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CHAPTER 1

SCOPE

The City of Minto has had persistent problems with their raw water supply. -
Their present supply consists of approximately 15,000 GPD from the Walsh County
Rural Water Users and raw water from the Minto Dam on the Forest River. The
storage capacity in the reservoir is sufficient during perioés of adequate
rainfall to maintain a dependable water supply. However, it should be noted
that the dam is currently in structurally poor condition. With the dam at its
present level, expansion of the city is limited by the amount of raw water available.

This report will present data to show Minto's water supply is totally
dependent on rainfall. It will show what happens to the flow in nearby rivers
during periods of drought like that encountered‘this year. The Report will also
discuss forceable threats to health and safety if Minto does not'develop a more
drought-safe raw water source.

This Report is being prepared as a requirement of the Farmers Home
Administration for a grant under the Comprehensive Drought Assistance Act

of 1977, Federal Register Part 1933, Chapter 18, Title 7, Subchapter J.



CHAPTER 1|1

BACKGROUND

On September 20, 1977 the City of Minto sdbmitted three sets of a
preapplication for a water supply project grant and loan to the Farmers
Home Administration. There have been previous investigations_concerning
Minto's water supply. A study on the Forest River Basin conducted by the
North Dakota State Water Commission in 1975 indicates several alternatives
for a water supply for Minto. The surféce water sources discussed are the
Red River and the Forest River. The Red River is too far away to Pe an economical
alternative. The Forest River, which is the current water supply , is not a
dependable supply during periods of below normal rainfall.. Ground water in
the immediate area is unfit for drink}ng. The nearest potable ground water supply
is approximately 21 miles away (Fordville Aquifer) and is uneconomically reachable.
The City of Grafton, located 9 miles north of Minto is planning on implementing
a new supply from the Red River of the North and have indicated that they would
allow Minto to tie into their system. The folloWing paragraphs will present
background information on the Red River of the North and Forest River Basins.

The Red River of the North is formed by the confluence to the Ottertail
and Bois deJSioux Rivers at the twin cities of Wahpeton, North Dakota and
Breckenridge, Minnesota. |t flows 400 miles in a tortuous northérly course,
forming the boundary between North Dakota and Minnesota, to the International
boundary between the United States and- Canada. From the boundary, it flows
generally northeast 155 miles in Canada to Lake Winnipeg: The drainage area
of the Red Rivef Basin in North Dak9ta is approximately 17,240 square miles.

Table 1 shows the North Dakota tributaries.



TABLE 1

North Dakota Tributaries of the Red River _
Of the North in the Unifed States

River Miles Approximate | Drainage
 From -nuth in Areu in
STREAM L. Winnij~g Miles Sq. Miles

West Side Trihui:lri(:iﬁ in North Dakota

Wild Rice River ..._. 470.1 243 2,020
Sheyenne River _..__ 4282 500 7,140
Elm River _.._. ... 3873 69 510
Goose River ... 3574 186 1,280
Turtle River .. ... e e 730
Forest River ___. ___ 2430 147 1,030
Park River ...._._..._.. 2222 110 1,010
Pernbina River . _...._. 1578 275 - 1960
Minot Tributaries ._._ . _ . 1,560

Principal Minnesota -tributaries cntcring the Red River between the
confluence of the Bois de Sioux and Ottertail Rivers and the International
boundary are the Buffalp, Wild Ricé, Red Lake, Sanke, Tamarac, and Two Rivets.
The Roseau River which drains a portion of the basin in Minnesota joins the
Red River in Canada. Tributaries in North Dakota and Minnesota flow generally
east or west into the Northward floWing Red River. Near the river, North Dakota
tributaries tend to turn northward, flowing in some instgnces, nearly para]]el
with the mainstem for many miles before finally entering it. Longer tributaries
have relatively steep slopes, particularly where they flow from the bordeﬁing
highlands to the valley floor. In the lowlands, however, many tributaries have
very flat slopes with poorly defined watershed boundaries.

During the last glacial period, the.entire watershed of the Red River of
the North was covered by a continental glacier which altered topography and
resulted in the formation of the soils of the basin. Prior.to the glacial period,

the surface was rough and the drainage clearly defined. When the glacier moved



southward over the regién, it wore down the divides and ridges and filled

the valleys, thus producing the rolling surface of a pértion of the water-
shed. As the glacier melted and receded northward, a heterogeneous mass of
clay, sand, gravel and boulders, termed 'drift' was deposited over the basin

to depths of up to 460 feet. A series of recessional morines were formed,
roughly concentric with one another, each representing a halt in the general
retreat of the ice sheet. These moraines, varying in size, give greater relief
to the area bqunding the Red River drainage basin than is characteristic of the
drift plain in general.

After the ice front had retreated within the Red River drainage basin,
water from the melting glacier was ponded between the surrounding highlands
and the ice front that blocked the northern outlet, thus forming glacial Lake
Agassiz. This lake at first, drained southward through the Lake Traverse-
Bigstone Lake depression into the Minnesota River Valley, later by an eastern
outlet into northern Minnesota, and finally northward through Lake Winnipeg
into Hudson Bay. During the time Lake Agassiz was in existence, sediments
transported by rivers were spread over the bottom to a depth of 20 to 50 feet,
covering the drift in most places. In addition, deltas formed by ;he rivers
flowing intg the lake cover large areas of the old lake bed.

Several beach ridges were formed at successively lower elevations as the
level of the lake dropped and as the outlet changed. These beaches tell the
story of the lakes demise. As Lake Agassiz drained, it left a very‘level dry
lake bed with a fall averaging two to three feet per mile towards the river and
less than one foot per mile to the north. |

The Pembina Escarpment forms the western edge of this plain in the north.
The escarpment rises as much as 50 feet per mile for a distance of three or
four miles where it meets the more gently sloping drift prairie. South of the
escarpment, the boundary between the lake plain and the uplands becomes less
pronounced until, in the Wild Rice subbasin, it is almost obliterated by a terminal

moraine.
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Most of the major tributaries of the Red River in North Dakota have their
headwaters in the drift prairie or in the Pembina Escarpment. (n the upper
reaches of these tributary courses, valleys are narrow, steep sides and
relatively deép. As the tributaries leave the drift prairie or escarpment
and enter the lake plain, their valleys continue to be narrow. The depth of
the valleys decreases generally, however, as the rivers become more winding.

The Minto-Forest River areas are in southeastern Walsh County in
northeastern North Dakota. They are a part of the Western young Drift section
of the Central Lowland Province of Fenneman (1938, p. 559) and are in the
Red River Valley area as designated by Simpson (1929, p. 4). The areas of

Iinvestigations total about 7% square miles.

The average annual precipitation recorded at the United States Weather
Bureau station at Grafton, about 10 miles north of Minto, is 21.06 }nches
based upon data gathered during the period 1891 to 1959. The mean annual
temperatu}e for the same period as 37.5 degrees.

The areas covered in this investigation lie entirely within the basin
of glacial Lake Agassiz which covered the Red River Valley. Upham (1896)
mabped the extent of glacial Lake Agassiz in the United States and southern
Manitoba. His monograph inciudes maps and descriptions of the physiographic
and geoTogic features in the vicinity of Minto and Forest River. The areas
have little relief and the major topographic features are the youthful stream
valleys cut in the glacial Lake Agassiz sediments. Clay and silt are the
predominaht constituents of the lake deposits; they overlie glacial till
throughout theAareas. The till is a hetrogeneous mixture of clay, silt, sand
and gravel; clay is the major constituent. Under the till are much oldér
sandstones and shales of Cretaceous or Paleozoic age.

