 541000

CAL YR 1980 TOTAL 3829000 MEAN iouso MAX 14600 MIN 5800 AC-FT 7595000
WTR YR 1981 TOTAL 4228200 MEAN 11580 MAX 15000 MIN 7300 AC-FT 8387000



WATER SUPPLY—EVAPORATION
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F1G. A- ANNUAL EVAPORATION FROM WATER SURFACE.*

TABLE B-RECORDED EVAPORATION FROM RESERVOIR SURFACES'*

Wind velocity Reservoir surface .
Rel evaporation, inches
Tem- wNonhrhy“U.E. v r.:.!
Flovae persture |7 eoLer Bureay) hu- cen Coeffi-
Station tion, Years of air, Hation A,,‘.:',h' mid- . Mazi- '::r“: cient
feet d mites | ity |Avril to mum | for pan
Fn:ron- Heigh Veioe- per per Annusl per "a::"'
heit eight,| ity, cen tem
feet | milea | DOWF ¢ month
per hour!
United States:
Ithaea, N.Y....... 1918 to 1930 47 10 9.1 1.8 8 17.11 | 22.54 4.17 |90 to 0.60
Washington, D.C 1918 to 1917 54 85 6.5 2.3 (31} 23.52 | 34.53 4.87 |97 to 0.69
Chapel Hill, N.C 1921 to 1930 a1 ‘s 1.1 (L] 20.03 | 28.56 4.71 |93 to 0.69
Madison, Win. .. 8a0 (1908 o 1011 40 78 10.0 “e. 75 12.91 | 19.82 3.04 |¥7 to 0.3
Columbus, Ohio. 52 ‘230 10.7 2.0 74 19.21 | 28.81 4.94 {89 to 0.69
Columhun, Mo ... 54 84 8.0 1.5 71 20.28 | 28.13 5.31 {88 to 0.69
Grand Forks, N.D. as 58 v.8 o 70 | 21.72 | 27.07 | 5.82 |90 to 0.83
Rapid City, 8.D. 40 2.0 58 | 25.61 | 36,43 ) 7.02 {92 to 0.04
Jincoln, Neb.... 51 81 10.0 4.1 [ ] 32.00 | 42.04 9.03 (87 to 0.69
Mitchell, Neb... 47 7.0 ' 34.17 | 41.78 | 9.28 |83 to 0.43
.awrence, Kan.. 1910 to 1919 55 4.4 . 31.28 | 44.80 7.624§........ 0.8
Manbattan, Kan 1424 to 19290 54 ves e 3.4 .. an. 14 | 42.63 .08 (91 to 0.69
Aantin, Tex..... 1016 to 1020 (1. ] 148 7.5 2.0 a8 28.72 | 42.47 8.49 |77 to 0.83
Amarillo, Tex. .. 1807 to 1019 56 49 13.0 9.8 36 40.00 | 68.00 | 12.63 |84 to 0.94
Denver, Colo.... 16 49 7.8 4.5 o4 8.00 | 52.18 8.204........ 0.99
Salt Lake, Utah... 1928 to 1030 82 203 0.2 3.6 50 40.07 | 30.94 | 10.10 |95 to 0.68
Yuma, Aris....... 1017 to 1929 111 54 5.2 1.3 44 36.29 | 53.45 9.53 |91 teo 0.09
Independence, Calif 1909 to 1011 50 28 6.1 cen 43 38.64 | 35.2¢ 8.00 |........ 0.83
Haltan Nen, Culif. . 73 e 4.1 40 66,35 { w750 | 13.10¢........ 0.346
Coevallis, Ore ... .. ... ... 1922 to 1030 52 1.3 21.88 1 a0.48 A2 M tol 0.

L E 3
FIG.C- Avercge cnnwuo! excess of pre-
c/pitortion over the cdermonds of evoporotror
ond fronspiration, in lnches. Wes? of /e zero
line #here /s generolly no onmuol excess excep?
mn mourtalin orecs and in the Arcific Norkh wess,

F1G. D=Percentage
haosbeen less than demards foreyapore

of yeors thot onncvol, m}x?o,;/'m
Bpirotran. Throughou? fhe Nest, e,\c;{a)‘/'r’ mounfolis
areas and Fhe Arcitic Norkh West onnwal desr

of evaporotiors and fronspiroticr o/ways or searly

always exceed ornnvol precrpl/rotion.
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STATION LOCATION GLASGOW, MONTANA

Elevation above * Type
Sea Ground M = AMOS
level " = T=AUTOB
2 ° H 3
B ] a <
f 5 is | 2| 2 : £ 'R
Location g g =§= Latitude | Longitade | 83 | 8 | B o | 3 _§ 2| . g e Bemarks
2 ] “ F R B = -
3 3 5 § -;' North Yest A g N g 8 3., g E 2 a8
& E | 532 §3§E§E§§§%§53 :
v 3 %] 8 8] =8 i c3
8 § |33t §i|s |8 | 8|2 (88| 85| 538
COOPERATIVE - ~F:
Valley along Milk River 7/1893] 3/1905 NA 48° 15' [ 106° 40° -
Bend of Milk River 7/1905| 4/1907 Unlmown 48° 10' | 106° 38' 2092 5 2
401 First Avenue South 5/1907| 3/1908 Unlnown 48° 11' [ 106° 38" 2090 5 2
341 First Avenue South 2/1909( 3/1909 [50' ESE 48° 11' | 106° 38° 2090 5 2
441 First Avenue South 11/1910% 371911 |350' ww 48° 11' | 106° 38°' 2090 5 2
710 Second Avenue- South 5/1911| 4&4/1916 (970" wNW 48° 11°' | 106° 38°* 2090 S 2
604 Second Avenue North 5/1916| 3/1927(1660' NE 48° 11' | 106° 38° 2092 5 2
Hall Residence 3/1927|12/01/40 {2420* SSE 48°. 11' | 106° 38' 2088 5 3
305 Fifth Avenue South
o L
305 Fifth Avenue South ' 12/01/40 7/01/43 No Change 48° 11' | 106° 38" 2088 | 42| § 5 3
Bank Building 6/06/43 [10/25/55 [1500° ¥w 48° 11' | 106° 38° 2090f 53|34 | 34 33
501 First Avenue South .
AIRPORT
Utility Building 10/25/55)| 5/5/69 |1 mile NE 48° 13' | 106° 37°' 2277 30| s 5 NA | NA | NA 3 NA NA | a - Installed 5/25/57
Municipal Airport t @2284 | 20 a3 [b5 | d6 b - Moved 75' NNW 6/9/59.
bS c - Effective 8/6/62.
t International M.r;ort d - g;.miuim-d }650;/%‘76?
effective 6/1966 Tmometer site B
(effective 6/196 e -~ Effective 5/12/64.
Administration Building { 5/5/69 | Present [385' S5W 48° 13') 106® 37'| 2284(£20] 5| 5 | NA| NA| 5 5| £6 | NA | £ - Not moved 5/5/69.
Internacional Airport

SUBSCRIPTION: ; : ’
Price and ordering information available through: National Climatic Data Center, Federal Building, Asheville, North Carolina 28801, ATTIN: Publications.

I certify that this {8 an official publication of the Nntiona{ Oceanic and Atmospheric Administration, and is compiled frgm records received at the

National Climatic Data Center, Asheville, North Carolina 2R801.

USCOMM-NOAA-ASHEVILLE ~ 925

POSTAGE AND FEES PAID

DEPARTMENT OF COMMERCE
NATIONAL OCEANIC AND ATMOSPHERIC ADMINISTRATION U.S. DEPARTMENT OF COMMERCE

NATIONAL ENVIRONMENTAL SATELLITE, DATA. AND INFORMATION SERVICE
NATIONAL CLIMATIC DATA CENTER c 0 M 2 1 °

FIRST CLASS

ASHEVILLE, N.C. 283801



Average Temperature ' Heating Degree Days cuascov, ur
Year [ Jan | Feb | Mar | Apr | May [ June] July [ Aug [Sept | Oct | Nov | Dec [Annual Season] July| Aug [Sept| Oct [Nov] Dec | Jan [ Feb] Mar| Apr| May [June{ Total

#1983 =0e7]| 1649 20.2| 49.8| 5245} 59.6| 70.8] 70.5| 58.6| S0.6] 38.7| 25.6] %2.8 1962-63] 23 93] 2603| 86| 7aQ|1287[1917]1162| 830| &43| 378 as | 7836
1988 2%.8{ 21.7| 2142f 87.7| 60.0f 61,6 70.0| 67,2 59.8| S2.8] 26.T| 20.6] ¥8.5 ‘81963-64 . 13 72| 381| 9su|i1so3f1359({1077|1261| 602| 267 92| 7578
19858 15,8 19.3| 35.2] 80.8| $1.2] 59.2| 73.8] 69.6| 58.2| 47.8] 23.8] 13.0( 1.9 © 1964=65 o s2| 29s| #82[1135{/1974{1816|1507 1689 690 359| 11810120
1986 16e6§ 1745 S0.2) 5202 5302| 6442 TWa6! 67.9| 57.0] 82.2] 28,1 1S.8( 33.8 1965-66| 11] 1| s02| 389)1137|1305|2053|1599[1016( 812 316} 132} 9313
1987 10.3] 12,3 21,8 48,8 53.5| 61.6| 76.8] 70.9| 5740 522 27.2| 28.7| &3.3 1966-67 5 78l 136] S88§122%5|1v22[1626 1981335 | 835] w29] 189 | 9222
1988 2241 11e6| 25+6) 58.5| S7.9| 68.2] 71.0( 72.8| 63.8] ¥8.0| 32.% 9.9 | a3.8 1967-68 19 12} 136] sri]1028|1517|166a4 |12 826 | 683| 397{ 158 | 8353
1949 2.8 Nod| 20,6] S2.8| 60.8| 65.2| T0.8] 73.8( 57.5| 43.8] 80.% 8.5 | w2.% 1968-69 38 78] 238| sa9| 9se¢|1706)2236l15an [1ana| S1S| 361 219} 9957
1950 =18,2| 13.86] 20.0| 38.9] S2.%] 61.6] 62.8] 65.0| 5S8.1] %8.0] 28,2 1548 37.7 1969=70 319 7{ 1so0] so7{ sos|1301|1798]2297]12%1] 7538| 338 a6 | 8696
1951 Te?]| 12.7| 80.1| 57.7] 59.8| T1.9| 66.5| 33.8] 82.8] 27.2 8.0] 37.9 1970-71 5 7| 298| ean]11u2f1e328}18%6]1616(12645] S95| 235 s9] 9228
1952 143 18,0) S1e2] 57.8] 65.0]| 68.8| 68.9] 62.1] 85.7| 30.9| 19.3| 42.2 1971-72 27 o| 267| e35] 973|16T6f1883|1579 1067 ] s15| 305 ss| 9081
1953 178 23.8] 29,8 38,0 51.7| 68.2| 71e9| 71.8{ 59.9] S3.1| 38.3 1972-73 71 11| 338 703| 958|181uj1852(1152| 802| 691} 277 68| 8337
19548 1.0] 31.6| 23.0( 38.8| 53.1] 6141| 73.9| 68.8]| 56.8| 845,9] a1.2 1973-7T8 8 7| 25s| s8n|1306)|1%5221692|1103{1089( S26] &35 70| sa9n

91958 12:6] 115 21+8| 868 58.1] 63.7| 73.42| 73a3| 56.8| 89,8 14.0 1978-7S 3 s8] 283| 81| eswsfr2zeji1as7|1ve3]1204 | 867 373| 102| 851S
1975-76 5 o8| 280] e613|1002}1437|1583}10n22]2099 S10( 21S( 109| 7963
1976-77 ° 10{ 18S] 693]11S1[1821)1917|1078| 967 497 233 s9| 8221
1977-78 32| 1ep| 292| sas|1205|1752|2081{1s10(1252] 628] 319( 111|tOnON
1978-~79 &2 70{ 233 601|1306(1725|2185(1780(1283) 853| 455 86 |10579
1979-80 6 17| 118] %89|1139{1187|1788[1u0%8|1185| 398| 175 a9| 7911

1956 Seb 99| 26.2 SSel| 67.6| 68.7| 67«1 57.7| &47.3[ 32,9
29.8 STel| 6343] 78.6| 69.2| 577} #2.5| 33.0
2To8| B8.9]| 61e5( 608] 67.0| 727 S8.6f 8781 25,9
32.0] 82.8( S0.7| 65¢6| T1a7| 69.1| 55.8| a0.1| 22.8
22.8| 42.5| 55.2| 62.3| 75.5| 6846 60.2| %8.0( 28.4

1980-81 2 63| 232| s38| ssa|1smsf1225{1n92] 799| 499 250| 18S] 7182
1981-02 10 6| 169| 639] s3sf1asejziTil1586 1286 ] 7208| 618] 121 9387

1982-83 16 39{ 271| 607]1171[1817

37.8] 39.7| 56.8| 71.6]1 T72.9{ 7S.0| 51.1| ¥8.7| 27.6
193] 87.2] S3¢8| 68.8].6648] 68.5| 5649 491 38.9
37.9| 83.3] 52.9] 63¢6| 72.0| 70.8] 65.1] 53.9] 31.9
20,1 98T ST.0| 63.9| 78.3| 68.0| 55.0] ¥9.3] 27.1
10.5] 81.8( 53.2| 61+9| T1.0] 69.%] 88,1] 52.2] 26.8

Cooling Degree Days

32.0] 37.8] 553| 62.3] T1.6( 65.8| 62.1( #5.9| 23.9
2128] 37.0] S0.9| 60.6]-71.0| 7U.5{ 62.2] ¥6.4] 30.6

38,1 82.0] 5241 60.8| 69.n] 65.0{ S7.6] us.8| 32.9 Year |Jan| Feb{Mar| Apr |MayJune|July| Aug|Sept] Oct | N Total
18.3] 87.6] 53.8] S8.3| 66.2| 73.8] 81.9] 38.7( 3a.S ] I i ] pr] y[.l I IyT 8] ml l w]Dee]
28.8) 39.5( See1f 67.8] 72u5( 72.2| 561 82.8] 26.8 1969 4 a Q o[ 20| 2e6f 79| 218] 62 [ 4 0} el
- -. 1970 [} o o n 31 129 250| 236 38 ] a a 65%
28.6| an.9f ss.8] es.o| 68.8]-77.2| se.s| wa.3| 32.3
30.3[ 88.3 65.6| & Tre1| S3.8f s2.1| 32.8 1971 g a c 2 9| &7p 183} 383} 22 o o of s&3s
39.0] 81.6 65.6| 69.8| 72.9 21.3 1972 a o o 6| 20| 80( &9} 205 8 [ 0 gl 378
29.6| 8T.5 86.2| 13.3| 68.0 33.2 1973 a o [ of 13| 91| 165| 259| 10 a [ o] 438
28, 7[ 35.9 82.0| 73.1] sa.9 30.1 1978 o Q [ 5 0} 1131 2e8| &2 3 4 a | asi
. 1975 0 n 0 [ 1| 33| 263] 7= 6 o] a o 37
29,3] «7.8 62.5| 70.3| 70.0 26.4
33.6] #8.2 6S.7) 69.1| 61.2 8.8 1978 [ [ 0 ] 9| 1| 180f 172| 35 el o o| a37
28.8| w3.8 7! 67.1] 88.9) 21,3 1977 [ o 0 1| 38| as| 1es]| 29 6 [} [ a] 321
23.8] 38.3 68e3| 72.2 26.9 1978 [ o o 0 7| &7 11| 107] as [} o of| 320
27,9 s1.9 6hel] 72.3| 68.7 36,3 1979 a o [ [} s| 7af 236| 170} wus 1 o o| 533
: 1980 N [+] 3] 0 12 60 38| 23« (14 23 7 a ;] 283
38.9] ws.2 60.8| 71,7 7341 37.1
20.6] a0.6 62.3| 69.7] 89.3 28.7 1981 [ o [ [ 2| 22| 2271 25| w8 ol o o] ses
1982 ] a Q9 L] ] an| 188| 180 32 o 0 ] 82y
NEAN 9.1 15.7| 26.9| a3.s 63.5] 7141 69.8] 57,8 %2.0
nax 19.2| 26.2| 37.8| SS5.8 "T6e1| 8S5.3] 83.7| 71w 58,1
nIn -t.0| s.1| 1s.0] 31.2 sC.8] 56.8] SS.0| 88.1] 33.5| 18.7{ 6.9 29.9

Precipitation ' - - Snowfall
Year | Jan | Feb | Mar | Apr | May | June| July | Aug | Sept | Oct | Nov | Dec jAnnual Season[July [ Aug [Sept| Oct [Novlbeql Jan[Feb] Mar| Apr| May[JunclToul

s1983 1e11] 0407 0.63| 0.5%) 0.55) So18| 1.00] 1.87| C.0L[ 1.66| 0.12| 0.06| 12.30 1943-44) 0.0/ 0.0] 0.0 1.0 Q.S welf 9.3 TS T | 0.0] 18.2
1988 | 0,05| O.%2} 1.25| Q.70 1.08] 5.40| 0.49| 2.79( 0.89| 0.07] D.90] Q.11] 1x.15 1984-45] 0.0 0.0 2.0/ T [ 4.8 "’-‘ "'z 8091 48] Ue3) 0.0] 0.0} 28,1
1985 | 0.37[° 0.42] 1.25| 0.98] 1.08] 2.38| G.71( 0.82) 1.17| 0.72] 0.39( .57 10.02

