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GSOUHD-WATER RESOURCES OF THE LOWER YELLOWSTOHE RIVER VALLEY 
BETWEEN MIXES CITY AHD GLEHDIVE, MOHT.

By Alfred B. Torrey and Frank Ac Swenson

WITH A SECTION ON THE CHEMICAL QUALITY OF THE WATER 

By Herbert A« Swenson

ABSTRACT

The geology and ground-water resources of the lower Yellowstone River 
valley between Miles City and Glendive, Mont., were studied during the sum­ 
mer of 19^80 The purpose of the study was to collect data on ground water 
and to relate its occurrence to present and proposed irrigation in the area. 
With such data, one may better predict the effects of the proposed applica­ 
tion of irrigation water to additional lands in the area.

Most of the area covered by this report consists of flat to gently 
sloping terraces that border the Yellowstone River on both sides. At the 
present time extensive areas on the lower terraces are irrigated and much 
of the remaining surface of these lower terraces is proposed for irrigation. 
The exposed bedrock consists of shale and sandstone beds of the Fort Union 
formation, except at the eastern end of the area where the Hell Creek for­ 
mation, Fox Hills sandstone,- and Pierre shale are exposed on the Cedar Creek
anticline.

i

The chief bedrock aquifers in this area are the Fort Union and Hell 
Creek formations and the Fox Hills sandstone. The terrace deposits and the 
alluvium are sources of shallow water supplies. In topographically favorable 
locations west of the Cedar Creek anticline wells ranging in depth from 200 
to 600 feet obtain flowing water from the sandstone beds of the bedrock 
formations.

Ground water in the part of the lower Yellowstone River valley con­ 
sidered in this report is variable in both concentration and chemical com­ 
position. The sodium bicarbonate character of the deep, soft waters from 
the undifferentiated Hell Creek and Fort Union formations is significant and 
suggests a base-exchange reaction. Other ground waters show increasing 
amounts of sulfate with increase in dissolved solids. Most of the waters
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are satisfactory for drinking but are unsuitable for irrigation "because of 
high percent sodium or high mineral content.

Because of the high water table, serious problems exist on some of the 
lands now under irrigation. Waterlogging is especially prevalent on the 
lands in the First Division of the Buffalo Rapids Project. Detailed ground- 
water investigations designed to determine the most feasible methods of 
reclaiming the waterlogged lands and of forestalling further occurrence of 
this condition were started by the United States Geological Survey and the 
United States Bureau of Reclamation in the spring of 1950. Because drainage 
problems are to be expected in the areas proposed for irrigation, detailed 
ground-water investigations should be made before construction of irrigation 
facilities is begun.

INTRODUCTION

LOCATION AND EXTENT OF ARIA

This report describes the geology and ground-water conditions of an 
area that lies along the Yellowstone River valley between Miles City and 
Glendlve in eastern Montana. (See fig. 1.) The area covered is about ^00 
square miles in extent, approximately 80 miles long, and k to 8 miles wide. 
Of major interest in this study was the occurrence of ground water in the 
lower stream terraces and in the alluvial bottom lands, both of which are 
now irrigated or proposed for irrigation.

SCOPE AND PURPOSE OF INVESTIGATION

The investigation upon which this report is based is one of several 
being undertaken as part of the program of the Interior Department for 
development of the Missouri River basin. The study was of a general recon­ 
naissance nature, because the necessity of covering a large area in a short 
time precluded obtaining many detailed data that might otherwise be included 
in a ground-water study. The purpose of the investigation was to obtain a 
general over-all picture of the conditions to show whether more detailed and 
comprehensive studies are needed. Owing to the fact that waterlogging has 
resulted from a high water table and has made the land unfit for cultivation, 
the need for detailed ground-water studies in some areas is indicated. Inas­ 
much as the waterlogging was caused by Irrigation without provision for
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adequate drainage, it is likely that similar conditions may develop in 
other areas proposed for irrigation unless preventive measures are taken.

The field work was performed from June through November 19^8 and con­ 
sisted of a study of the geology of the area in relation to the occurrence 
of ground water. The geology was mapped on aerial photographs and trans­ 
ferred to a base map "by means of a Sketchmaster   The location and depth of 
wells, the depth to ground water below the land surf ace, the quantity and 
quality of water obtained from the various aquifers, the direction of 
ground-water movement, and the fluctuations of water levels in observation 
wells were determined in the course of the study. The altitudes of the 
wells and test holes were determined, and temporary bench marks to aid 
future leveling work were set at or near section corners.

The work was under the general supervision of A» No Sayre, Chief of 
the Ground Water Branch, Uo S. Geological Survey, and Go H» Taylor, regional 
engineer in charge of ground-water investigations in the Missouri River 
basino F O A. Swenson, district geologist, was in immediate charge of the 
field studies by A 0 Eo Torrey, and both collaborated in the preparation of 
this reporto The quality-of-water studies were under the general super­ 
vision of So Ko Love, Chief of the Quality of Water Branch, Uc S. Geological 
Survey, and under the immediate supervision of P» C 0 Benedict, regional 
engineer in charge of quality-of-water studies in the Missouri River basin. 
The chemical analyses of the water were made in the Lincoln, Nebr« labora­ 
tory by Ro Ho Langford, Mo B O Florin, Wo M. Barr, and F» He Rainwater 0 The 
instrumental leveling was done by Fo Eo Busch and Ro L. Morgan.

The regional geology of southeastern Montana has been discussed in 
numerous geologic reports, but the only previous detailed geologic work in 
the area was done by C, E. Erdmann and R 0 Mo Larsen and dealt with the Cedar 
Creek anticline a short distance west of Glendiveo Among the reports that 
have been most useful in the present study are the following;

Beekly, Ac Lo, 1912, The Culbertson lignite field, Valley County, 
Monte; U 0 S. Geol. Survey Bull, Vfl-d, pp 0 319-3580

Bowen, C. F., 1912, The Baker lignite field, Custer County, MbnteS 
Uc S. Geolo Survey Bull. Vfl-d, pp 0 202-226 

Calvert, W 0 R 0 , 1912, Geology of certain lignite fields in eastern 
Montana; Uo So Geolo Survey Bull. Vfl-d pp. 187-201o



Campbell, M. R., and others, 1£15, Guidebook of the western United 
States, Part A, The Horthern Pacific Route, with a side trip to Yellowstone 
Park: U* S. Geol 0 Survey Bull. 611, 218 pp.

Collier, A. J., and Smith, C. D., 1907, The Miles City coal field, Mont*: 
U. S. Geol. Survey Bull* 3^1-a, pp. 36-62.

Erdmann, C. E., and Larsen, R. M., 193^, Geologic and structure map of 
the Cedar Creek anticline, Dawson, Prairie, Wibaux, and Fallen Counties, 
Mont.s U. S. Geolo Survey.

Hance, J 0 H., 1912, The Glendive lignite field, Dawson County, Mont.s 
U. S. Geol. Survey Bull. Vfl-d, pp. 271-283.

Herald, F» A., 1912, The Terry lignite field, Custer County, Mont.; 
U. S. Geol. Survey Bull, Vfl-d, pp* 227-270.

Stebinger, E., 1912, The Sidney lignite field, Dawson County, Mont.. 
U. So Geolo Survey Bull. Vfl-d, pp s 28^-318.
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WELL-HOMBERIKG S"XSTEM

Wells are numbered in this report according to their location within 
the land subdivisions of the Bureau of Land Management survey of the area. 
The first numeral of a well number indicates the township, the second the 
range, and the third the section in which a well is located. The lower-case 
letters after the section number show the location of the well within the 
section. The first letter denotes the quarter section and the second the 
quarter-quarter section or 40-acre tract. The letters are assigned in a
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counterclockwise direction beginning in the northeast quarter of the section 
and of the quarter-quarter section. If 'more than one well is located in a 
if-0-acre tract, consecutive numbers beginning with one are added to distin­ 
guish the individual wells.

Figure 2 shows a graphical illustration of this method of well number­
ing.
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GEOGRAPHY

HISTORY

As far as is known, white men who first visited the area were members 
of an expedition sent by the Northwest Co. in 1804 to trade with the Sioux 
and Crow Indians. In the course of their travels these men, under the lead- 
ership of Francois Larocque, explored the valleys of the lower Yellowstone, 
Powder, and Tongue Rivers. Captain William Clark, co-leader of the Lewis 
and Clark Expedition, descended the Yellowstone River in 1806 with a small 
party as they returned eastward from the Pacific Ocean. Because Clark was 
scheduled to meet Lewis and his party who were returning by the Missouri 
River, the trip down the Yellowstone was rather hurried. The diaries of th« 
expedition ̂  provide interesting reading and several physiographic features 
described in them can be recognized by those familiar with the area. The 
party was delayed for several hours by a large buffalo herd that was cross­ 
ing the Yellowstone River at a chain of rapids, which they named Buffalo 
Rapids. Outcrops of coal and red clinker beds, which resulted from the 
natural burning of the underlying coal beds, were noted. Game of all kinds, 
including elk, bear, buffalo, deer, big horn sheep, beaver, and antelope 
were reported to be very numerous.

Jort Keogh was established in 1877 at the Junction of the Tongue and 
Yellowstone Rivers to protect the early settlers from the Indians. This 
fort was established the year after the Custer Massacre, which occurred on 
the Little Bighorn River about 100 miles southwest of Miles City. People 
settled close to the fort for protection, and in 1878 they established the 
town of Miles City, which was named in honor of General Nelson A. Miles. 
When the Indians no longer threatened danger, ranches were established 
farther from the fort, and the valleys of the Tongue and Yellowstone Rivers 
were settled. The Northern Pacific Railroad, building west from Minneapolis, 
reached Miles City in l88lj this ready transportation stimulated settlement 
of the region. About this time cattle herds, driven overland from Texas, 
began to arrive in large numbers in this part of Montana. Many ranches were 
established along the perennial streams e The cattle were pastured on the 
unfenced open range and soon increased greatly in numbers. However, in the 
very severe winter of 1886-87 about 60 percent of the cattle died from cold 
and lack of feed, and thus it became apparent that provision for winter feed 
was necessary. Large quantities of feed could be raised in the area only by 
irrigation. The first large-scale irrigation facilities in the area were

1 Original Journals of the Lewis and Clark expedition, 180^-1806, 
edited by Reuben Gold Thwaites, vole 5, pt. 2, pp 0 310-315, Dodd, Mead & Co., 
New York, 190^.

7



constructed by the Miles City Irrigation and Ditch Co., organized in 1886. 
Water taken from the Tongue River, by means of a diversion dam, was used to 
irrigate lands near the confluence of the Tongue and Yellowstone Rivers. 
Large herds, owned by several companies, continued to be pastured on the 
open range during the summer. After the passage of the enlarged Homestead 
Act in 1909 1 the lands owned by the Federal Government were divided into 
320-acre tracts; as a result, many farmers moved into the area and many acres 
of virgin prairie sod were broken.2 Since that time more and more land has 
been supplied with irrigation water, and additional lands are now proposed 
for irrigation.

CLIMATE

East-central Montana has a semiarid climate characterized by wide 
deviations from average precipitation and by a wide range in temperature. 
Weather stations have been maintained by the United States Weather Bureau 
since 1878 at Miles City and since 1890 at Glendive. Much of the following 
discussion is based on records obtained at these stations.

The average annual precipitation at Miles City is 13.18 inches for 72 
years of complete record since 1878. (See fig. 3«) The total annual pre­ 
cipitation has ranged from 5*51 inches (193*0 to 22.75 inches (1879). Rains 
are irregular in occurrence; several excessively dry months are sometimes 
followed by greater-than-average rainfall, a fact not indicated in annual 
rainfall totals. In 1879, the wettest year, for example, a total of 17.92 
inches of rain fell in the five months of April to August although precipi­ 
tation was below average for five of the other months in the same year. 
(See table 1, p. 10.) If the driest months between 1878 and 19^9 were to 
appear in any single year the total annual precipitation at Miles City would 
be only 0.57 inch; likewise, if the wettest months in this period were to 
appear in any single year, the total annual precipitation would be 45.19 
inches , (See fig. 3«)

The cumulative departure from average precipitation at Miles City is 
also shown in figure 3« In this graph a period of greater-than-average 
rainfall is indicated by a rising line and a period of below-average precipi­ 
tation by a declining line. Thus it may be seen that the total cumulative 
deficiency amounted to about 19 inches of moisture in the dry cycle that 
began in l88l and reached its climax in 1905. The wet cycle that began in

2 Oravetz, G. J«, and others, Water resources survey, duster County, 
Mont*, pto 1, History of land and water use on irrigated areass State 
Engineer's Office, Helena, Monto, pp. 6-14-, 19^8.
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Table 1. Monthly precipitation data for the driest and wettest years and 
monthly average precipitation for period of record at Miles City and 
Glendive, Mont.

