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PROGRFSS RFPORT ON THE CHFMIC/L CH/RACTFR OF SURF/CE WATERS IN
DFVILS LAKF B/SIN, NORTH D/KOT:

By Herbert /. Swenson

ABSTRACT

Devils Lake in northeastern North Dakota was at one time the most
popular summer resort in the state. With decline in lake level the lake
has become a shallow body of very saline water, with scenic value and
recreational appeal completely destroyed. Under the Missouri River devel-
opment program, it is proposed to restore the lake level to an altitude of
1,425 feet by diversion of Missouri River water.

The chemical character of the water in Devils Lake and in other sur-
face bodies in Devils Lake Basin is determined from the analyses of 95
samples. The physical and chemical properties of lake bed deposits are
also shown., Lake waters in the basin vary considerably in both concentra-
tion and composition, ranging from fresh bicarbonate waters of 300 parts
per million dissolved solids to sulfate waters of over 100,000 parts per
million of soluble salts. Twenty-four samples indicate the chemical char-
acter of water in the Red River of the North and its tributaries,

The probeble concentration of dissolved solids in water of Devils Lake
at altitude 1,425 feet has been estimated as ranging from 3,000 to 7,600
parts per million. Final concentration will largely depend upon the per-
centage of deposited salts reentering solution and the quality of the
inflow water.

The possible effects of lake effluents on downstream developments,
with particuler reference to sanitation and pollution problems, are also
discussed in the report.

INTRODUCTION

Purpose and Scope of Investigation
A study of the chemical character of surface waters in the Devils Lake

Basin wes undertaken by the Quality of Wwater Branch of the United States
Geological Survey during the summer of 1949. It was hoped that as a re-
sult of this study, certain contributions could be made to the hydrology of
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the region with particular consideration to the chemical quality of the lake
waters, The investigation was prompted by proposed plans of the Bureau of
Reclamation for restoring Devils Lake to its former level by diversion of
Missouri River waters. As part of the preliminary planning to revive the
recrestional value of the lake, a better understanding was necessary of the
following factors: the present salt content and composition of Devils and
Stump Lakes; properties of lake bed deposits; estimated mineral concentra-
tions to be expected of Devils Lake water after restoration of lake level;
and effects of flushing the saline lake waters on downstream municipal
supplies in the Sheyenne and Red River of the North Valleys.

This report includes data on cross-sectional sampling of Devils Lake,
East Devils Lake, West Stump Lake, and Fast Stump Lake., Results are given
for chemical analysis, temperature, density, and depth of the lake waters.
Single water samples from approximately 30 smaller lokes and coulees were
also collected for analysis. Lake bed deposits were treated with distilled
and Missouri River water, and the leached salts analyzed. Organic matter
and density were also determined on the bed samples. Limited data on the
chemical character of water in the Red River of the North and its tribu-
taries are presented. The area of present-day Devils Lake was measured
planimetrically from preliminary topographic maps, and estimates made as to
the total tonnage of salts in solution., Preliminary estimates are also
shown on the probable concentration of Devils Lake water upon restoration
of the lake to an altitude of 1,425 feet.

The investigation was under the general direction of S. Kenneth Love,
Chief, Quality of Water Branch, and under the immediate supervision of
Paul C. Benedict, regionel engineer, in charge of quality of water studies,
Missouri River Basin. Jay M. Stow, chemist, assisted in the field collec-
tion of samples, and B, R. Colby and R. B. Vice, engineers, critically



reviewed the report.
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Field Work

Ten days were spent in the field during June 1949. During this period
107 water samples were collected for chemical analysis, 12 of which repre-
sent river waters in the Sheyenne and Red River of the North Basins. Rep=-
resentative lake bed samples were collected for mechanical analysis and
leaching tests, Both surface and bottom samples of major lake waters were
obtained to note any change in chemical quality with depth. Soundings and
water temperatures were recorded. Although Devils and Stump Lakes received
the major attention, the investigation included study of many other lakes
in the region where information on the chemical quality would be of value.