19us-w6f 0.0 0.0 T | 1.50 e8] 7e1| 2.0 *af 3.7| T | T ] o.0] 2e.0

1986 | 0.22] 0.33 0.22| 0.05) 1.09] 3.06] 3.08] 0u36| 2.76] 0.78) 0.63] 0.61] 13.58 1946-47 0.0 0.0 T 2.9] 8.0 7.5 4.7| 1.9 S.8f s.0| 0.0] 0.0} 36.s
1987 | 0485] 0.19] 0.50| 1.65[¢0.66] 3.31| 1.28) 5.55| 0.a9]| 0.38( 0.25| 0.01f 15.12 Q.01 0.0 CoCl 1.5) 1.8 1,91 201] £.3] 6,51 7.51 .7 | 0.0] 29.2
1908 | 0.32[ 0.58) 0.53( 1,69 2.88| 3.8a| 2.23| 0.28| 0.38| 0.02] 0.69] 1.00] ts.2a a.0f g.0f o.of 7| 3.8[11.7] saaf s.r| 2.2| c.of w] oo.of 2707
1989 | 0.37] 0.6 0.20 T | 1.39| 1.18] 1.88] 0.69| 0.36¢| 0.83) 0.02] 1.49] s.a7 toeo-sa] 0.a 0.0 ¥ ] rea| T ise3f1ses| aus| se0| sez 2.5} 1.3] 561
1930 | 1.33| 0.51{ 0.83| 0.85| 1.22] 6.95] o.ss| 2.27| 3.30 0.32( 0.67] 0.38| 15.02 y

1930-51| 0.0l 0.0f 0.3 c.7] 7.8 w.7]1s.0] weu| o3| ser] ne0] onp| we.3

1951 | 1.80) 0.78{ 0.58[ 1.69( 0.63] 2.22| 0.07| 1.63] 1.00] 0.88] 0.88f 0.79] 13.28 1951-52| .0.0] 0.0 2.3 8.3[ 5.9 6.0 8.0{21.8( 6.8| 2.2| 0.0f 0.8 60.9
1952 | 0050| 1.45| 0.49| 0.30| 1.99| 3.58| 2,03} 1.39] 0.7ef 0.02f 0.11] 0.19] 12.79 1952-531 0.0| 0.0/ 0.0| T | 0s6] 249 70! 8.0[ 9.8] 68| 5.1} 0.0} 39.8
1953 | 0.88) 0.85] 0.68| 1.63| 9.92| 3.45] 0.5a| 0.98{ 0433 0.27( 0.15] 1.05{ 15.33 1953-58| a.0] 0.0 0.0] c.cf 7| s.2]20.3| 1e3{11.2{20.8| 1.1] 0.0] a9.e

1954 1.20| 0.21] 1.37| 1.29] 2.88) 2.00) 0,22 w.88) 1.18] 1,08 0.12| D.25( 16428 1958-58( 0.01 g.0f ¥ T | 0e2] 2.7110.5{10:3] 69| 98] T | 0.0] 80N
91955 | 0.52| 0.59| 0.54] 2462] 3.11| 0.69| 2,60 0.09| 0.82] 0.10] 0.82] 0.06| 12456
s1958-86 0.0/ 0.0l 0.0 v e.7| sz 2.7| se3| 1.3] oe2| s.2{ 0.0] 29.8

1956 0¢11{ 089 D0.13| 0.07| 2.29] 1.68( 1.62| 2.03] C.10{ 0.03] 0.38( 0e26| 9.19 19%6-57| 0.0 2.0/ 0.0 T | Q.7 284 05| 7 [ 0.0f B.0( 21.3
1957 | 0.48| 0.56] 0.05] 1.33| 1.00| 2.86] 0.98 2.01{ 0.52| 0.45) 0.09] 0.07{ 10.3¢ 1957-58] 0.0| 0.0| 0s8] 1.3] 0.6 £e0f 3.00 T | 0.0 0.0| 18,2
1958 | 013} 0433] 0.29]| 0.58] 0.03[ 2.06| 1.15| 0.52| 031 0413] 1.28] 0e28] 7.07 1958-59| 0.0] 0.0 1 T 117.2 6.7] 0.7( 1.8 T | 0.0] 38.5
1959 | o.a8] 0.30( 0.16| D.s2] 1.18] 2.79] 0.57{ 0.59} t.26] 1.02] 0.72] 0.03] 9.70 1989-60 0.0 o.0] 1] s.a] so6] 0.3f s.8| 3.8| C.9{ 5.3 T | 0.0f 27.1

1960 0.83{ 0.32| Be27} 0.72| 1.83] 1.61| D.55| 0.95| 0.08] 0.38] D.30| 0.38 T.30
1960-61| 0.0 0.0] Q.0] D8] 1o7| %e2| 1+5{ 18| Se0] 23] Qo0 C.0| 16,3

1961 | 0.09] 0.8s| 0.35{ 0.55] 1.08] 1.17] 1.86} D.38 “0.19] 8.89 1961-62| 0.0] 0.0] 1| S.0f 1.8] 1.9| 3.0{ s.8f s.5] T [ o.0f Q.0 21.6
1962 | 0.3% g.21 a| s3] 5.17f 1.07 0.19] 11077 1962-63| 0.0] 0.8) T | 2.0f T | 1.8 3.2] 3.9 t.4] s.3| v [ 0.0 17.2
1963 | 0.32] 0.87] 0.27] 1.22} 1.13| 5.36] 1.55| 3.30 0.30| 1n.67 1963-68] 0.0] 0.0| 6.6| G.of 2.0] 2.5| 2.1 t.9| 3.8 2.3[ o.0f 0.0 1n.w
196a | 0.21| 0.19| o.81] 0.s1] 2.82| z.78] 1.20{ o.ss 0.78| 10083 196a-8s| a.00 o.0f ¥ | 1.6} 2.e|10.8(10.7] €.8] w.9| 3.2 T | 0.0] s0a
1965 | D.ne| 0.20| g.30] o.51 3.25{ s.6a] 0.91] 3.01 G.12] 18431

1965-66| 040 D0} 1e1] 0.0f 10| 1e2[ 8o81 225| 28] 1.7f 17| DaOf 2048

1966 0.51| 0«18 0.10| 0.59{ 1.91| 0.89] 3.13{ 3.68 B.23{ 12.58 196667 0.0f neol D.0| 1.6f we6{ 3.9|18.2] w.3f18.8[12.1| 3.1] 0.0] S58.6
1967 | 0.8¢] 0.25[ 0.83] D.8e 0.18 0.26| 9.92° 1967-68| 0.0 0.0[ T.0| 0.0 T | 6.2| 0.9} 0.0] 1649
1968 0¢13{ 0.1%{ 0.10| B.67] 0.23] 2.20 2.00 0039 T.65 1968-69 0.0/ 0.0/ c.n| T 3.3| 0.6] 0,0| 0.0} 3741
1969 1.2% Q18| 0.17] 1.99] 0.25] 1.23| 3.55| 0.05 0.36] 10.48 1969-70| 0.8 0.0 0.0} 1.0 2.6)13.7 T | Q.0f 27.5
1970 0.49 0.05| 0.27) 1.82( 1.88] 2.83| 1.07| 0.08 8.26] 10425 .

N 1970-71{ ©.C| G.c| @Qe1f 1.1 1.1f 1 [ o.af genf wi.3
1971 0.99] 0.21] 0.27| Q.42 0.91] 1.26{ 0.20{ 0.78 0.26] 6490 1971-72| 0.0] 0.0|-0.0f C.1 3.3} 0e7] T [ 0.0 38.3
1972 0.55{ O.59( 0.50| 0.88( 2.73| 3.77| 2.30] z.s0 0.61] 15.22 1972-73 2.0 0.0| 0.2} 2.2 Gedf soCf 7 | 0.0f 21.9
1973 T 0eD9| 027 1.2% D.58| #.35] 0.59| 1.21 0.78] 11.20 1973-78] 0.0] 0.0 0.0f 0.0 6211 Dob T 0,0 27.1
1976 0.18| 0.25| 0.93| 0.09| 3.27| z.00f 2.31 2.69 0.28( 13.12 1978-75] C.0{ €.0| 0.0 Co2 Tes| 9.0] T | 0.0 19.9
1975 0.11] 0.23] 0.61f 1.30f 1.93{ 1.20] ».18] 1.37 0.38| 13,90

1975-78] 0,8| 0.0 c.¢f 7.0| s.5| 67| 3.9 ~.s] w.9| 0.2 0.0] 0.0} 26.7

1976 0.27] 0.23| 0.30] 0,60 Deou| w.27| 5.00] 1016 0028 13453 1976-77] C.0{ C.o0f 0.0{ 1.6 2.3] sar| 7.7| ~3| 0.7] 0.n#] £.0{ 0.0| 17.0
1977 0.42] 0.12] 0.11| 0.17 1,83} 1.16| 0.78] 0.58 0.86| 9.29 1977-78{ 0.¢| 0.c| 0.c| c.2| @#.3|13.2| 3.8 @8] 3.0 2.5] c.0{ D.Qf 33.a
1978 0.19] 0.40| 0.25 0.51] 3.65( 2.72| 2.63| g.16 0.85( 15.86 197€-79] G.0| 0.0 T T L 7e6] 845 2.8[1%.9| 7.1{ 7.8{ 0.5{ C.0} 47.2
1979 D15 0.78] Qe%3} 1.27| 2.86| 0.88| 0.75] 0.7¢ 0.08| 8.11 1979-80{ 0.0 0.0 o.0f T | 2.7| c.n| 9.8 1.3| 2.6] 0.7 G.2| G.0f 1742
1980 | 0.50] D.1%| B0.36{ 022 0.%6] 2.55| Q.a%] 1.36 0.50| a.9s -

1980-81| 0.0| C.0 0.0 Yol 1.0[11e2f 142} re€| Col T c.0{ 0.0 17,1
3

1981 | 0.06| 0.10( 0.31| 0.19] 2.13) 1.83| t.72| 0.23| v.08],1.50] 0.5S| 0.19]| as.79 1981-82| ©.0] r.0| 0.0 s.a| 1.8] 2.9016.8] 7.3| 7.5 1.7] T [ 0.0 vz.0
1982 | 0.75 0.83f 0.72 0.22| 3.78| 1.03| 0.97| 1.19( o.9a{ 1.09| 0.06| 1.03] 12.21 1982-83( 2.0 c.0 1.5{ 0.6] 0.8[11.2

RECORD RECORD .
MEAN | 0.46 0o38( 0.46] 0.83| 1.73| 2.63] 1.60| 1.87| 0.95] 0.57] 0.35| ousa] 11.87 MEAN 0.0 CoC} Tod] 15| 209] 5.2f 69| e8| Jo5} 2.7 0.64) DeO| 2746

# Indicates a station move or relocation of instruments. See Station Location table. .

’ Record mean values above are means through the current year for the period beginning in
1944 for temperature and precipitation, 1956 for smowfall.



PoRE TRIR
. ;
Meteorological Data For The Current Year
Station:  GLASGOW, MONTANA INTERNATIONAL AIRPORT Standard time used: MOUNTAIN Latitude:  45° y3° o Longitude: ¢ * 57 ' Elevation (ground) : foet Year:
2284 1982
& 93008
Relative
Temperature *F Precipitation In inches humidity, pet. Wind E Number of days Average
Degres days . station
Averages Extrames bl Water equivalent Snow, lce paliets Resuhant Fastest mile 2 g Sunrise to sunset 2 £ Te ture - ™
. £ poe
3 Maximum Minimum
Month HERE AN i g g i ig 2w E
E E| » S £ off 1 17 23| ¢ : 5, P 5( g5 s Tov.
2| B 21 82| e § £2 =
AIE I IHALBR R D e e R R AN
€ T [ & F |o® -y Qo =] < old= <3 ] NE[(LE| mal

JAN | 5.8l -15.8] -5.1] auf 26 [-39] 6] 2171 d ©0.75] 0.15 31| 16.4 3.0 3 s7 57 67|07 3.8|11.6] 35| 30]1s s.s| 3| 1| 22

FEB | 20,00 -.5] 9.8 51| 20)-37] 3| 15as] A o.e3] 0.27) 21-221 1.3 e.4] 21-22 66| 67 67|02§ 1.9| 9.0 30| 30| & 66| o of 13 l: ; : : ° :: :; f: :::':

WAR | 32.2| 16.9] 24.6| S0 27 1-18] s| 12¢6] o @.72] 0.3 17-180 7.5] 2.0 1 o9l o8 78 |o7| s.312.2| 39) 29] 12 0| e v| 18| 212] & 1] 3] o] 12| 29| “w{ezei0

APR | 52.5| 28.6| 40.6] 78] 23| ol s| 728] o w0.22] 0.08] 15| 1.7 3.0 1 a5l 38l 59 |36{ 1.af11.8) w0f 31|29 62| o 12] 12| 9] 1| 2} of o] te] oleniee

My | e0.5 s1.9f s1.2f eaf 2| 33} 3] s18] o  3.78| 1.6327-2e0 | 1| 30 sol st 7036 2.9 (10,5 37| 28] 6 re6f 21 9 20| 1o ol 1| ef o o] ol ofesn.s

Jun | 75.2) 9.3 e2.3 s1f 22| sef 7| 121 asl 1.03| 0.32] 8| 0.0 0.9 a8l o2 6630 3.2{ 8.5 25| 32{ 23 1| sf 17y 9) 6| o] v o 1} of o| ofsesso

.

Jut | 83.1| s6.3| e9.7) 9s| 30 f se| 17 16f 168] 0.97| 0.51]15-16/ 0.0f 0.0 &1 3 sol33f1.2010.5]| 32| 1|2 Se ) 8f el of o} of 20f of 35| ol ol ofesz.s

AuG | 83.8] 55.0] 9.3 o1 11| w3| 27 39) 18 1.19| 0.0 26| 0.0 0.0 - a1 29 seliof 3a111.0] 30| 30| 2 st 18| 10| 3f a2 of 10| 1| o] o] of ofoevs.s

SEP | 70.1| 3.5f se.8| 92| 9| 33| 30| 2711} 32 o0.98| 0.7326-270 1.5] 1.5] 26 as| 36| ssio3| 1.8 |10.2] 31| os|27 $.21 12 6 12] w| 1] o o 2i ol o] oless.a

oct | se.6| 33.8) as.2] v7{ 1s | 20| 30| o7 1.09| 0.61/17-180 0.8 0. 1 sol s2| 72|36] 201] 9.9| 26| 30|27 s.8| 10 9f 12| o of o} of o| of 9| ofesi.e

Nov | 3s.9l 15.5| 25.7| s2| 18 | -s| 22] un 0.06| 0,08 11| 0.8 0.2 22 82| s7| r0f08| 1.7] 9.n| 26] 33| 62| 1| 9| 18| 2| of o} 1| o of 30| 29330

pec | 28.7] 9.3 19.0] 47 16 [-18] 6 1417 0| 1.03] o0.36|13-18f 11.2] s.2] 2 73( vs| 1s|or]1.8] s.e] 28] 33]27 19| | 1| a9l o 2| of 7| e 22| s ] 93203

AUG JAN HAY, DEC . |aen i
vesr| so.3) 27.8] 39.1] 97 11 }-39] 6| 9vsi| .a2s| 12.21] 1.e3|27-28] we.e| 5.2 2 se| 51| esjos| 1.7[i0.a] so| 3129 6.3 a3} 12168109 17] 30] 16| 16| 96 175| 89 933.0
Normals, Means, And Extremes
!
Relative

Temperatures °F Noral Precipitation in inches . humidity pet. Wind ] Mean number of days Ami::

Dogres days - : 1 g € statl
Normal Extrames Base 66 °F Water squivalent Snow, lca pellets . Fastest mile 4 . | sunrise to sunset § g E % % % “M:W"“"‘M: ¢ mb."
; E 23 ! i gg gsga 33 () Elov.

E 2 R4 L]

§ i 1] el Bl 2 EE EE EHE EE NHEERS sl 1 sig IR EEH NN
= £ E E g 5 E § ¢
Zi|3¢f >§- g_g > i 3 i ! ] L P i 213913 " l“"‘?’ ié?a HEAR AR S !! zqgf’: §s§ BENE|LE| mal

@ 27 21 21 27 27 27 "2 14 14 19 18] 13 1] 1 21 21| 27 21 21 27 23] 23] 10f 18] 14 1¢) 10

] 18.9| -u5] 9.2] 55 1oes |-a7 1oes | 173p 0| 0.39| 1,20 hoso| v 973 | 0.37 {1969 | 28.24 1970 s.4 1971 78 74 oq 73 10.3 39| 3¢ 1979 1t si o 18] of 2 of 2| o 28] 31} 10| 936.7

Fl2s.af s.0|15.2] 59 pore [-37 j19e2 | 1398 0| 0.32]| 0.7% 1979 | 0e0s 1970 | 0.27 [1982 | 15.9 1979 a.7 1979 1] 7 72 74 10.e syl 28] 1974 7.2 N 16 7 3} of 2| of 18| 28 11| 93s.c

u| 35.6 | 18.8 | 25.2 15 1966 27 1960 | 123 0| 0.37]0.935 io7s | 0.05 1957 | 0.a0 {toss | 18.8 1967 S.of 1967 79 64 59 75| 11.2 a1 30 1979 6.9 1 16l 7 8 o 2| o 10| 28 & 930.6

Al55.0| 30.6|%2.0 91 tos0| -3 1975 | ees 0] 0.71 ]| 1.99 196o | 0.07 1956 | 1416 {1969 | 13.7 1970 8.4 197d 74 54 a 67 12.7 ve| 32| 1974 7.0 g 17 7 ) a 1] e 31| 1 o 93202

Hl66.7] 81,7 ) 50,2 99 1900 [ 20 19re | 3us 10| 1.31 | 3.7 1982 | 0.0y n9se | 2.07 liere s.2 1958 S.0f 1956 7% a7 41| 83) 11.9 s1] 12 1960 6.7 i 15| 1o o & o 1] o 3| o e3.7

] 73,91 50.1 ) 62.0] 98 1978 [ 33 asve | 151 ) eS| 2.72 | 5.36 1963 | 0.a8 1979 | 2,47 1972 0.0 0.0 17| %4 a1l 66 10.9 39| 24 297 .00 7 12 1af 11| o 8 e 2/ of o o 930.9

d]8n.3}s6e6| 7005 108 1960 | a1 f1977 151 190} 1.03)8.07 hoe2 | 0,12 hoe7 | 3.99 hos2 0.0 0.0 78 84 39 600 10.5 a6l 03] 197 8.5 18 12 6 o o o ¢ o o o o 932.9

A]83.0)] 54.9| 69.0 106 2971 | 37 J19%6 30| 268 1.51 | 3.65 1966 | 0.0% 1970 | 2,48 1965 0.0 0.0 6% 43 33 55| 10.9 8y 27 197 .8 12 1y o 7 o o6 < 8 0o 0o 0 933.0

s{70. | as,0(57.2] 99 1960 |21 {1961 ] 263 ] 32| 0.85 w.18 ho78 | D08 1960 | 1.98 j1o7e 1.9 1982 1.5) 1982 72 oo 34 61] 10.8 ss| 30 1971 s.8 100 9o 13| o o 2| o 2 o 2 o 93v.n

ofs9.2( 33.6|86.8| 88 1oro] sher2| s77. 0| 0.56 | 1.77 Q97| T  h9es | 1.21 1981 7.0 1975 5.3 1978 73 53 a4l 65| 10,6 w8l 32 196 6.2 g 15| s o o 3| o 1} 1y o 933.6

N|39.1]14.91 29,0 75 1975 21 1955 | 1080 0| 0.39]1.26 hosa| v hoes | 0.37 f19ar | 17.2 1958 «.5f 1958 ve] 6 63 74| 9.3 aa| 27] 197 6.9 N 11 o 1| o 2| o of 279 2 93%.1

o|26.5] 7.6[17.1] 59 1979 [-308 [1977 | 1485 0] 0.31)1.03 1962 | 0.03 1959 | 0.36 [ivaz | 13.9 1972 7.0 1972 14 794 78] 76} 9.9 39| 32 197 1.3 8 o 188 & 2 of 3| of 200 31] o 932.7

UG m . bun ban m JAN JAN Nov
YR | 83.21 29.8 | «1.5 |106 1971 |47 [1969 | 8969 | wes | 10,87 | 5.36 loss| v frev3 | 3.98 1962 | 20.2 1971 s.e] 1971] 75 57 53] 66 10.0 as| 27| 197 6.3 8¢ 111 168] 91 o 27 12| 21| 82 17¢ a3l 932.8

Means and extremes above are from existing and comparable exposures.

locality as follows:

tation 10.29 in June 1923; maximum monthly

(a) Length of record, years, through the

current year unless otherwise noted,
based on January data.