Month

"rTo'V'M1*! i o v*^r

March .........
April . . , ..... c 
Nay...........
June ..........
tTiil v«

August
September . . . . .
f*\r*  f'l'WNOY*

November « 0 . 0 0 0 
D e P fm'h f> T*

Total (inches)

%

Driest 
year

"(193*0

0 12
OS

1.05
.IK>
ok

.66
ffto67

k2

1 ftk

.03

.38
0.5

5.51

liles City

Average

0 6h
liO

82
1 U 06 
2 12
2«55
1.48
i 0*3

QQ

RU
.55 
.61

13-18

Wettest 
year 

(1879)

0.26
6q

.28
2.20 
2 75
5 P3

SoQO«/ <>yv 
1 flit

.1*

2 k7

.11 
cp°5o

22.75

Driest 
year 

(193*0

0 13

,05
i oU

.09 
  15

1 Q8

0 5Q

oil

op

.08
0 07 
D P2

4«83

Glendive

Average

Oo52
lt^ HJ 
82

lolO

P 1^
o onJ« Ju 
l.Tlj-

1 2Q

Io21

80

.56
5P I/^- 

14.^2

Wettest 
year 

(1916)

O Q1
nil

»35*^x

.25
1 21
5 22
M6
6 PQ
k 07

.67

.50 
1 25

26» 02

1906 reached its highest peak in 1923 with a cumulative excess of almost 27 
inches of moisture. The dry cycle that followed reached its climax in 1939, 
and since 1939 the area again has received above-average precipitation 
except in 19^5, 19k7, and 19^9, during which years it was slightly below 
average.

During the 60 years of complete record since 1890, the average annual 
precipitation at Glendive has been lh,k2 inches. The total annual precipi­ 
tation has ranged from ^,83 inches (I93k ) to 26,02 inches (I9l6)c As the 
amount of rainfall from month to month is highly variable, several exces­ 
sively dry months may be followed by greater-than-average rainfall* In 1916* 
the wettest year of record> 2008^ inches of rain fell in the four months of 
June to September, but precipitation was below average for five of the other 
months in the year,, If the driest months between 1890 and 19^9 were to 
appear in any single year^ the total annual precdpitation at Glendive would 
be only Oc83 inchj likewise, if the wettest months in this period were to 
appear in any single year> the total annual precipitation would be ^5«79 
inches.
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The graph showing the cumulative departure from average precipitation 
at Glendive (see fig. k) is helpful in indicating the long-term deficiencies 
and excesses of precipitation,. It may be seen from this graph that the wet 
cycle that began in 1891 reached its climax in 1916 when there was a total 
cumulative excess of about kl inches of moisture. The dry cycle that began 
in 1917 reached its climax in 19*a with a cumulative deficiency of about 2.5 
inches of moisture. There were several years of "below-average precipitation 
between 1890 and 1916; likewise, there were several wet years in the dry 
cycle that reached its climax in 19*kL. Since 19*4-1, the area has received 
above-average precipitation except in 19^5, 19*4-8, and 19*4-9, during which 
years the precipitation was slightly below average.

AGRICULTURE AM) INDUSTRY

The gross value of crops produced in 19*4-8 on the 1^,2*4-8 acres under 
cultivation on the First Division, Buffalo Rapids Project, was $7*4-8,5*4-5   Of 
this amount the return from the sugar beet crop was $285,301 a^d the return . 
from the barley and potato crops was approximately $81,000 each. Other crops 
raised in the area include alfalfa, wheat, corn, oats, and flax. The great­ 
est gross return per acre was $*4-00 for sweet corn; the next greatest returns 
per acre were $317 for potatoes and $103 for sugar beets. The acreage to be 
planted with sugar beets by individual farmers is determined by the Holly 
Sugar Co., at Sidney, which also processes the beets.

The 6,92*4^ acres under cultivation in 19*1-8 on the Second Division, 
Buffalo Rapids Project (Shirley and Terry Units), produced crops valued at 
$118,905* These lands have been irrigated only a few years and have not yet 
reached peak production. The gross returns from the three leading crops were 
as follows* sugar beets, $*4-*4-,003; alfalfa, $18,788; and wheat, $13,239. The 
greatest gross return per acre was $101.40 for potatoes; the next greatest 
returns were $80 for clover seed and $63 for alfalfa seed.

Similar information was not available for the Kinsey or Tongue and 
Yellowstone River Irrigation Districts.

Nonirrigated land on the higher terraces is used extensively for the 
production of small grains, corn, and flax. Summer fallowing and strip 
cropping are practiced on these lands. The fields are laid out normal to 
the prevailing wind in strips 200 to 500 feet wide and are planted during 
alternate years. The blowing of loose soil is held to a minimum by leaving 
stubble in the field until the windy spring months are passed; the fallow 
strips are then cultivated to destroy the weeds and to receive and retain
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moisture more readily. Wheat Is the most important exported crop; in dry 
years the yield is low, but in moist years the large acreages make it a 
profitable crop*

The only active commercial lignite mine in the valley is located 12 
miles west of Glendive in the SW-J- sec. 15, T. 1^ N., R. 5^- E. It is an 
open-pit mine with a 20-foot face, is privately owned, and is operated on 
demand during the late fall and winter. The total output of the mine is 
used locally. The better grade of lignite is at the bottom of the seam at 
this mine. Many other coal seams, most of which are too thin to work or are 
too impure for commercial use, crop out in this area. Some coal is mined by 
individual ranchers for their own use.

Gas produced by wells drilled on the Cedar Creek anticline is used for 
heating and cooking in the towns along the river.

TRANSPORTATION

The area is served by two transcontinental railroads; the Northern 
Pacific Railway, which follows the course of the Yellowstone River from 
Glendive to Miles City, and the Chicago, Milwaukee, St. Paul & Pacific Rail­ 
road, which enters the valley at Fallon and continues to Miles City. The 
main thoroughfare through this valley is 0. S. Highway 10« The Greyhound 
Bus Line and the Northwest Airlines also serve the area. Bridges at Miles 
City, Terry, Fallon, and Glendive plus many graded county roads make all 
parts of the valley accessible by car throughout the year.

IRRIGATION

A large part of the valley bottom land and much of the lower terrace 
land along the Yellowstone River between Miles City and Glendive either are 
irrigated or have been proposed for irrigation. (See fig. 5.)

The Tongue and Yellowstone River Irrigation District irrigates the 
lower valley of the Tongue River and the south side of the Yellowstone River 
valley from Miles City eastward for 10 miles. The water used for this irri­ 
gation is diverted by gravity from the Tongue River, 12 miles above its con­ 
fluence with the Yellowstone River.. The Tongue and Yellowstone River Irriga­ 
tion District is a private company that was organized in 1911 under the laws
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Glendive

SON, 
Colgate Unit /

Buffalo Rapids / 
No. I Project r
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Irrigation Project

Lands now irrigated pvj Areas to be irrigated

Figure 5. - Irrigated lands and lands proposed for irrigation 
between Miles City and Glendive, Mont.
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of Montana; it succeeded the Miles City Canal and Irrigation Co,, which had 
constructed the facilities to supply water to this land.

The Kinsey Irrigation Co. supplies water to about 6,200 acres on the 
north side of the Yellowstone River in the stretch of the valley 9 to IT 
miles downstream from Miles City* The irrigation water is pumped from the 
Yellowstone River both to the lowest terrace and, by means of a relift, to 
the second terrace. These irrigated lands have had a long and discouraging 
history of financing and refinancing. In 1896 the Buffalo Rapids Ditch Co. 
was formed to irrigate part of the lands, but after some years it became 
defunct as a result of lack of capital and of insufficient gravity water 
during the irrigation season. An irrigation district was formed "by the 
farmers in 1918 but, after an indebtedness of $53 per acre developed, it 
also ceased to function. In 1935 application was filed with the Works 
Progress Administration for funds to rehabilitate the project, and funds 
were advanced for work that continued until May 1938. At that time the pro­ 
ject became the Kinsey Farms Resettlement Project under the Department of 
Agriculture Resettlement Administration. After that date and until its 
liquidation in 19^5 the building and management of the project passed 
through several other Department of Agriculture bureaus. The Kinsey Irriga­ 
tion Co, was formed in May 19^5 to acquire the irrigation system constructed 
by the Farm Security Administration. This company continues to operate and 
manage the project at present.

The Shirley Unit of the Second Division, Buffalo Rapids Project, is 
supplied with water pumped from the Yellowstone River at a point 18 miles 
downstream from Miles City. This unit began operation in 19^4. The total 
irrigable acreage of this unit amounts to about 5>300 acres; however, not 
quite all of this land is under irrigation.

The Terry Unit of the Second Division, Buffalo Rapids Project, is 
supplied with irrigation water pumped from the Yellowstone River about 2 
miles west of Terry, Lands of this unit were first irrigated in 1945. The 
total irrigable acreage amounts to about 2,800 acres, but some of the lands 
proposed for irrigation have not yet been irrigated.

Construction of facilities for the irrigation of the Fallon Unit of the 
Second Division, Buffalo Rapids Project, was essentially completed in 19^8, 
and the first delivery of water is scheduled for the summer of 1950. A 
pumping plant, located a short distance west of Fallon, is designed to lift 
water from the Yellowstone River to irrigate about 3,500 acres in this unit*

The irrigated lands of the First Division, Buffalo Rapids Project, are 
on the west side of the Yellowstone River between Fallon and Glendive. Water 
is pumped from the Yellowstone River, at a point about a mile downstream
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from the highway bridge, to irrigate about 1^,000 acres of land. These 
lands are on several terrace levels, of which the highest is more than 100 
feet above the river. According to recent surveys made by the Bureau of 
Reclamation and the Soil Conservation Service, almost 13,000 acres of the 
irrigated land are either waterlogged at the present time or in danger of 
becoming waterlogged unless effective drains are constructed.

Present plans call for construction of facilities for the irrigation of 
additional lands between Miles City and Glendive. The proposed Saugus- 
Calypso Unit, the Haley Unit, and the Cracker Box Unit are on the west side 
of the river, and the proposed Marsh and Colgate Units are on the east side 
of the river near the towns for which they are named. (See fig. 5«)

PHYSIOGRAPHY

The area covered by this report is in the northern part of the Great 
Plains physiographic province.3

The Yellowstone River meanders back and forth across its valley and in 
places impinges directly against the valley walls to form sheer cliffs 
rising 200 feet or more above the river. Bordering the river are prominent, 
well-developed terraces at levels ranging from 15 to more than 300 feet 
above the river. The higher terraces are undulating and are dissected by 
streams, and in some places only isolated buttes remain. The lower terraces 
are broad, flat areas 3 to 5 miles wide, with little dissection. A rugged 
and picturesque topography is formed by differential erosion of the bedrock, 
and badlands occur at various locations in the area. The total relief of 
the area is about to) feet.

GEOLOGY AM) GROUND-WATER SUPPLY

GESERAL FEATURES

Rocks ranging in age from Late Cretaceous to Recent are exposed in the 
the area covered by this report. The oldest rocks are exposed on the crest

3 Fenneman, Ho H., Physiography of western United States: McGraw- 
Hill Book Co., Hew York, 1931.
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of the Cedar Creek anticline near the northeastern end of the area. Almost 
all the irrigable land is underlain by Quaternary deposits, which consist of 
alluvium and stream-terrace deposits. Several distinct stream terraces have 
been recognized and mapped. (See plo !<,) The lithology of the formations 
that crop out in the area is described briefly, and an interpretation of the 
probable water-bearing properties of each formation is given in table 2.

The bedrock underlying this area has been gently downwarped and forms a 
large basin, which lies between the Cedar Creek anticline near Glendive, and 
the Porcupine dome, about 50 miles west of Miles City* This large structure 
forms an ideal artesian basin in which the sandstone beds furnish the water 
for the many flowing wells.

The water obtained by deeper wells drilled into the bedrock is soft but 
considerably mineralized. (See section on chemical quality of water.) The 
water is potable and is used for domestic and stock needs. Some small gar­ 
den plots are irrigated with water from flowing wells, but the water is too 
highly mineralized for this purpose except as an emergency supply. The flows 
range from 1 to kQ gallons a minute, the larger flows being obtained by 
deeper wells which draw water from several different artesian aquifers. The 
pressures are not excessively high, but locally water rises to the second 
floor of houses*

Water obtained from wells dug or drilled into the terrace gravels or 
alluvial deposits is hard in contrast to the soft water obtained by deeper 
wells, but in general these shallow waters are not as highly mineralized as 
are the deeper waters ,

GEOLOGIC FORMATIONS AND THEIR WATER-BEARING PROPERTIES

Cretaceous

Upper Cretaceous

Pierre shale. The Pierre shale is a blue-black to dark-gray marine 
shale, which on weathering oxidizes to a yellow-brown color. It underlies 
the entire area but crops out only in Dawson County on the crest of the 
Cedar Creek anticline about 2 miles west of Glendive. The total thickness 
of the formation is ^,075 feet in the Montana-YeHowstone Oil Co. No 0 1
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in the SE^KE-JSW^ sec 0 k, T. lk N., R. 55 B.