Laboratory Work
Laboratory work was performed by chemists of the Quality of Water

Branch, United States Geological Survey at Lincoln, Nebr. The samples were
analysed according to methods regularly used by the Geological Survey.
These methods 1 are essentially the same or are modifications of methods
described in recognised authoritative publications for the mineral analysis
of water samples. Analytical results for waters that contain in excess of
10,000 perts per million (1 pcrcent) of dissolved solids were corrected for
density.

Analyses of semples were made by J. E. Adams, W, ¥, Barr, M. B. Florin,
L. R. Kister, R, A. Krieger, R. H. Langford, R. P. Orth, and F. H, Rainwater.

GENFRAL FFATURES OF DEVILS LAKE BZSIN

Location and Extent

Devils Lake Basin extends from the southern slopes of the Turtle Moun-
tains and the Canadian boundary to a series of prominent hills that lie
between Devils and Stump Lakes and the Sheyenne River. (See pl. 1.) In
describing the extent of the basin, Simpson 2 points out that the eastern
and western boundaries are more vague and indistinct, but that the area of
the entire drainage basin is estimated at about 3,500 square miles. The
area occupied by Devils Lake and the smaller adjoining lakes comprises but
a small fraction of what may be called Devils Lake drainage basin.

1 Collins, W. D., Notes on practical water analysis: U. S. Geol.
Survey Water-Supply Paper 596-H, pp. 235-261, 1928; Am. Public Health
Assoc., Standard methods for the examination of water and sewage, 9th ed.,
PP. 1-111, 19'160

2 Simpson, H. B,, Geology and ground-water resources of North Dakota:
U. S. Geol. Survey Water-Supply Paper 598, p. 9, 1929.



Physiography

There is a gradual southward slope throughout the drainage basin to
Devils and Stump Lakes; however, gradients are so slight and the surface so
irregular that the drainage pattern has been imperfectly developed. The
lakes have very irreguler outlines, with numerous windings and long bays or
arms, and are considered by Upham 3 to 1ie in the valley of a preglaciel
river, the tributaries of which are filled with drift. An unbroken ridge
of prominent and typicel morainal hills appears along the south shore of
Devils Lake in strong contrast to the level farm land that borders its
northern extent. Devils Lake and Stump Lake are remnants of glacial Lakes
Minnewaukan and Wamduska, respectively. The recession of Devils Lake has
resulted in the development of several smaller lakes, besides the separation
of the glacial Lakes Minnewaukan and Wamduska into the present Devils and
Stump Lakes., For a complete discussion of the physiography of the Devils-
Stump Lake region, the reader is referred to a report by Simpson.h

Drainage
Prior to 1889, the Mauvais Coulee (see pl. 1) drained the Sweetwater

chain of lakes through Lake Irvine and emptied considerable water into
Devils Lake. Several converging coulees then transported excess water to
Stump Lake. Mauvais Coulee is the largest drainage line in the system. In
subsequent years, flow in the coulee has been intermittent and largely in
response to the spring snow melt or excessive precipitation. During 1949
Kauvais Coulee discharged considerable water to Devils Lake, a flow of 385
second-feet being measured on May 10 at a point 9 miles northeast of the

3 Upham, Warren, The glacial Lake Agassiz: U. S. Geol. Survey Mon.
25, pp. 170-171, 1895.
Simpson, H. E., Physiography of the Devils-Stump Lake region of
North Dakota: North Dakota Geol. Survey 6th Bienn. Rept., pp. 105-157, 1912.



Figure l.--Mauvais Coulee looking upstream from U. S. Highway
No. 2 near Churchs Ferry. Width approximately 150 feet.
June 17, 19&90

town of Minnewaukan. Considerable flow in the coulee was also noted on
June 17, as seen in figure 1.

According to Simpson 5 the inflow to the lake of surface runoff from
the marginal laﬁds is small and very irregular. He believes that compara-
tively little water enters the lake as surface inflow from marginal lands,
because of the morainal character of the topography, and mentions the many
undrainred depressions common to the adjacent hills and prairies. It.is
possible, however, that Simpson underestimated the runoff from the area, as
there is considerable organized drainage into the lake along the northwest
part of West Bay.