Small quantities of ground water are obtained from dug or bored wells

in the sediments of glacial Lake Agassiz and somewhat larger amounts are
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obtained from wells penetrating the sand and gravel lenses in the glacial
drift. Very highly mineralized water may be obtained frqm wells penetrating
the older sandstones under the g]aciaﬁ drift.

Thirteen test holes were drilled near Minto and nine near Forest River
in an attempt to find an aquifer that would be suitable for a municipal'supply
for the city of Grafton. Some sand and gravel were present in each section;
however, they did not form a large enough aquifer to yield a municipal water
supply. |

The iron content was much in excess of the recommended maximum for
drinking water in all of the samples analyzed and the water was very hard.
These samples were all obtained from wells penetrating alluvial deposits.

Agriculture and agricultural products processing plants constitute the
primary source of employment in the subbasin.' Continued expansion of agri-
business type ventures ié expected to place increasingly heavier demands upon
the existing water supply. '

The climate of North Dakota plays the major role in determining flows
in the Park River.

North Dakota is typically plains country located near the center of the
North Ameriean Continent. The State is situated in the middle of latitudes,
300 to 490 from the equator, in the interior of a large continent. The changes
within this climatic region are almost all so gradual that comparative uniformity
of conditions, rather than diversity, often prevails. The eastern part of the
State is flat, with an elevation in the Red River Valley.of 780 feet at Pembina

in the north to 962 feet above sea level at Wahpeton in the south. To the west,



there is a gradual rise of terrain until an elevation of 3,506 ié reached at
White Butte in the southwestern part of the State. -The Turtle Mountains in
the north central part of the State are only about .500 féet higher than the
surrounding area, with the highest elevation about 2,300 feet above sea level.

The termperate climate of the State is exceptionally healthful, as
revealed by the combarative]y abundant energy of the people and recently
published statistics showing North Dakotan's have the longest life expectancy
in the Union. Summers are usually very pleasant, but hot winds and periods
of prolonged high temperatures occur occasionally. However, minimum maximum
night time temperatures seldoﬁ exceed 70o F. As a consequence, it is unusual to
have uncomfortable nights. While open and mild winters are not unknown, North
Dakota winters are considered cold, but the low humidity that prevails during
the cold season is usually far less penei%ating than manylother’areas having
higher temperature readings.

The annual mean temperature for North Dakota ranges from about 36° F. in
the northeast to 43° F. in the extreme south. Temperatures above 100° F. are
occasionally recorded, and zero temperature readings are common in the winter.
The average number of days a year when the temperature reaches 90°F. or higher
is 14, and the average number with zero or lower is 53. The average growing season
i.s about 121 days, ranging from 110 days in the northeast and north central to 135
in the extreme souéh. For the State, the average date of the last freeze in the
spring is May 19, and the first in the fall is September 18. Freezing temperatures
have occurred, however, as late as the first part of June and as early in the fall
as the first few days of September.

Precipitation in the eastern third of the State averages about 19 inches,
in the middle third about 16 inches, and in the western third about 15 inches.

On the average, about 77 percent of the annual precipitation occurs during the

..7_



the crop-growing season, April to September, and almost 50 percent falls
during May, June and July. The normal precipitation for the driest months,
November to February, is about one-half an inch per month. The greatest
amount of moisture falls between 5:00 PM and 8:00 PM andlagain about midnight.
Most of the rain occurs in summer storms accompanied by thunder and lightning,
often with great intensity for a short time. The average number of thunder-
storm days is 30, mostly in June, July and August.' In most years, at least
some part of the State is visitgd by a storm that brings a rainfall of two or
three inches in a 24-hour period, and occasionally five or six inches fall in
one day. On an average, rain falls about one day in four during the summer months.

The annual number of days with measurable precipitation averages 66, ranging
from about 50 in the west to 90 in the east. During the four years, 1933-
1936, North Dakota's precipitation averaged slightly more than 12 inches per
year. During the four years, 1941-194k4, the State precipitation averaged slightly
more than 20 inches. The first light snow in Autumn occasionally falls in late
September, but usually measurable snowfall does not occur until after October.
The average number of days with 0.1 inch or more of snow is 23. The average
annual snowfall is 32 inches, with the greatest amount in the northeast and
the least in the southwest. Occasionally, there is heavy snowfall in winter,
and the snow on the ground accumulates to a considerable depth. The winter
weather is often intersperéed with Chinook winds which cause sufficient snow
melt to bare the ground.

The prevailing direction of the wind in all months of the year is from
_the northwest, unless it is influenced by 1o¢a1 conditions. More southerly
winds are observed during the summer than during the winter. The average
annual wind velocity is about 11 miles per hour. The highest velocities are in the
spring and lowest in late summer. High winds frequently accompany severe

thunderstorms.
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The average relative humidity is about 68 percent slightly higher in the
east than in the west. Humidity is frequently low durfng ;he afternoon in
summer, sometimes below 20 percent. Dense fog conditions lasting for periods
of two hours or more, are experienced, on an average, only eight days per year.

The average number of clear days is 160, partly cloudy 100, and cioudy 105.
On a clear day, the sun shines for more than 15 hours from the middle of May
to the end of July. These long hours of sunshine make it possible to grow
many crops in what appears to be a comparatively short gréwing season. The
yearly average amount of sunshine i§ 59 percent of the possible amount, with
74 pefcent occurring in July and 72 percent in August.

Tha above climate data is taken from a publication of the North Dakota
State Water Commission. Figures 1 through 3 are taken from this same pub-
lication, entitled "North Dakota Interim State Water Resources Development Plan".

Figure | shows that most of the Forest River Basin may expeét between
20 percent and 30 percent of years with less than 16 inches of moisture,
whereas significant portions of the Red River Basin are below 20 percent.

The figure also shows significantly higher average rainfall in the lower Red
River Basin. Figures 2 and 3 show evaporation losses from open tanks. It

is thus seen that even in wet years, evaporatioﬁ exceeds precipitation. This
" makes large open reservoirs particu]arly.suéceptible to losses during drought'’
vears. Dissolved solids are bound to increase (see Table 3 and pages

L4 and F-4 of Appendix B).
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The Cify of Minto currently obtains its water supply from a small dam on
the Forest River and a 2'' feeder line from the Walsh County Water User's rural
water system. Minto was not allocated water from the rural water system initially
but they are currently obtaining appro;imately 15,000 GPD on off-peak periods.
The dam was constructed on the Forest River as a WPA project in 1935. In
February of'l973 the dam structure washed out. The State Water Commission put

in a steel coffer dam with rock and concrete which is presentjy serving as a
substitute for the original dam. The dam will provide Minto with an adequate
water supply during periods of normal flows.

The past year, the City has had to lower their intake strdcture so they can
be assured of having a water supply this winter.

This chapter has shown the problems that Minto has had with their water
supply. It poses a definite threat to the health and welfare of the_residents.
The following chapter will show that the problem is directly re]ated‘to drought

conditions. -11-



CHAPTER L1
STATEMENT OF PROBLEM

On April 7, 1977 Sovernor Arthur Link declared all of North Dakota
a drought disaster area by issuing Executive Directive'i977—2. At
that time he set the State Drought Contingeacy Plan into operation.

Rains since the date that the executive order was issued have not been
sufficient to maintain the water level in the Forest River at a sufficient
level to assure Minto of a reliable water supply.

Tables 2 through 7 show daily mean river flows at eight gaging stations
within the Red River Basin. Two of these stations are on the Park River
(one near Union and one at Grafton). Two are on the Red River (one at
Grand Forks and one at Drayton). One of the stations is on the Forest
River at Minto. The remainder of the stations monitor rivers within the
general area. The size of the drainage area of the Red River makes it
meaningless to directly compare flow on the Red River to precipitation in
the immediate area of Grand Forks. The precipitation within the area does
give a good indication of the runoff and surface water supply of the sur-
rounding area. The following tables of data give a representative
pictufe of. the corre]ation between precipitation and flow. Thére are
many instances where next to no rainfall shows next to no flow. There-
%ore the lack of surface water within the area can be attributed to the
lack of péécipitation.