The Pierre shale is not known to yield appreciable supplies of water to 
any wells in the area. Available logs of wells drilled into this formation 
indicate that no water was encountered.

Fox Hills sandstone. The upper part of the Fox Hills sandstone is a 
massive, white to light-gray, fine- to medium-grained, friable sandstone. 
The lower part is yellow, banded, shaly sandstone with interbedded gray silty 
sandstone. The Fox Hills sandstone overlies the Pierre shale and crops out 
on the flanks of the Porcupine dome 50 miles west of Miles City and is also 
on the flanks of the Cedar Creek anticline near Glendive; for this reason it 
is assumed to underlie the entire area. (See pi. 1.)

The apparent high permeability of the Fox Hills sandstone in surface 
exposures indicates that this formation, where saturated, should yield water 
freely to properly constructed wells. The facts that only drillers' logs of 
wells are available and that no correlations can be made from them prevent 
accurate determination of the source of water for the many artesian wells in 
the area* Most wells obtain flows at several horizons, but drillers report 
that the largest flows are usually obtained within 200 feet of the top of 
the Pierre shale. This would indicate that the Fox Hills sandstone is
probably the best water-bearing bed present.

 

Hell Creek formationo The Hell Creek formation consists of brownish- 
gray sandstone interbedded with carbonaceous shale and silty gray mudstone, 
and it contains many brown ironstone concretions 1 to 3 inches in diameter. 
The Hell Creek formation underlies the entire area but crops out only on the 
flanks of the Cedar Creek anticline .

In exposures of the Hell Creek formation the sandstone beds appear to 
be quite permeable. It is believed that these beds are the source of some 
of the water obtained by flowing wells west of the Cedar Creek anticline; but 
as available drillers' logs do not permit differentiation between the Fox 
Hills sandstone and the overlying Hell Creek formation, the exact source of 
the artesian water in most wells has not been ascertained.

k Erdmann, C. E., and Larsen, R. M., Geologic and structure map of 
northern half of the Cedar Creek anticline, Dawson, Prairie, Wibaux, and 
Fallen Counties, Mont., U. S. Geol. Survey, 193^0
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Tertiary

Paleocene

Fort Union formation* The Lebo shale and Tongue River members of the 
Fort Union formation are recognized in this area, "but a thick transitional 
zone "between them prevents their separation into mappable units. The 
Tullock member of the Fort Union formation, which underlies the Lebo shale 
member west of the area of this study, is not recognizable in this area.

The lower part of the Fort Union formation in this area consists 
mainly of somber-colored shale containing a few interbedded sandy shales. 
Badlands have formed in places where these lower beds are exposed. Several 
prominent concretionary zones are present in this part of the formation. 
Most of the concretions are siliceous but some are calcareous, and on 
weathering out of the shale they mantle the surface as roundish iron- 
stained cobbles and boulders. The massive sandstone lenses that are pres­ 
ent in some places cannot be traced very far, either in surface exposures 
or in the subsurface, on the basis of drillers" logs.

The upper part of the Fort Union formation, the TongueJRiver member, 
is lighter-colored and is considerably more sandy than the lower part. Beds 
and lenses of coal are prominent features of this part of the formation. In 
many places the coal has been ignited on the outcrop, and the overlying 
shale and sandstone beds have been transformed by the resultant heat into 
more resistant scoria or clinker. One coal bed in sec. 10, T. 12 N., R. 51 
E., on the north side of the Yellowstone River opposite the town of Terry, 
is burning at the present time (19^9); where the coal has been burned out, 
the overlying beds have slumped down and heat and fumes issue from the 
cracked and broken surface. Beds overlying the burned coal seams are 
colored red to purple as a result of the oxidation and local reduction of 
their iron content, and the color is an aid in the correlation of these 
beds. Colored clinker beds capping the buttes are prominent features in 
some areas of badland topography.

The Fort Union formation comprises most of the exposed bedrock of the 
area. It extends from the west end of the area eastward to the Cedar Creek 
anticline, but is not found on the crest or eastern flank of the anticline 
within the area covered by this report.

Water is found under both water-table and artesian conditions in the 
Fort Union formation but the supplies are meager. In order to assure 
fairly large flows, most wells are drilled at least 150 to 200 feet into
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this formation. Supplies adequate for domestic and stock needs are usually 
encountered in a sandstone or coal bed. Locally the water from the coal beds 
is brown because of organic compounds in solution. Considerable water from 
the Fort Union formation is wasted because the wells are not equipped with 
control valves. Nothing is known about the amount of loss of artesian pres­ 
sure in the area as no pressure heads have been measured.

Quaternary

Pleistocene

Stream terraces. The most prominent physiographic features of the area 
are six well-developed stream terraces which border the flood plain of the 
Yellowstone River and which range in height from 15 to 275 feet above the 
river. Higher terraces are recognizable but they lie beyond the area 
covered by this report. The terraces are not present everywhere in the area 
studied but where present they are prominent, and each has a characteristic 
height above the river. They have been designated, for the purpose of this 
report, as terraces A, B, C, D, I, and F. (See table 3»)

The stream terraces have flat to gently rolling surfaces and are under­ 
lain by sandy soil and unconsolidated gravel of variable thickness. The 
sandy soil permits easy recharge of the underlying gravels. The porosity 
and permeability of the underlying gravels make them excellent aquifers 
where sufficient water is available to recharge them adequately. Where an 
underlying gravel ts exposed in the escarpment between two terraces, numerous 
small springs are found at the base of the gravel bed.

The height of terraces E and F above the river is so great that pumping 
water from the river to irrigate them may never be feasible, although the 
good crop yields during moist years indicate that the soil and natural 
underdrainage is favorable for irrigation. The growing of "dry-farm" grains 
is practiced extensively on these higher terraces.

The gravels underlying terraces E and F, because of inadequate recharge, 
contain only small or medium quantities of water. However, if the wells are 
not too close to the lower escarpment, where underdrainage lowers the local 
water table, adequate water supplies for domestic and stock needs can gener­ 
ally be obtained from wells dug or drilled to the base of the gravels on the 
more extensive remnants of the terraces.
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Terraces A, B, C f and D are partly or entirely irrigated by water 
pumped from the Yellowstone River. On these irrigated terraces, alfalfa, 
sugar beets, corn, barley, and potatoes are grown. The escarpments between 
these lower terraces are not as high as those between the higher terraces 
and the permeable gravel deposits are thinner than those under the higher 
terraces. In general, these terraces have flatter surfaces and abundant 
recharge from irrigation, two factors contributing to the extensive water­ 
logging of the land. The gravel beds underlying the irrigated terraces are 
saturated in most places, and moderate to large supplies of water can be 
developed from wells penetrating the gravel beds. Many of the townspeople 
of Terry and Fallen obtain their water for domestic use from private shallow 
sand-point or dug wells, which tap the aquifers underlying the terraces on 
which the towns are built.

Recent

Alluvium. The alluvial deposits along the Yellowstone River and the 
tributary streams are not extensive. They are subject to frequent flooding 
except where levees have been built, and even the land protected by levees 
is flooded occasionally when ice jams force the river out of its channel. 
Most of the alluvium consists of fine silt and sand, but locally it consists 
of gravelo In general, the gravel pebbles and cobbles were derived from the 
stream terraces, but in a few places they are angular fragments of purple and 
red clinker from the Fort Union formation.

Moderate to large supplies of water are available from the alluvium. 
In the low-lying northern part of Miles City many wells, 10 to 20 feet deep, 
furnish water for domestic and stock use and for irrigation of gardens and 
lawns. A thick gravel under the area extends below the river level. Large 
water supplies for industrial development might be obtained from this gravel 
if adequate recharge is obtained from the river. Detailed investigation of 
this possibility seems warranted.
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CHEMICAL QUALITY OF THE WATER

By Herbert A. Swenson

GENERAL CONDITIONS

The general study of ground-water resources in the lover Yellowstone 
River valley "between Miles City and Glendive included an evaluation of the 
chemical quality of these waters. During October 19^8 in the course of field 
work in this area, A. E. Torrey collected 25 water samples for chemical 
analysis from 11 deep wells (more than 100 feet deep), 6 shallow wells (less 
than 100 feet deep), 3 drains, 3 seeps, and the Yellowstone River at two 
places.

As previously stated, it was not possible to correlate the stratigraphic 
units recognized on the surface with the water-bearing formations because of 
incomplete information available in well logs. To a limited extent, however, 
correlation is possible from the chemical analyses on the basis of percent 
reacting values of acid radicals in the waters that is, the relative react­ 
ing values of bicarbonate (1003), sulfate (S01j.), and chloride (Cl). Hardness 
and percent sodium of the waters are also helpful in identifying the aquifers

The waters sampled show wide range in both concentration and character. 
Maximum and minimum values for certain constituents and properties are shown 
in the following table;

Constituent or property

Dissolved solids. .p. p.m. 
Bicarbonate. ..... .p. p.m.
Sulfate .......... .p .p .m.
Total hardness . . . .p .p .m. 
Percent sodium. .........

Maximum

7,520 
1,500
M6o
2,690 

99

Minimum

560
213
2A
5 

30

Sodium and bicarbonate account for most of the mineral content in practically 
all the artesian waters sampled, whereas sulfate, bicarbonate, calcium, mag­ 
nesium, and sodium in varying proportions are the principal ions in other 
waters in the valley.
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CORRELATION OF THE WATERS

Inasmuch as geologic correlation based on well drillings or other evi­ 
dence in the valley is difficult, an attempt has been made to establish the 
water-bearing formations on the basis of the quality of the contained waters. 
It is seen in table k that all the artesian waters show a remarkable simi­ 
larity in percent reacting values for bicarbonate, sulfate, and chloride. 
These waters are very soft, and sodium is practically the only basic ion 
present. Sodium bicarbonate waters of this type are considered as altered 
waters and are discussed in more detail under "Origin of the soft waters." 
Wells yielding these soft, altered waters penetrate the Fort Union formation, 
and some may reach the underlying Hell Greek formation.

Two seeps or springs, 13-53-llcd and lk-5b-28tib (see map, fig. 6), and 
a well, 13-53-llda, yield waters that are considered to be normal Fort Union 
formation types. Water from seep 12-51-l6ba is probably a mixed water, in­ 
termediate between the very soft altered waters and the normal Fort Union 
type. Both percent reacting values for bicarbonate and sulfate and parts 
per million of hardness are intermediate between the two extremes.

Wells 10-49-li*dd (625 ft. deep) and 1^-55-?dc (h2 ft. deep) are more 
difficult to correlate from the available sampling but are thought to be 
receiving water from the Fort Union formation and the Pierre shale, respec­ 
tively. The deeper well may also be obtaining water from the Fox Hills 
sandstone.

The terrace gravels furnish water of somewhat similar chemical proper­ 
ties, whereas the irrigation drainage waters and Yellowstone River water can 
be conveniently classified in distinctive groups.

Figure 7 is a trilinear graph, showing percent reacting values of acid 
radicals for the waters sampled.

Studies of ground water in areas of Fort Union and underlying formations 
show that near the land surface the water is relatively high in calcium and 
magnesium, but with increasing depth these are exchanged for sodium, the 
result being a natural softening. This appears to be a general rule, 
although some exceptions are noted. Furthermore, there seems to be no tend­ 
ency for the water to acquire more dissolved material with increasing depth, 
the amount of dissolved solids thus being determined relatively near the 
surface.

The following are brief descriptions of the chemical character of waters 
contained in the water-bearing materials in the valley. Results of chemical 
analysis of these waters appear in table 5«
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EXPIAHATION

  Artesian waters
x other ground waters
o Yellowstone River

Figure 7. Percent reacting values of acid radicals 
in valley waters

Waters in the Terrace Deposits

Ground waters from the stream-terrace deposits show, on the' basis of 
three samples, a range from 560 to 1,560 parts per million of dissolved 
solids. Hardness as>calcium carbonate ranges from 70 to kjO parts per 
million. The waters contain more bicarbonate than sulfate but not in the 
same proportions as found in the deeper artesian waters. The waters beneath 
the lower terraces are expected to vary in chemical properties as a result 
of varying surface recharge and varying permeability of the aquifers.

Waters in the Hell Creek and Fort Union Formations Undifferentiated

As previously stated, most water in the Hell Creels: and Fort Union forma­ 
tions is very soft sodium-bicarbonate water. Many of these water samples 
contained appreciable quantities of carbonate as well as bicarbonate. large 
quantities of calcium and magnesium cannot remain in solution in the presence
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of carbonate. Sulfate in the water samples is practically negligible, and 
reduction of sulfate to form bicarbonate may be the explanation of the higih 
bicarbonate values that characterize them. The amounts of chloride are low. 
Dissolved solids and total hardness for the water samples range from 806 to 
1,760 parts per million and from 5 to 19 parts per million, respectively.