Beth Devils and Stump Lakes may receive ground-water inflow from the
glacial drift of the large drainage basin, the ground waters of which move
slowly down the slope from the north through the lower sandy portions of the
drift over the floor of Pierre shale,

5 Simpscn, H. E., Physiography of the Devils-Stump Lake region of North
Dakota: North Dakota Geol. Survey 6th Bienn. Rept., p. 115, 15912,
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The reduction in salinity of Devils Lake water in 1949, as a result of

mixing with the much more dilute runoff waters discharged by Mauveis Coulee,
is discussed under the heading "Chemical character of the waters."

‘ Climate

The mean anmual temperature of the Devils Lake Basin is between 36° and
L42° F. Figure 2 shows the mean annual air temperatures for the period 1905
to 1949 at the United States Weather Bureau Station in the city of Devils
Lake. Maximum and minimum temperatures of above 100° F. and below =30° F,,
respectively, are not unusual, Jamuary is the coldest month, with mean
temperatures slightly above gero. July is the warmest month, with mean
temperatures of about 67° F., and August is only about 2° cooler,

Most of the precipitation occurs during the summer months, often as
storms of cloudburst intensities, accompanied by thunder and lightning. In
most years, some part of the basin is visited by a storm with a rainfall of
2 to 3 inches in 24 hours, and from S to 6 inches of rainfall in 24 hours
is not unknown., The avefage annual precipitation for a 78-year period
(18Y0 to 1948) et the city of Devils Lake is 17.78 inches. A S-year moving
average of precipitation for this period is shown in figure 3. From 75 to
80 percent of the average annual precipitation falls during the growing
season, April to September. Almost 5O percent falls during the 3-month
period, May, June, and July. The normal precipitation for the driest months,
November, December, Jenuary, and February, is about one-half inch each,

(Sece fig. L.)

The average annual snowfall is slightly more than 30 inches. The first
light snow may fall in September, but usually very little snow falls even in
October. The greatest amount of snow falls during March, and light snows
often occur during May.
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The prevailing direction of the wind for all months of the year is from
the northwest unless influenced by local conditions. More southerly winds
are observed during the summer months than during the winter. The average
annual wind velocity for the basin is about 10 miles per hour, and the wind
movement is greatest in the spring and least during August.

The average relative humidity is nearly 78 percent throughout the basin.
The humidity, however, is frequently very low during the summer; sometimes
it is below 25 percent. '

FEvaporation in the vicinity of Devils Lake is practically twice the
amount of the mean annual rainfall. The gross amount of evaporation has
been closely estimated as averaging between 33 and 36 inches.® This esti-
mate is in good agreement with the Ll year average of 3L.636 inches at
Dickinson and the 34 year average of 33.311 inches at Mandan, N. Dak.

Transggrtation
The transcontinental Great Northern Railroad crosses the basin fronm

east to west. Branch lines of the Minneapolis, St. Paul, and Sault Sainte
Marie Railroad also enter the region., North and south transportation
facilities, however, are limited. Paved highways cross the basin east and
west and to a less extent in a north and south direction.

Recreation
Devils Lake, the largest lake in the state, was a well=known recrea-
tional area at one time and was considered the most attractive summer
resort in North Dakota. With the decline in lake surface since 1860, the
recreational value of the lake has been completely destroyed. Since the
disappearance of pickerel from Devils Lake about 1889, no species of food

€ North Dakota State Eng. 5th Bienn. Rept. to the Governor of North
Dakota’ p. 2!‘. 1911‘120
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or game fish hes been found in the waters.! With restoration of lake level
to altitude 1,425 feet, it is expected that this region will again become a
popular resort area,

FLUCTUATIONS OF LAKF LFVEL

Interest in the recent history of Devils Lake centers in its fluctuation
and decline. Upham 8 believes that the lake altitude was 1,LL6 feet above
mean sea level about the year 1830, This is LS feet above the low stage
reported in 1540. A few miles south of the city of Devils Lake along State
Highway S7 may be seen a wooden marker, shown in figure 5, on which previous
lake altitudes are indicated. Early residents recall the period when the
lake waters reached the limits of Devils Lake City, which is now approxi-
mately 5 miles from the nearest shore., Beginning in 1867 occasional but
well-authenticated records of lake levels are available.