It is obvious that a water supply taken from these surface watérs

will definitely be drought affected. The only river in the area that would

have sufficient flow in periods of severe drought would be the Red River.
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The minimum flow for the drought year 1977 is 127 cfs, which is plenty
for a small municipal water supply. All flow data contained in this
report was obtained from official records published by the U. S.

Geological Survey.
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TABLE 2
19651 WATER YFAR

ation Driigige Daily Mean Fiow (cfs except as noted) . o Yr.

Sq. mi. Oct Nov Dec Jan Feb Mar Apr May June |July l Aug Sept |Max. | Min.
< River, _ i ' | A |
and Forks | 30,100 2,720 ! 1,990 2,040 |1,930 |1,820 2,270 14,400 B,190 4,090 2,250 11,110 1,430 123,609 950
“orest River . I ] T { l
3 Minto 740 8.41 9.24 | 4.6 |3.6 4.5 31.2 199 | 27.4| 15.5 6.483 9.32 | 8.42 | 900, 3

5 = | .

uth Branch i N s | l l | -
rer below 226 1.37 | 2.86 | 1.86 1.6 1.6 .« 8.131 93.7 ‘9.76 | 3.2 | 0.96 1.0 | 3.2 |-900 [ 0.4
=me Dam _ i - f ! 1 : !
.ddle Branch | | i l i i l | | }
vk Riv.Unicn  15.3 | -- -~ - -- i e B i e P ‘ il 3 el W
.rt Creek, P . . L . ] . _ . | . __ L l .
xntain 16'9 Py I lp ‘ i' | !
e | 5 ] ' i 1 i
srk River, 695 2.18 1.6 2.11 1ed 0.57  12.1 | 33 133 .8 | 6.43 [ 0.71 | 2,98 | L1.3 1,640 0
~afton | - ’l : | ! . |

=y : [ l I | -

:d River, |3, 800 2,950 | 1,990 |2,010 |14,970 |1,830 ;2,280 [17,200 i9,ozo L, moi 2,440 1,250 |7 ,710 2u,6oq 1,01C
rayton | | i ! i . ! ’

. N i | I i I i I ; I i | ; | ]
:mbina i a | | | | | ' i 120 © 67.3 | L8.6 12,000 2
“ver, Neche| 3,410 152 87.8 | 37.4 | 31.5 | 25.0 38 | 8L5 | 513 | 266 | 120 67.3 | Ly i 0 3
| |- i i | | 1 | i | o s |
gy ' | ! ; : ‘ 9+ 1.91) 1.24! O, 0.8‘ 260 0.l
Cver, Akra 142 3.5L | 2.81 | 2074 1.25'i 1.0 I L.57 | L6.8 ! 5.9 b 913 h! 5L 5 | .

Precipitation (Inches) ! Yearly

zation | Oct } Nov | Dec Jan ‘ Feb Mar ! Apr May June July [ Aug Sept ! Total
'ind Forks | | ‘ ] 3 |
g 0.47 0.48 |. 0.u8! 0.59 | 0.58 10.70 0.68 :0.25 ' 2.25| 1.28 1.12 | 16.78
S \ l !
zafton 0.62 | 1.06 | 0.31! 0.63 ; 0.80 {0.69 | o.u1 {o.68 ! 1. 98| 1.3k ! L2 | 1.32 | 16.16

) : | | | i ' l |.
arikc River 0.38 | 0.43 | 0.27 0.32 L 0.31 | 0.20 | 0.52 Lo.12 0 2. 12‘ 1.62 | S. 32[ 1.2 | 12.81
=bina oo | ©0.48 | 0.23] 0.13 | 0.86 | 0.29 | 1.01;0.6k; 1.48| 1.22]| 5.93 1.67 | 1L.33 &




TABLE 3

1955 WATER YEAR

tation DriiZige :T Daily Mean Fléw (cfs except as noted) Y. l T
| Sq. mi. | Oct | Nov | Dec | Jan | Feb | Mar | Apr | May | June July | Aug | Sept [Max. | IM:
. - 4 l
Red River, - L | £
_Grand Forks | 30,100 6L0 700 680 720 670 680 | 5,600 1,710 ;2,2uo 12,150 j1,580 780 15,uo? 2
Forest River i I {
2 Minto 740 7.01 | 6.57 L4.00 1.31 0.51 0.03, 291 22.1 i 92.4 11.2: 2.85 1.69 :h,ZOﬁ 0
= ; L | | : ,
South Branch ; i I i [ i ﬁ
River below 226 5.9 3.46 | 2.0 2.0 | 2.45 | 8.58 | 159 1906 |° 18.6, 6.01 | 2.31 | 16.5 11,6000 ©
Homme Dam j . i 5 ! ! i ' l !
Middle Brmnc ‘ ! | r ‘ [ | | ‘ |
Park Riv.Union 15.3 - — - r—— adil | e o] =W - | - = == —- -
Cart Creek, ! | ' ’ i i l i { ; i
Mountain 16.9 | 0..45 0.4 0.1, | O 0 ‘ 5.89 { 21.3 |1.86 1! 1.52 { 0.28: O 0 1392 | ©
- | | l | ; | ' i
ark River, l \ I " | | |
Jerafton 695 .87 3.92 1.17 ‘ 0.2 | 0.2 | 0.8 | L5 iL6.L | 76.8 | 10.53 | 1.3 | 11.8 [2,100] C
Red River, ’ | 1 l i ‘i i i i -i
Drayton 34,800 | 660 730 680 | 720 | 650 | 660 |7,270 2,080 |3,020 ,2,270 11,680 | 860 118,000 Ly
| ' | ; | : .
Pembina - | | | | I ? ; ; | -
River, Neche| 3,410 104 76.5 | 28.0 \ 10.5 t 16.1 | 13.6 /1,511 | 854 | 579  30L . 109 57.0 {2,700} &
Tongue 5 : i i | ? | : | i ‘ | ! N
River, Akra | 162 5.54 L68( 1.92 | 1.23 | 1.60 | 1.61| 168 | 18.1; 22.5 : 3L.9 ; 2.01 ;, 1.95 i 700.0.
| Precipitation (inches) -Yearly
Station Oct Nov ! Dec Jan Feb ! Mar ! Apr | May ‘ June =Ju1y : Aug Sept Total
! | i i
Grand Fork ‘ |
mA 0.71 | 0.69 | 0.36 | 040 | 1.55 | 1.5 | 0.75 | 2.86 | 3.8, 430 | 1.89 | 0.99 | 19.79
Grafton 0.27 1.02 0.13 | 0.81 1.45 | 0.90 1.49 | 2.79 | 6.18 } 2.0 | 1.37 | 2.72 | " 21.53
i ' o ‘
Park River | 0.26 0.42 0.05 | 0.L40 0.29 0.77-{ 2.01 !-3.17 1 L.7L ! 2.58 | 1.59 3.2 19.52
Pembina . | 0.1 0.79 | 0.06 | 0.69 | 1.02 | 0.85| 1.53, 2.25| 1.3L| 6.72| 1.L5 | 5.26 | 21.87