Water in the Her re Shale

No water samples analyzed are definitely known to be derived solely 
from the Pierre shale. Well 1^-55-Tdc (k2 ft. deep) is thought to be tapping 
the Pierre shale, as shale was encountered from 2k to 1+2 feet during drilling. 
The water has a moderate hardness of 102 parts per million, and a concentra­ 
tion of dissolved solids of 876 parts per million. The sulfate content is 
less than the bicarbonate.

Drainage Water

The drainage water is typical of return irrigation flows in the valley 
in that the amount of sulfate exceeds that of bicarbonate. The water is 
also highly mineralized and very hard. In three samples, dissolved solids 
ranged from 2,090 to 3*050 parts per million; hardness, as calcium carbonate, 
ranged from bjQ to ^4-62 parts per million.

Spring and Seepage Water

No general statements can be made for the spring and seepage water, as 
the character of the water varies with its origin, which is not always 
definitely known. Three samples show ranges of 656 to 7*520 parts per 
million of dissolved solids and 312 to 1,650 parts per million hardness. 
Sulfate may exceed or be less than the amount of bicarbonate present in the 
water. Analyses of water from springs or seeps are shown in table 5 iden­ 
tified by numbers 12-51-I6ba, 13-53-llcd, and l4-5

30



River Water

Samples of Yellowstone River water that were collected at Miles City 
and near Fallon are similar in properties. The water is hard and moderately 
mineralized. Sulfate and bicarbonate are present in about equal quantities, 
and the amount of chloride is low.

Sulfate-Dissolved Solids Ratio

It was noted in the study of the chemical quality of the ground water 
that for samples other than the soft artesian waters, a linear relationship 
exists between the dissolved solids and the sulfate content. This is appar­ 
ent in figure 8, where results for 12 samples have been plotted. It is seen 
that as the concentrations of dissolved solids in the water increases, the 
sulfate content increases correspondingly.

ORIGIN OF THE SOFT WATER

Renick^ believes that the difference in the composition of water in 
deep and shallow wells in the Fort Union formation can be explained as the 
result of natural softening. He states that the exchange of calcium and 
magnesium in the water for sodium can be accounted for by the minerals of 
the leverrierite group, which exchange their bases easily, and which are 
plentiful in the Fort Union formation. Although leverrierite may be the 
principal mineral that causes the softening, it is recognized that other 
hydrated aluminum silicates, such as kaolin, feldspars, and mica, are also 
capable of exchanging wholly or in part their sodium and potassium for other 
bases.

The dissolved solids in the upper hard water are derived from the 
soluble materials resulting from the decomposition of minerals in the sedi­ 
mentary beds and also, as Renick points out, to some extent from soluble 
salts deposited in the interstices between mineral grains. The hard water, 
before becoming softened, must percolate a certain distance, depending upon

5 Renick, B» C«, Base exchange in ground water by silicates as illus­ 
trated in Montana; U. So Geol. Survey Water-Supply Paper 520-d, pp. 68-71,
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the quantity of leverrierite and related mineral species in the rocks. It 
is also probable that the distance the hard water must percolate before 
becoming softened may depend on the character of the material, that is, 
whether it is rock in place or alluvium. Aggregates of leverrierite swell 
and go to pieces when wet, and this will happen if the Fort Union formation 
was converted into soil and alluvium.

Figures 9 and 10 show the distinctive differences in composition 
between the soft artesian water and other water in the lower Yellowstone 
River valley.

RELATION OF THE CHEMICAL QUALITY TO USE

Ground water in the valley is used for domestic and stock purposes, 
whereas the river water is used largely for irrigation. Wells drilled in 
the Fort Union formation and in the lower terrace gravels usually furnish 
water satisfactory for drinking and other domestic uses. The soft sodium 
bicarbonate water in deep wells reaching the undifferentiated Fort Union 
and Hell Creek formations often contain fluoride in objectionable amounts. 
Ground water samples analyzed for this study, with few exceptions, would be 
considered unsuitable for irrigation because of high percentages of sodium 
and high mineral content. As a result of irrigated tracts along the Yellow- 
stone River becoming waterlogged, changes may occur in the quality of the 
ground water in nearby wells; such changes would probably affect the suit­ 
ability of the water for domestic, stock, or other uses.

SUMMARY

An inventory of the present chemical quality of the ground water in the 
lower Yellowstone River valley from Miles City to Glendive shows wide vari­ 
ability in composition and appreciable differences in concentration. The 
deep, soft water from the undifferentiated Hell Creek and Fort Union forma­ 
tions is distinctive in character and unlike other ground water sampled.

The sodium bicarbonate content of the deeper Fort Union formation water 
results from the action of leverrierite and other minerals in this region 
capable of entering into base-exchange reactions. Water not of this type 
shows increasing amounts of sulfate, with increase in total mineralization.
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D Sodium and 
Potassium

Chloride and 
Nitrate

Carbonate and 
Bicarbonate

772 250 540 

Well depth in feet

412

Figure 9.- Composition of artesian water, Hell Creek and Fort Union

formations, undifferentiated.
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Ground water is used almost exclusively for domestic and stock purposes 
and most of it is satisfactory for drinking. Fluoride is present in objec­ 
tionable amounts in some of the water of the Fort Union and Hell Creek for­ 
mations. Most of the ground water samples analyzed for this study would be 
classified as unsuitable for Irrigation because of a high percentage of 
sodium or high mineral content.. To what extent the chemical character of 
the ground water has been modified as a result of past irrigation practices 
is not known. The quality of ground water in irrigated tracts that are now 
waterlogged will probably be impaired as a result of salt deposition on 
these lands after the water is evaporated.

FLUCTUATIONS OF WATER LEVEL

Monthly measurement of the water level in about 125 wells was begun 
early in the investigation, but to date the period of measurement has not 
been long enough for significant interpretation. Measurements made through 
December 19^9 are listed in table 6, and records of all observation wells, 
in addition to records of all other wells inventoried in the area, appear in 
table 7.

A few observation wells have been installed in the past by several 
government agencies, including the Farm Security Administration, the Soil 
Conservation Service, and the Bureau of Reclamation, but the water-level 
measurements that were made have not been published and are unavailable to 
date. It is also unfortunate that no records of the materials penetrated 
or the probable sources of water are available for study as part of this 
investigation. As far as the writers know, little or no interpretation was 
made of the information obtained by drilling the holes or from the measure­ 
ments of the water level in them* Some of the abandoned observation wells 
have been located and are now being measured at monthly intervals.

In the spring of 19^8 about 25 holes were drilled with a continuous 
flight auger on the First Division, Buffalo Rapids Project, by the Soil 
Conservation Service.. These holes were drilled to gravel or to a maximum 
depth of 30 feeto Each hole was logged but the accuracy of the logs was 
limited by the unavoidable mixing of materials obtained by this means of 
sampling. Each hole reached the water table and was cased with downspouting. 
In the early and latter parts of May 19^8, measurements were made of the 
water level in each well, and records of these measurements were given to the 
Geological Survey* Monthly measurements of the water level in these test 
holes have been made since August 19^8 by the Geological Survey. Hydrographs 
showing the fluctuation of the water level in 12 of the test holes in sec, 33,
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T. Ik N., R. 5k E., are presented in figures 11 and 12. The period of 
record is too short, however, for definite interpretations to be made from 
them. It may be seen that the water table in 7 of the 12 holes was somewhat 
higher in the spring of 19^9 than when the test holes were drilled in 19^8. 
This may be due, at least in part, to greater recharge from the melting of a 
snow cover which was somewhat heavier than that of the previous winter.

DIRECTION OF GROUHD -WATER MOVEMENT

Because of the reconnaissance nature of this study, sufficient data are 
not available for construction of an accurate contour map of the water table. 
However, the location of springs and seeps along the edges of the stream 
terraces indicates that the general ground-water movement is toward the Yel- 
lowstone River. Recharge (from rain and snow melt, from springs along the 
face of the next higher terrace, and from irrigation) seeps into the perme­ 
able terrace deposits and then moves laterally through the gravel beds until 
it emerges in springs at the terrace edge; this process is repeated success­ 
ively from one terrace to another until the water reaches the river.

The bedrock underlying this area has been gently downwarped between the 
Cedar Creek anticline near Glendive, and the Porcupine dome, about 50 miles 
west of Miles City. This large structure forms an artesian basin in which 
the sandstone beds of the Fox Hills sandstone and the Hell Creek and Fort 
Union formations furnish the water for the many flowing wells in the area 
west of Cedar Creek anticline. Because the steeply dipping beds on the 
western flank of the Cedar Creek anticline do not present a very large area 
of intake for the Fox Hills sandstone and the Hell Creek formation, it is 
probable that the greatest recharge to these aquifers is received on the more 
gently dipping western flanks of the basin.

SUMMARY AND RECOMMEM)ATIONS

Ample water supplies for domestic and stock needs may be obtained 
throughout the area except on the crest of the Cedar Creek anticline where 
the Pierre shale is exposed. On the west side of the Yellowstone River 
the terrace deposits are thick enough over the shale to provide ample sup­ 
plies of shallow unconfined water. Water may be obtained elsewhere through­ 
out the area either from terrace deposits or from the underlying bedrock 
aquifers.
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Figure II.  Hydrogrophs showing fluctuation* of the water level in observation wells 
on farm units 61 (nos.7-9), 62 (nos.1,2), ond 65-2 (no. 2).
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Ground water is a valuable natural resource; it is not inexhaustible 
and should not be wasted. Despite this fact, numerous wells in the area are 
permitted to flow freely. If properly constructed and developed, flowing 
wells may be provided with control valves which can be used without danger 
to the wells, and these will prevent undue wastage of ground water and the 
consequent reduction of artesian pressures. Such conservation practices 
should be started without further delay.

Waterlogging and the development of saline soils are very serious and 
obvious ground-water problems that exist or that may exist on many acres of 
land now irrigated in the Yellowstone River valley; the same problems will 
probably develop on many tracts in the areas scheduled to be irrigated in 
the future. Detailed ground-water studies are needed to determine, if 
possible, means of lowering the water table in waterlogged areas and of fore­ 
stalling similar conditions in other areas. Available evidence shows that 
prior to the irrigation of permeable stream terraces the water table was at 
a considerable depth below the land surface, but after irrigation the water 
table was recharged from water percolating downward from canals and irri­ 
gated fields. If the materials underlying irrigated tracts are permeable 
enough and if they have sufficiently adequate outlets, the additional 
recharge drains away without causing the water table to rise appreciably. 
However, in many places along the Yellowstone River valley, the natural 
underdrainage is insufficient to transmit additional recharge in large 
quantities and the water table has risen considerably. In some places the 
water table has risen close enough to the surface that direct evaporation of 
the ground water has taken place. Because the water contains dissolved 
minerals which cannot be evaporated, salts have been left in the soil. This 
concentration of salts in the upper part of the soil mantle has become so 
great that vegetation cannot grow, and unless this situation is remedied the 
land will never again be fit for cultivation. Other areas are likewise 
threatened. Properly located and designed drainage works will lower the 
water table under many waterlogged areas, and unless the soils have been 
permanently damaged by the salts the lands can be made productive again. 
Adequate drainage systems can be designed and constructed only after detailed 
geologic and ground-water studies have been made. In some instances adequate 
ditch or tile drainage may not be economically feasible and other methods 
(such as pumping from wells or a reduction in applied surface water) will be 
necessary to lower the water table.

As the several irrigation projects within the area covered by this 
report differ with regard to their high-water-table problems, each project 
is discussed separately below.

The Tongue and Yellowstone River Irrigation Project, lying south and 
east of Miles City, has been in operation since 1886. The drainage problems
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that have developed on this project have been generally cared for as they 
appeared, and the present high-water-table problems are not severe. Water­ 
logged land is out of production in isolated local areas, but these areas are 
small compared to the total acreage under cultivation. The largest water­ 
logged areas are near the northeastern end of the project. Some lands lying 
immediately below the main canal have a very thin mantle of soil over the 
shaly bedrock; they should not have been irrigated in the first place, and as 
underdrainage cannot be developed it is unlikely that anything can be done to 
remedy the situation. Inasmuch as the total acreage of waterlogged land is 
small, over-all detailed studies of ground-water conditions with respect to 
drainage are .not deemed necessary on this project. However, detailed studies 
of local areas might prove profitable in alleviating the waterlogging in some 
of them.