(b) 70° and above at Alaskan stations.

* Less than one half.

‘T Trace.

28.0 1n

y 1916.

NORMALS - Based on record for the 1941-1970 perlod,
DATE OF AN EXTREME - The mst recent in cases of multiple

PREVAILING WIND DIIIECT!M - hcord through 1963.
WIND DIRECTION - llmerlls {ndicate tens of degrees clockwise
from true north. 00 indicates calm.
FASTEST HILE WIND - Spnd 1s fastest observed l-minute value
when the direction is in tens of degrees.

Annual extremes have been exceedad at other sites in the
Highest temperature 113 i.n July 1900; lowest temperature -59 in February 1936; maximum monthly precipi-
11

% Based on available record,
less than 24 hours daily prior to July 1968,

¢ Based on record beginning July 1968.

Station operated




Local Climatological Data

Annual Summary With Comparative Data

1982
GLASGOW, MONTANA

Narrative Climatological Summary

Founded in the days of national expansion as a railroad shop town, Glasgow is situated in the
valley of the Milk River, about 20 miles upstream from where the Milk River joins the Missouri.
It lies on the natural route from the plains to Marias Pass in the northern Rockies. The City
is located on the valley floor at an average elevation of about 2,100 feet above sea level.
Hills rise sharply from the northern edge of the City to flat "tableland" about 200 feet higher
than the valley. The Weather Service Office is located on this flat land about 1 mile north-
northeast of the City. A gradual inclime commences 3 to 4 miles to the south and southwest of
the City and reaches to the rolling hills which separate the Milk River drainage from the Fort
Peck Reservoir on the Missouri. The northern shore of Fort Peck Reservoir lies about 15 miles
south of Glasgow. This is a body of water impounded by Fort Peck Dam which was completed in
1939. The dam, at full capacity, backs water up the Missouri Valley for over 180 miles. The
reservoir's shape is very irregular, but its average width south of Glasgow 1s about 10 miles.

Glasgow's climate is of the "continental" type, with a large annual range in temperature and
limited precipitation. Fort Peck Reservoir, to the south, seems to have little climatic effect
as far north as Glasgow, except for brief periods of morning fog in the late fall which occa—-
sionally drifts northward from the lake before "freeze-up." .

While the normal annual precipitation for Glasgow is only 10.87 inches, 78 percent of it falls
during the six so~called "growing months,"- April through September, with May and June account-
ing for 38 percent of the annual total. This average time distribution of precipitation helps
to make the climate quite favorable for the ‘growing of small grains. Winter -precipitation
nearly always falls as snow; but as a rule, although snow seldom accumulates to any great
depth, it usually is formed into drifts in the open, unprotected areas. Blizzards during the
winter months occur occasionally, but usually are of short duration; however, it is wise for
travelers and stockmen to be on the alert for this danger during the winter months. Glasgow
itself is well protected from most strong winds and blizzard conditions by hills to the north
of the City, but occasionally the unprotected surrounding areas feel the full brunt of these
winter storms.

Glasgow has a wide range of temperature. Winters are quite cold, with an average normal tem-
perature of 13.8 degrees for the December~February period. The coldest temperature ever record-
ed was -59 degrees, which occurred in February 1936. Mild winter weather occasionally does
occur, sometimes caused when the "chinook” or "foehn" wind, which descends the eastern slopes
of the Rocky Mountains, reaches as far east as Glasgow. Very cold spells also occur, at least
once each winter, but as a rule, these last only a few days. Summers are characterized by
warm, sunny weather which can last for several weeks at a time. The average normal temperature
for the summer, June through August, is 67.2 degrees. Sunny weather predominates during the
warmer season, but interruptions in the form of clouds and showers do occur - usually in the
afternoons and evenings. A few days of really hot weather in July and August occur at times,
but hot days are seldom oppressive because usually they are accompanied by low humidity. The
warmest temperature ever recorded in Glasgow is 113 degrees, which occurred in July 1900.

As 1is usually the case with a "continental" type climate in northern latitudes, the change from
summery to wintry weather in the fall at Glasgow is usually quite rapid, as is the change from
wintry weather in the spring.

' ' NATIONAL OCEANIC AND NATIONAL ENVIRONMENTAL SATELLITE, NATIONAL CLIMATIC DATA CENTER
ATMOSPHERIC ADMINISTRATION DATA, AND INFORMATION SERVICE ASHEVILLE, N.C.



STATION LOCATION

MILES CITY, MONTARA

Elevation ebove * Type
Ses Ground M= AMOS
lovel ] T = AUTOB
f A
-
§ H Y ] ‘E g E % i E E
Location g Pt E Latitnde | Longitude | 3 3 H g é 2 ¥ .g . g I-hd Remarks
2 “ 2 23
% Forth West he ] § f g H 4 s g - ;
3 g3 = g a ¢ |g
__5 3 .§ 3: ] g - L4 s E OE'
] w | 8 3 | & 3
8 § |31t § |5 8| E2|88) 8 |u| 8|28
Ft. Keogh, 3 miles SW 8/01/77 | 1/14/79 46° 23 108° 53'{ 2365 ? ? latitude, longitude, and ele-
of Miles City vation of ground for Fort
. Keogh sites approximate.
Fort Keogh 11/18/78 | 8/20/80 48° 23 105" 53'| 2365 14 37
Quartermaster Office
Fort Keogh 8/20/80 | 8/20/81 468° 23’ 108° 33| 2368 14 37
Library Building
Fort Eeogh 8/20/81 {8/15/83 48° 23° 105° 53'| 2385 ] 33
Southeast Part
Fort Keogh 8/15/83 |12/31/99 46° 23° 108° 53| 2368 ? ?
Post Surgeon Unk Unk
CITY
Stebbins Building 20/01/91 {11/01/95|3 miles NE| 48° 25° 105° 49'| 2353 53 40 40 34
S¥ cormer 6th & Main
Foster Bruning Building [11/01/95 |5/31/99 |s00 ft, Ewg| 48° 25’ 105° 49'| 2351 49 41 41 34
NE corner 7th & Main
Leighton Block 5/31/89 |9/17/05 {1000 It.WaW| 46° 25’ 1058° 48'] 2352 50 | 42 42 33
N¥W corner 5th & Main
Foster Bruning Building | 9/17/05 [(10/02/16(1000 rt.ENE| 48° 25° 105° 49°] 2351 48 28 26 32
NE corper 7th & Main
Post Office Building 10/02/16 |1/13/43 [500 ft. NAW| 46° 25' 105° 49°| 2381 35 | 48 48 a39 (b39® | 39 a - Added 3/28/23.
NE corner 7th & Pleasant b - Added 12/2/40.
AIRPORT
Miles City Airport 1/01/33 [3/01/36 48° 26' 108° 52'| 2629 Observationa by ¥BO personmnel;
2 mi. NW of Post Office most data recorded from Post
Office Building sits.
Radio Range Station 3/01/36 |11/07/36]2.8 mi. WS¥W| 46° 25' 108° 38'| 2626 CAA began part time observations.
Radio Watch House 11/07/38 |Present (2.8 mi. ENE| 46° 26 105° 32'| 2629 | 40 5 5 | NA | NA~ NA 3 | NA NA | Began full airway observations
SE corner of Miles City cb 1/15/37,
Municipal Airport ¢ - Inscalled 5/1975.

SUBSCRIPTION:

Price and ordering information available through: National Climatic Data Center, Federal Building, Asheville, North Carolina 28801, ATIN: Publications.
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Average Temperature Heating Degree Days iz coze, v

Year | Jan [Feb | Mar | Apr | May [ June[ July [ Aug [Sept [ Oct | Nov [ Dec [Annuai | SeasonJuiy]Aug [Sept] Oct [Nov] Dec | Jan | Feb] Mar] Apr] May[lune]Total
1983 S.8] 25.8] 25.0] 51.8] 53.8) 62.5[ 73.8] 72.6] 58.6) 51.6] 3%.2| 28.7[ #s.3 1962-63[ 1af 39| 205| s27| 7e9|11S6|178s|1012| 758| 620) 269] 38| 7087
1988 | 26.6] 18.2| 23.8| #7.1| S9.8] snes| 70-1] 67.8] 6.8 s3on| 30.1| 21.9| as.0 ] 1963-6a| o s "3a| 298| s13|1396|12e8(1081 (1231} sar} 259 ea| ss77
1945 19:3| 28.0] 36.5| 81.8] 51.9| sa.5| 73.9| 71.8 508 | 30.7) 17.7| w84 1964-6% O 66f 253} 86871176 (1775{1591|1307|1872| 606| 329( 66| 9069
1936 25.6] 25.8| 61,97 53,3 52.8| 65.0( 7S.8| 70.5| 59.1| s2.7]| 29.6| 22.0| a6.8 1965-66 11 28f s1o| 375 963{1228(1826|10438 923 711| 251 72| 8318
1987 22.8f 17.6| 28.0| 43,6| su.2f 61.8| 77.0| 75.2| 59.9] S3.3} 29.2| 28.2] 8s.2 1966-67 0f 68| 87| S21/1169(1353|1284(1098 (1103 T11{ 402] 91] 7079
1988 22.2] 17.0] 28.7 65.0| T1.6] T8,0] 65.8] 89,7 33.1| 1s.0| 85.6 1967-68 s S| 118y 89| 969 1447/1570(/1180( 767§ 35| 361 122| 7667
1959 2.2| 1-2] 26.2 ss.8] 73.5! 75.8] $9.31 w3.7] v2.9| 15.6| a3.8 1968-69| 11| 38] 139] sve| 909|1828(2038 (1352 |1217] e15| 260| 172] 2693
1950 ~8.5| 21.5( 24,7 61.9| 69.8) 68.1) 58.8] 51,2 278 24,9 81,1 1969-70 e 0| 69| 759 817|1218{1633[1065)1189] 758} 275| 32 7767
1951 158} 22.3] 20.% 59.8| 73,7 3061 1970-71 Q 0| 259 646|1003{1a59|1664 (1283|1032 | 50| 257 39
1952 6.8 2141 zz.n s 1.7 30.7 1971-72 8| 3§ 25 e21| vos|1636[1732{1378 | a90| sev| 277 28
1953 | 27.3] 28.2 T8.0 3. 9 1972-73) s 10| z77) e53) 9eifi1e03(1379{1n63| 782 672| 261 e
1954 9.8] 37.2 25.1 62.2| 1747 1973-78{ 3[ 0| 209| asef10s6{1301|1831] a1 9s1| 507| 389| S8
1955 | 21.7| 17.2| 27.1 64.0[ 76.0 u.n 1978-7s|  of 53| 2e1] as2| ev1f1168[1323(13ss |1151] T79] 331| 83
1956 | 10.6] 17.7] 3u.9 73.0| 73.1 34,3 1975-76] | 20 211 ses|1o13{1321f1a37] on1]| 999 | s s9s| a1
1957 6.3 19.9] 32.8 63.8( 78.0 388 1976-171 1] 3| 1so| saz|10ei{1219[1778] 923) ses| wmis| 172| 3
1958 | 30.5| 19.s| 32,0 62.6) 68.5 32.7 1977-78| a| 58] 200| sss{1091[157s|193% 1099 1035 ( sa3) 272| 8
1959 | 11.7] 9.3 3s.8 26.3 1978-79( 1a 24 167| S02|1263[1615{2010{1594 {1086 | T8 | 368| e2|
1960 | 17.8] 18.2] 25.1 32.8 1979-80 1 14| “es| e37|10e8{1107|159s|1183{1026 | 377] 156| 32
1961 | 2w.nf 31.7) ag.1 29.9 1990-81| 3| 38| 188 w9s| 792[12e8[2087[1038 | 7a7| w07| 20a| w1
1962 | 16.7) 20.7| 26a1 39.1 1981-82| 1] | 115| e16] 8331|1331 1960|1337 |1055| eas| 383| 108
1963 7.5| za.6] w0.3 37.7 198z-83{ 10| 12| 226| Ss9{1092[13ww
1964 | 28.6] 27.5] 28.3 25.8
1965 | 13.s} 18.2] 17.3 32.7 .
Cooling Degree Days
1966 6.1 13.6] 35.0] w1.1] s9.1 2507 00ling g y
1967 | 23.8 28.7[ 29.2[ sl.1| s2.e 32.6
1es | a3l Za.f ag.1f a3.s| 532 3a.8 _Year [Jan{ Feb[Mar[ Apr [May [JuneJuly| Aug[Sept] Oct [ Nov] Dec [ Total
<0.7| 16.5| 25.5| s1.0] se.1 37.5
1970 | 11.7] 27.8] 37.7] 39.8| se.n H 1969 of of o 1| S3| Si] 219] ses| 108} @] a| 6] wez2
1970 of of o of 1ef 176] 3s7| 3s8] o] 3| o] a| ean
1971 | 11.2[ 20.8| 31.6] we.s| se.9
1972 oetl 17:8| 350l as.a| sv.0 1971 of o of o 1s| 136 236 swe] 38] a| a| o] s
1973 | 2003| 26ca| ag.s| az.a] secg 1972 al of o] 9| 3sf 1s3| 157| 238 20f o o a] se2
1978 | To.8] 31.31 3aci| wso| 2.3 1973 of o o o] 1s| 12e] 258} s2| 1] o o] a] 72s
1975 | 22.2] 16.8| 27.7] 32.8] sa.3 34 af ol of s 2] 1szjea7| 01| 18] of o o] 711
1975 o] of o a] 9| eaj373] 15 18] s| o| o} e3m
1976 | 18.6 3208 32.5] 48.6| 59,1 e5.6] TE.n 25.5( s7.8
1977 107 3o7| 3eoz| s1o2| sioa| T1.1] Tae Taoz] asee 1976 o] ol of o 17| 108] 365| 292 ss] &] of o] ses
1978 2.6] 11.0] 31.8 %6.7| 56.7| s8.0]| 71.5 12.8] 2.0 1977 of o a 8 661 192| 29¢| 90| 335f ol o] o] eas
1979 0.2[ 8.0 29,8 w1.6] $3.7] 7.3 7aee 29.1( 83.8 1978 gl of of of 22| 105 222{ 198 118/ o] 0| of é61
198 | 13.s| 20.0| 31.7] S3.0| 62.3| er.0] 7.8 30.8( 20.5] 87,8 1979 o or o s 2el 138] 30s| 237} 921 of of o soz
1980 o] of o] 22| 7te| 133 sea| t19| 8| 12| of ol 77
1981 | 31.0f 27.9| w0.7| s51.3| s7.1] e3.9] 75.1 37.0
1982 1.9 17.2] 30.8( s1.9] s52.8| 63.7]| 73.1 2840 1981 ar o of 2t 8 65| nsf nz| s o] o| a]| 793
RECORD) 1982 of of o o s| 79| 2e7| 308) 7| of of o 722
NEAN | 1sen] 21.3] 31.8] as.s| se.s| es.s| ve.s| v2.3]| s0.s| wa.e| 32,1 22.0] as.e
nAX 25.5| 32.2| sz.8] sT.9| e9.0 7a.1| sn.s] se.s| 78.2| e1.5| ez.8| 3201 5706
nIN w.7] 10.8] 20.1] 33.1| wa.0| 52.8] s0.n| s7.8] we.T| 35.7| 21.8] 11.9] 33.2
. . .
Precipitation Snowfall
Year | Jan | Feb | Mar | Apr | May [ June] July | Aug [Sept] Oct | Nov | Dec [Annuai Scmn[.luly[kuﬂSoptLOct [Nov]Docl.lan[Feb[llerApr[ Mly[l ne{Total
1943 0.55] 0e26| 0.27| 0.29| 1e38[ 6032] YeOW] 2,57 0a31| 1.65] 8.55] 0.02 * "1943-4%) 0.0] 0.0} 0.0 1-2 2.0 Tall Se8f 38 T 0.0| 18.3
19aa | p.esf 0.31| 0.96] 1.53] 1.89| o.78| 0.6n| 2.00] 0.87| T | p.35] o.2e s| g.0f 0.0 ¥ 1.4 :.u 8e9] 1.2] 1.3] 1.9 l.z 0.0| 1s.9