TABLE

i 1963 WATER YEAR
F Station D?Zizzge = Daily Mean Flow (cfs except as notéd) ‘ Yr. ! ;
| Sq. mi. | - Oct Nov Dec Jan Feb Mar | Apr | May | June |July | Aug Sept |Max. |
: Red River, j f $
! Grand Forks | 30,100 {2,334 | 2,113 1,583 | 1,305 | 1,104 | 1,962 | 5,767 | 3,3b316,245 12,1459 11,114 |1 ;195 {10,700967
Forest River ] 22.7 | 26.5 3:73 0.80 ' 220 | O
@OM?nto 740 13.2 15.8 | 4.87 0.95 0.0 42.2 34.5 {18.9 T
South Branch 1 2 ‘ | ! ‘ %
* River below | 226 3.1 1 1.68 | 0.99 8.93| 9.85 6.371  5.4812.93; 47.1 ! 6 .97| 5.55) 1.83 | 209 | C.
Homme Dam ] | : | ; ; | ! | | |
~Middle BrancH | I | | ! i - | |
Park Riv.Jnidn 15.3 | -- i -- —- | - - il Bl BT T N -
Cart Creek, i ; J ' | r i E i
Mountain 16.9 0.60 [ 0.61 | 0.1} 0 O 257 174 [1.75 1 8.6L | 1.98 | o0.04! O 77 ‘
Park Rivef, , E j | i ! F E j '
L Grafton 695 0.25 | 0.48 | 0.08 | o0 0.24 | 30.371 25.7 i8.741 105 !417.2| 8 83! o 292
Red River, ‘ ' J } i ’ ‘
Drayton 34,800 12,379 | 2,114 | 1,602 | 1,313 1,120 { 1,743 | 6,430 3,511'6,511 [2,850 11,172 11,197 12,800 <
. i i ] i | | |
Pembina ! | | : | | | i | | i
Fdver, Neche| 3,410 | 62.2 | 31.5 ; 22.1 18.L | 1.67 {911 197 1192 | 268 | 172 | 127 L3 [ 864 0O
Tongus ] o | — T L o
River, Akra 162 9.L5  12.8 | 451 [ L.86 | 5.22 , 5.16 [ 1L 9.5 67.) [ 17-0 | 8.Lh ¥7,3, 200 | 0.
| Precipitation (Inches) Yearly
Station I Oct i Nov | Dec Jan [ Feb Mar | Apr f May ! June fJuly ‘ Aug ! Sept Total
drand TFork ' _ '
;Ain< TR 0.32 0.37 | 0.56 0.14 | 0.22 | 0.33 1.79 0.94] 1.88] 3.42 0.69 | 0.53 11.10
Grafton 0.61 0.7% | 0.48 | o.oh | 0.3 | 0.29 ! 1.8 | 2.00 5.06( 4.99 | 0.75| o0.L2 17.19
Park River 0.47 0.78 0.45 7y 0.51 0.33 1.27 f 1.91) L.52| 2.66 0.7 I 0.1 14.05
p— 0.3 | 0.76 | 0.36 [ 0.10 | o.by | 0.09 | 0.95 | 2.6, 3.99 | 4.79.] 0.59 | 0.57 | 15.62




TABLE
1969 WATER YEAR

Station Driizige . Daily Mean TIlow (cfs ‘except as noted) | Yr. e
Sq. mi. | Oct | Nov | Dec Jan Feb Mar Apr | May | June |July I Aug | Sept |Max. | I
Red River, ' l I l
Grand Forks | 30,100 | 1,465 ;1,657 {1,608 [1,L95 | 1,513 j2,111 28,690 112,070 1,518 ! 3,246 |1 503 1,432 53,hOOi1
Forest River : \ | I 1 '
@ Minto 740 8.91 10.9 5.61 0.82 i 0.4 0.46| 522 53.3 20.2 | 12.3 i 4L.70] 5.14 \; 330 0.
' T [ B _ §
South Branch ' l E ‘ 1
River below | R . | i ! Lo
Homme Dam 226 3.23 1 2.26 .95 11.5 | 13.1 | 13.0 | 355 | 16.uE 11.9 1 3.31 L.25 | 313 .2,&105 |
Middle BrancH |
Pazi giv;UniCn 15.3| 0.06 } 0.04L / O 0 0 0 ‘ 23.1 o.1ul 0.16 | 0.05| o 0.01 | 170
gart C?eek, : { i | ! _ { ‘ ! )
fountain 16.9 0.50 0.47 ! 0.0L 0 0 o | 36.6 | 1.90| 1.00 | 0.41 0.03 0 300 C
.ﬁPark River, I l 1 E i _ l
' Grafton 695 0.16 | 0.08 | 0.12 0.08 | 2.28 | 8.02; .85 | 30.6| 1L.5! 7.12]0.L2 2.25 iL,890
Red River, \ i i i i J' | 1 ' i
Drayton 3,800 | 1,600 | 1,865 | 1,660 | 1,525 | 1,576 | 2,153, 27,480 ‘18 1,30 5,060 . 3,548 - 1,666 [1,471 56,600 15"
Pembina | i | i ‘ | | | i
River, Neche| 3,410 378 191 56.4 | 23.3 | 17.0 | 23.5 |3,1u6 {1,805} 622 | 36L | 183 | 121 | 6,9L0; 1<
Tongue | | | i
l I

' l I | -.

River, Akra 162 7.19 ] 9.02 | 9.03 2.34 EL2D I 6.34

Precipitation (Inches)

- - : Yearly
Station Oct ! Nov Dec Jan Feb f Mar Apr .| May June LJuly ! Aug E Sept Total
Grand Forks 7
FAA _ 0.46 0.18 | 0.66 | 1.88 | o.s4 | 0.15 | 0.96 | 2.09! L.69 | 1.L2{ 1.97 | 3.6 18.31
Camgli o 0.29 0.19 _% 0.13 | o.77 | 0.51 | 0.04 ! 0.62 | 0.80! 1.65 1.69! 0.57 | 1.93 9.19
Park River | o.2L 0.53 | 0.9, | 1.16 | 1.20 | 0.02 | 0.42 1.331 3.3 | 1.79] 0.32 | 1.88 13.17
Pembina 0.52 | T 103 | 1.13 | o.62 | 0.11 | 1.10 | 1.91] 3.07] 1.L8] 1.81 | 2.66 | 14.31



TABLE 6

1976 WATSZR YEAR

; Station DriiZige Daily Mean Flow (cfs except as noted) Yr. 1 <
[ 5q. mi. Oct Nov Dec Jan Feb Mar Apr .| May ‘ June | July l Aug Sept |Max. { by
' Red River, | L ‘ ;

. Grand Forks | 30,100 |2,345 | 2,315 | 1,772 |1,705 | 1,699 | 3,70L | 9,237 [2,515 1,556 {1,106 | 976 | 700 22,900] ©

\ Forest River ) ‘ ] j [ | { P

| @ Minto 740 1.1 9.54 | 3.75 3.60 | L.1h 108 i 388 3h.6i 17.5. 8.50 | 2.90 | 1.53 1450 0..

' ’ | \

-+ — i i T ]

~ South Branch | | i | 1 1 5 .

_ River below 206 2.05 7.76 | 1.8l 6.98 | 7.73 32.7 | 188 i 5,81f L6.3 | L.78 | 3.42 1 2.39 826 0
Homme Dam ! ‘ , | | ! . ,
Middle Branch ’ | | | '

Park Einﬁﬁicn 15.3 0.05 | 0.05 ! 0.03 | 0.01 o | 0.36! 13.3 | 0.11 L.33 | 0.02i O ! 0.01 ‘ 90
Cart Creek, [ | l i i

1 Mountain 16.9 | 0.10° | 0.12 0 0 0.12 | 0.52 1.0 | 0.77, 3.35 | 0.07] 0 | O 58

T - : 1 |

' Park River, i ! ! | | \ !
Grafton 695 0.08 7.36 | 6.97 5.17 ;.55 33.8 5L2 | 26.7 81.7| 3.69 | 0.40 | 0.38 {1,700, C

1 i | 1 ]

. Red River, i _ _ ] { : ! e = | !
Drayton 3,800 | 2,364 (2,573 1,724 1,630 {1,729 ; 3,298 113,300 3,016 1,914 11,359 1,163 | 713 LL,000; *

" Pembina | | | | | e

| River, Neche| .3,410 | LL.O | 28.2 [12.0 | 13.2 |[15.0 | 30.7 | 2,776 |1,L50 | 502 | 252 ¢ 85.2 | L1.2° IL,370)

' R ' ] | i 1 HL i |

, Tongue 162 1.46 0.56 | 0.70 | 3.99 | L.56 | L.73 | L2 5.45 | 30.8 ‘ 1.79 | 2.00 | T.62 | 312 | 0.