On lands of the Kinsey Irrigation District the water table has risen 
over extensive areas; severe drainage problems have developed and large 
acreages have become waterlogged. Somewhat detailed ground-water studies 
have been made on parts of the project by Department of Agriculture agencies, 
and the construction of effective drains has resulted in the reclamation of 
considerable waterlogged land. Other drains have been planned, but diffi­ 
culties experienced in obtaining the right-of-way for them have prevented 
their construction. It has been decided that drainage of some large areas 
of waterlogged land on this project is not economically feasible. Additional 
detailed study of these lands may be justified, however, as the waterlogged 
areas appear to be increasing in size, proper drainage construction may pre­ 
vent the waterlogging of cultivated lands that surround the existing water­ 
logged areas. The Federal Government has released the operation and mainte­ 
nance of this project to the Kinsey Irrigation District.

Irrigation was begun on the Shirley and Terry Units of the Second Divi­ 
sion, Buffalo Rapids Project, in l$kk and 19^5, respectively, and some lands 
in both units already have become waterlogged. This condition will become 
steadily worse unless corrective measures are taken.

Much of the soil mantle on the Shirley Unit is thick and has a low 
permeability. Underdrainage is poor in parts of this unit because the under­ 
lying gravel is thin or no gravel is present. Such areas, located mainly 
near the upper edges of the terrace, have already become waterlogged and 
little can be done to remedy this situation. Where the irrigated terrace is 
underlain by permeable gravel, the rise in the water table has not yet caused 
waterlogging, but parts of these areas may eventually become waterlogged 
without adequate and timely remedies. Further detailed study would determine 
whether drainage structures, pumping from wells, or a reduction in applied 
surface water would be the most feasible solution of the problem.



Waterlogging has occurred near the upper edge of the lower of the two 
terraces irrigated on the Terry Unit. This waterlogging is primarily the 
result of uncontrolled ground-water seepage from the gravel beds exposed in 
the escarpment marking the boundary between the two irrigated terraces. 
Other parts of this unit may be expected to become waterlogged unless drain­ 
age works are constructed or unless other remedial measures are taken.

A detailed investigation of ground-water conditions should be made 
before drains are constructed on either the Shirley or Terry Units. A suffi­ 
cient number of test holes should be drilled and cased, contour maps of the 
ground-water table should be made, and maps showing the thickness of the 
unsaturated material should be prepared. Samples should be taken of materials 
penetrated in drilling the test holes and their hydrologic properties should 
be determined by laboratory analysis. In some places, pumping tests may be 
required to make field determinations of those properties. These and other 
basic geologic and ground-water data would aid materially in the planning of 
an effective drainage system or in the determination of other remedial 
measures. The study should be continued after the remedial facilities are 
completed so that data regarding their effectiveness could be obtained.

The Fallon, Marsh, Colgate, Cracker Box, Haley, and Saugus-Calypso 
Units have not yet been irrigated. Some serious ground-water problems may 
be expected to develop when these lands are irrigated, and it is not too early 
to begin the collection of preliminary water-level data on these units. On 
the Fallon Unit, which will be irrigated in 1950, a number of problems can 
be foreseen. The residents of Fallon depend on shallow wells for their water 
supply. The water table under the town ranged from 15 to 18 feet below the 
land surface in 19^9* Although many homes are provided with outdoor privies 
or with septic tanks buried 8 to 10 feet deep, the water supplies reportedly 
were not contaminated by sewage because water reaching the wells had been 
filtered naturally in its passage through several feet of material. Seepage 
from the proposed irrigation, however, will cause the water table to rise, 
and the shallow wells in the town may become dangerously contaminated. Aside 
from the shallow wells in the town of Fallon, there are now virtually no 
wells where water-table fluctuations can be observed on any of the units 
proposed for irrigation. Cased test holes extending below the seasonal low 
water table or to the bedrock should be installed on all units, and peri­ 
odic measurements of the water level should be made in them. These measure­ 
ments should be carefully studied and analyzed. Preirrigation studies of 
the depth, shape, and extent of the water table and of underlying aquifers 
will be of considerable benefit to the operation and maintenance of the pro­ 
ject.

Serious ground-water problems exist on many of the 1^,200 acres of 
irrigated land on the First Division of the Buffalo Rapids Project. After
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inspection and as a result of discussion with farmers and personnel of the 
Soil Conservation Service, the Bureau of Reclamation has mapped 12,978 acres 
of land as either waterlogged now or in immediate danger of becoming water­ 
logged. Although it is questionable that areas of future waterlogging can 
be determined without a detailed ground-water study, the situation is defi­ 
nitely critical and will become increasingly worse until remedial measures 
are taken. Much of the waterlogged land is no longer productive, amd owners 
of that land are not making their payments to the Federal Government for the 
construction costs of the irrigation project. The increasing size of the 
waterlogged areas will further imperil the large investments made by the 
Federal Government, by private capital, and by the land owners themselves. 
If these investments are to be saved (that is, if these lands are to remain 
under cultivation), drainage facilities or other remedial measures are 
necessary. Attempts to drain the excess ground water should not be made 
prior to detailed investigations of the geologic and ground-water conditions; 
the solution of any high-water-table problem involves careful consideration 
of these factors.

In the early spring of 1949 the Bureau of Reclamation and the Geological 
Survey agreed to undertake the detailed drainage investigations needed on 
the First Division of the Buffalo Rapids Project. !The duties and responsi­ 
bilities of each agency in this cooperative investigation were carefully 
determined. However, because of difficulties in financing the study, it 
could not be undertaken at that time. Arrangements were later completed, 
however, to start the work in the spring of 1950. This investigation is 
designed to give detailed information on the depth, the source, the direction 
of movement, the areas of discharge, and the quantity and quality of ground 
water, on the surface configuration and slope of the water table, on the 
location, thickness, and permeability of beds carrying water under hydro­ 
static pressure, and on all other pertinent factors that must be considered 
in the proper design and construction of drainage or other remedial facil­ 
ities .



Table 6.--Water-level measurements in observation wells, in feet below
land surface

Custer County

8-l*7-llad.

Date

July 10, 191*8 
Aug. 2 
Sept .21* 
Nov. 26 
Dec. 22 
Jan. 19, 19l*9

Water 
level
8.1*0 
8.09 
T.Tl 
8.53 
8.85 
9.08

Date

Feb. 22, 191*9 
Mar. 28 
Apr. 25 
May 23 
June 27 
July 26

Water 
level
9-33 
9.10 
9.25 
8.87 
6.9!* 
6.05

Date

Aug. 31, 19lf9 
Sept .28 
Oct. 27 
Nov. 30 
Dec. 28

Water 
level
7.51 
7-23 
7-1*2 
8.00 
8.36

8-l*7-13ad2.

July 7, 191*8
Aug. 2
Sept .21*
Nov. 26
Dec. 22
Jan. 19, 191*9

15.75
15.58
15.39
16-33
16.61*
17.01

Feb. 22, 191*9
Mar. 28
Apr. 25
May 23
June 27
July 26

16.65
16.1*8
16.66
16.57
15.85
15.57

Aug. 31, 191*9
Sept .28
Oct. 27
Nov. 30
Dec. 28

15-^3
15.^0
15-73
16.27
16.75

8-l*7-13bc.

July 6, 191*8
Aug. 2
Sept .21*
Nov. 26
Dec. 22
Jan. 19 L 19l*9

8.93
8.29
8.9!*
9-5^
9-89

10.17

Feb. 22, 191*9
Mar. 28
Apr. 25
May 23
June 27
July 26

9.66
8.53
9.65
9-53
7.88
8.55

Aug. 21, 191*9
Sept .28
Oct. 27
Nov. 30
Dec. 28

8.73
8.1*1
8.95
9.1*2
9.50

8-l*7-13da2.

July 1, 191*8
Aug. 2
Sept .21*
Nov. 26
Dec. 22

7-85
7.1*5
7.80
8.72
9.28

Jan. 19, 191*9
Apr. 25
May 23
June 27
July 26

9-61
9.20
9.16
8.70
8.37

Aug. 31, 19^9
Sept .28
Oct. 27
Nov. 30
Dec. 28

8.1*6
8.13
8.11
8.60
8.78

8-l*7-27aa.

Sept. 10, 191*8 
Nov. 26 
Dec. 22

9.15 
9.56 

10.07

Jan. 19, 191*9 
Feb. 22 
Mar. 28 

1*1*

10.61* 
9-70 
9-09

Apr. 25, 191*9 
May 23 
June 27

10.09 
10.02 
9.68



fable 6.--Water-level measureuents in observation wells, in feet "below
land surface Continued

Ouster County Continued

8 -47-27aa--Cont inued.

Date

July 26, 1949 
AUK. 31

Water 
level
9-18 
9.10

Date

Sept. 28, 1949 
Oct. 27

Water 
level
8.75 
9.13

Date

Nov. 30, 1949 
Dec. 28

Water 
level
9-53 
9.78

8-47 -27ba.

July 6, 1948
Aug. 2
Sept .2%
Nov. 26
Dec. 22
Jan. 19, 1949

10.33
7-91
11.68
12.72
12.87
13.11

Feb. 22, 1949
Mar. 28
Apr. 25
May 23
June 27
July 26

12.70
12.25
12.75
12.59
11.96
12.68

Aug. 31, 1949
Sept .28
Oct. 27
Nov. 30
Dec. 28

12.91
12.75
12-59
12.62
12.68

8-47-27bb.

July 2, 191*8 
Aug. 2 
Sept .2k 
Nov. 26 
Dec. 22 
Jan. 19, 1949

15-98 
15.93 
14.63 
11.82 
11.82 
12.11

Feb. 22, 1949 
Mar. 28 
Apr. 25 
May 23
June 27

12.65 1 
14.45
14. 5* 
14.44 
14.46

July 26, 1949 
Aug. 31 
Sept .28 
Oct. 27 
Nov. 30

15.10 
15.18 
15.10 
12.68 
11.70

8-47-27cb

July 8, 1948
Aug. 2
Sept .2k
Nov. 26
Dec. 22
Jan. 19, 1949

8.90
7.06
7-76
8.30
8.67
9.00

Feb. 22, 19^9
Mar. 28
Apr. 25
May 23
June 27
July 26

9-20
8.50
8.73
8.55
8.4o
8.16

Aug. 31, 1949
Sept .28
Oct. 27
Nov. 30
Dec. 28

7.96
7-43
7.63
8.05
8.34

8-47 -27dc.

July 3, 1948 
Aus. 2

14.75 
13.52

Sept. 2k, 19^8 12.87 Nov. 26, 1948 13-33



Table 6. Water-level measurements in observation wells, in feet below
land surface Continued

Custer County Continued

8-1*7-27dd.

Date

July 1, 191*8 
Aug. 2 
Sept .2k

Water 
level
5.01 
3.22 
^.56

Date

Nov. 26, 19^8 
Dec. 22 
Jan. 19, 191*9

Water 
level
5. in
6.57 
6.9l*

Date

Feb. 22, 191*9 
Mar. 28

Water 
level
T.22 
6.35

-1*7-28ddl.

July 2, 1948 
AUK. 2

10.21 
10.25

Sept .21*, 191*8 
Feb. 22, lQl*9

11.23 
11.20

Mar. 28, 19^9 10.25

8-1*7-28dd2.

July 2, 191*8
Aug. 2
Sept. 21*
Nov. 26
Dec. 22
Jan. 19, 191*9

9.08
9-09
9.99
9-62
9.68
9.72

Feb. 22, 191*9
Mar. 28
Apr. 25
May 23
June 27
July 26

Frozen
8.92
8.96
8.98
9.72

10.15

Aug. 31, 191*9
Sept .28
Oct. 27
Nov. 30
Dec. 28

10.56
10.60
9.78
9.82
9.72

8-l*8-8ab.

July 9, 19^8 
AUK. 2

26.15 
26.16

Sept .21*, 191*8 
Nov. 26

25.51 
26.22

Dec. 22, 191*8 26.50

9-l*8-2ca2.

Aug. 3, 19^8
Nov. 26
Dec. 22
Jan. 19, 191*9
Feb. 22

9.^3
9.1*7
9.56
9.61*

Frozen

Mar. 28, 191*9
Apr. 25
May 23
June 25
July 27

8.77
Dry
Dry
7.87
7.79

Aug. 31, 191*9
Sept .28
Oct. 27
Nov. 30
Dec. 28

i*.3l*
6.5^
7.85
8.9^
Dry

9-l*8-2cc.

Aug. 3, 191*8 
Sept. 23 
Mov. 26 
Dec. 22 
Jan. 19, 191*9 
Feb. 22

7.79 
3.77 
1*.50 
1*.65 

Frozen 
Frozen

Mar. 29, 191*9 
Apr. 25 
May 23 
June 25 
July 27

3.70 
1*.67 
1*.66 
5.17 
5.17

Aug. 31, 19^9 
Sept .28 
Oct. 27 
Nov. 30 
Dec. 28

l*.92 
1*.72 
1*.52

l*.92

1*6



Table 6.--Water-level measurements in observation wells, in feet below
land surface--Continued

Custer County Continued

9-48-2dd.