The decline in lake level, as indicated in table 1 and shown graphically
in figure 6, is not fully understood. It has been suggested that the lower-
ing of the lake level is the result of lowering of the ground water levels.
However, it does noi.; appear that there has been sufficient withdrawal of
ground water through wells to affect materially the water table. It has also
been reasoned that the development of farm lands in the region has caused a
decrease in runoff to the streams and lakes in the area, but no tenable rela-
tionship has been definitely established. The decline in lake level seems
most likely due to general changes in climatic conditions, and the answer
may lie in a combination of such factors as: (1) a general decrease in pre-
cipitation during the winter months when evaporation is low; (2) a general
increase in total evaporation during the summer duc to slightly increased

7 Pope, T. E. B., Devils Lake, North Dakota, A study of physical and
biological conditions with a view to the acclimatisation of fish: U, S.
Bur. of Fisheries Doc. 63![’ Pe 3’ 1”8.

8 Upham, Warren, op. cit., p. 595.



Figure S.--Marker at Narrows on
State Highway No. 57 show-
ing previous elevations of
lake level. Devils Lake in
background,



Table li==Altitudes for maximum and minimum stages of Devils Lake

.Year Maximum
. 1867
1879
1863
1887
1890
1896
3901 | 1,L24.0
1902 | 1,425.8
2903 | 1,L24.8
190k | 1,425.0
pd 1,425,.2
1906 | 1,L424.6
1907 1,42kh.2
1908 | 1,k23.4
1909 | 1,L22.6
1910 | 1,h21.L
1911 | 1,k20.L4
i912 | 1,hk21.L
1913 1,421,.8
2914 | 1,L20.6
1915 | 1,L19.2
2916 | 1,419.6
1917 | 1,L18.8
31918 | 1,417.k
i919
3921 | 1,l16.7
1922

(referred to datum of 1929)

Year J Maximun Minimum
1923 1,416.3
lm 1”‘1602
1925 1,41L.8
1926 1,U13.7
1927 1,“’06
1,h24.6 1928 1,k12,8
1,423.2 1929 | 1,l12.2 1,411.3
1,h24.6 1930 | 1,k11.k 1,L11.0
1,k23.k 1931 | 1,L11.L 1,410,0
1,&2“02 1932 1,“009 1."0901‘
1,L424.2 1933 | 1,Lk10.2 1,408,.2
1,423.2 193k | 1,L08.3 1,L06.5
1,423.0 1935 1,L406.9 1,406.1
1,421.8 1936 | 1,L06.7 1,L40L.5S
1,h21,6 1937 | 1,L0L3 1,403.2
1,420,2 1938 | 1,Lk03.L 1,402.1
1,420.2 1939 | 1,L02.7 1,L401.5
1,Lh20.L 1940 | 1,k02.3 1,400,9
1,k20.4 91 | 1,k02,8 1,k02,2
1,419.6 1942 | 1,L0L.S 1,40L.0
1,418.k 1543 |1 1,L0L.7 1,L03.4
1,418.6 9hk | 1,L0L.0 1,403.0
1,417.2 195 | 1,L0L.7 1,h03.5
1,h16.L 1946 | 1,L05.0 1,403.3
1,418.0 1947 | 1,k03.6 1,403.0
1,u16.2 1948 | 1,k05.2 1,L0k.2
1,416.6 949 | 1,k07.2 1,405.0
1,417.2

Note.-=Where only one altitude shown, reading is for single observation.
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average temperatures; (3) length of warm seasons; and (L) increased air
movement. Because precipitation, runoff, changes in stage of the lake sur-
face, and temperature are so interwoven, it is difficult to establish defi-
nite relations between one factor and another,

The area of the water surface of Devils Lake has been estimated or
calculated for certain years. Lake areas for the period 1867 to 1949 are
reported in table 2, and the relationship with altitudes is shown graphi-
cally in figure 7.