River, Akra . | [ | ‘ .
Precipitation (Inches) Yearly
Station Oct Nov Deo Jan Feb i Mar | Apr | May.| June |July | Aug | Sept Total

: : ! i r
R 1.8 | 0.91 |0.21 1.8 | 0.54 E 1.36 | 1.10 | 0.47| 3.08 | 1.87 ! 2.5 | 0.58 | 16.02
Grafton 1.0l 1.02 | 0.2} 1.08 | o.ey | 0.93 | 1.12 [o.27| 1.4 ; 0.13 | 2.97 | 0.57 11.95

T i F l '
Park River 1,01 0.,0 | 0.42 0.83 | 0.45 | 1.38 2.1 0.53 | 2.16 | 0.30 | 2.6L | 0.82 13.35
Pembina 0.88 0.21 | 0.55 0.80 | 0.48 | 0.86 | 1.21 | 0.56| 5.89 | 1.58 | 3.18 | 0.91 17.11




TABLE 7
1977 WATER YEAR

" Station Driizzge . Daily Mean Flow (cfs except as noted) {Yr. ¥
Sq. mi. Oct | Nov Dec - Jan Feb Mar Apr May ! June |July f Aug Sept |Max. | ¥
~ Red River, d ‘ |
! Crand Forks | 30,100 107 303 213 215 215" | L4 | 1,305 | 791 | 514 | 561 | 2L0  |N/a 0,110
- = ' i | |
Forest River i : !
@ Minto 740 1.39 | 2.19 0.49 0 0 l 11.0 | 32.9 18.1 11.0 | 8.27 | L.60 | N/A 57730 0
—;2322323_2‘3]? === — Jommonse l '''' T ;q'_ i i'm'_m T _&?' ‘4_'!.” T T
Horme Dem | 226 518 | 6.0 ! 5.70| '5.20 | 5.51 | 5.6l 0.6L | 0.73| 1.65 .54 1.62 | /A 10 |
Middle BrancH , ! _ ’ | | ; | ‘ |
Park Riv.Unidn 15.3 0.07 0.02 | © 0 0 | ©0.98! 1.24 | 1.59 0.07i 0.18 N/A | N/a [3.6° |
Cart Creek, : | ‘ ; i i I
Mountain 16.9 0 |0 0 0 0 0.87! 2.50 ; 1.8] 0.3 0.83 0 N/a  |8.2 ¢
, Park River, ’ ' . i E i '!
SGrafton 695 0.23 | 1.70 2.12 2.13 2.32 6.54 1 6.73 | L4.8% 1.60; 0.13 0.15 | N/A 113
Red River, : | | | j ‘ ‘
Drayton 34,800 376 | 260 ! 140 | 195 | 199 L2l {1,902 | 929 } 696 | 624, | 245 | N/A 3,250 11C
Pembina . _ | | | | | | | ; | ; |
River, Neche| 3,410 28.0 | 14.7 | 2.53 | 2.19 2.22 15.3 | 69.3 | 80.1! L8.9 208 5.67 ! N/A | 234 2
: . ! ; , : ! H
Tongue | | ! i - i i i J ’
River, Akra 162 1.22 ] 2.23 l 1.95 1.72 | 1.60 .1 7.09 | L.02 | L.25; 3.70; 7.8,| 1.8 ! w4 | 33 q
‘ Precipitation (Iﬁches) ) Yearly
Station Oct Nov Dec Jan Feb Mar [ Apr E May June ]July l Aug Sept Total
Grand Forks ' | I -
TAA 0.32 0.03 0.35 0.50 T.41 | 077 | 0.16 | 3.55| 1.57 | 3.01 N/A 8.63
Grafton 0.39 | T | 0.52| 0.50 | 0.58 | 1.8 | 0.41 | 6.00| 1.71 N/A 11.29
REEs R 0.05 T 0.66 | 0.43 | 0.60 | 1.30 | 0.28 | L4.07| 3.08 /A 10.47
Pembina 0.31 | 1 | 0.62| 0.33 | 0.43] 1.36 0.11 | 5.711 2.99 | N7A 11.86

—————
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TABLE 8

MEAYN MAXTMUM/MINIMOM FLOW COMPARISONS (CFS)

B s 1951 1955 1963 1969 | 1976 | 197"
Max Min Max Min Max Min Max Min 1 Max Min Max :
Red River, Grand : 't
Forks 23,600 950 ! 19,100 362 10,700 967 ! 53,100 1,060 | 22,900 513 2,110_ 1127
Forest-Rivef e= —» ' |
@ Minto 900 3.0 L,200 0.0 | 220 0.0 3330 0.25 ; 1450 0.20 | 77 0
\ | | L |
Middle Branch Park ‘ i ' '
River, Union - - - - - - 170 0 _ 90 0 3.6 y
Cart Creek, Mountain . & - . 392 0 77 0 300 0 58 0 50 5
Park River, Grafton | °y ¢ q 0 2,100 0 292 0 1,890 0 1,700 ! 0.2 13 .0
Red River, Drayton 21,600 1,010 18,000 | L90O 12,800 | 990 56,600 I 1,070 41,000 1,010 3,250 ] fr
. . = | '
Pembina River, Nechei , ngg 2.3 2,700 | 8 86l | 0.1 | 6,940 12 | L,370 .| 1 23h  nlg
R s 260 .| 0.l 700 | 0.7 200| 0.1 £03 0.25 312 0.02 35 |
WATER YEAR PRECIPITATION (INCHES)
_,' N - Fa
Station 1957 1955 I 1963 1969 1976 ‘ IS
| ' oo
Grand Forks 16.78 19,79 11,10 18. 31 16,08 | 8.63
e en 16.16 21.53 17.19 9.19 11.95 | . 11.29
s SRET 12.81 19.52 11,.08 ' 13.17 13.38 10.L7
Pembina

14L.33 21.87 15.62 1l 31 17.11 11.86

% 9 Months



Earlier, it was stated that Governor Link had declared North Dakota
a drought disaster area. Further evidence of this is shown by the Palmer
Index as published by the U. S. Department of Commercel‘National Oceanic
and Atmospheric Administration, National Weather Service. Figure 1 shows
the entire State of North.Dakota to be in a drought condition, with the
Forest River Basin to be in a condition of extreme drought. Appendix A
contains a description of the Palmer Index and how it is determined and
interpreted. In any case, it certainly substantiates Minto's asser-
tations that their water supply problem is drought related.

Raising the-level of the dam would result in the impoundment of more
water.but it would not insure an adequate water supply during periods of
severe drought. There are two sources that could provide-sufficient water
for the Cityvof Minto during periods of drought. One source is the Ford-
ville Aquifer. ' The other source is the Red River. These
two alternatives will be addressed in the following chapter.

This chapter has clearly pointed out that Minto's water supply is
highly drought affected. It has also established the fact that the area
is undergoing a severe drought. |t has been shown that Minto could
possibly be without a raw water supply next summer. This would pose
major threats to the health and safety of the citizens of the City.