Date

Aug. 3, 19^*8 
Sept. 23 
Nov. 26 
Dec. 22

Water 
level
Dry 
2.05 
2.89 
2.95

Date

Jan. 19, 191*9 
Feb. 22 
Mar. 28

Water 
level
3-15 

Frozen 
1.68

Date

Apr. 25, 1949 
May 23

Well des

Water 
level
3-96 
3.1*0 

troyed

9-48-3ccl.

Aug. 3, 1948 
Sept. 29 
Nov. 26 
Dec. 22 
Jan. 19, 1949

10.71 
9-15 

10.79 
10.94 
11.01

Feb. 22, 1949 
Apr. 25 
May 23 
June 25 
July 27

Frozen 
11.05 
10.80
9-37 
9.43

Aug. 31, 1949 
Sept .28 
Oct. 27 
Nov. 30 
Dec. 28

9.01 
8.89 
9.4o 
10.24 
10.59

9-48-3cd2.

Aug. 3, 19^8
Sept .23
Nov. 25
Dec. 22
Jan. 19, 1949
Feb. 22

4.93
2.27
3-41
3-56
3-63

Frozen

Mar. 28, 1949
Apr. 25
May 23
June 25
July 27

2.92
Dry
Dry
2.51
2.41

Aug. 31, 1949
Sept .28
Oct. 27
Nov. 30
Dec. 28

1.96
1.71
1.98
2.65
Dry

9-48-3dc

Aug. 3, 1948
Sept .23
Nov. 26
Dec. 22
Jan. 19, 1949

3-30
2.02
3-70
4.19
4.33

Feb. 22, 1949
Mar. 28
Apr. 25
May 23
June 2£

Frozen
3.46
3.98
3.12
2.16

July 27, 1949
Aug. 31
Sept .28
Oct. 27

2.87
2.67
2.30
2.27

Well destroyed

9-48-3dd.

Aug. 3, 1948
Sept. 23
Nov. 26
Dec. 22
Jan. 19, 1949
Feb. 22

8.97
1.40
9-13
9-65

Frozen
Frozen

Mar. 28, 1949
Apr. 25
May 23
June 25
July 27

9-10
Dry
9.20
8.70
8.53

Aug. 31, 1949
Sept. 28
Oct. 27
Nov. 30

8.45
8.a>
8.60
8,87

Well destroyed



Table 6. Water-level measurements in observation wells, in feet belov
land surface Continued

Ouster County Continued

9-48-8cdl.

Date

Aug. 3, 1948 
Sept .23 
Nov. 26 
Dec. 22 
Jan. 19, 1949 
Feb. 22

Water 
level
5.62 
5-09 
5-39 
4.48
4.77 

Frozen

Date

Mar. 28, 1949 
Apr. 25 
May 23 
June 25 
July 27

Water 
level
3-70
4.4i
3-73 
3-64 
Dry

Date

Aug. 31, 1949 
Sept. 28 
Oct. 27 
Nov. 30 
Dec. 28

Water 
level
1-17 
2.08
2.55 
3-36 
4.01

9-48-8dal.

Aug. 3, 19^8
Sept .23
Nov. 26
Dec. 22
Jan. 19, 1949
Feb. 22

6.39
4.48
5.62
5.85

Frozen
Frozen

Mar. 28, 1949
Apr. 25
May 23
June 25
July 2?

5.45
5.61
5-55
5-59
5.16

Aug. 31, 1949
Sept. 28
Oct. 27
Nov. 30
Dec. 28

4.55
4.98
4.84
5-38
5-75

9-48-8dd

Aug.
Sept
Nov.

3,
.23
26

1948 7
5
7

.95

.05

.32

Dec.
Jan.

22
19

9

9

1948
1949

7.21
Frozen

Feb. 22, 1949 ! Frozen
Well destroyed

9-48-9aal,

Aug.
Sept
Nov.

3,
-23
26

1948 2

2

.53

.38
 #?

Dec.
Jan.
Feb.

22,
19,
22

1948
1949

2.76
Frozen
Frozen

Mar. 28, 1949 I 0.00
Well destroyed

9-48-9aa2

Aug.
Sept
Nov.

3,
.23
26

1948 3
1
2

.61

.84

.70

Dec.
Jan.
Feb.

22,
19,
22

1948
1949

3.16
Frozen
Frozen

Mar. 28, 1949 | 1-73
Well destroyed

48



Table 6. Water-level measurements in observation wells, in feet below
land surface Continued

Ouster County Continued

9-48-9&d.

Date

Aug. 3, 1948 
Sept. 23 
Nov. 26 
Dec. 22 
Jan. 19, 1949 
Feb. 22

Water 
level
3.8? 
4.50
4.51
4.55 
4. 68 

Frozen

Date

Mar. 28, 1949 
Apr. 25 
May 23 
June 25 
July 27

Water 
level
2.31 
3-81 
3.61 
4.16 
4.41

Date

Aug. 31, 19^9 
Sept .28 
Oct. 27 
Nov. 30 
Dec. 28

Water 
level
3-96 
3-51 
2.79 
3-53 
Dry

9-48-9db.

Aug. 3, 1948 
Sept. 23 
Nov. 26 
Dec. 22 
Jan. 19, 1949 
Feb. 22

3-85 
2.72
3-59 
3.66
3-77 

Frozen

Mar. 28, 1949 
Apr. 25 
May 23 
June 25 
July 27

2.21 
3.46
3.31 
4.06 
Dry

Aug. .31, 1949 
Sept. 28 
Oct. 27 
Nov. 30 
Dec. 28

2.47 
2.44 
2.01 
2.81 
3.56 

i   i^

9-48-10aa.

Aug. 3, 1948
Sept .23
Nov. 26
Dec. 22
Jan. 19, 1949
Feb. 22

5-38
4.63
5.14
5.56
5-74

Frozen

Mar. 28, 1949
Apr. 25
May 23
June 25
July 27

5.45
5.25
5.45
5.00
4.85

Aug. 31, 1949
Sept. 28
Oct. 27
Nov. 30

4.85
4.85
4.40
4.85

Well destroyed

9-48-10bb.

Aug. 3, 1948
Sept .23
Nov. 26
Dec. 22
Jan. 19, 1949
Feb. 22

5-73
5.14
5-59
5.64
5-77

Frozen

Mar. 28, 1949
Apr. 25
May 23
June 25
July 27

4.59
4.57
5.25
4.70
4.58

Aug. 31, 1949
Sept .28
Oct. 27
Nov. 30
Dec. 28

4.39
4.32
3.57
4.31
7-39

49



Table 6.  Water-level measurements in observation veils, in feet below
land surface Continued

Ouster County Continued

9-*8-10ca.

Date

Aug. 3, 19*8 
Sept .23 
Nov. 26 
Dec. 22 
Jan. 19, 19*4.9 
Feb. 22

Water 
level
*.75 
*.37 
*.56 
if. 90 
5-07 

Frozen

Date

Mar. 28, 19*9 
Apr. 25 
May 23 
June 25 
July 27

Water 
level
If. 05 
*.19 
IK 50 
3.00 
2.86

Date

Aug. 31, 19*9 
Sept .28 
Oct. 27 
Nov. 30 
Dec. 28

Water
level
2.25 
2.60 
2.68 
3.32 
*.0*

9-*8-17aa.

Aug. 3, 19*8 
Sept. 23 
Nov. 26 
Dec. 22 
Jan. 19, 19*9 
Feb. 22

5.66 
5-52 
6.20 
6.30 

Frozen 
Frozen

Mar. 28, 191*9 
Apr. 25 
May 23 
June 25 
July 27

6.73 
6.58
5-73 
5.88
5-*3

Aug. 31, 19*9 
Sept .28 
Oct. 27 
Hov. 30 
Dec. 28

*.1*5 
*-93 
*.60 
5.2* 
5-36

9-*8-17ba.

Aug. 3, 19*8
Sept .23
Nov. 26
Dec. 22
Jan. 19, 191*9
Feb. 22

7.27
if. 52
6.90
6.92
7-03

Frozen

Mar. 29, 191*9
Apr. 25
May 23
June 25
July 27

Dry
Dry
Dry
Dry
5.35

Aug. 31, 19*9
Sept .28
Oct. 27
Nov. 30
Dec. 28

*.19
*.59
5-75
6.3*
8.83

10-*9-3cb.

Aug. 23, 191*8 
Sept. 21* 
Nov. 26 
Dec. 22 
Jan. 20, 19*9 
Feb. 2^

18.23
17-75 
17.58
17.85 
18.10 
18. U

Mar. 29, 19*9 
Apr. 26 
May 23 
June 27 
July 26

18.5* 
18.66 
18.85 
18.2* 
18.05

Aug. 31, 19*9 
Sept .28 
Oct. 27 
Nov. 30 
Dec. 28

17-58
17- *7 
17.6* 
17.88 
18.05

Aug. 
Sept

23, 
.21*

19*8 18 
17

.60 

.78
Nov. 
Dec.

26, 
22

19*8 ib
18

 9* 
.95

Jan. 20, 19*9 18.80 
Well destroyed

50



Table 6. Water-level measurements in observation wells, in feet below
land surface Continued

Custer County Continued

10-49-20dd.

Date

Aug. 2k, 1948 
Sept. 27 
Nov. 27 
Dec. 24 
Jan. 20, 191*9 
Feb. 23

Water 
level
12.72 
12.66 
12.47 
12. If 2
12.37 
12.04

Date

Mar. 29, 1949 
Apr. 25 
May 13 
June 26 
July 27

Water 
level
11.85 
12.01
11.97 
Dry 
Dry

Date

Aug. 31, 1949 
Sept. 28 
Oct. 27 
Nov. 30 
Dec. 28

Water 
level
Dry 
Dry 
Dry 
Dry 
Dry

13-53-10dc2.

Dawson County

May 5, 
28

1948 8 
8

  35 
.«?0

Aug. 
Sept

19,
.27

1948 9 
8
.00 
.12

Filled in

13-53-load.

May 5, 1948
28

Aug. 19
Sept .27
Nov. 27
Dec. 27

5-00
4.75
5-70
5.16
4.55
5.05

Jan. 21, 19^9
Feb. 23
Mar. 30
Apr. 25
May 23
June 27

Frozen
Frozen

4.05
4.16
3.78
5.10

July 24, 1949
Aug. 31
Sept .28
Oct. 30
Dec. 2

29

5.06
5.76
3.10
2.96
3-63
4.40

13-53-Hcb.

May 5, 1948
28

Aug. 19
Sept. 27
Nov. 27
Dec. 24

5.00
5-00
6.00
6.49
5-29
5.61

Jan. 21, 1949
Feb. 23
Mar. 30
Apr. 25
May 23
June 27

5-67
6.05
4.85
4.50
4.57
5.85

July 24, 1949
Aug. 31
Sept .28
Oct. 30
Dec. 2

6.19
6.97
5-87
5-03
4.96

13-53-lice.

May

Aug.

5,
28
19

1948 1.90
2.00
2.30

Sept
Nov.
Dec.

 27,
27
24

1948 1.92
1.84
2.09

Jan.
Feb.
Mar.

51

21,
23
30

1949 Frozen
Frozen

0.00



Table 6. Water-level measurements in observation wells, in feet below
land surfac e  Cont inued

Davson County Continued 

13-53-lice--Continued.

Date

Apr. 25, 19^9 
May 23 
June 27

Water 
level
0.97 
2.02 
30.2

Date

July 24, 1949 
Aug. 31 
Seirt .28

Water 
level
3.32 
3-63 
2.55

Date

Oct. 30, 1949 
Dec. 2

i 29

Water 
level
1.97 
1.81 
2.52

13-53-lied.

May

Aug.
Sept

5,
28
19
.27

1948 1
1
1
1

.40
  50
  30
.42

Nov.
Dec.
Jan.

27,
2k
21,

1948

1949

1.53
1.82

Frozen

Feb.
Mar.

23, 19^9
30

! Frozen
1 0.00

Well destroyed

13-53-Hdc.

May 5, 1948
28

Aug. 19
Sept .27
Nov. 27
Dec. 2k

3.85
3.90
4.20
4.52
4.87
4.77

Jan. 21, 1949
Feb. 23
Mar. 30
Apr. 25
May 23
June 27

6.03
Frozen

.00
3.49
3-97
3.88

July 24, 1949
Aug. 31
Sept .28
Oct. 30
Dec. 2

29

4.26
4.54
4.80
4.65
4.74
4.48

13-53-l4bb.

May 5, 1948
28

Aug. 19
Sept. 27
Nov. 27
Dec. 27

3.10
2.80
3.90
4.43
3-^5
3.86

Jan. 21, 1949
Feb. 23
Mar. 30
Apr. 25
May 23
June 27

3.78
Frozen

.00
2.95
2.65
4.25

July 24, 1949
Aug. 31
Sept .28
Oct. 30
Dec. 2

29

4.68
5.10
3.36
3.20
3.31
3.69

13-53-15aal.