Table 2,~—Area of Devils Lake, 1867-1949

Year i Altitude Source

Sq. miles | Acres

1882 120 76,800 | 1,L3L Do.

1928| a/ 35 |22,00| 1,523.4] Do

941 LS | 2,880 | 1,400.9 Do.

1949 15.7 |10,050 | 1,L06.L Pr:nnmry U. S. Geol. Survey topograph-
C Bap.

Main part of lake measured from U, S. Geol., Survey topographic map as
17.2 square miles.

CHEMICAL CHARACTER OF THE WATERS

General

Few early records of sampling of the major lake waters for chemical
.analysis are available. Several analyses of Devils Lake water have been
reported from time to time, and in most instances these results are for
single observations for certain years. A survey of the literature reveals
little information on the areal distribution of soluble salts in Devils and
Stump Lakes and no data on the concentration of the vateri in the vertical
gection, The sampling program followed during the field study of 1549 in-
cluded collection of samples from the major lakes at many points and at
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Figure 8.—~View of Devils Lake from south shore. Boat used
in obteining samples in foreground.

both top and bottom levels. (See fig. 8.)

A ma2p of the region studied, showing sampling points, is given in plate
2 (in pocket). The waters in the basin differ considerably in both composi-
tion and concentration. This is seen in plate 3 (in pocket) where concen-
trations as milligram equivalents per kilogram (equivalents per million) for
1l representative waters in the region are plotted graphically. Analyses re-
ported in equivalents per million show chemical properties to better advan-
tage, in that the actual reactive values of tHe ions are considered. The
concentrations of salts as tons per acre-foot vary from O.47 for a fresh
water (Lake Irvine) to 129 for a very saline water (Bast Stump Lake). Also,
the character of water found varies considerably. Wood Lake water, for
example, is essentially a bicarbonate water, East Stump Lake water is pri-
marily a sulfate type, and water in Cranberry Lake is classed as a mixed
type that contoins approximately equal amounts of bicarbonate and sulfate.
Maximun concentration determined for all waters that were analyzed in the
region is 102,000 parts per million (10.2 percent) and represents the result
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for a single observation at East Stump Lake.

Devils Lake

The water in Devils Lake has been zampled for chemical analysis on an
intermittent basis for at least 50 years. Young ’ records a concentration
of 8,471 parts per million of dissolved solids for 1899. Between 1899 and
1949 the lake water has been analysed at infrequent intervals pursuant to
biological, limnological, or academic studies, Although some exceptions
are noted, the concentration of salts in the lake water has tended to in-
crease during this period, and it is noted that concentrations in general
fluctuate inversely with lake level. The relationship between salt con-
centration and lake altitude is shown graphically in figure 9. Prior to
1949, analyses are available only for single samples over a period of years,
and no analyses are given for the interval 1923 to 1948. From figure 9 it
is seen that the maximum concentration for the period of record is 25,000
parts per million, reported during November 1548, As a result of surface
runoff during the following spring, at which time flow in Mauvais Coulee
exceeded 350 second-feet, the concentration of salts in the lake water on
May 19, 1949, was reduced to 17,500 parts per million. Further mixing dur-
ing June of the lake water with the dilute runoff (approximately LOO p.p.m.
salts) resulted in a water having an average concentration of 13,400 parts
per million, based on 32 samples. The lake altitude in feet above mean sea
level was 1 foot higher in June than in May.

During June 1l and 18, 1949, samples of the lake water were collected
from 28 points in Devils Lake. The location of the sampling points is shown
in figure 10, and results of analyses are given in table 3 (in appendix).

9 Young, R. Te, The life of evils Lake, North Dakota: North Dakota
Biological Sta., p. 28, 192l.
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Maximum depth of water measured was 6.9 feet, which is a reduction of approx-
imately 18 feet from the maximum depth reported by Pope 10 in 1908. The
average density of the samples for 1549 was 1.0096. Differences in concen-
tration between surface and bottom samples were found to be small, the
shallow depth of the lake permitting uniform mixing of the water by wind
action,

The composition of the lake water does not appreciably vary. This is

seen below, where an analysis by Daudt 1l in 1911 is compared with a lake
sample analyzed by the Geological Survey in 1548.