1988 Oe83) 0,08 Te89| 0.59| 2.95]| 2+03| 1.53| 123] 1.91] Ocb6| 0.19| 0433
0.0 0.8} 0.0 T Se0| 8ol 2+3{ 2.0( 23] 0.0{ 0.0] 0.0| I8s7

Qa0 0eD| 0e0f 8e2| 27] GoD] 5.7{ Jo0|11.0[12.2] 0.0] O.0| 88.2

1988 0el5| 0.08f 0.50( Dob63| 3432| 2417| 1+22] 1.00( %.60] 3.20| Qo83 | De52
0.0] 0.0{ 0.0 T 28] 8.9 T.2| Yo9| 6o8| 0.7 0.2] 0.0 2641
T

1987 0e38| 0219 1.10( 1.8 0.%0( 0.31( 028
1948 O.82] Ou78| Oebl{ 1.09 T

1989 0.76| 0.91| Q.51 O.29
1980 0.29| 0.62[ 1.83| 1l.10

T
2.43| 0.02{ G.20 l’lO-Sﬂ 0.0] 0.0 T |12.8] 0] 81 33| 625[16.0] 5.2 1.8| 2.0| 51.1

Q.80 0.52| D38
1950-311 U.0{ 0.0/ Q7 0s6f 5.9

1951-52| 0.0{ 0.0{ 0.0 %.2| S.0
1952-53] 0.0 D0 0.0{ 0.0 I.&
1953-841 0.8/ 0.0| 0.0 T ¥

1988-55| Q.0( 0.0 T 1.7] 1.2

0.70| 8+32| 1.1%
8.01] Q¢61| 0.11
157 0402} D.22
0e35] DalN| 0.08

1981 0.08] 0.28| 0.15{ D.67
1982 O.82| 0.92] D.59] 0.0
1953 De71{ 0.53} 0.53| 2.5%
1954 0.87| CG.08| 0.90| D.80

1958 0017[ 0e6F] 0.38[ 2.87| $¢33| 1.96| 0.73| Ge17| 0.31 Q63| 0475 Q.53

1955-56| 0.0 0.0 T | D.6f18.8 1ol [V
1956 0.52| 0.23| 0.08( 0.43] 2.83] 0.98| 1.83( 1.52| 0.26] 0.54] 0.61] 0.22 1956-57| 0.0{ 0.0| 0.0f T 2.0f 0.0
1957 0.58] 0.35| 0.90] 1.92| 1.89{ 3.01] 0.38( 1.,2%] 0.58| 0.50] 1.25| 0.02 1957-58) 0.00 0.0 0.0 3.0 T | 8.0
1988 0,32 0.a7| O.68{ 1.61] 0.28 2.85| 3.58{ 0.08{ 0.18{ 1.18| 1.26| 0.50 1958-59| 0.0] 0.0{ Q.0 T 3.8( 0.0
1989 0.81f 1.30{ 0.07) 1.02| 1.38| 1.89] 0.22] 0.80| 1.26( 0.53| 0.91| 0.08 1959-60| 0.0 0.0| T t{ 7.0 60| %3 1.0| 0.0
1960 0481] 0.37| 0.68] 0.72[ 1.32| 1.25] 0.33| g.78} T 0.22| 0.12| D.6?

1960-61| 0.0] 0.0f D0 T | 2.0 6.0 1.4| 6e0{ 3.0 T | 0.0
1961 0.08{ 0.77| 0.38 0.97] 2.38| 0.88| a.87] 0.36| 2.83| 0.09] 0.56] D.28 1961-62( 0.0| 0.0} T T | %.0{ 3.0| 5.9| %.5{ 2.5] 7 | 0.0

1962-63{ 0.0 0.0 T T | 1.8 3.1] 9.6] 8.0| 0.8} 9.0/ 0.0

0a37( 1.07| Oecbl{ Ben3{ Dad7
o114 1.92 T 0.18| 0e66
2.33{ 0023] 0e25| 133 0.62

1962 0¢35( De#1| 0.65| D57
1963 0.80{ 0.66] 0¢28] 2469
1968 8.72| 0.57f 0.93] 1.2S

1963-64]1 0.0| 0.0 00| 0e0| Bo2| 603f11+2] Se«5|11.1| 8.8} 0.0
1968-65| 0.0] O«D] D.0f DaDf18e8| 7e3[13.8{ 3.5| 6.9] v.0 T

1968 0e96] 0453| Go75{ 2412) 1.81] 3.86| 3.59] D.22| 1.77 T 0.39] Q.80

1965-66| 0.0| 0.0 T 0.0 0.9 T
1966 Be67| TeS3| DeTT| 0oB8S( 1407| 3e26| 1061] 0462| 0+52| 0438 0.80) OoSe 0.8 0+0{ 0.0 T 16:6| 8.6
1967 0e33] 0.87| 1.78| 2.11| 1.79| $S.23| O.88 T 2435 D87 0038 1,33 0.0] 0.0| 0.0 T 3.9 T
1968 e84 0.77| 0629 Do%8] 1.68] 5,18| Da93| 3.88( 0.88| 0.,63] 0.72] 178 1968-69{ 0.0| 0.0| 0.0 T 1.9| 0.0
1969 0.70] 04281 0,73| 2.82] 1,99} 2,63} 3.80| 0.17] 0.0%| 1.09| 0.03| 1.3¥ 19€9-70{ 0.0f 0.0] QO 2.6 11.8 T
1970 0.69) 1.08] Ge83] 2.59] 3+18| 2,01 1.08} 0.03| 1.43] 0.99]| 0.88| UG.a3

1970-71| C.0f 0.0/ 0U.6( 0.3 T Qa2
1971 1.78] Qe76] Qe56f 1+26| 1455 2.12] 010 1.61f 101 6431 0e82| 1.2v 1971=-72] 0.0| 0.0] 0.0{ 2.5 T Oel
1972 1088 D0o73] 0.60( 0.45) 2.83] 3.62] 197| 3.38| 0068 Ueb6b| 0s15| 1,03 1972-73} 0.0| DeO| Tol] 343 Se1| 0.0
1973 OelS| 0633] Gol6] %+22] 1492] 3.30| 0.27| 172 4,02| 0.57| 0.17) 0.82 1973-78} Q.0| 0.0 T T 2.9| 2.8
1978 0e22| 019 D0e72| 1e17| 8a13] 1429 1.35] lewn| Go32] 2.28{ 0.23| Oo38 1974=-75| 0,0{ 0.0 T Oe1 10.6
1978 0.81] 0o33] 1.23] 2.70[ 77| 3.68| 1.66| 0e67| Qu¥8] 2.31| 0e91| 0.56

197576 0.0| 00| De0| 28| B8] ¥o8] 1ob| 0.9 18| 0.0
1978 0.23] Dol8| 0.36| 1.83( 1.00| 3.81| 1.1} O.78f 1.06f U.7S) 0e19| 027 1976~77| Q.0[ 0.0| Q.0 T 0.0
1977 0.68] 0.10] 0.97| Qe28| 2445] 1.38] 1.91| 2.26f 1.91| 14156] 1.50( 1,23 1977-78| D.0[ 0.0 0.0 T 6.0

1976-79| 0.0| 0.0 T 3.5 T

1978 OeS51f 1,19 0e12| 037 6481; 1.39] 2.51| O.81[ 3.80[ 0.27| 2.17| 0e63
1979 Ce33| lol8| De26] Qe78] 1436) D.77[ 2.79| 0.67| 0.03| 0.32| 0.20| 0.08
1980 0o33| 0.33| 0028] 0.66| 0028 3.08| Q.53 2408 0673 leb1| D429 033

311 .
1979~80| 0.0} 0.0{ 0.0 T 2+2| 0s8| 3eT| 2.7{ 2.2 T a.a

1981-82{ G.0{ C.0/ 0.0

1981 0.05] 0.06 0.28( 0.20[ 2.87] 2.57| 0.36] 1.12] Q72| 1.39{ 0.78] C.23
1982-83] 0.0f 0.0 T

1982 0e96( 0.20| 0.73] 0.53| 2.61{ 5.10| Qe69| Oobl| 2+23; 1461} 0.10] 101

1980-81] 0.0| 0.0{ 0.0] 3.00 0.9 2.0 T 1.0 T T Q.0
T
T 1.0|10.%

RECDORD RECORD
NEAN 0.51) D47} D.62| 1.22] 2.21| 3.13| 1.86] 1.28{ 1.,19| 099 D.51| Do51{ 38.06 HEAN 0.0] DeD| Qo3 1.8 8o1| So6[ 601 Se2| 8e9} 348| De%| 0o1] 31a2

# Indicates a station move or relocation of instrummts. See Station Location table.

Record mean values above are means :hroufh the current year for the period bagi.nning in
1938 for temperature and precipitation, 1941 for snowfall. Average temperature and

total precipitation r.hrvu;h 1937, mnnchly and seasonal snowfall :gm 1940 and monthly
and seasonal degree days through ’1942 ara from the Post Office nunding and all other

data are from Airport.



Meteorological Data For The Current Year

Sttion:  MILES CITY, HONTANA WUNICIPAL ATRPORT Standard time used: HOUNTAIN Lathude: 46" 26" o Longitude: 305 * 52 “ y Elevation (ground) : 2429  feet Year: 1902
8 23037 :
- Relative
Temperature *F Precipitation in inches . Wind Number of days Average
humidity, pct. lon
Degres days statl
Base 65 °F Resul Fastest mile 3 - vz Temparature *F pressura
alent Snow, | i esultant L Sunrise to sunset £ mb
Averages Extromes Water equiv ca patlets i 3 3 E "g E § E § 51 Maximum | Minimum
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£ & osl 11| 19 23 B, % 5l gt e tev.
5 E > £ Eleslbel|gel & if Bl S § MY 2638
HEIHHBUAHHER R R NN HRE R A R E
‘ 2832 E: e 3 A 3 ! ired D|AE(IE|HE| T < als= 2| BE |82 | hE|v2| ma
JAN [ 13,3 9.6 1.9] wa| 26 [-32| 23| 1960] o 0.96 1. 66l 67 o8 6735/ s.6]10.6 1| af ol o of 25| 31| 25]vz0.8
FEB | 27.3| T.0f 17.2] s8] 21 |-36] “3| 13371 o o.20 1.9 | 73 e 77{32| 1. 9a1 s{ of of 1| of 1s| 25| 10| s2ei1
wAR | ao0.0 21.5| 30.8 2| 28 | -6| s| 10ss|] d @.73 5.8 a3t 69 o5 81{36] 2.5N1.6 1| 3| o 2| o 1| 20| 2|et1o2
aPR | s3.4| 30.8| a1.9] a0l 23| | 5| sas| o o.s3 2.6 19 ssl ael e0]32] 2.911.9 1| 1| o al of &) 18] @olsz0cs
nay | e2.1f as.of s2.6] es| 2| 32| 31| 83| 5| 2.61 0.0 19| o3| so 75|30 3.8]11.2 is| ol o] 3 o] o 1} olveiver
Jun | 7s.sf s2.0f 63.7) oaf 22| 39f 7| 108 78 s.10 0.0 o] 53| aof 70f06] 2.0] 0.3 130 ol 12y o] 2] ol ol alsainn
Jut | es.al en.s] 73.1f o9 21| we| 17 10| 261 o0.69 0.0 | a3 32 s7[32} 1.9] 0n2 of o] of of 21| of ol oez1as
auG | s7.9| eo.s| 7v.2f101] 18 | so| 27 12| 308 a.61 0,0) 67 39 32 s2|a9{ 3.5|10.4 6 af 10] o 18! o} ol ofovzz.e
SEP | T1.8| a7.0 sv.s| 96| o | 32| 29 226] 67 2.2 1 71| os| 3o 60{35| 2.5] 9.6 s| of o] i} s| of 1| ofs2n
oCY | S5T7.6] 35.8] 6.7 78] i | 25] 20 559 o] 1.61 T 83| 60} s3] 73131 3.5(10.) 9 0 a o (] 0 13 a|922.%
nov | 37.8] 19.3) 28.ef ss{ a8 | 2| 23} 1002 o o.10 1.0 19| os| os| 78|20{ 1.0] a0 s| ol o] al o o) 20] olestis
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AUG FEB
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" tion
Degree days g g 43 . mm re
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nies.o| a3.6156.3] 99 1oan| 151esa| 288 | 17] 2.06| 6.01 1978 | 0-2s [19sa | 2:39 [19ss 8.6 1967 2.0 19531 77] oo w4 6| 1121 sE 6.5 1ol asf 1)l of & 2] o] o "2 of ede.2
JTT.n ) 52,30 6%.9 J10a f19ed | 32 J1os1 | 117 | 128) 3.32 9.78 fonn | 0.77 [i97e | 2071 [198s 2.0 1950 2.0f 1950 7] 87 a1 e8| 10.3| sE s.sf o i1d 12| 12 s ¢ & o]l s of sie.e
J| 88.91 59,8 78.4 {109 1980 | 41 [194s 9| 308| 1.55( a.s8 fi9us | 0.10 finr1 | 2.02 1962 0.0 0. o8 34 31| sy 9.7]se w.d 15 14 o o # el 15| of o o sat.s
al8r.2757.7| v2.5 (110 ftone | 35|16 | 18] 255 1.20] .00 1983 | 0.0 p. oo 34 30 500 9.8] sE a.d 15 1| s 9 of s 13} of "o o s21.5
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of62.1] 35.5] aa.8| 93 1963 9[tor2] soe o] o.11 6.0 1953 | 17.4f 198e] 3.8 19a¢d 75 51 a7 65 9.9 ssg sl 12 o 11 6 of 1 o o 1| o o227
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Means and extremes above are from existing and comparable exposures.
locality as follows:
tion 0.00 in August 1889 and earlier; maximum

March 1894; maximum snowfall in 24 hours 28.0 ;n March 1894.

(a) Length of record, years, through the
current year unless otherwise noted,

based on January data.
{b) 70° and above at Alaskan stations.
* Less than one half.

T Trace.

NORMALS - Based on

record for the 1941-1970 period..

occurrence.
PREVAILING WIND DIRECTION - Record through 1963.
WIND DIRECTION - Numerals indicate tens of degrees clockwise

f
FASTEST MILE WIND

rom true north. 00 indicates calm.
- Speed is fastest observed 1-minut

when the direction {s in tens of deg

Highest temperature 111 in July 1901; lowest temperature -49 in Februa
recipitation in 24 houra 3.74 in May 1908;

DATE OF AN EXTREME - The most recent in cases of multiple

e value
rees.

Annual extremes have been exceeded at other sites in the
ry 1899; minimum monthly precipita-
maximum monthly snowfall 35.3 in

# Through 1962,
§ Createst in calendar day through 1964,




Local Climatological Data

Annual Summary With Comparative Data

1982
MILES CITY, MONTANA

Narrative Climatological Summary

Miles City is located on the western edge of the northern great plains in a shallow
part of the Yellowstone Valley. The Tongue River runs south from its confluence with
the Yellowstone just west of the city. To the north the river bluffs are from 200 to
300 feet above the valley floor. There are no nearby mountain ranges to influence
climatic conditions. Temperatures range from very cold in winter to quite warm in
summer, which is characteristic of continental locations. Annual rainfall averages
about 13 inches a year, and the climate is classed as semi-arid with less than 10
inches about one year in seven.

The temperature has ranged from a low of -65°, at Fort Keogh 3 miles southwest of the
present City, on January 13, 1888, to a high of 111° on July 31, 1901. Cold waves
accompanied by temperatures of zero or lower occur frequently during the winter, are
usually accompanied by northerly winds and snow, and last from two to four days. Peri-
ods of several days with minimums of zero or lower can be expected during the winter
months, and the longest period of record, 33 days, occurred January 9 to February 10,
1916. Spring and fall are cool with maximum temperatures of 90° or above rarely occur-
ring as early as April or as late as October. Zero readings have been reported as late
as April 1 and as early as October 28. Maximum temperatures of 90° or more occur
frequently in July and August, but as to be expected in a semi-arid region, humidities
are low and the heat is not as oppressive as would be expected from such warm tempera-
tures. From July 14 through August 1, 1936, there were 19 comsecutive days with
temperatures of 90° or above. At the observation station in the City proper from July
13 through August 6, 1951, there were 25 consecutive days in that range.

About 70 percent of the precipitation falls during the growing season, April through
September, with greatest monthly amounts usually falling during May and June. Precipi-
tation during the spring and summer often falls during periods of shower or thunder-
storm activity; however, general rains also are frequent in.late spring and early summer.
Measurable snowfall can be expected as late as May and as early as September.

Killing freezes have been reported as late as the last week in May and as early as the
first week of September, but generally do not occur after the last week in April or
earlier than the first week of October. The growing season averages about 158 days.
Sunny growing seasons, with May and June rainfall being the heaviest of the year, en-
courage rapid crop development. Crops grown in this area seldom have difficulty in
reaching maturity, although hail sometimes causes local damage during the middle of the
summer, -

NATIONAL OCEANIC AND NATIONAL ENVIRONMENTAL SATELLITE, NATIONAL CLIMATIC DATA CENTER
ATMOSPHERIC ADMINISTRATION DATA, AND INFORMATION SERVICE ASHEVILLE, N.C.