May 5, 1948
28

Aug. 19
Sept. 27
Nov. 27
Dec. 27

4.85
2,80
5.10
2.22
4.35
4.95

Jan. 21, 1949
Feb. 23
Mar. 30
Apr. 25
May 23
June 27

5.27
Frozen

4.47
4.21
4.38
5.26

July 24, 1949
Aug. 31
Sept .28
Oct. 30
Dec. 2

29

5.83
3-23
1.63
2.87
3-66
4.56



Table 6.--Water-level measurements in observation veils, in feet below
land surface --Continued

Dawson County  Cont inued

Date

May 5, 1948 
28 

Aug. 19' 
Sept. 27 
Nov. 27 
Dec. 27

Water 
level
2.10 
.80 

3.00 
.00 

1.87 
2.71

Date

Jan. 21, 1949 
Feb. 23 
Mar. 30 
Apr. 25 
May 23 
June 27

Water 
level
1.51 
2.51 
.00

I.?** 
2.32 
.00

Date

July 24, 1949 
Aug. 31 
Sept .28 
Oct. 30 
Dec. 2 

29

Water 
level
4.05 
.00 
.00
 73 

1.40
2.33

l4-54-ladl.

Sept. 27, 19^8 
Nov. 26 
Dec. 24 
Jan. 21, 1949 
Apr. 26

17.97 
18.36 
18.52
18.77 
19.7?

May 23, 19^9 
June 29 
July 27 
Aug. 31

19.59 
17.33 
17.91 
16.86

_i

| Sept .28, 1949 
Oct. 30 
Dec- 1 

29
!

16.97 
17.15 
17.82
18.39

i4-54-i4ad.

Sept. 21, 1948
Nov. 26
Dec. 2k
Jan. 21, 19^9
Mar. 30

6.16
5.86
6.06
6.69
6.0^

Apr. 26, 1949 | 6-63
May 23
June 29
July 27
Aug. 11

6.68
6.56
6.44
6.28

Sept. 28, 19lf9
Oct. 30
Dec. 1

29

6.15
6.13
6.37
5.95

May 5, 1948 
28 

Aug. 19 
Sept. 24 
Nov. 27 
Dec. 24

0.80 
3.40 
4.10 
3.9^ 
3.73 
4.82

Jan. 21, 1949 
Feb. 23 
Mar. 30 
Apr. 25 
May 23 
June 27

5.01 
Frozen 

.00 
1.76 
3*04 
6.49

July 27, 1949 
Aug. 31 
Sept. 30 
Oct. 30 
Dec. 2 

; 29

6.49

Dry 
Dry 
5.29 
Dry

14-54-33ab2.

May 5, 1948
28

Aug. 19
Sept. 28
Nov. 27
Dec. 27

2.00
2.75
3-00
1.72
 95

Jan. 21, 1949
Feb. 23
Mar. 30
Apr. 25

Frozen || July 27, 1949
Frozen

1.02
1-39

May ?3 j 1,70 1
2.24 I! June 27 S 3.30

Aug. 31
Sept. 30
Oct. 30

3.70
Dry
3.10
1.62

Dec. 2 ! 1.90
I 29 1 2.95

53



Table 6.--Water-level measurements In observation wells, in feet below
land surface Continued

Davson County--Continued

l4-54-33acl.

Date

May 5, 1948 
28 

Aug. 24 
Sept .27 
Nov. 27 
Dec. 27

Water 
level
5-65 
5-60 
5.70 
4.93 
4.79 
5.36

Date

Jan. 21, 1949 
Feb. 23 
Mar. 30 
Apr. 25 
May 23 
June 27

Water 
level
5.l£
6.U3 
6.96 
5.80
5-71 
4.18

Date

July 27, 1949 
Aug. 31 
Sept. 30 
Oct. 30 
Dec. 2 

29

Water 
level
4.48 
5.58 
5.25 
4.9^ 
5-30 
5.98

l4-54-33ac2.

May 5, 1948
28

Aug. 24
Sept .27
Nov. 27
Dec. 27

5.00
5.20
5.60
4.41
4.60
5.20

Jan. 21, 1949
Feb. 23
Mar. 30
Apr. 25
May 23
June 29

Frozen
Frozen

7.20
7.12
4.95
5.07

July 27, 1949
Aug. 31
Sept. 30
Oct. 30
Dec. 2

29

4.60
Dry
5-35
4.85
4.91
Dry

l4-54-33ac3-

May 5, 1948
28

Aug. 20
Sept. 27
Nov. 27
Dec. 27

5-25
5.40
5.20
5.10
4.77
5.39

Jan. 21, 1949
Feb. 24
Mar. 30
Apr. 25
May 23
June 27

6.05
7.05
6.01
5.72
5-37
4.98

July 27, 1949
Aug. 31
Sept. 30
Oct. 30
Dec. 2

29

4.25
5.45
5.4o
5.08
5.48
6.10

l4-54-33bal.

May 5, 1948
28

Aug. 20
Sept .27
Nov. 27
Dec. 27

1-75
1.65
1.00
.52
  95

2.24

Jan. 21, 1949
Feb. 24
Mar. 30
Apr. 25
May 23
June 27

Frozen
Frozen

0.00
.80
.54

1.00

July 27, 19^9
Aug. 31
Sept . 30
Oct. 30
Dec. 2

29

1.17
2.78
1.94
.91

1.51
2.75

l4-54-33ba2.

May

Aug..

5,
28
20

1948 6.65
4.80
2.20

Sept
Nov.
Dec.

 27,
27
27

1948 1.82
3.24
t, 10 

| t.J.£.

Jan.
Feb.
Mar .

54

21,
24
30

1949 4.26
6.07
5.52



Table 6 % --Water-level measurements In observation wells, in feet below
land surface Continued

Dawson County Continued 

l4-54-33ba2 Continued.

Date

Apr. 25, 19^9 
May 23 
June 27

Water 
level
3-82 
3-45 
1.95

Date

July 2k, 1949 
Aug. 31 
Sept. 30

Water 
level
1.17 
3-31 
3.72

Date

Oct. 30, 19^9 
Dec. 2 

29

Water 
level
3-82 
4.52 
5.57

May 5, 19!$
28

Aug. 2k
Sept. 27
Nov. 27
Dec. 27

2.00
2.75
3-60
2.10
1.82
2.02

Jan. 21, 1949
Feb. 2k
Mar. 30
Apr. 25
May 23
June 27

Frozen
2.11
.67

1.98
2.37
3.47

July 27, 191*9
Aug. 31
Sept. 30
Oct. 30
Dec. 2

29

3-82
Dry
2.77
2.02
1.89
2.1*3

!4-54-33ba4.

May 5, 1948
28

Aug. 214-
Sept .27
Nov. 27
Dec. 27

5-75
6.10
5.20
5-23
4.76
5.06

Jan. 21, 19^9
Feb. 2k
Mar. 30
Apr. 25
May 23
June 27

5-13
Frozen

2.77
5-13
5.36
4.79

July 24, 1949
Aug. 31
Sept. 30
Oct. 30
Dec. 2

29

5.54
6.00
5.83
5-70
5-73
5.88

l4-54-33ba5.

May 5, 1948
28

Aug. 24
Sept. 27
Nov. 27
Dec. 27

2.00
2.50
3.30
2.85
2.27
3.06

Jan. 21, 1949
Feb. 24
Mar. 30
Apr. 25
May 23
June 27

3.36
3-99
2.56
1.92
1.89
3.26

July 27, 1949
Aug. 31
Sept. 30
Oct. 30
Dec. 2

29

2.59
4.39
4.14
2.83
2.95
3.76

l4-54-33bbl.

May 5, 1948
28

Aug. 19
Sept .27
Nov. 27
Dec. 27

1.50
2.20
2.90
1.67
.42

1.05

Jan. 21, 1949
Feb. 24
Mar. 30
Apr. 25
May 23
June 27

Frozen
Frozen

0.00
1.28
1.61
3.08

July 27, 1949
Aug. 31
Sept. 30
Oct. 30
Dec. 2

29

3.69
3-51
1-75
.65
 70

1.62
55



Table 6. Water-level measurements in observation wells, in feet below
land surface Continued

Dawson County Continued

Date

May 5, 191*8 
28 

Aug. 19 
Septo27 
Nov. 27 
Dec. 27

Water 
level
3-20 
1*.50 
3.20
3^15 
2.96 
3.63

Date

Jan. 21, 191*9 
Feb. 21* 
Mar* 30 
Apr. 25 
May 23 
June 27

Water 
level

Frozen 
Frozen 

0.00 
2.66
3-51 
3.83

Date

July 27, 191*9 
Aug. 31 
Sept. 30 
Oct. 30 
Dec. 2 

29

Water 
level
5.11
5-39 
1*.19 
3.21 
3-20 
3.79

-33bcl.

May 5, 191*8
28

Aug. 19
Sept. 27

7-00
6.30
1*.70
1*.97

Novo 27, 19*1-8
Dec. 27
Jan 0 21, 191*9
Feb. 2k

5o2i*
5.68
5 086

Frozen

Mar. 30, 19^9
Apr. 25
May 23

Frozen
5.08
5-57

Well destroyed

May 5, 19^8
28

Aug. 19
Sept. 27
Nov. 27
Dec. 27

l*olO

1*.00
3.20
3.86
if. 16
3.80

Jan. 21, 191*9
Feb. 2k
Mar. 25
Apr. 25
May 23
June 27

1*.12
Frozen
Frozen

3.^1
3.60
3.1*5

July 27, 191*9
Aug. 31
Sept. 30
Oct. 30
Dec. 2

29

1*.1*5
1*.65
3-85
3-12
3-3^
1*.17

Il*-5l*-33be3.

May 5, 191*8
28

Aug. 19
Sept 0 27
Hov. 27
Dec. 27

i*.oo
1*.20
1*.20
1*.15
1*.13
1*.27

Jan. 21, 191*9
Febo 21*
Mar* 30
Apr* 25
May 23
June 27

1*.70
5*08
1* 0 60
3-03
1*.10
l* 0 26

July 27, 191*9
Aug. 31
Sept. 30
Oct. 30
Dec. 2

29

5-^0
6.01*
k.15
k.26
1*.16
1*.65

May 5, 191*8
28

Aug» 20
Sept .27
Nov. 27
Dec. 21*

1*.60
6,00
1**70
l*.32
l*.27
1*.1*1

Jan. 21, 191*9
Feb. 21*
Mar. 30
Apr. 25
May 23
June 27

Frozen
Frozen

1*.1*1*
3-50
3.96
3.1*7

July 27, 191*9
Aug. 31
Sept. 30
Oct. 30
Dec. 2

29

l*.l*9
^ 93
5.26
1*.90
l*.76
l*.9l*



Table 6.--Water-level measurements in obserration wells, in feet below
land surface Continued

Davson County Continued

Il*-5l*-33bd2.

Date

May 5, 19i*8 
28 

Aug. 19 
Sept .27 
Nov. 2? 
Dec. 27

Water 
level
1.90 
2.50 
3.50 
2,52 
2.9!* 
2.75

Date

Jan. 21, 191*9 
Feb. 2k 
Mar. 30 
Apr. 25 
May 23 
June 27

Water 
level

Frozen 
Frozen 

2.09 
1.1*8 
2.08 
3.12

Date

July 27, 191*9 
Aug. 31 
Sept. 30 
Oct. 30 
Dec. 2 

29

Water 
level
3-80 
1*.80 
3.67 
2.75 
2.57 
3.20

May 5, 19^
28

Aug. 21*
Sept.27
Nov. 27
Dec. 27

2.65
3-20
1*.10
2.91
3.71*
3.79

Jan. 21, 191*9
Feb. 21*
Mar. 30
Apr. 25
May 23
June 27

3.81*
3-93
3.1*6
2.70
3-21
3.95

July 27, 191*9
Aug. 31
Sept. 30
Oct. 30
Dec. 2

29

^ 59
5-19
1*.90
l*.ll
3-79
1*.82

May 5, 191*8 
28 

Aug. 21* 
Sept. 27 
Nov. 27 
Dec. 27

5.00 
5-00 
5-10
l*.93 
l*.l*i* 
5.16

Jan. 21, 191*9 
Feb. 21* 
Mar. 30 
Apr. 25 
May 23 
June 27

Frozen 
Frozen

5-09 
5-06 
1*.87 
5.22

July 27, 191*9 
Aug. 31 
Sept. 30 
Oct. 30 
Dec. 2 

29

5.36 
5-55

l**.31 
1*.83 
5.81*

May 5, 191*8 
28 

Aug. 19 
Sept .27 
Nov. 27 
Dec. 27

6.50 
6.25 
5.50
5.15 
5.01* 
5.68

Jan. 21, 191*9 
Feb. 21* 
Mar. 30 
Apr. 25 
May 23 
June 27

Frozen
Frozen 

0.00 
5.68

I*.'l6

July 27, 19^9 
Aug. 31 
Sept. 30 
Oct. 30 
Dec. 2 

29

5.31 
1*.67 
1*.1*5

5.19 
6.02

57



Table 60-^Water-level measurements in observation wells, in feet below
land surface Continued

Davson County Continued

ll*-55-6dd.