Based on this data, it is imperative that the City immediately seek

solutions to the water supply problem.

_2]_
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CHAPTER 1V

SOLUTION TO PROBLEM

In the past a number of solutions to Minto's water supply problems have
been proposed. The most comprehensive study of the problem was conducted by
the North Dakota State Water Commission in June of 1975. The study is a
feasibility report for flood control and related purposes for the Forest River
Basin. Appendix.B contains. excerpts from that report which pertain to the Minto
water supply project. The three most economical alternatives include annexation
with the city of-Grafton, wells in the Fordville aquifer and the building of a
new dam on the Forgst River. It has been shown that the building of a new dam
would not be a viable alternative because it would not be a reliable supply
during periods of drought. The alternative that would obtain water from the
Fordville aquifer would involve approximately 21 miles of pipeline in addition
to treatment and pumping costs. |t would be more economical to purchase water
from Grafton because it would involve only nine miles of pipe, they would not
have to build a treatment facility, and there would be much less operation and
maintenance expense to the city of Minto. Therefore, the most viable alternative
is to purchase water from Grafton.

The city of Grafton has been awarded a grant and a loan under the drought
emergency fund to build a water supply line to the Red River and expand their
treatment facility. For details of the project, refer té the Engineering Report
for Drought-Related Problems, Graftdn, North Dakota, 1977, as prepared by
= Richmond Engineering, Inc. of Grand'Forks, North Dakoté. In this report, there
is detailed information showing that the Red River will be a reliable source for

a municipal water supply even during periods of Tow flow.

-23-



The city of Minto would be buying treated water from Grafton at a rate
established by negotiation between the two entities. Grafton has indicated
that they will be willing to supply Minto with whatever water they may need.

The city of Grafton has an elevated storage tank 160 feet above ground. With
an estimated positive static head of\]O feet for a total head of i70 feet and
assuming an estimated head loss of 130 feet the elevated ‘tower could supply
Minto with no additional pumping required. The city of Minto currently Has

a 20,000 gallon on;ground storage reservoir and a 50,000 gallon elevated
storage tank. In order to ensure that the city will have sufficient storage
to serve the «city for one day, an additional storage tank withla capacity of
50,000 gallons will be included in the project. This additional storagé would
allow Grafton to supply Minto with water during Grafton low-peak periods.

The proposed pipeline will be a 6 inch PVC pipe with a length of approximately
nine miles. See Figure 5 for the location of the proposed alignment of the
pibe]ine. This report is only intended as a preliminary guideline to the design
of the proposed system. The following Chapter contains an itemization of the

2

estimated project cost.

_24_
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CHAPTER V

ESTIMATED PROJECT COST

A list of the project components and their respective costs are contained
in the following page. This is a preliminary cost estimate.* A more refined

estimate will be obtained as the project progresses.

_26_



PREL IMINARY
COST ESTIMATE
WATER SUPPLY SYSTEM

MINTO, NORTH DAKOTA

" Estimated Unit
I tem Quantity Unit Price Amount
Metering and Controls
@ Grafton Storage Tank ‘ 1 L.S. ‘ $ 6,000.00
Pipeline - ' 50,000 L.F. $3.50 175,000.00
Storage Tank and Appurtenances 1 L.S. L5 .000.00
System Controls 1 L.S. 5,000.00
Estimated Construction Cost $231,000.00
Legal and Administrative 5,800.00
Engineering : ' 18,500.00
Construction Inspection ' - 16,200.00
Contingencies : 20,800.00
Anterest During Construction 2,900.00
Estimated Total Project Cost $295,200.00

_27_



APPENDI XES



US.DEPHHTMENT(H3COMNERCE
National Occanic and Atmospheric Administration

NATIONAL \WWEATHER SERVICE
S'ver Spring. Md 20910

Date : June 28, 1974 " Reply to Attn. of: Wl1llxl

To . Rééipients of Tec@nical Procedures Bulletin Series
) Ly

Duane $S. Coo ey _
From ; Chief, Technical Procedures Branch

Weather Analysis and Prediction Divisfion, NWS

sUQeﬂf ?ecﬁnical Procedures Bulletin No. 117: REVISED DROUGHT/WETNESS CHART
 (PALMER INDEX) ‘

This bulletin was prepared by Mr. Alexander Sadowski from information
provided by Mr. Lyle M. Denny, Agricultural Weather Support Service Program
:of: the National Weather Service. It revises slightly the previous bulletin.

This bu{letiﬁ supersedes bulletins Nos. 74 and 87 which should be destroyed.

4&ft;ﬂ7

REVISED DROUGHT/WETNESS CHART (PAﬂﬁER INDEX)

e d

1. INTRODUCTION

A-general drought/wetness index, properly interpreted, can be very useful

" for agricultural purposes. One such index which measures the degree to’
which the weather has been abnormally dry or wet {s the procedure developed
by Palwer (1). The Palmer Index is universal in that persistently normal
temperature and precipitation produce an index near zero in all seasons
in all- 'climates. The extended period of greatest abnormal dryness of long
record -produces an index around - » rTegardless of the degree of aridity
or wetness of the climatic averages of the region being studied; similarly,
extremk wet periods produced an index of +4 to +6.

2. DERIVATION OF THE PALMER INDEX

The method requires a climatological analysis of a lot g record in order
to derive five constants which define certain moisture characteristics

of the climate of the area of interest. There(ore, the first thing
required is a month by month water balance accounting for a long record,
““such as 30 years or more. Palmer used a Z-laver soil mcdel and the

" Thornthwaite method of compdﬁing potential cvapolranspiration; however
other methods could be substituted. Potential values are also derived
for runoff, moisture recharge and moisture loss.,

3
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Next, the results of the water balance acconnting must be summarized

50 as to produce the five constants for each of the 12 calendar months.
One constant, alpha, is the coefficient of evapotranspiration, the ratio
of the computed mean monthly evapotranspiration (ET) to the mean wonthly
potential evapotranspiration (PEJ. This ratio is near 1.0 in humid
climates, but approaches zero in very arid regions. Another Cconstant,
beta, the coefficient of recharge, is the ratio of the mean monthly
moisture:gain (R) to the mean maximum possible gain (PR). The coeffi-
cient of loss, delta, is the ratio of méan moisture loss (L) to mean 'l
potential loss (PL), where potential loss is the amount of evapotrans-
"piration that would have occurred if no precipitation had fallen during
the month. The coefficient of runoff, gamma, 1is the ratio of computed
mean runoff (RO) to mean potential runoff (PRO).* An additional constant,
K, is an,emﬁirically derived weighting factor which depends on a number

of measures of the moisture supply-and~demand characteristics of the
climate in question. : X3

Having developed these coefficients, it is possible to compute the

amount of precipitation (P) that should have dccurred during a particular
month to sustain the evapotranspiration, runoff and moisture storage that
could bé considered as "normal" and appropriate for the climate, having
taken account -of antecedent moisture conditions. The equation is

. P =aPE+ 8 PR+ y PRO - & PL (1)

where the .potential-values are those that apply to the particular time
in'question. '

This computed ‘precipitation is, in fact, an adjusted normal precipitation,
..the adjustment being depeqdent on the antecedent weather as reflected by
the computed moisture storage, and on the anomaly of the potential evapo-
transpiration during -the month in question., Over the long term the mean
of the computed precipitation is equal to the mean of the actual precipi-
tatfon. But, for a particular month-the actual precipitation minus the
computed precipitation provides a measure (d) of the degree to which the
month was abnormally wet or abnormally dry. When multiplied by the
weighting fdctor K, the moisture anomaly index.