APPENDIX B

AND

CLIMATOLOGICAL DATA FOR MILES CITY, MONTANA AND
GLASGOW, MONTANA

1980-81 & 1981-82 U.S.G.S. WATER QUALITY

DATE: MISSOURI RIVER AT FORT PECK DAM, MT.
TONGUE RIVER AT MILES CITY, MT.
YELLOWSTONE RIVER AT MILES, MT.
GAS SUPER SATURATION DATA AT FORT PECK DAM
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COSTS

Elements of development and their estimated lump sum construction costs are as follows:

Water Supply and Drainage Systems
<hallow Well Development

Rehab Tongue River Intake

Rehab and Expand: Reservoir

Pump Replacement

‘New Main Drainage Line

Water Treatment System

Fish Rearing Facilities

Grade and Seal Ponds

Rehab Pond Drains

Riprap Existing Ponds

Divide Two 3A Ponds

Construct Eight 1A Ponds

Construct Twelve .1A Ponds
Construct Four Raceways

Construct Four Recirculating Ponds
Buildings

New Holding House

weatherize Hatchery Building
weatherize Other Existing Buildings
Hatchery Building Addition
Chemica]—Ferti]izer-Feed

Storage Building

fquipment Storage Building Addition
Site Improvements

Site Drainage

Landscaping

paving of Roads and Parking Areas
Wind Screening (Shelterbelt)

Other

Standby Power
golar System
Solar Systems
Sub Totals
Total project
Total Construction cost

System
for Hatchery Building
for Three Residences

Contingencies (10%)

Inflation (10%/yr.) (1 1/2 yr.)
Engineering (15%

Construction Management (52)
Subtotal

Washington FU¥S Administration (2%)

TOTAL PROJECT COST:

funding need is summar

Phase 1 Phase 2
55,000.
10,000.
123,000.
_ .50,000.
50,000.
510,000.
140,000.
2,000.
150,000.
23,000.
340,000.
89,000.
20,000.
24,000.
50,000.
25,000.
10,000.
150,000.
25,000.
20,000.
5,000.
6,000. .
175,000. |
1,000. i
25,000.
40,000.
30,000.

1,522,000. ~666,000.

jzed as follows:

1,522,000. 666,000.
152,000. 67,000.
228,000.(2 1/2 yr.)166,000.
228,000. 100,000.
76,000. 33,000.
2,206,000. 1,032,000.
44 ,000. 21,000.

2,250,000. 1,053,000.
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DEPARTMENT OF THE ARMY
OMAHA DISTRICT CORPS OF ENGINEERS
6014 U.S. POST OFFICE AND COURTHOUSE
OMAHA, NEBRASKA 68102

KEPL: TgN oF S llﬁ‘qud?q‘z‘? )é'\
TTENTI August 7, 1984 f‘!@ ;,:.‘3&\&.: L.‘l U
. } A
Planning Division v MG 3\93+
: £n, INC.
CCHRAN & WILKES,
cedt gPR\NGFlELD

Mr. Gary A. Wilken, P.E.
Associated Engineers III, Inc.
1201 South Sixth Street
Springfield, Illinois 62703

Dear Mr. Wilken:

In response to your request for information concerning a
potential fish hatchery downstream from Fort Peck Dam, I am
furnishing the following comments, numbered according to your
questions. These comments are preliminary and are subject to
some revision at a later date.

1. It appears that the land shown in Area A on your map
might be available for use as a hatchery site. However,
construction of the hatchery there would affect the Duck Creek
waterfowl habitat, the designated recreation area, and the
existing roads. More detailed review of this and other sites
would be required by the Corps of Engineers before approval. You
may also wish to consider Corps land north and west of the river
in Section 34 of T. 27 N., R. B1E., where sufficient land may be
avallable.

Low-cost preference power may be available from the Western
Area Power Administration (WAPA), the Federal agency that markets
power from the main stem dams. We understand that WAPA would
likely consider a State-owned facility such as a fish hatchery to
be eligible for low-cost power; however, we also understand that
the demand for this low-cost power exceeds the supply available.
More information can be obtained from WAPA's Billings, Montana,
office.

The Corps supplies low-cost power to the Garrison National
Fish Hatchery in North Dakota under a special June 26, 1961,
agreement with the Department of the Interior.

In any case, it would appear that modifications to the
existing local power network would be required. In order to tap
the Fort Peck 4,160-volt townsite feeder, a short underground
section of this feeder, running from the Power Plant #1 5,000-
volt switchgear to the first overhead pole, would have to be
replaced with a larger cable. Also, station service transformer
B may need to be uprated or replaced. '
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2. A drawing showing the location of the new water
treatment supply line is included as enclosure 1. It appears
that the line is located within Area A and would have to be
relocated if the hatchery were located at that site.

. .3. A check of some of our records did not reveal much
information other than it appears that a hatchery was considered
at Fort Peck in the early 1970's by a group of local businessmen.

4, Because your request is one of a number of similar
requests to tap various Corps penstocks, we are seeking general
policy guidance concerning this matter from our Division office.
In the meantime, we offer the following comments. The tap
located on Tunnel #1 would be sufficient to supply both the fish
hatchery and the city of Glasgow at the withdrawal rates
determined by your office and the city. We must note, as we have
in the past to Glasgow city officials, that this supply could not
be guaranteed at all times because of the necessity to dewater
the tunnels for maintenance and inspections. A description of
the outage requirements is included as enclosure 2. In addition,
a water storage contract would have to be set up to define the
water withdrawal amounts and charges and the operation and
maintenance requirements.

5. We have no recent soil information regarding the area
directly downstream from the dam. However, recent drill holes in
the flood plain 2 to 8 miles downstream from the dam have been
logged and general soil information gained from these holes is
provided in enclosure 3. The Fort Peck Project Office may have
drill hole logs taken closer to the areas you are interested in
and may be contacted if the information I have provided you is
not sufficient.

6. Downstream river fluctuations range from 0 to 2.5 feet
at gage 1, which is located at the water's edge just northeast of
Area A. Enclosures 4 through 6 are three figures that show
typical fluctuations at that gage and gages farther downstream.

The record high~-water elevation from normal operation of the
power plant is about 2036.5 feet m.s.l., which occurred in early
July 1975 when the dam's outlet works were releasing about 35,000
c.f.s.

7. A reregulation dam at a number of different locations
and with a variety of operation schemes has been considered. The
most promising plan consists of a third powerhouse with a
capacity of 105 megawatts and a reregulation dam located about
1.5 to 2 miles downstream. The reregulation dam would
periodically back water up to between elevations 2040 feet m.s.l.
and 2050 feet m.s.l., depending on its operation. We should also
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note that levees are being considered to limit the amount of
overbank flooding. In addition, increases in river stages could
increase the natural groundwater levels. From our preliminary
analysis, it appears that the groundwater levels would not
increase appreciably from their existing levels, although further
study is required. At this time, it is difficult to give you
much definitive information as we do not know which plan, if any,
would be recommended and will not know for at least a year.

8. A Section 404 and possibly a Section 10 permit would be
required from the Corps for location of the hatchery in Area A.
Further information would be required to determine whether
permits would be required for hatcheries located in Areas B and
C.

9. In general, we feel that there would be some minor
positive impacts to the community. The fish hatchery would
create another attraction for visitors and residents to visit.
Also, it would boost the population of the community slightly
during the construction and operation of the hatchery and
therefore increase the socioeconomic welfare of the community.

I have discussed municipal tie-ins for domestic water supply
and sewers with Mr. Johnny Kuncheff, the Fort Peck Project
Manager and it appears that there would be no major complications
for providing service to a small office or visitors center.

I hope these comments will enable you to make a more
informed comparison of the two hatchery sites being considered.
If you have any questions, please contact Mr. John Peta at (402)

221-4586.
g/ .

L. en
Chief, Planning Division

Sificerely,

Enclosures



[}

[
e

L]

>
y
.O

-,
Y

g Vrepe”
.... ;
......

»
e 0 '..-.!....

T sansoouy

SN
Neg,, -
(¢ Co W 7))
Sr gf"&?“e
S) CO~ rﬁf@
‘?T.qé‘g; Ay dr
oy
Aoy -
/f/n. o, thgce&l
 Paghig Coar
Cq -S‘r¢ F | 4%:%
e ., . . \
” 422! . (IA,Q
4
| K
L em , -
RN IZA X



Fort Peck Powerhouse Outage Expectations

The Corps of Engineers could not guarantee a continuous
supply of water as there are various maintenance requirements
that necessitate outages. Listed below are the expected outages;
1. Each unit is down for at least two weeks every year from
September through May. However, this would not disrupt the water
supply since the penstocks would remain watered.

2. Once every five years the penstocks are dewatered and
inspected. This could take from two weeks to one month. When
Tunnel No. 1 is dewateféd the 20 inch tap would be dry and the 10
inch tap on Tunnel No. 2 would have to furnish the water for the
Fort Peck townsite, the City of Glasgow and the Fish Hatchery
during this period.

3. In an emergency,_both tunnels could be dewatered and no water

would be available from either tap.

Enclosure 2



Fort Peck Soil Information

Holes drilled for piezometer installation from two to eight
miles downstream of the dam indicate that the following general
description is typical for the upper 10 feet.

Soils are usually poorly graded to silty sands. Silty days
and sandy clays occur occasionally and range up to 8 feet in
thickness. A clay or silt "cap", up to 6 feet in thickness is
common at the surface.

Permeability values given below are estimates onli. Silt
and Sandy Clays: 1.x10'1 to 1x10'3 permeability.Pooriy Graded
Sands: 1x10° to 1x10'1 permeability. Silty Sands: 1x10° to 1x10'1
permeability,

Unified Soil Classifications in general are (CL), (SP), and
(SM). Classifications for the "surface clays" is commonly (CL)
and (ML).

Enclosure 3
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ASSOCIATED ENGINEERS I, INC.

11 1201 SOUTH SIXTH STREET SPRINGFIELD, ILLINOIS 62703
217 - 753-0075

PEORIA, IL . PEKIN, IL
SPRINGFIELD, IL : OLYMPIA, WA
May 4, 1984
Mr. William

Godby
Chief, Office of Engineering
U.S. Fish & Wildlife Service
Denver Engineering Center - Roam 428
3900 South Wadsworth Road
Denver, CO 80235

State of Montana
Warmwater-Coolwater Fish Hatchery
Study

?

Dear Mr. Godby:

We have been selected by the Montana Department of Fish, Wildlife and
Parks to camplete an evaluation of potential sites for a new or expanded
warmwater/coolwater fish hatchery. The two sites being considered are the
former Miles City National Fish Hatchery now being operated by the State of
Montana and several areas immediately downstream of the Ft. Peck Dam.

The Department of FW&P has given us copies of all construction drawings
for the Miles City facility which were provided to them by your office. These
drawings have been very helpful in ocur review of existing conditions as well as
studying expansion possibilities at Miles City.

At this time, on behalf of the Montana Department of Fish, Wildlife and
Parks, we are seeking further information and data that you may have readily
available which will assist us in our planning efforts. Specifically:

MILES CITY

1) We understand the sediment pond was built upstream of the storage
reservoir in 1970t. Do your records indicate the dates and amount
of dredging required to maintain the pond?

2) Ve have reviewed the Tongue River water supply intake structure.

- - The original construction (Drawing IF-MONT-16-74.0) in 1958%
indicates two parallel 100' X 15"@ perforated buried intake lines.
The intakes were extended in 1963t (Drawing IF-MONT-16-79.0) by

REGISTERED PROFESSIONAL ENGINEERS AND LAND SURVEYORS
CIVIL e« MECHANICAL + ELECTRICAL e« STRUCTURAL + CONSERVATION <« LAND PLANNERS
ENERGY MANAGEMENT « WATER RESOURCES « FEASIBILITY STUDIES + MINE RECLAMATION



Mr. William Godby SUBJ: State of Montana

3)

4)

Study

adding two extension 50' X 15"@ pipe on the north end of the line.
In 1970% a surface intake structure was also added. Do you have
design calculations and/or performance records that indicate the
design or actual capacity for any or all of these construction

_phases?

Do you have stream gauging information available for the Tongue
River near the intake structure? What is the historical low and

. high water elevations? Have these elevations impacted design

or operation considerations?

Do you have any general soils information regarding soil type,
classification, water holding capability, erodibility, etc?

FT.. PECK
5) A copy of the Corps of Engineers, Ft. Peck Master Plan dated 1946

We appreciate your assistance in this matter. Should you haveanyquest:.ons

showed a proposed USFWS fish hatchery immediately downstream of the
Dam on the west bank of the Missouri River (approximately 72 acres
of ponds & 137 acres total). In addition, we have been told that

Ft. Peck may have been under consideration as a hatchery site prior
to the selection of Miles City National Fish Hatchery. Do you have
any information regarding either one of these subjects?

please contact Mr. Thamas L. Jolmscm or me at 217—753-0075.

GAW:cw

Very truly yours,

it

Gary A/ Wilken, P.E.

cc: BEmmett Colley, DFWP
" Bud Butterfield, DFWP, Miles City

Warmwater/Coolwater Fish Hatchery



United States Department of the Interior
' FISH AND WILDLIFE SERVICE

MAILING ADDRESS: STREET LOCATION: . T? nvrﬁ
Post Office Box 25486 i ¥ _E_g )
Domver Fodiral Gonter iﬁ.’.ﬁﬂ' Colorado 80228 D(E@ Qﬂm
IN REPLY REFER TO: Denver, Colorado 80225 I . Pl
Y O G 10
FR/EN MAY 29 15045

COCHRAN & WILKEN, INC.-
SPRINGFIELD

May 24, 1984

Associated Engineers III, Inc.
1201 Sixth Street
Springfield, I11inois 62703

s IR B aut e =

e _ . -
ATTN: Mr. Gary A. Wilken, P.E.

‘Dear Mr. H{lken:

We have received your letter concerning the State of Montana
warmwater/coldwater fish hatchery study and do have correspondence
and plan files for Miles City and Fort Peck. Since you will be doing
site evaluations in the Miles City, Montana, area, we assume you will
be coming through Denver. Due to the extent and degree of
information that you request, we suggest that you plan your trip to
stop by our office to search our Miles City NFH files and make any
copies that you deem necessary.

If you have any questions regarding this matter, piease~contact
Marshal Fox at (303) 234-3616.

Sincerely,

Pedod 8 Sy

Marshal D. Fox, P.E. <
Acting Regfonal Engineer

cc: Bfill Godby, OEN



ASSOCIATED ENGINEERS III, INC.

11 1201 SOUTH SIXTH STREET SPRINGFIELD, ILLINOIS 62703
217 - 7530075
\'\
PEORIA, IL PEKIN, IL
SPRINGFIELD, IL . OLYMPIA, WA
- May 4, 1984

Mr. Brent Magill, City Engineer
City of Glasgow

Glasgow, MT 59230
SUBJ: State of Montana
Warmwater/Coolwater Fish
Hatchery Study
Dear Mr. Magill:

. We have been selected by the Montana Department of Fish, Wildlife, and
Parks to camplete an evaluation of potential sites for a new or expanded
warmwater/coolwater fish hatchery.. The two sites being considered are the
former Miles City National Fish Hatchery now being operated by the State of
Montana and several areas immediately downstream of the Ft. Peck Dam.

In talking with Mr. Johmny Kuncheff, COE, Montana Area Engineer and Mr.
Manson Bailey, Jr. of the Valley County Development Council we understand that .
the City of Glasgow is considering a Water Supply Project that would bring
water fram the Ft. Peck Dam Powerhouse.

One of the prime considerations for any hatchery site is water supply.
- We are seeking information fram both the Corps of Engineers and your office
regarding the various options that may be available. We are estimating a’
peak water demand of 2,500+ gallons per minute.

If you feel there is any potential for joint planning and possible future
use should a hatchery site be selected and ultimately constructed at Ft. Peck
we would be interested in talking with you on behalf of the Montana Department
of Fish, Wildlife and Parks.

If you should have any questions, please contact Tom Johnson or me at
217-753-0075.

A. i ' IE.
GAW:cw :
cc:' Emmett Colley, FW&P

Bud Butterfield, FW&P, Miles City
Johmny Kuncheff, COE, Ft. Peck
Manson Bailey, Jr. Valley County Development Council

REGISTERED PROFESSIONAL ENGINEERS AND LAND SURVEYORS
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May 25, 1984 -

Mr. Gary A. Wilken, P.E.
Associated Engineers III, Inc.
1201 South Sixth Street
Springfield, I1linois 62703

SUBJECT: STATE OF MONTANA WARMWATER/COOLWATER FISH HATCHERY STUDY
Dear Mr. Wilken:

This is an acknowledgement of your correspondence relative to Glasgow's proposed
project to obtain a new source of water supply for the city via a connection at
Fort Peck Dam. This would allow a gravity flow volume to the city, except for
periods when the lake level is lower than the highest elevation enroute. This has
occurred only four days in the past. An in-line pump is planned to overcome such
times of low gravity pressure.

It was greatly appreciated to have the recent three way telephone contact, between
you, myself, and Manson Bailey, regarding the potential for joint planning and
availability of adequate water through the same system to satisfy both the city's
needs and a warmwater/coldwater fish hatchery for the state.

You have the brief outline and principle of the Glasgow proposed project sent to
you by Mr. Bailey. The prominent question, now, Is there adequate water in these
projections to satisfy both needs, as it is now designed?

As we talked on the phone, this would depend on the peaking times and call of
either project. Use of the in-line pump would greatly increase the volume of supply,
if called for a certain times.

" A collaboration of planning would be beneficial to both the City of Glasgow and the
State of Montana in development of the proposed projects.

The City of Glasgow wants to see the most beneficial use of all available facilities
and seek direction from your firm as to how this planning could be coordinated. As
a point of information, the engineering firm of Black & Veatch of Kansas City,
Missouri, conducted the study for the city.

Gateway To Fort Peck Recreation Area

it



Gary A. Wilken - Fish Hatchery Study
Page 2

We do seek a greater knowledge of the principle operation of this type of fish
hatchery and rearing system so as to be in better decision making and planning
postion and are open for suggestions. '

Thank you for your letter and our phone information.

Sincere

Lttt e IV

Brent W Magill, City Eng(j}er

Glasgow, Montana

BWM/brc

cc: Wilmer Zeller, Glasgow Mayor
Emmett Colley, FW&P, Helena
Bud Butterfield, FW&P, Miles City
Johnny Kuncheff, COE, Fort Peck
Manson Bailey, Jr., VCDC



CITY OF

lasgo

GLASGOW, MONTANA 59230

August 13, 1984 ==y

L Hly

William R. Andrews, Jr.