Sept. 25, 191*8
Nov. 26
Dec. 21*
Jan 0 21, 19^9
Feb. 2k

22.71
21.8*1.
22 0 6l
22.83
22 .1*1*

Mar. 30, 19^9
Apr* 26
May 23
June 27
July 27

22ol3
23.32
23.1*3
23.21
2^.15

Aug. 31, 191*9
Sept. 28
Oct. 30
Measurements

23.02
22.98
22.95

discontinued

ll*-55-l6bb.

Sept. 27, 191*8
Nov. 27
Dec. 21*
Jan. 21, 191*9
Feb. 21*

5-91
7-57
5-83
5.85
7.70

Mar 0 30, 19^9
Apr. 26
May 23
June 29
July 27

8.35
8.15

-7.12
7.10
6.96

Aug. 31, 191*9
Sept. 30
Oct. 30
Dec. 1

29

5-58
5.58
5-85
6.1*7
6.02

15-55-l6cb.

Sept .27, 191*8
Nov. 27
Dec. 2l*
Jan. 21, 19l*9
Feb. 21*

7-92
7*26
7*68
7.82
8.52

Mar. 30, 19^9
Apr. 26
May 23
June 29
July 27

7.1*5
8.3*1-
7-65
6.80
6.57

Aug. 31, 19119
Sept .28
Oct. 30
Dec. 1

29

5-36
5-63
6.00
6.38
8.82

15-55-19dc.

Sept .27, 191*8 
Nov., 26

12 0 69
n.ta

Dec. 21*, 191*8 13-56 Measurements 
discontinued

ll-50-17ac.

Prairie County

Aug. 26, 191*8
Sept.2l*
Nov. 26
Dec. 22
Jan. 20, 19l*9
Feb. 2^

10o05
10.11
10.20
10.52
10.79
10.75

Mar. 29, 19l*9
Apr* 26
May 23
June 28
July 26

10 0 82
11.09
10.78
10.27
10.17

Aug. 31, 191*9
Sept. 28
Oct. 27
Nov. 30
Dec. 28

9.93
9.98

10 6 27
10.37
10.1*1

58



Table 6. Water-level measurements in observation wells, in feet below
land surface Continued

Prairie County Continued

ll-50-30aa.

Date

Aug. 2, 19lf8 
Sept .21* 
Nov. 26 
Dec. 22 
Jan. 20, 191*9 
Feb. 2^

Water 
level
9-13 
9-25 
7-^6 
7-90 

Frozen 
Frozen

Date

Mar. 29, 191*9 
Apr. 25 
May 23 
June 27 
July 26

Water
level
7.93 
8.25
5-76 
6.01 
6.08

Date

Aug. 31, 19*9 
Sept. 28 
Oct. 27 
Nov. 30 
Dec. 28

Water 
level
7.12 
7.61 
7-85 
7-99 
8.09

12-51-3dc.

Sept. 1, 191*8
Nov. 26
Dec. 22
Jan. 20, 19l«-9
Feb. 23
Mar. 29

7.57
8.1*3
8.50
8.75
7-71
7.1*9

Apr. 26, 19l«-9
May 23
June 28
July 26
Aug. 31

6.71
7.22
6.1*3
5.32
5-31

Sept .28
Oct. 30
Nov. 30
Dec. 28

5^5
5-75
6.29
6.1*9

Measurements
discontinued

12-51-l6ac.

Aug. 2, 
Sept. 21*

191*8 20.1*9 
19.70

Nov. 
Dec.

26, 
22

191*8 20.75 
19.15

Measurements 
discontinued

12-51-l6cb2.

Aug. 26, 191*8 
Sept. 21* 
Nov. 26

10.93 
10.95 
10.92

Dec. 22, 191*8 
Jan. 20, 191*9

11.02 
10.91*

Feb. 23, 191*9 
Mar. 29

11.02 
10.87

12-51-l6cd2.

Aug.
Sept
Nov.

26,
.21*
26

191*8 20
20
20

 57
  31
.M

Dec.
Jan.
Feb.

22,
20,
2^

191*8
191*9

20
20
20

.05
olO.11*

Mar. 29, 191*9 |
Measurements

20.05

discontinued

12-51-l6dc.

July
Aug.
Sept

28, 19l*8
26

.21*

20
20
19

.20

.15.98
Nov.
Dec.
Jan.

26,
2

20,

191*8

191*9

19
19
19

59

.82

.80
 76

Feb.
Mar.
Apr.

23, 19^9
29
26

19-79
19-73
20.00



Table 6. Water-level measurements in observation wells, in feet below
land surface Continued

Prairie County Continued 

12-51-l6dc  Continued.

Date

May 23, 1949 
June 28 
July 26

Water 
level
20.20 
19.82 
19.81

Date

Aug. 31, 1949 
Sept. 28 
Oct. 27

Water 
level
19.68 
19-46 
19.26

Date

Nov. 30, 1949 
Dec. 28

Water 
level
19-03 
19.20

12-51-21ab.

Aug. 26, 1948 
Sept. 24 
Nov. 26

22.78 
22.54 
22.36

Dec. 22, 1948 
Jan. 20, 1949

23-79 
24.73

Feb. 23, 1949 | 22.18 
Measurements 

discontinued

12-52-lad.

Aug. 31, 1948
Sept. 24
Nov. 26
Dec. 22
Jan. 20, 1949
Feb. 23

31-12
31.09
31-03
31-22
31.25
29.37

Mar. 29, 1949
Apr. 26
May 23
June 28
July 26

30.84
30.78
30.72
30.89
30.91

Aug. 31, 1949
Sept. 28
Oct. 30
Nov. 30
Dec. 29

30.87
30.83
30.82
30.82
30.83

12-52-2aa.

Aug. 2, 1948 
Sept .24 
Nov. 26 
Dec. 22 
Jan. 20, 1949

19-14 
19.18
19.15 
19.25
19*41

Feb. 23, 1949 
Mar. 29 
Apr. 26 
May 23 
June 28

p.9.00
19.33 
19.27
19.25 
19.62

July 26, 1949 
Aug. 31 
Sept .28 
Oct. 30 
Nov. 30

19.58
19.15 
19-18 
19.28 
19.33

13-52-34ac2.

Aug. 2, 1948 
Sept .24 
Nov. 26 
Dec. 22 
Jan. 20, 1949 

OFeb. 23

18.93 
18.89 
18.86 
18.89 
18.87 
19.47

Maro 29, 1949 
Apr. 26 
May 23 
June 26 
July 26

18.88 
18.98
19.29 
20.61 
20.29

Aug. 31, 1949 
Sept. 28 
Oct. 30 
Nov. 30 
Dec. 29

19-33 
18.92 
18.80 
18.81 
18.80

60



Table 6. Water-level measurements in observation veils, in feet below
land surface Continued

Prairie County--Continued

13-52-34ac4.

Date

Aug. 27, 1948 
Sept. 24 
Nov. 26 
Dec. 22 
Jan. 20, 1949

Water 
level
16.51* 
16.66 
16.38 
16.34 
16.38

Date

Mar. 29, 191*9 
Apr. 26 
May 23 
June 28 
July 26

Water 
level
16.35 
16.33 
16. ho 
16.44 
16.60

Date

Aug. 31 , 1949 
Sept .28 
Oct. 30 
Nov. 30 
Dec. 29

Water 
level
16.59 
16.48 
16.42 
16.32 
16.27

13-52-34adl.

Aug.
Sept
Nov.

31,
.2k
26

1948 15
15
15

.92

.79

.69

Dec.
Jan.
Feb.

22,
20,
23

1948
1949

15
15
15

.69 1
 75 i
.7k \

Mar. 29, 191*9 |
Measurements

15-59

discontinued

13-52-34ad2.

Aug. 28, 1948
Sept. 24
Nov. 26
Dec. 22
Jan. 20, 191*9
Feb. 23

15.81
15.79
15.77
15.79
15.70
15.81*

Mar. 29, 191*9
Apr. 26
May 23
June 28
July 26

15.74
15.89
15-94
15.68
15.80

Aug. 31, 19^9
Sept. 28
Oct. 30
Nov. 30
Dec. 29

15.80
15.74
15-64
15.60
15.59

13-52-34bd.

Aug. 27, 1948 
Sept. 24 
Nov. 26 
Dec. 22 
Jan. 20, 1949 
Feb. 23

18.24 
18.17 
18.10 
18.05 
18.25 
18.96

Mar. 29, 1949 
Apr. 26 
May 23 
June 28 
July 26

19.05 
18.86 
18.50 
18.04 
18.15

Aug. 31, 1949 
Sept. 28 
Oct. 30 
Nov. 30 
Dec. 29

'18.15 
18.10 
18.06 
18.02 
18.04

13-52-34cal.

Aug. 27, 1948 
Sept .24 
Nov. 26 
Dec* 22 
Jan. 20, 1949 
Feb. 23

18.29 
18.23 
18.17 
18.19
18 ,75 
18.21

Mar. 29, 1949 
Apr. 26 
May 23 
June 28 
July 26

18.15 
18.16 
18.18 
18,25 
18.63

Aug. 31, 1949 
Sept. 28 
Oct. 30 
Nov. 30 
Dec. 29

18.40 
18.02 
18.20 
18.14 
18.10

61



Table 6. Water-level measurements in observation wells, in feet below
land surface Continued

Prairie County Continued

Date

Aug. 27, 191*8 
Sept. 2k 
Nov. 26 
Dec. 22 
Jan. 20, 191*9 
Feb. 2^

Water 
level
15-13 
11*. 98 
11*. 87
11*. 9^ 
15*12
15.09

Date

Mar. 29, 19*1-9 
Apr. 26 
May 23 
June 28 
July 26

Water 
level
!5<>0l* 
15.21 
15.^9 
16*55 
16.21*

Date

Augo 31, 19^9 
Sept. 28 
Oct. 30 
Nov. 30 
Dec. 29

Water 
level
15.16
15-91 
15.08 
ll*.98 
1^.97

Aug. 27, 19%8 
Sept .21* 
Nov. 26 
Dec. 22 
Jan. 20, 191*9 
Feb. 23

17.71 
17.89 
17.80 
18 .01* 
18.07

Maro 29 , 191*9 
Apr. 26 
May 23 
June 28 
July 26

17.83 
17.85 
18.00 
18.10 
I8c22

Aug. 31, 19^9 
Sept .28 
Oct. 30 
Nov. 30 
Dec. 29

17.98 
17.88 
17.83 
17.75 
17-90

13-52-3l*da,

Aug. 28, 19^8 
Sept. 2k 
Nov. 26 
Dec. 22 
Jan. 20, 191*9 
Feb. 23

17.00
17-09 
16.92
17.03 
17.00 
17.26

Mar., 29, 19^9 
Apr. 26 
May 23 
June 28 
July 27

16..93 
16.91 
16.93 
17-01 
17.12

Aug. 31, 19^9 
Sept. 28 
Oct. 30 
Nov. 30 
Dec. 29

16.90 
17.10 
17.06 
17.00 
16. 9^

13-52-3^1.
Aug. 31, 19^8 
Sept. 2^ 
lov. 26

19.25 
19.21 
19.18

Dec, 22, 19^8 
Jan. 20, 19^9

19.02 
19-07

Mar. 29, 19^9 | 19.1^ 
Measurements 

discontinued

Aug. 31, 19^ 
Sept.2l|. 
Nov. 26 
Dec. 22 
Jan. 20, 19^9

19-73 
19.75 
19.65 
19.68 
19.70

Mar 0 29, 191*9 
Apr» 26 
May 23 
June 28 
July 27

19*97 
19-9* 
19.96 
20c07 
20.18

Aug. 31, 19^9 
Sept. 28 
Oct. 30 
Nov. 30 
Dec. 29

20.12
19 -71* 
20.01
19.67 
19.92
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Table 6. Water-level measurements in observation wells, in feet below
land surface  Continued

Prairie County Continued

13-53-7db2.

Date

Sept. 3, 19^8 
Nov. 26 
Dec. 22 
Jan. 20, 19^9 
Mar. 29

Water 
level
30.65 
29.02 
29.15 
29.96
20. in

Date

Apr. 26, 19^9 
May 23 
June 28 
July 2? 
Auc. SI

Water 
level
30.07 
29.91 
28.77 
28.36 
27.64

Date

Sept. 28, 19^9 
Oct. 30 
Dec. 1 

28

Water 
level
27.48 
27.60 
27.95 
28.55

13-53-30ab.

Sept. 20, 
Nov. 26

19^8 £2.46 
22.1f2

Dec. 
Jan.

22, 
20 1

19^8 
19l»9

22.86 
23.07

Measurements 
discontinued
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