Analysis of Devils Lake water, 1911 and 1948
(percent of anhydrous residue)

prt! 1948
Sodium (Na) 25.9 2.7
Calcium (Ca) - 0.k
Magnesium (llg) Sels 5e7
Cc “bonate (00 ko2 2.9
Sulfate (so&) Sh.l Shels
Chloride 10.5 1.5
Salinity as parts
per million 11,278 25,000

The percentage compositions corresponding to years for which complete
chemical analyses are available are plotted in figure 11 for the principal
constituents in solution. The variation is small, and it is seen that on
a weight basis, sodium and sulfate are the cation and anion, respectively,
which account for most of the mineral content. The average salinity in
parts per million of this average composition is computed as 13,800,

It is interesting to note that Nerhus,l? working under the direction
of Go A. Abbott of the University of North Dakota, made a study of the

10 Pope, Te Eo Be, OpPe cit., p. 5.
- 11 Daudt, He We, Quart. Jour., Univ. of North Dakota, vol. 1, p. 225,
1911.
12 Nerhus, P. T., A study of the solubility relations of the salts in
Devils Lake water, Thesis for Master of Science degree, Univ. of North
Dakota, ppe. LO=Ul, June 1920.
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solubility relations of the salts of Devils Lake, with a view to obtaining
salts in a state of purity on a commercial scale. They devised a procedure
using solar evaporation and fractional crystallization for the separation
of the following salts: mirabilite (Na.‘,soh * 10H,0); astrakanite (ugsoh .
Na,S0) * LH,0); halite (NaCl); and sylvite (KC1). Abbott 13 pointed out
that the chief salts present are sodium sulfaste, sodium chloride, and
magnesium sulfate, He also brought out the point that the composition of
Devils Lake water differs strikingly from the composition of such western
lake waters as those of Searles Lake and Owens Lake, Calif,; Dixie Salt
Marsh, Neve,; and Jesse Lake, Nebr., all of which are high in chlorides
rather than sulfates, .

In his work on chemical toxicology of Devils Lake water to discover
the reasons for the disappearance of fish from Devils Lake, Abbott 1l
reasoned that the presence of gzinc in the water was the contributing factor
and, in 1924, reported concentrations of this element as high as 15 parts
per million. Analyses of samples collected by the Geological Survey in
1949 do not show the presence of zinc in this concentration; the maximum
found from 25 samples was 0.16 part per million. A recent analysis by
Dr. Abbott 15 showed 0,20 part per million of zinc, confirming the report
in 1949 of the Geological Survey. Apparently the zinc has reacted chemi-
cally with other ions in the water and precipitated on the lake floor in
the form of an insoluble salt, possibly zinc carbonate.

East Devils Lake

East Devils Lake was formerly a part of the main body of Devils Lake

13 Abbott, G. A., A chemical investigation of the water of Devils Lake,
North Dakota: Proc. of Indisna Acad. of Science, p. 182, wvol. 3L, 1924.

n‘ Abbott, G. Ao, Im., PP. 183.18!1.

15 Fersonal communication to the writer.
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and was known as Lamoresux Bay: As previously noted, the recession of
Devils Lake has resulted in the development of several smaller lakes, among
which is East Devils Lake, a few miles southeast of Devils Lake.

Samples were obtained at six points on the lake, and the concentration
of salts is essentially the same over the entire extent of East Devils Lake.
The average concentration of dissolved solids is 41,200 parts per million--
about three times the concentration of salts in Devils Lake water. East
Devils Lake water upon evaporation yields mostly sodium sulfate, sodium
chloride, and magnesium sulfate. Exposed rocks near the shore line of East
Devils Lake show salt incrustation as seen in figure 12.

The average density of the lake waters is 1,0347. The salt content of
surface. and bottom samples is practically the same. An analysis of Fast
Devils Lake water for 1919, reported by Young,16 shows 14,932 parts per
million of dissolved solids--a much more dilute water.