Colonel, Corps of Engineers

District Engineer

Omaha District Corps of Engineers
6014 U.S. Post Office and Courthouse
Omaha, Nebraska 68102

Re: Glasgow Water Supply Project.

Dear Colonel Andrews:

This is to brief you and your staff as to the present status of our cities
proposed alternate water supply project in a formal manner. I have conversed
with Mr. Peta on this so you are perhaps basically familiar with our situation,
as follows:

© In an official election in November of 1983 a large majority of the

citizens voted to proceed with the proposal to construct a pipeline
to Fort Peck Dam for a new source of water supply.

The city hired municipal bond brokerage counseling as well as professional
water rate restructuring councél to adjust rates to accommodate a project
of this size.

The project financing proposal to the citizens was for half in revenue

bonds with the remainder in general obligation bonds. As you know, general
obligation (GO) bonds call for a vote on the issue. 1In the issuance of

G.0. bonds taxes can be levied on property if water revenues are not adequate
to make the bond payments.

June 5, 1984 election was held on this financing proposal for the project.
It was voted down by a similar large margin as the previous approval. Two
factors stand out for the reverse. 1. Possible reliance on property
taxes. 2. Projected water rate increases, especially among the elderly
and low income families.

Alternative source of funding is being sought. The City prepared and
submitted an application to the Montana Department of Natural Resources
for a loan and grant under the new "Renewable Resource Program' of Montana.
This will take legislative approval but does have more favorable features
than the revenue bond route, including lower interest.

Gateway To Fort Peck Recreation Area



William R. Andrews, Jr., Colonel
Page 2
August 13, 1984

The above information is to indicate the continued interest in the project
which is more vivid during this drought period which calls for water use restric-
~tions, not only in Glasgow and Hinsdale but other municipalities along the
"hi~line." The Milk River has quit flowing at several points and the first
time it has been dry east of Nashua since establishing a hydrography measuring
station there 47 years ago.

Thank you and your staff for the continued interest in this and other
projects of this area. :

Sincerely,

) ZCYL)
L& 5%

Wilmer Zek_
Mayor.

WZ/rb
cc: Arvid L. Thomsen
C. of E. Planning Division

Johnny Runcheff
C.of E. Fort Peck

Emmet Colley
Mt. Dept. FW&P

Gary A. Wilken, P.E.
Associate Engineers III

Manson Bailey, Jr.
Valley County Development Council



ASSOCIATED ENGINEERS II, INC.

1934 1201 SOUTH SIXTH STREET SPRINGFIELD, ILLINOIS 62703
217 - 7530075

PEORIA, IL . : - PEKIN, IL
SPRINGFIELD, IL OLYMPIA, WA
May 4, 1984
Water Plant

Miles City, MP 59301

SUBJ: Water Supply
Miles City State Fish Hatchery

Dear Sirs

We have been selected by the Montana Department of Fish, Wildlife and
Parks to camplete an evaluation of potential expansion at the Miles City
State Fish Hatchery. One aspect of the study is to consider improving the

water supply to the hatchery by adding an intake/pumping facility along the
Yellowstone River.

We would appreciate any information you could provide us regarding
water quality, quantity and type of treatment at your water plant. This
data will be helpful in helping us study the potential of the Yellowstone
River as a water supply for the hatchery.

If you have any questions regarding this request, please feel free to
call Mr. Tam Jolnson or me, collect, at 217-753-0075. you. :

Y

,PE.

GAW:CwW -

cc: Emmett Colley, DFWP
Bud Butterfield, DFWP, Miles City State Fish Hatchery
Keith Seaburg, DFWP, Miles City Regianal Office

REGISTERED PROFESSIONAL ENGINEERS AND LAND S8URVEYORS
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ASSOCIATED ENGINEERS III, INC.

11 1201 SOUTH SIXTH STREET SPRINGFIELD, ILLINOIS 62703
217 - 7530075

PEORIA, IL PEKIN, IL
SPRINGFIELD, IL OLYMPIA, WA

2 March 22, 1984

Mr. Johmmy Kuncheff, Area Engineer
U.S. Army Corps of Engineers -~ Montana Area
Box 208

Fort Peck, Montana 59223
Dear Mr. Kuncheff:

Gary Wilken and I would like to thank you, and Mr. Ron Wallem and Bob
McInerney of your staff, for the hospitality shown to us during our visit
to the Fort Peck Area on February 26 & 27, 1984. We appreciate the time
and interest shown by you and your staff regarding the Montana Warmwater/
Coolwater Fish Batchery Study being conducted by our firm. Enclosed is a
copy of the Plan-of-Work for the study, to better acquaint you with the
study abjectives and approach.

TheactivepartimpatlmarﬂsupportoftheanahabxstnctCorpsof
Engineers in the potential Fort Peck siting of a warmwater/coolwater hatchery
at the project is a major factor influencing the possible selection of the -
Fort Peck Resexrvoir Site. We look forward to working with you, your staff
and the Qmaha District in the development of this study. As the study pro-
gresses, we appreciate the camments, concerns and suggestions of the Area
Office and District as they relate to the potential siting of a hatchery on
the project.

Mr. Wallem mentioned the possibility of cbtaining a set of canstruction
plans for the new Fort Peck water treatment plant supply line. These docu-
ments would be extremely useful to the study effort (we would be happy to
cover reproduction costs if necessary). Available tailwater water quality
data would also be appreciated.

We are in the process of evaluating the potential hatchery sites we ob-
served with Mr. McInerney during our visit. We will provide potential
hatchery layout drawings and development criteria for review by your staff
. and the District in the future.

Improved warmwater/coolwater reservoir fisheries management capability

is the major goal of the Montana Department of Fish, Wildlife and Parks,
hatchery study. Improved reservoir fishing and recreational use of Fort Peck

REGISTERED PROFESSIONAL ENGINEERS AND LAND SURVEYORS
CIVIL « MECHANICAL + ELECTRICAL + STRUCTURAL - CONSERVATION « LAND PLANNERS
ENERGY MANAGEMENT +« WATER RESOURCES +« FEASIBILITY STUDIES +« MINE RECLAMATION



Mr. Johnny Kuncheff,
Area Engineer
March 22, 1984

Reservoir as well as other eastern Montana waters will result fram the
development of the warmwater/coolwater hatchery program, regardless of
- the eventual siting of a new hatchery, a goal which we believe is sup-
ported by the Department and by the OGmaha District.

We will keep you and your staff updated as the study progresses.
Please feel free to contact our fimm at any time for additicnal informa-
tion or to discuss any matter of concern. Thank you for your assistance
in the project.

| Sincerely,
<] horec ;(.g‘uﬂmob

Thamas L. Johnson,
Fisheries Biologist
TLJ:cw
cc: Emmett Colley,
Montana Department of Fish, Wildlife & Parks

Enclosure (1)
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Valley County Development Council

Courthouse Annex, Room 2
~ Post Otfice Box 832
Glasgow, Montana 59230

Tei: (406) 228-9389
March 30, 1984

Mr. Gary Williams

Assocliated Engineers III
1201 So. 6th St.
Springfield, Illinois 62703 .

RE: Montana Warm Water Fish Hatchery
Dear Mr. Williams:
It was good to make your acquaintance via our tele-con recently.

Attached is some information you may find helpful in your analytical project
with the State of Montana Fish, Wildlife, and Parks warm water fish hatchery/
rearing in eastern Montana.

As I mention, the City of Glasgow has a proposal to take water from a 20"

tap in Powerhouse #1 at Fort Peck Dam and deliver water through an 18 mile
pipeline to Glasgow, gravity flow. To allow the flow with less friction,

the first portion would be 24" pipe and would deliver some 3 million gallons
of water to Glasgow, gravity flow. The city would only need to take water
during the day and not at that capacity at this time. (Highest use so far has
been 2.5 million gallons per day.) This would leave considerable for a use
such as a fish hatchery complex. :

The tap in the powerhouse was placed there at the time of construction for
other than powerhouse use or designated at that time for a future warm
water fish hatchery.

Should you come this way again, I would surely like to visit with you.

Sincerely,
- 7 .
’-/,%zam@//:// .

Manson Bailey, Jr.
Executive Director

MB/vj

Keep Valley County Growing



APPENDIX F SOLAR HEATING CALCULATIONS
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MONTANA-DAKOTA UTILTIES CO.

P.0. Box 1098 Miles Ci MT 59301 232-0110 AT
oo IR R TR , @E@@WE
" JUN 181984

. N, INC.
OCHRAN & WILKEN,
¢ SPRINGFIELD

June 14, 1984

Lincoln Cochran
Cochran & Wilken

1201 S 6th
Springfield, I1 62703

Dear Mr. Cochran:

The following are the electric and gas rates that you requested
regarding the Miles City Fish Hatchery. These rates are now current.

/ New Rates A«5 15,

RESIDENTIAL RATES (on houses)

Electric : Base Rate $2.25
First 300 KWH $.05865 ($17.59) .o1532
Over 300 $.07270

Gas : First 15 MCF $4.74

. Over 15 MCF $5.417
Minimum Bill $5.00

COMMERCIAL
Electric Demand Rate 22
Over 10.0 KW:; $2.25 per KW
KWH $. 04482 06033  Non- Demand Rate 20
04482 Demand Rate 22
Gas

A1l MCF used: $5.411 year around
Minimum Bill: $10.00

Hope these are the figures that you need for your study.

Sinderely,

SN .
Ci,\_auu Carttiao—

Linda Anderson
Consumer Service Clerk

la
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Weat Tramefer Package , 550 tPM
(controls , converter, purmps )
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+10% Con+t.

Hear Pumpe -

Ccnh-ﬁ‘uﬁd.' Lr 5%co MBH Ino/udm‘}
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Nore : Emrnez THE wLECTRIC BOILEZ OR THE HEAT
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saw %0." fiz

‘72.‘23 /ve
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Mices Ciry
Warer Hearily

CoustrerucTron Coer

Ensryy Reguigen -
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ConséTrucrion Cosrs *

On. - Fieeo Bouze -

Boiler w/contrels, .., 2920 MBH 19, 000
Head Transte. Pekage , S0 4PM Ao, 100
omtrols | comverters ¢ pusmps )
Bruu‘nhj 4 nuge, f"/alrz 5, 0c0
Buried fuel ok , 900 74-@. (30 d«,s) 9,000
Fuel HA.MPQ q P)Pm7 780
¥53850
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Weat Tranofer fRekese _ 26 (00
$ 48 000
+10% Conk 110
$ 52,300
Hear Pume -~

Cw-h-i'ﬁu‘d (M‘Qum.‘) b 2800 MaH
Basic (ANIT W/ eTaNLESS STEEL TUBES 60 o0
Fou. (auarp 12 voo
TNoTALLATION lo, 000
Fring 5, 000
' +107%, Cont, 3 87,000
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SraNDBY LENERATOR $ SWITCHGLEAR. THis CooT HAS
NeT" BEEN INCLWDED IN THE AROVE ) BUT would

PrROBABLY BE IN tHE RANGE oF 410,000,




MILES Ty |
WATER HEATING

AteuME 1O opeRATE FoR 6O CALENUDAR DAvs ConTINUOUS,

(60 » 24 ves Jore ) = 1440 HeS,

Oi-Firep UNT — )

Use LumP sum  FOR BURNER (ETC.

Ereetricar -BoiLer -

Anuwwar Eceer. Cosr

810 Kw x 1440 x *os4s2 Juwn = Y5218
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*c1a3
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2,500,000 Bhs/HZ x 1440 HRSH x 408 /cw_‘ ¢

138,000 Bhfep % To (EFR)



APPENDIX H REARING UNIT CARRYING CAPACITY (DENSITY) PROJECTIONS



DENSITY INDEX CARRYING CAPACITY PROJECTIONS
"6 IEIE 66666 IIE 60NN I NI NI I I I I NI IEIEI I IEIEIEIEIEIE I I I 6663336

) HATCHERY REARING UNIT voL. CU.FT. VOL. GALS.
Miles City SFH 60° x 6% 3° conc. raceways 1080.90 8078
636363636 I 96 I 3636 36 36369636 I3 363090 36303696 30 036 3690 36 36 3636 3636 36 3696 36 36 36 3636 3696 3696 3636 36 3636 96 3696 369696 363696 36 96 I6-6 90 3696 3636 3696 16903636 39636

DENSITY INDEX TABLE LBS./CU.FT./INCH FISH T.LENGTH

=366 I I J6 3636606630 336 I 636636363636 636 I I I6I6 666330 I6-I6 606 36 6 6 06 I6 I 36 I 36 96 I6 3636 6369 96 I I I 60016 I 16600 1636 0N

MAX. RECOMMENDED REARING UNIT CARRYING CAPACITY LBS. FOR FISH OF T.L.in.

DENSITY . lin. 2in. 3in. 4in. Sin. éin. 7in. 8in. ?in. 10in.
INDEX LBS. LBS. LBS. LBS. LBS. LBS. LBS. LBS. LBS. LBS.

I T I I T 0969696 6969660096969 9696 696 T 600 IR
0.1 108 216 324 432 5S40 648 736 864 972 1080
LBS/CUFT= 0.10 0.20 0.30 0.40 0.350 0.60 0.70 0.80 0.90 1.00

- 0.2 216 432 648 864 1080 1296 1512 1728 1944 2160
LBS/CUFT= 0.20 0.40 0. 60 0.80 1.00 1.20 1.40 1.60 1.80 2.00

0.3 324 648 972 1296 1620 1944 2268 2392 2916 3240
LBS/CUFT= 0.30 0.460 0.90 1.20 1.50 1.80 2.10 2.40 2.70 3.00

0.4 432 864 1296 1728 2160 2592 3024 3456 3888 4320
LBS/CUFT= 0.40 0.80 1.20 1.60 2.00 2.40 2.80 3.20 3.60 4.00

0.3 540 1080 1620 2160 2700 3240 3780 4320 4860 5400
LBS/CUFT= 0.30 1.00 1.50 2.00 2.30 3.00 3.350 4.900 4.30 3.00

0.6 648 1294 1944 2592 3240 3888 4536 S184 5832 6480
-LBS/CUFT= 0.60 1.20 1.80 2.40 3.00 3.60 4.20 4.80 S. 40 6.00

0.7 756 1512 2248 3024 3780 4336 5292 6048 &804 7560
‘LBS/CUFT= 0.70 1.40 2.10 2.80 3.50 4.20 4.90 5.60 6.30 7.00

. 0.8 864 1728 2592 3456 4320 5184 6048 6912 7776 8640
LBS/CUFT= 0.80 1.60 2.40 3.20 4.00 4.80 S.60 6.40 7.20 8.00

0.9 972 1944 2916 3888 4860 S832 &804 7776 8748 9720
LBS/CUFT= 0.90 1.80 2.70 3.60 4.50 S5.40 6.30 7.20 8.10 ?.00

1.0 1080 2160 3240 4320 S400 6480 7560 8640 9720 10800
LBS/CUFT= 1.00 2.00 3.00 4.00 S.00 6.00 7.00 8.00 2.00 10.00



DENSITY INDEX CARRYING CAPACITY PROJECTIONS
363636363636 I3 069696 3636 3696 3696 9636366 000616 63036 I3 360 9090 36 96 36 636 I I6 I 36036 I3 2096 3663663636300 3036 363636303636 909036 36 36 363636 30630 20

HATCHERY REARING UNIT VOoL. CU.FT. VOL. BALS.
Miles City SFH 60’ x 6’ x 3° conc. raceway 1080.0 8078
F6I6 I I3 36 6363636 36363 363636363636 36 3 I 36 363636 36 3636 I 36 36363 96 69636 36 0 6363630 3636 36 363636 3636 30696 3636 690 I I6 36366696 6 I 6 36

DENSITY INDEX TABLE LBS./CU.FT./INCH FISH T.LENGTH

363 I I I 2 I 36636 I I 36 I I6I6 9636 T I 363636 3036 I 30 3663636363636 36 36 3636 3696 30 363636 6963636 36363636 3 3636 96 3 36 30363636 J6 96 36 63636 I 36 36 ¥

MAX. RECOMMENDED REARING UNIT CARRYING CAPACITY LBS. FOR FISH OF T.L.in.

DENSITY 11in. 12in. 13in. 14in. 15in. 16in. 17in. 18in. 1%in. 20in.
INDEX LBS. LBS. LBS. LBS. LBS. LBS. LBS. LBS. LBS. LBS.

I NI I IE I I I6T6 I I T I 6 JEIEIEIIEIE 6666669600 IE I IEIEIEIEIE I 6 I I I 6630 I I I 636 I
0.1 1188 1296 1404 1512 1620 1728 1836 1944 2052 2160
LBS/CUFT= 1.10 1.20 1.30 1.40 1.350 1.60 1.70 1.80 1.90 2.00

0.2 2376 2592 2808 3024 3240 3456 3672 3888 4104 4320
LBS/CUFT= 2.20 2.40 2.60 2.80 3.00 3.20 3.40 3.60 3.80 4.00

0.3 3564 3888 4212 433646 4860 5184 5508 9832 6156 6480
LBS/CUFT= 3.30 3. 60 3.90 4.20 4.50 4.80 3.10 S.40 5.70 &6.00

0.4 4732 5184 8616 6048 6480 6912 7344 7776 8208 8640
LBS/CUFT= 4.490 4.80 9.20 9. 60 6.00 6.40 &.80 7.20 7.60 8.00

0.5 59240 6480 7020 7560 8100 8640 2180 9720 10260 10800
LBS/CUFT= 3.50 6.00 6.50 7.00 7.350 8.00 8.50 ?.00 2.50 10.00

0.6 7128 7776 8424 9072 9720 103468 11016 11664 12312 12960
LBS/CUFT= 6.60 7.20 7.80 8.40 2.00 9.60 .10.20 10.80 11.40 12.00

0.7 8316 9072 9828 10584 11340 120956 12852 13608 14364 15120
LBS/CUFT= 7.70 8.40 ?.10 .80 10.30 11.20 11.90 12.60 13.30 14.00

0.8 9504 10368 11232 12096 12960 13824 14688 15532 16416 17280
LBS/CUFT= 8.80 2.60 10.40 11.20 12.00 12.80 13.60 14.40 15.20 16.00

0.9 10692 11664 12636 13608 143580 1353552 16324 174946 18468 19440
LBS/CUFT= 9.90 10.80 11.70 12.60 13.50 14.40 15.30 16.20 17.10 18.00

1.0 11880 12960 14040 15120 16200 17280 18360 19440 20320 21600
LBS/CUFT= 11.00 12.00 13.00 14.00 15.00 146.00 .17.00 18.00 19.00 20.00

F6 9696 6 I IE I 3636363 36 3636 26 36 360636 363696 3636303696 36 96 6 696363696 6 36 I 36363 3636 36 36 36 636 36 6 3 6 36663 361636 6 6 36166 3 6 I 336 6 369636 66
NENGTTV TNNFY FARRVTING CAPRPACTTY PRAIFCTTOANG



DENSITY INDEX CARRYING CAPACITY PROJECTIONS
6666236363696 I I I I IEIEIE 666666666 I I IEIEIEIEIEIE 6T IETE I I I IEIE I IE I NNIEI NI T I3

HATCHERY REARING UNIT VOL. CU.FT. VOL. GALS.