2= kd = ' (2)

provides a measure which is comparable in space and time,

Inasmuch as a succession of months, most of which were abnormally dry,
produces a drought of gradually increasing severity, the final drought
index: (X) depends on the sequence of Z values. These were combined by
the empirical equation

w e Xo = .897'3p +~Zc/3'0 _ (3)

-

[od

wvhere the -subscript c refers to the.current month in question and p
refers to.the previous month.

* Palmer used PRO = Avail. Wateér Capacity k) PR, but indicated PRO could
" be defined as 3P - PR, where P = normal monthly precipitation.

. = . _29_



APPENDIX A ) 3

Results from the analysis of a long record provide a series of monthly
index values which, in gereral, range from around + 6 to - 6. fhe

positive values provide realistic measures of the degree of unusualn?ss

of extended periods of abnormally wet weather. The completed analysis
breaks the meteorological record into separate periods of either ?bnormal
drought, near ncormal, or abnormal wetness. The following table lists the
descriptive terms which have been assigned to describe the character ?f '
the weathier represented by various intervals of the index. The descriptive
terms refer to departures from the normal moisture climate of the area for

an exteﬁded period of past weather.

INDEX """ CHARACTER OF RECENT WEATHER

4.00 or more ‘ _ Extremely wet
~3.00 to 3.99 B Severely wet
- 2.00 to 2.99 o Moderately_wet

1.00 to 1.99 ——... \

.50 to .99

.49 to -,49 - Near normmal
-.50 to -.99 o ]

"<1.00 t0-1.99 ———"

-2.00 to-2.99 Moderate drought
~3.00 to-3.99 Severe drought
-4.00 or less - Extreme drought

3. OPERATI1ONAL PROCEDURE

This .procedure has been widely used in the United States and in some other
areds of the world. Results are reported as being realistic in all areas.
The ‘procedure is hathematically simple, but it is involved and tedious.
When done by hand, it is slow and time consuming, but where computers are
available, results can be attained quickly and rather inexpensively. The
method -1s better suited for climatological analysis than for operational
use. However, during periods when a major moisture anbmaly is developing
“and spreading, ‘it affords a useful means for routinely assessing the areal
distribution of ‘the various degrees of drought or moisture. 1In the

United States this is done on a'wcékly basis .during critical situations.
0f course, some of the original constants and cquations are modified in
order to treat weekly rathet than monthly data.

These weekly computations are made by electronic computer at the National
Climatic Center (NCC) at Asheville.: The computations are based on
weekly. temperature and rainfall observations over all 344 climatological
divisions in the conterminous United States. Most states have 7 to 10

_30..
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FTRIR R T

e observations are used to estimate the
the rainfall measurements
This "water balance

7 divisions. The temperatur
e was evaporatcd,-and

hment of the moisture supply.
provides estimates of the amount of water

1 division.

o at which moistur
icate the replenis
ounting,'" done weekly,
ored" in each climatologica

-and-demand figures, we ‘compute the
and PL, which when introduced in equation (1)

14 have occurred over cach divi-
and moisture storage

he climate and

the basis of these moisture supply

~ameters, PE, PR, PRO,
»1d the amount of rainfall (P) that shou
on each week to sustain the evaporation, runoff,
ich could be considered as "normal' and appropriate for t
ather of each area. Solutions of eqs- (2) and (3) then give the drought

ud ex (X) .

DEPICTION

e Palmer Index Chart will be transmitted generally late Tuesday at 23552
1 NAMFAX in slot A201N and early Wednesday Aat 01152 on NAFAX in slot N6
uring critically dry or wet situations. The chart is transmitted during
pril,through”September.' The conditions depicted on the. chart are repre-
entative oflthg wgek ending the previous Saturday - & .‘

n the chart according to the descriptive terms in
will also be included in a
and mild wetness
pling of dry
A narrative

\reas will be"depicted 0
the table on page 3. These descriptive terms
legend on the chart. Mild drought (-1.00 to -1.99)
(+1.00 to +1.99) will be optionally depicted. pDifferent stip

and wet areas will be optional as preparation time permits.
will be on the ¢hart giving the relevant highlights of the week. An example

of a chart is shown on page 5.

5. iNTERPRETATION‘
k after week with

en area wee
ative, indicating

When abnormally ary weather continues ‘in a giv
only minor interruptions, the Palmer Index (X) becomes neg
drought conditions. 1f the abnormally dry weather continue
uﬁlnterrupted for a long time, the drought becomes progressively worse, and
severity goes from "mild" to ﬂmoderate," through ngevere' and finally to

" " .
extreme. . .f

s more oOr less

From time to t ught or wetness of similar severity occurring
in. two regions.which have very dissimilar climates =~ Hew Jersey as opposed
to” eastern. Oregom, for instance. In effect, the climates 0 both areas will
have been temporarily more arid or moist than usual. Fach nrea;'}n its own
way, becomes disrupted by the unusual dryness or wetness. For example,
extreme drought in New Jersey might woll lead to reports of low water tables,
deficient strenm[low,'depletcd recervoirs and, new and then, serious short-
ages of soil moisture. On the other hand, one could expect extreme drought

in easterd.Oregon to produce complaints of dry ranges, critical fire danger,
and a shortage of water for jrrigation and livestock. The opposite of these
conditions would be evident in the case of extreme wetness. Thus, the many
and varied effects of a prolonged period of abnormally dry or wet weather
depend on the climatic averages and the established activities in the affected

areas. :
. B|=

ime one finds dro



APPENDLX A 2

ore recently, the wet anomaly of the Palmer Index is beirg used to. .
haracterize areas of excessive rainfall. It should be noted that inasmuch
s the index values indicate departures from the normal moisture climate, a
igh positive value dues not necessarily indicate muddy surface soils. The
esulting maps are, of necessity, gecneralized. Local differences caused by
he occurrence or absence of heavy showers cannot be determifed or shown on
uch maps. Similarly, within a general drought area, those localities which
ave received a few showers have a slightly less serious drought situation
han shown on the map. At the same time, .the driest localities in the area
ave a somewhat greater drought severity than. the maps indicate. The important
nformation, both meteorologically and economicallv, is the overall picture

f extensive areas subjected to unusually dry or wet weather.

. "HISTORICALIDROUGHT/WETNESS SEVERITY -DATA

1¢ Palmer Index has been computed for ‘each month from January 1931 (January
729 in the northeastern U.S.) to date for each of the 344 climatological
ivisions of the U.S. and 6 divisions'in Puerto Rico. The final index values
>r each month for each division are on magnetic tape at NCC in Asheville.
ita for about 12 states have been published and are being prepared for
iblication in a number of others. ) '

1 addition, .the monthly records from some 50 individual stations have been
1alyzed. ' Many of ‘these start around 1900 or earlier, but féw are more
irrent than about 1967. 1In. response to special requests NCC has also carried
1t many years of weekly analvses for the March-October period at a number

" stations, as-well as the preliminary weekly analysis by climatological
visions which has been done since 1966. t

REFERENCE- -

Palmer, W.C., "Metecrological Driught, "U.S. Weather Bureau Rescarch
search Paper No. 45, .1965, 58 pp. (Limited supply is available at -the
;riculturak Weather Support Service Program, W115x3.) '
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APPENDIX B | ]

ALTERNATIVE WATER SUPPLY FOR THE CITY OF MINTO

Municipal Water Supply

Six alternatives were investigated for supplying‘water to the city of

Minto; two using water directly from the Forest River, two using ground-water

supply and two uSing water from the Red River. ATl water system alternatives

were based on population estimated at 750 by 2020, and an average daily con-

sumption of 100,000 gal/day. The present average daily consumption is 55,000

gal/day and a peak demand of 80,000 gal/day. The present water ﬁlanf and dis-

tribution system has a rated capacity of 150 gpm (216,000 gpd) with a storage

capacity of 70,000 gallions. The treatment plant is in good condition and is
presently treating for hardness and biological agent.

Presently the city of Minto has a two inch feeder line to the existing

Walsh County Rural Water District line, one mile north of the city. The pipe-

existing or projected needs of Minto.
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Alternative 1: Main Stream Forest River at Minto

The city of Minto currently receives its municipal water supply from the
main stream of the Forest River.. The water is stored within the channel of the
Forest River by a lowhead channel dam. - The existing dam is in a state of tem-
porary repair and construction of a new dam has been proposed.

A new dam could be constructed at one of three sites: (1) the existing dam
site; (2) 100 feet upstream from the existing site, and (3) 2,200 feet downstream

from the existing site, Figure C-5. The capacity of these impoundments at con-

trol elevation 808.0 are:

The existing site L8 acre-feet
The upstréém site 47 acre-feet
The downstream site 68 acre-feet

The dam would be a low-head reinforced concrete channel dam designed with
a capacity sufficient to handle the bank full fl1dod stage without creating any
backwater effect.

Upgrading of a dam on the Forest River would require construction of new
intake facilities for municipal water supply. Estimated costs for a dam and
related facilities are $406,000 with annual operation and maintenance costs

totaling $1200.

Altérnative 2: Fordville Aquifer

As previously mentioned, the Fordville aﬁuifer is 21 miles west of Minto
and is the largest and most productiVe glacial-drift aquifer ia Walsh County,
Figure C-6. Ground-water withdrawals from the Fordville aquifer are by wells.

A well field consisting of 10 wells, each capable of producing 144,000 gpd, has

been installed ‘in the northern part of the aquifer by the U. S. Army for the
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APPENDIX B

purpose of supplying water to military installations. The city of Fordville,
near the south end of the aquifer, pumps about 30,000 gpd. . The total well
pumpage for all purposes including farm use ﬁrobably:is small compared to the

quantities that are being discharged naturally,

500 gpm are obtainable from the. northeastern part of the Fordville aquifer,
Based on an area] extent of 33 square miles, an average saturated thickness of
20 feet apd a storage coefficient of 0.15, about 63,000 acre-feet of.water is
" in storage.

Water from the Fordville aquifer ijs a calcium sodium bica}bonate type of
relatively good quality. Dissolved solids range from 315 mg/1 to 595 mg/1.

Based on studjes by the North Dakota State Water Commission additional

development of the Fordville aquifer for the Minto city water supply is feasible.

The system serving Minto would have .two pkoduction\wells located in the north-
eastern portion of the aquifer with a rated capacity of 75 gpm for each well.
Pumping and control facilities wéuld be constructed at the Fordville site.
Twenty one miles of four inch plastic pipe would be required to connect the
well field to the city of Minto. Roadway right-of-way would undoubtedly have
to be purchased for pipeline construction. The éstimated cost for this plan
is $211,000 with operating and maintenance averaging $2,700 Per year. Project

location is shown on Figure C-6.

Alternative 3: Red River Direct to Minto

This alternative involves the &iversion of water from the Red River of
the No;th twelve miles €ast to Minto. A lowhead dam would be constructed on
the Red River to provide a pumping pool. A Pumping station with a rated ca-

pacity of 150 gpm (two 75 gpm pumps) would be constructed adjacent to the
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river and within the pumping pool. In addition, two pumps would be installed

to increase the reliapility of the system and a telemetering system installed

to provide for constant monitoring at the city'water works. A four inch plas-
tic line running east from the pumping statiop; parallel td:existing roadways,
would connect the pump site to Minto's existing treatment plant, Figure C-7.

The water quality in the Re& and Forest Rivers is basically the same; the}efore,
the present treatment system should be adequate to treat water from the Red
River. The estimated costs for this alternative -are $566,000 with annual op-

erating and maintenance costs averaging $3700.

Alternative Q: City of Grafton

At the present time the city of Grafton is considering installing a water
supply system from the Red River. The proposed ‘plan would involve construction
of a check dam on the Red River to serve as a pumping forebay, pumplng’facilities
and a 20-inch, 14 mile pipeline to deliver water to the water treatment plant
at Grafton. The system would provide Grafton with an assured supply of 1.6
million gallons per day. The estimated cost of this system is $3,100,000 plus
an additional $500,000 to upgrade the water treatment plant.
- Construction of this diversion system may allow the city of Minto to pur-
chase treated water from Gfafton. Minto would have to construct a pipeline
from Grafton to the existing distribution system. A four inch line could par-
allel existing roadways between Grafton and Minto, as shown in Figure c-8
The estimated costs for the pipeline are $73,000 with average annual operation
and maintenenace cosfs of $500. The estimated average monthly cost for treated
water delivered to the city of Minto is $1200 at a rate of 100,000 gpd. This

does not include any charges for the water which Grafton may choose to apply.
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A]ternativeJSE Desalination of Ground Water

The Dakota Formation which underlies the Minto area is a possible water
supply source; however, the water from this aquifer is highly saline, a T.D.S.
of 4,000 mg/1, and would require desalination. The reverse osmosis process was
used to estimate the cost of this ajternative.

The salt brine from the desalting. process could be disposed of by expand-

ing the current sewage lagoon system. The estimated costs for this project are

$550,000 with annual operating and maintenance costs averaging $46,000.

Alternative 6: Upstream Reservoir

The Soil Conservation Service has constructed six reservoirs and plans to
construct one additional reservoir in the upper reaches of the Forest River.
0f these seven reservoirs, only three have sufficient storage to meet Minto's
requirements of 111 acre-feet per year. Whitman Dém,‘hl miles southwest and
Matejcek Dam, 31 miles southwest of Minto, have syfficient storage to meet
Minto's present and future needs.

Dam No. 4 located on the Middle-South Branch of the Forest River in the
SEL Section 6 and the NEZ Section 7, Township 154 North, Range 55 West, in
Grand Forks County, is scheduled for construction in 1976. The structure }s
primarily flood control and recreation. However, the dam could provide muni-
cipal water supply to the city of Minto. A pumping station would be located
along the reservoir above the maximum pool elevation. A plastic pipeline
would connect the pumping plant at the dam site to Minto's existing treat-
ment. plant. The line woulé méke use of existing road rights-of-way whereygr
possible. The estimated cost for this alternative is $320,000 with average

annual ‘operation and maintenance costs of $5000.
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Summary of Water Supply Alternatives for the City of Minto

As previously stated, the city of Minto receives its ﬁunicipal water
supply from the impoundment of water by a lowhead channel damibn the Forest
Rive}. This dam is in poor condition and in danger of failiag. Also, ground-
water sources at Minto are not considered adequate for domestic use. Therefore,
based on the existing water gupply problems at Minto and the projected water.
supply demands, development of a new source for water supply is needed. Of
the water supply alternatives identified and evaluated the Fordville Aquifer,
and the city of Grafton are the most economical sources and both have very
little effect on the natu}a] environment. However, the costs and charges
identified for the city of Grafton alternative do not include any charges
for the water which Grafton may choose to apply.

Considering all water resource planning objectives, either the pipe-
line from Grafton or a pipeline from the Fordville Aquifer would provide the

best single-purpose water supply alternatives.

COORDINATION

The study findings and the conclusions that further investigation by the
Corps of Engineers was not warranted at this time were presented. and discussed
at a public meeting in Minto, North Dakota, on 7 May 1975. The general
conclusions reached at this public meeting were that (a) action should be taken
to adopt and enforce a sound floodplain regulation and flood insurance program,
(b) local interests should continue to work through the North Dakota State

Water Commission to obtain an assured water supply.

Coes
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