Miles City SFH 107 % 2° % 2° start/holding 40.0 299
63636 366 I 36 363636 36 36 36 3636366 36 I6I6-96 36 I6 90 696 69 36 3636 6636 I6FI6 I I IEIEIE I NI IE I I N

DENSITY INDEX TABLE LBS./CU.FT./INCH FISH T.LENGTH

36363696 36 96 I6 I6 96 36 I I I 36 36 I 36 I6 36 I6 36 I6 36 61636 I I8 96 3636 I I 6163636 36 3663696606 36 36 36 I6I6 360606 36 36 36 3 I J6 369636 I I6 696 363616 I 3636 636 610366036 3

MAX. RECOMMENDED REARING UNIT CARRYING CAPACITY LBS. FOR FISH OF T.L.in.

- DENSITY iin. 2in. 3in. 4in. Sin. 6in. 7in. 8in. Pin. 10in.
INDEX LBS. LBS. LBS. LBS. LBS. LBS. LBS. LBS. LBS. LBS.

66 I 3 6366 I 6 I6 36 J6 3636 36 I6 696 36 261696 I JEIEI6 I6I6 636366963636 3636363636 3636 363636 636 363636 6363 626 363696 36 6 6 6 0636 36 6 66

0.1 4 8 12 16 20 24 28 32 36 40
LBS/CUFT= 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00

: 0.2 8 16 24 32 40 48 S6 &4 72 80
- LBS/CUFT= 0.20 0.40 0.60 0.80 1.00° 1.20 1.40 1.60 1.80 2.00

0.3 12 24 36 48 &0 72 84 96 108 120
LBS/CUFT= 0.30 0.60 0.90 1.20 1.50 1.80 2.10 2.40 2.70 3.00

0.4 16 32 48 &4 80 6 112 128 144 160
- LBS/CUFT= 0.40 0.80 1.20 1.60 2.00 2.40 2.80 3.20 3.60 4.00

- 0.5 20 40 &0 80 100 120 140 160 180 200
LBS/CUFT= 0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 35.00

0.6 : 24 48 72 F6 120 144 148 192 2146 2490
LBS/CUFT= 0.60 1.20 1.80 2.40 3.00 3.60 4.20 4.80 3.40 6.00

0.7 28 S6 84 112 140 168 196 224 252 280
LBS/CUFT= 0.70 1.40 2.10 2.80 3.50 4.20 4.90 S.60 6.30 7.00

0.8 32 64 26 128 160 192 224 256 288 320
LBS/CUFT= 0.80 1.60 2.40 3.20 4.00 4.80 5.60 6.40 7.20 8.00

0.9 36 72 108 144 180 216 252 288 324 360
LBS/CUFT= 0.90 1.80 2.70 3.60 4.350 5.40 6.30 7.20 8.10 .00

1.0 40 80 120 160 200 240 280 320 360 400
LBS/CUFT= 1.00 2.00 3.00 4.00 S5.00 6.00 7.00 8.00 9.00 10.00

96963696 36 366 I 696 I I6 I 36636 96 I IIEIE 6 I6 6 I I6-I6 6003 3636 I I6 36 I6-I6 I IEI6I6 363 I6-I6 I 3036 I 06 366 IEIE-1 16 H 0 I W10 I I3 I 6 363636 I W



DENSITY INDEX CARRYING CAPACITY PROJECTIONS
FF I IEIEIEHI I IEIEIIEIEIEIE NI IEIEIEIEIEIEIE NI IE 636061 I I I 63696360636 666669636 36 36 3696969636 9636 36 36

HATCHERY REARING UNIT VOL. CU.FT. VOL. GALS.
Miles City SFH 10°x2°'x%2° start/holding 40.0 299
FEI6IEI6 3606166636 363036 363636 6 3636360036 36 I 66 I I I I 63 I I6I6I6 96 I6 963663696 36 3636363636 36 36 636363636 3 J0 96 3666 9696 36 36 963696 96 6 I 636

DENSITY INDEX TABLE LBS./CU.FT./INCH FISH T.LENGTH

I IEI0 I I 36 3636363636 I 6 I IE 3636 I I I 3636 J6 363636 3636 363 96 36 36 3699636 263 JEI6 96963696 06 969636 36-I6-696 36 9636 696 I6 3636362636 36 3696 363636 96 3¢

MAX. RECOMMENDED REARING UNIT CARRYING CAPACITY LBS. FOR FISH OF T.L.in.

DENSITY 11in. 12in. 13in. 14in. 15in. 16éin. 17in. 18in. 19in. 20in.
INDEX LBS. LBS. LBS. LBS. LBS. LBS. LBS. LBS. LBS. LBS.

I I I I I IEIEIE I I I IEIEIE I I TN IEIE I IEIEIEIE I I 3636 3623636369696 96 3696 3369662600696 06 6 96 96 J6-36 3696 96 26 J6-36 96 JE-9 3626 26 3696

0.1 44 48 52 S6 &0 &4 &8 72 76 80
LBS/CUFT= 1.10 1.20 1.30 1.40 1.50 1.60 1.70 1.80 1.90 2.00

0.2 88 6 104 — 112 120 128 136 144 152 160
LBS/CUFT= 2.20 2.40 2.60 2.80 3.00 3.20 3.40 3.4&0 3.80 4.00

0.3 132 144 156 168 180 192 204 2146 228 240
LBS/CUFT= 3.30 3.60 3.90 4.20 4.50 4.80 5.10 S.40 S5.70 6.00

0.4 176 192 208 224 240 256 272 288 304 320
LBS/CUFT= 4.40 4.80 S5.20 S5.60 6.00 6.40 6.80 7.20 7.60 8.00

0.5 220 240 260 280 300 320 340 360 380 . 400
LBS/CUFT= S5.50 6.00 6.350 7.00 7.50 8.00 8.50 ?.00 ?.30 10.00

0.6 264 288 312 336 360 384 408 432 456 480
LBS/CUFT= 6.60  7.20 7.80 8.40 2.00 ?-60 10.20 10.80 11.40 12.00

/

0.7 308 336 364 392 420 448 474 504 532 360
LBS/CUFT=. 7.70 8.40 ?.10 ?.80 10.50 11.20 11.90 12.60 13.30 14.00

0.8 352 384 4146 448 480 S12 S44 3576 608 640
LBS/CUFT= 8.80 ?.60 10.40 11.20 12.00 12.80 13.60 14.40 15.20 16.00

0.9 396 432 468 S04 540 576 612 648 &84 720
LBS/CUFT= ?.90 10.80 11.70 12.60 13.50 14.40 15.30 16.20 17.10 18.00

1.0 440 480 520 560 600 640 680 720 760 800
LBS/EUFT= 11.00 12.00 13.00 14.00 15.00 146.00 17.00 18.00 19.00 20.00

63636636 3636 3630 163630 36 6 3696 36 96 1696 966 6 I6 636136 I 36 36 363666 I 36 360 36 J66 9636 3696 6 I8 90 2636 96 36 26 6 96 I 6 96 36 36 36 I 3636 3696 636 36 3626 363636 96 6 896



: DENSITY INDEX CARRYING CAPACITY PROJECTIONS

F3EH 66NN 6T IENJ I I I I IEIEIE NI I I 6 I I I
' HATCHERY '~ REARING UNIT voL. CU.FT. WVOL. GALS.
iles City SFH . 12.6 x 3 x 3 st 113.4 848

36369636 36969636 36 36 696366363696 963636 369696 J636 3636366 6 69696 30636 363696 303636 69636 36 J096-36 36960363636 96963636 6963636 36 96000636 6 9696 906 263030 96

DENSITY INDEX TABLE LBS./CU.FT./INCH FISH T.LENGTH

:*******************************************************************************

MAX. RECOMMENDED REARING UNIT CARRYING CAPACITY LBS. FOR FISH OF T.L.in.

DENSITY lin. 2in. 3in. 4in. 9in. éin. 7in. 8in. Qin. 10in.
- INDEX LBS. LBS. LBS. LBS. LBS. LBS. LBS. LBS. LBS. LBS.

-6 36 I 626 666 63636 6 I J6 I I I I I I 66 6 I I 2636 J6IEI JEIE I I FEIEIEIE I I I 16 I I I 0 I I I I I NI I IR

0.1 11 23 34 45 57 68 79 ?1 102 113
LBS/CUFT= 0.10 0.20 0.30 0.40 0.350 0.560 0.70 0.80 0.90 1.00

0.2 23 435 68 ?1 113 136 159 181 204 227
LBS/CUFT= 0.20 0.40 0.60 0.80 1.00 1.20 1.40 1.60 1.80 2.00

0.3 34 &8 102 - 136 170 204 238 272 306 340
LBS/CUFT= 0.30 0.60 0.90 1.20 1.50 1.80 2.10 2.40 2.70 3.00

- 0.4 ' 45 91 136 181 227 272 318 363 408 454
LBS/CUFT= 0.40 0.80 1.20 1.60 2.00 2.40 2.80 3.20 3.60 4.00

0.5 S7 113 170 227 284 340 397 454 S10 367
LBS/CUFT= 0.350 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 . 3.00

0.6 &8 136 204 272 340 408 476 S44 612 &80
LBS/CUFT= 0.60 1.20 1.80 2.490 3.00 3.60 4.20 4.80 S5.40 6.00

0.7 79 159 238 318 397 476 o596 635 714 794
LBS/CUFT= 0.70 1.40 2.10 2.80 3.50 4.20 4.90 S5.60 6.30 7.00

0.8 91 i81 272 363 454 S44 635 726 B16 07
LBS/CUFT= 0.80 1.60 2.40 3.20 4.00 4.80 S5.60 6.40 7.20 8.00

0.9 102 204 306 408 510 612 714 816 919 1021
LBS/CUFT= 0.90 1.80 2.70 3.60 4.50 S5.40 6.30 7.20 8.10 ?.00

1.0 113 227 340 454 567 680 794 07 1021 1134
LBS/CUFT= 1.00 2.00 3.00 4.00 S5.00 6.00 7.00 8.00 ?.00 10.00

S8 96 963636 336 36 I I 6 96 I 36363696 I 36 36 3 3696 I 36 36 626636 2636 6 I I I I6-I0 36306 6 I I I I I I I 166 W20 36 3636 I 0606 I 06366



DENSITY INDEX CARRYING CAPACITY PROJECTIONS
F I I IEIEIENIEIEIE I IEIE I I I I I I IEIEIEIEIEIEIEIEIEIE I I IEI6 I I I 66T 666636336 JEI6 96 9636 9636 96 9696 36 3¢
HATCHERY REARING UNIT voL. CU.FT. VOL. GALS.
Miles City SFH 12.6" x 3 x 3 st 113.4 848
FEIE 6NN NN IEIEIEIEIEIE 6T I I I I IEI I I6 I HTE I I 636 363630 I J6 I 6600 I I I 636 6 6 6 35 36

DENSITY INDEX TABLE LBS./CU.FT./INCH FISH T.LENGTH

FEIEIEIE N 961662 26 I I 62 I3 I 63630 H 03 36 I I I IEIEIEI0 636 I8 0 I6 36636 96 I 36 3636 6 I I 36 3 69636 96 636 26 63 I I 696 I E ¥

MAX. RECOMMENDED REARING UNIT CARRYING CAPACITY LBS. FOR FISH OF T.L.in.

DENSITY 11lin. 12in. 13in. 14in. 15in. 16in. 17in. 18in. 19in. 20in.
INDEX LBS. LBS. LBS. LBS. LBS. LBS. LBS. LBS. LBS. LBS.

6N 6616 I6 3633630 26 30 2626 6363636 36 3636 II6 26 026 96 36I6 I J6I6 3636 96 0606369636 96 9636 96 I IEIE 6 I6 I I6 EIEIEI6 96 6306 36 3696 6369696 636 26 6

0.1 125 136 147 159 170 181 193 204 215 227
LBS/CUFT= 1.10 1.20 1.30 1.40 1.50 1.60 1.70 1.80 1.90 2.00
0.2 249 272 295 318 340 363 386 408 431 454

LBS/CUFT= 2.20 2.40 2.60 2.80 3.00 3.20 3.40 3.60 3.80 - 4.00

0.3 374 408 442 476 510 S44 S78 612 646 680
LBS/CUFT= 3.30 3.60 3.90 4.20 4.50 4.80 S.10 S.40 S.70 6.00

0.4 ' 499 544 590 635 &80 726 771 8146 862 07
LBS/CUFT= 4.40 4.80 S5.20 5.60 6.00 6.40 6.80 7.20 7.60 8.00

0.5 624 680 737 794 851 07 64 1021 1077 1134
LBS/CUFT= S5.50 6.00 6.30 7.00 7.50 8.00 8.30 9.00 ?.50 10.00

0.6 748 816 885 953 1021 1089 1157 1225 1293 1361
LBS/CUFT= 6.60 7.20 7.80 8.40 ?.00 ?.60 10.20 10.80 11.40 12.00

0.7 873 9533 1032 1111 1191 1270 1349 1429 1508 1588
LBS/CUFT= 7.70 8.40 9.10 ?.80 10.50 11.20 11.90 12.60 13.30 14.00

[

0.8 998 1089 1179 1270 1361 1452 1542 1633 1724 1814
LBS/CUFT= 8.80 ?.60 10.40 11.20 12.00 12.80 13.60 14.40 15.20 16.00

0.9 1123 1225 1327 1429 1531 1633 1735 1837 1939 2041
LBS/CUFT= ?.90 10.80 11.70 12.60 13.50 14.40 15.30 16.20 17.10 18.00

1.0 1247 1361 1474 1588 1701 1814 1928 2041 2135 2268
LBS/CUFT= 11.00 12.00 13.00 14.00 15,00 146.00 17.00 18.00 19.00 20.00

I IF I 26 II0 066 I 36 I 36 I I6 36 I I 96 696 I I T 6T6 I 36 I 3636966 36 I 9696 3036 I 6636966666 336 9636 I I 636 I 636 3 I JEIE I



. DENSITY INDEX CARRYING CAPACITY PROJECTIONS

2096369 3696 36 26963 636 3626 363696 26 3096 3636 3 696 69696 6309 363696 96 3636 F6 3696 36 60696 J0 36 3690 90 3630 96 66363696 30 3696 36 6 36 36 36 36369696 969626 3030363 36 38
HATCHERY REARING UNIT voL. CU.FT. WVOL. GALS.

Miles City SFH 10.8 ¥ 3 x 3 st 97.2 727

936 36 236 696 236363636 JEEJEIE 36 3636 96 I 96 36-36-696 36 26 IE9 36 63636 96 36 636 363696 696 J6 36 363636 690 I 090 696 363020 36 6 0 636 FEI6 006 6 5 NI N6 %

DENSITY INDEX TABLE LBS./CU.FT./INCH FISH T.LENGTH

W96 9696 96 369696 63636 269636 26363636 3636262606 36 3606 3036 36336 36 36 36 3696 36 36 96 3636 J6-36 36 963636 J6 36 JE 9696 J6 3536363696 36363606 36 26 2636 30363636 3363696 6 3696 36 36 36

MAX. RECOMMENDED REARING UNIT CARRYINS CAPACITY LBS. FOR FISH OF T.L.in.

'DENSITY lin. 2in. 3in. 4in. Sin. éin. 7in. 8in. ?in. 10in.
INDEX LBS. LBS. LBS. LBS. LBS. LBS. LBS. LBS. LBS. LBS.

}*******************************************************************************

0.1 10 19 29 39 49 S8 68 78 87 7
LBS/CUFT= 0.10 0.20 0.30 0.40 0.30 0.60 0.70 0.80 0.90 1.00

0.2 19 39 a8 78 97 117 136 156 175 194
LBS/CUFT= 0.20 0.40 0.60 0.80 1.00 1.20 1.40 1.60 1.80 2.00

0.3 29 S8 87 117 1446 175 204 233 262 292
LBS/CUFT= 0.30 0.60 0.90 1.20 1.50 1.80 2.10 2.40 2.70 3.00

- 0.4 39 78 117 156 194 233 272 311 350 389
LBS/CUFT= 0.40 0.80 1.20 1.60 2.00 2.40 2.80 3.20 3.60 4.00

0.5 49 97 146 194 243 292 340 389 437 486
LBS/CUFT= 0.350 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.30 S5.00

0.6 S8 117 175 233 292 350 408 467 525 583
LBS/CUFT= 0.60 1.20 1.80 2.40 3.00 3.60 4.20 4.80 S5.40 6.00

0.7 &8 136 204 272 340 408 476 S44 612 &80
LBS/CUFT= 0.70 1.40 2.10 2.80 3.50 4.20 4.90 35.60 &6.30 7.00

0.8 78 156 233 311 389 467 S44 622 700 778
LBS/CUFT= .80 1.60 2.40 3.20 4.00 - 4.80 5.60 &6.40 7.20 8.00

0.9 87 175 262 330 437 525 612 700 787 875
LBS/CUFT= Q.90 1.80 2.70 3.60 4.350 5.40 6.30 7.20 8.10 ?.00

1.0 97 194 292 389 486 283 680 778 875 972
LBS/7CUFT= 1.00 2.00 3.00 4.00 S.00 6.00 7.00 8.00 ?.00 10.00

6963696 3636369 I 96 36 36 3630360 F6IEIE I I6 96 6 IETE 63636 IE 30 I I IEIE 11606 36 0T IEI6 6366636363636 I 00 I 6 JE 36 26 2696 02 2 I I 10 N



DENSITY INDEX CARRYING CAPACITY PROJECTIONS
FH KNI IO I IE I I IEIEIIE I 6600900636066 00609090 J3006 06006 3 J 02 2636 36
HATCHERY REARING UNIT voL. CU.FT. VOL. GALS.
Miles City SFH 10.8 x 3 x 3 97.2 727
F RN R NIEIIENN NI I I I I TN T IE 06936 I3 96 J9E I 26369660636 9636 96 T JE 9660636 3696

DENSITY INDEX TABLE LBS./CU.FT./INCH FISH T.LENGTH

********************************************************************************

MAX. RECOMMENDED REARING UNIT CARRYING CAPACITY LBS. FOR FISH OF T.L.in.

DENSITY 11in. 12in. 13in. 14in. 15in. 16in. 17in. 18in. 19in. 20in.
INDEX LBS. LBS. LBS. LBS. LBS. LBS. LBS. LBS. LBS. LBS.

***********************************************************m******************

0.1 107 117 126 136 146 156 165 175 185 194
LBS/CUFT= 1.10 1.20 1.30 1.40 1.50 1.60 1.70 1.80 1.90 2.00

0.2 214 233 253 272 292 311 330 350 369 389
LBS/CUFT= 2.20 2.40 2.60 2.80 3.00 3.20 3.40 3.60 3.80 4.00

0.3 321 350 379 408 437 467 4946 925 554 583
LBS/CUFT= 3.30 3. 60 3.90 4.20 4.50 4.80 S.10 S5.40 S5.70 6.00

0.4 428 467 305 S44 S83 622 661 700 739 - 778
LBS/CUFT= 4.40 4.80 S5.20 S.60 6.00 6.40 6.80 7.20 7.60 8.00

0.5 9335 583 632 680 729 778 826 875 923 972
LBS/CUFT= S5.30 6.00 6.50 7.00 7.50 .8.00 8.50 ?.00 9.50 10.00

0.6 642 700 758 B16 875 933 991 1050 1108 1166
LBS/CUFT= 6.60 7.20 7.80 8.40 2.00 ?.60 10.20 10.80 11.40 12.00

0.7 748 816 8835 953 1021 1089 1157 1225 1293 1361
LBS/CUFT= 7.70 8. 40 ?.10 ?.80 10.50 11.20 11.90 12.60 13.30 14.00

0.8 855 33 1011 1089 1166 1244 1322 1400 1477 1555
LBS/CUFT= 8.80 ?.60 10.40 11.20 12.00 12.80 13.60 14.40 15.20 16.00

0.9 962 1050 1137 1223 1312 1400 1487 1375 1662 1750
LBS/CUFT= ?.90 10.80 11.70 12.60 13.50 14.40 15.30 16.20 17.10 18.00

1.0 10469 11466 1264 1361 1458 1555 1652 1750 1847 1944
LBS/CUFT= 11.00 12.00 13.00 14.00 15.00 16.00 17.00 18.00 19.00 20.00

**************************************************************************H****



DENSITY INDEX CARRYING CAPACITY PROJECTIONS
36 IE96 6 I I 63 I 6 I I 266 N6 I 36 I IEIE I I I I I I I I I I I II636 I 036066 I I

_ HATCHERY REARING UNIT Vol.. CU.FT. VOL. GALS.
Yiles City SFH 10°%1.0°%0.66° initial feed’ 6.6 . 49
I IE I I T I I I IEIE I I I TN NI IEIEIEIEIE I I IEIE I I I IE I I IE 6T T I I 6666 I I 6 H I

DENSITY INDEX TABLE LBS./CU.FT./INCH FISH T.LENGTH

63636 I6 I I 36 6 3336363636306 J6IE 6 I J6IEI6 3636 3 3063 I 363626 I6 66 I-3606 3636 6 36363636 363 I 3636336363636 36 36 363696 36 3 636N 6 6

MAX. RECOMMENDED REARING UNIT CARRYING CAPACITY LBS. FOR FISH OF T.L.in.

DENSITY 1lin. 2in. 3in. 4in. Sin. éin. 7in. 8in. Pin. 10in.
INDEX LBS. LBS. LBS. LBS. LBS. LBS. LBS. LBS. LBS. LBS.

JE36 363636 3636 363636 366 633 3636 636 36 636 26 6 63626 66 3636 F6I6 I 6 JEIEIE I 3626 I 366 I 363636 I6-I6 3636 36 6 6 I 3636 J6-I6 I 6 J6I6 63 3636366306 6666

0.1 1 1 2 3 3 4 5 5 & 7
"LBS/CUFT= 0.10 ©0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00

: 0.2 1 3 4 S 7 8 9 11 12 13
LBS/CUFT= 0.20 - 0.40 0.60 0.80 1.00 1.20 1.40 1.60 1.80 2.00

0.3 2 4 6 8 10 12 14 16 i8 20
LBS/CUFT= 0.30 0.60 0.90 1.20 1.50 1.80 2.10 2.40 2.70 3.00

0.4 3 . S 8 11 13 16 i8 21 24 26
"LBS/CUFT= 0.40 0.80 1.20 1.60 2.00 2.40 2.80 3.20 3. 60 4.00

. 0.9 3 7 10 i3 17 20 23 26 30 33
LBS/CUFT= 0.50 1.00 1.50 2.00 2.50 3.00 3.30 4.00 4.50 S5.00

0.6 4 8 12 16 20 24 28 32 36 40
LBS/CUFT= 0. &0 1.20 1.80 2.40 3.00 3.60 4.20 4.80 S5.40 6.00

0.7 S 9 i4 i8 23 28 32 37 42 446
LBS/CUFT= 0.70 1.40 2.10 2.80 3.50 4,20 4.90 S5.460 6.30 7.00

—

0.8 S 11 16 21 26 32 37 42 48 33
LBS/CUFT= 0.80 1.460 2.40 3.20 4.00 4.80 3.60° 6.40 7.20 8.00

0.9 -] 12 18 . 24 30 36 42 48 353 59
LBS/CUFT= 0.90 1.80 2.70 3.60 4.50 S5.40 6.30 7.20 8.10 ?.00

1.0 7 13 20 26 33 40 46 353 59 -1}
LBS/CUFT= 1.00 2.00 3.00 4.00 S5.00 6.00 7.00 8.00 ?.00 10.00

36963636 36 96 36 I I J6 3696 36 36 I I6 I66 3616 6 36 3636 I 36 366 36 I I I 36 6 63666 I 6636696 6 36 3636363636 36 6 I 1636 36 96 3 1636 3 36 1696363636 36 363636 666
\



DENSITY INDEX CARRYING CAPACITY PROJECTIONS
FEIEIEIE TN I NI I I I I IEIEIEIEIEIEHIE NI I I I I IE I I NN
HATCHERY REARING UNIT VOLL. CU.FT. WVOL. GALS.
Miles City SFH 10°%1.0°'%0.66"initial feed 6.6 49
I I I I TN TN I IEIE NI I I IEIE I 66 I I I I I 0TI I I I 9 I 996

DENSITY INDEX TABLE LBS./CU.FT./INCH FISH T.LENGTH

636363 363 36 36 36336 I 636 36 36 W I I 3636 I I I I I 106 I I I I I I6 I I I I I I I I I I I W6 I3 3 Ie-I6H 36 I I W F I I 6 I

MAX. RECOMMENDED REARING UNIT CARRYING CAPACITY LBS. FOR FISH OF T.L.in.

DENSITY 11in. 12in. 13in. 14in. 1Sin. 16in. 17in. 18in. 19in. 20in.
INDEX LBS. LBS. LBS. LBS. LBS. LBS. LBS. LBS. LBS. LBS.

FEIE I 3636036 636 6 3636336 36 6 63636 I0-I I 3616963636 6 326 36 I I 60 36362636 66N I 36 I 36 I3 I 603636 3066 66 I6 3636 W 636 3636 I 066

0.1 7 8 9 9 10 11 11 12 13 13
LBS/CUFT= 1.10 1.20 1.30 1.40 1.50 1.60 1.70 1.80 1.90 2.00
0.2 15 16 17 i8 20 21 22 24 25 26

LBS/CUFT= 2.20 2.40 2.60 2.80 3.00 3.20 3.40 3.60 3.80 4,00

0.3 22 24 25 28 30 32 34 36 38 40
LBS/CUFT= 3.30 3.60 3.90 4.20 4.50 4.80 S.10 S5.40 5.70 6. 00
0.4 29 32 34 37 40 42 45 48 S0 33

LBS/CUFT= 4.40 4.80 S5.20 S5.60 6.00 6.40 6.80 7.20 7.60 8.00

0.3 36 40 43 46 S0 33 56 59 &3 66
LBS/CUFT= S5.50 6.00 6.50 7.00 7.30 8.00 8.50 ?.00 ?.50 10.00

0.6 44 48 51 S5 539 63 &7 71 75 79
LBS/CUFT= &6.60 7.20 7.80 8.40 2?.00 .60 10.20 10.80 11.40 12.00

0.7 31 35 &0 -3 &9 74 79 83 88 2
LBS/CUFT= 7.70 8.40 ?.10 ?.80 10.350 11.20 11.90 12.60 13.30 14.00

0.8 S8 &3 &9 74 79 84 20 S 100 106
LBS/CUFT= 8.80 ?.60 10.40 11.20 12.00 12.80 13.460 14.40 15.20 16.00

0.9 65 71 77 83 89 S 101 107 113 119
LBS/CUFT= 9.90 10.80 11.70 12.60 13.50 14.40 15.30 16.20 17.10 18.00

1.0 73 79 86 92 99 106 112 119 125 132
LBS/CUFT= 11.00 12.00 13.00 14.00 15.00 16.00 17.00 18.00 19.00 20.00

FEI696 66 36 36 W36 336366 36 I 6 3636 36366 6 I 9616 I 363 6 1606 3636 6 96 I 1606 36 366 I I 306 IE 36 636 16I6 I 6363636 636616 369606 36166 360



DENSITY INDEX CARRYING CAPACITY PROJECTIONS
F36 I JE 3636 T I 36F6 I 6666 I6 363636 36 36 3606 I 0666 J6 66T 66 36 I6-36-96 36 3636 9696 36 36 3636 36 36 3696 3696 I 96 36 0 363636 3696 36 36 3696 I 6 3636 36
HATCHERY REARING UNIT voL. CU.FT. WVOL. GALS.

files City SFH 6.0'circular tanks 73.2 562
70 I J0 369 26306 F0I6I636 3636 J096- 2696369630 36 36 36 3696 3696 6 36 363636 96 J6 96 I6-36 36 36 96 3696 36 I 36909636 3696 3636 J0-36 906 96 963696 3696 3696 96969696 6. 36 969662696 96 3696 6

DENSITY INDEX TABLE LBS./CU.FT./INCH FISH T.LENGTH

oI I 6 I I F 6 I I I I I IE I IE I I IE I 616 I6H I 6 I I IEIEIEIIE I 16166636 I I I I 6 IE I IEJEIE 6 I6 I I6 I 636 696 I 9 I6 336 I6 96 J6 I I 3

MAX. RECOMMENDED REARING UNIT CARRYING CAPACITY LBS. FOR FISH OF T.L.in.

DENSITY lin. 2in. 3in. 4in. Sin. éin. 7in. 8in. Pin. 10in.
INDEX LBS. LBS. LBS. LBS.  LBS. LBS. LBS. LBS. LBS. LBS.

FIEIEIE 36 I 636 J0-J 6 J6 6 I6J6 636 3 3636 36 6363636 636 696 36 36363663636 36 36363636 3636 3 I636- 263636366 696 63696 36 I636 96 96 3636 I3 363636 3 3696 96 36 6 6

0.1 8 15 23 30 38 45 a3 . &0 &8 75
LBS/CUFT= 0.10 0.20 0.30 0.40 0.30 0.60 0.70 0.80 0.%90 1.00

0.2 15 30 45 60 75 0 105 120 135 150
LBS/CUFT= 0.20 0.40 0.60 0.80 1.00 1.20 1.40 1.60 1.80 2.00

0.3 23 45 68 90 113 135 158 180 203 226
LBS/CUFT= 0.30 0.60 0.90 1.20 1.50 1.80 2.10 2.40 2.70 3.00

0.4 30 60 90 120 130 180 211 241 271 301
LBS/CUFT= 0.40 0.80. 1.20 1.60 2.00 2.40 2.80 3.20 3.60 4.00

0.5 38 73 113 150 188 226 263 301 338 376
LBS/CUFT= 0.50 1.00 1.50 2.00 2.30 3.00 3.50 4.00 4.50 5.00

0.6 45 90 135 180 226 271 316 361 406 451
LBS/CUFT= 0.60 1.20 1.80 2.40 3.00 3.60 4.20 4.80 5.40 &.00

0.7 33 105 158 211 263 316 368 421 474 526
LBS/CUFT= 0.70 1.40 2.10 2.80 3.50 4.20 4.90 S5.60 6.30 7.00

0.8 60 120 180 241 301 361 421 481 541 602
LBS/CUFT= 0.80 1.60 2.40 3.20 4.00 4.80 5.60 6.40 7.20 8.00

0.9 48 135 203 271 338 406 474 S41 609 &77
LBS/CUFT= 0.90 1.80 2.70 3.60 4.50 5.40 6.30 7.20 8.10 9.00

1.0 75 150 .226 301 376 451 526 &02 &77 752
LBS/CUFT= 1.00 2.00 3.00 4.00 S.00 6.00 7.00 8.00 ?.00 10.00

29I 36 6 I I 6 I I W J6 3266 I6E I I 6 I I I I6 I I I I6 I I I 16 I I3 I I I I I IE I I 6 I I I I 666 I I IEIE 6 I I I I



DENSITY INDEX CARRYING CAPACITY PROJECTIONS
FEFFEIEIEIEIE I IEIEIE I IE I I I TEIETEIEIE NI I NI TEIE I I I I I IEIE 66666 I JIE I I 636 3660 JE 6 366 I 6 I I 3
HATCHERY REARING UNIT VOoL. CU.FT. VOL. GALS.
Miles City SFH 6.0 circular tanks 75.2 562
F6 3636636 I 3636396363636 I I 3636 I 303636 36 0 I I 66 I I I T I I I TEIE 66 I IEIE I 363696636 36369 I 9636 636 3630 3 J9E 9696 96 96 36

DENSITY INDEX TABLE LBS./CU.FT./INCH FISH T.LENGTH

66 I I I3 3361616 363036 I6I66 96 I I JE I I I I3 I I 6 I IEIE I I 3663 36 I 6 I I 36063696 36 96 36 36 J6 363636 96 69696 I6 I6-9 36 36 369636 96 96 36 626

MAX. RECOMMENDED REARING UNIT CARRYING CAPACITY LBS. FOR FISH OF T.L.in.

DENSITY 11in. 12in. 13in. 14in. 13in. 1é6in. 17in. 18in. 19in. 20in.
INDEX LBS. LBS. LBS. LBS. LBS. LBS. LBS. LBS. LBS. LBS.

6616 I F I I 606 J0I0E 36 I6 36 36 36 36 3636 6636366 30630 J6-36-J36 96 36 636 J0IE06 360063006 36 96 96 30363 FE 9636 36 636 360 9626 3696 36 3696 696 9696 36 J6-96 36696 6 96 96 3¢

0.1 83 F0 98 105 113 120 128 135 143 150
LBS/CUFT= 1.10 1.20 1.30 1.40 1.50 1.60 1.70 1.80 1.90 2.00

0.2 165 180 196 211 226 241 256 271 286 301
LBS/CUFT= 2.20 2.40 2.60 2.80 3.00 3.20 3.40 3.60 3.80 4.00

0.3 248 271 293 316 338 361 384 406 429 451
LBS/CUFT= 3.30 3.60 3.90 4.20 4.50 4.80 S5.10 S5.40 9.70 6.00

0.4 331 361 391 421 451 481 S11 541 572 602
LBS/CUFT= 4.40 4.80 S5.20 3.60 6.00 6.40 6.80 7.20 7.60 8.00

0.5 414 451 489 526 S&4 602 639 &77 714 752
LBS/CUFT= S.50 6.00 6.50 7.00 7.30 8.00 8.50 ?.00 ?.50 10.00

0.6 494 541 S87 632 &77 722 767 812 857 902
LBS/CUFT= 6.60 7.20 7.80 8.40 ?.00 ?.60 10.20 10.80 11.40 12.00

0.7 579 632 &84 737 . 790 842 8935 248 1000 1053
LBS/CUFT= 7.70 8.40 ?.10 .80 10.50 11.20 11.90 12.60 13.30 14.00

- 0.8 662 722 782 842 02 63 1023 1083 1143 1203
LBS/CUFT= 8.80 .60 10.40 11.20 12.00 12.80 13.60 14.40 15.20 16.00

0.9 744 812 880 948 1015 1083 1151 1218 1286 1354
LBS/CUFT= 9.90 10.80 11.70 12.60 13.30 14.40 15.30 16.20 17.10 18.00

1.0 827 02 978 1053 1128 @ 1203 1278 1354 1429 1504
LBS/CUFT= 11.00 12.00 13.00 14.00 15.00 146.00 17.00 18.00 19.00 20.00

F696I 3369696 96 J6 363636 366 3636 3636300096 36 36 3636 36 3 369630 3636 I6 3636 I3 6 I0 3636 36360636 36 96 3036 6963096 36 2636 36 I 00016 30 302030963696 36 36 96 36 9 63 369 JE 36 %