Figure 13 shows the location of points sampled in East Devils Lake,
Analytical results are given in table 4 (in appendix). The maximum measured
depth reached in the sampling of the lake waters was 6 feet.

West Stump Lake

West Stump Lake was formerly part of Stump Lzke, but the latter now
consists of west and east arms, the result of construction of a highway em-
bankment across the main lake., The two Stump Lakes are approximately 10
miles southeast of Bast Devils Lake. Both lakes lie in the same inland
drainage basin and are otherwise united physiographically with Devils l.ske.

The concentration of West Stump Lake water averaged 6,040 parts per
million of dissolved solids, most of which are sulfates of sodium and magne-

sium. The density of the water is 1,0012, and a maximum depth of 3 feet was

16 TYoung, R. T., op. cit., p. 28.



A. Rocks along west bank about 300 feet from present shore
‘ line.

B. Large boulder along west bank.

Figure 12.--Rocks incrusted with salt deposits, East Devils Lake,

26
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noted, Chemical characteristics of the waters are uniform in an areal ex-
tent and vertical profile.

Sempling points are shown in figure 1, and 2nalytical results are
given in tzble 5 (in eppendix).

Fast Stump Lake

East Stump Lake water is the most ssline of all surface waters sampled
during the course of investigation. The average of 20 samples gave a con-
centration of 95,200 parts per million of dissolved solids., This lake water
is more than 15 times saltier than West Stump Lake water, more than 7 times
saltier than Devils Lake water, and more than twice saltier than East Devils
Lake water. The lake water is almost three times more concentrated than
ocean water (35,000 pepems). People using the lake for swimming or bathing
notice that their bodies become coated with a fine, ehalky deposit.

The shore line of East Stump Lake is very irregular, the character in
general being similar to that of a marine littoral. Boulders (see fig. 15)
and cobbles with gravelly and sandy stretches are found along the extent of
the lake, It is thought that both Stump Lakes are of glacial origin and
are in a lower portion of the same valley as Devils Lake.

The density of the water is 1,0882, Maximum depth measured was 6,8
feet, although residents near the lake stated that depths of approximately
20 feet are known, The salt concentration in the lake water is evenly dise
tributed laterzlly; however, bottom samples showed somewhat higher concen-
trations than did samples collected at the surface, Figure 16 shows the
location of sampling points, and analytical results are tabulzted in table
6 (in appendix).

The water in East Stump Lake contains more sulfate than chloride and is
similer to Devils Lake water. Both lake waters differ markedly in this
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Figure 15.--Boulders strewn along west shore, East Stump Lake.
Incrustations on rocks extreme left. White material in
foreground is foam. *

respect from saline waters present in the ocean, and Great Salt Lake, The
analyses of ocean and Great Salt Lake waters show a reversal in relation
of percent sulfate to percent chloride as compared with Fast Stump and
Devils Lake waters. (See fig. 17.) The two chloride waters also contain
more sodium and less magnesium than either Devils Lake or East Stump Lake
water, Evaporation of East Stump Lake water yiclds mostly sodium sulfate,

sodium chloride, and magnesium sulfate. (See pl. 3 in pocket.)

Miscellaneous Waters

In the course of the investigation, it was thought worthwhile to obtain
information on the chemical character of waters in adjoining lakes, bays,
and coulees, many of which were at one time a part of Devils Lake. In most
instances single 3amples were collected by wading out to the lake or bay as
far as safety permitteds The specific location of these sampling points is
given in table 7 (in appendix) and also shown on the general map of the
region (pl. 2 in pocket). Analytical results are given in table 8 in the
appendix,
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These miscellaneous waters vary considerably in concentration and type.
Dry Lake, a member of the Sweetwater group of lakes north of Devils Lake,
contains a bicarbonate water, having 232 parts per million of dissolved
solids, On the other hand, Cranberry Lake, 4O miles west of the city of
Devils Lake, has a mixed sulfate-bicarbonate water, containing 23,100 parts
per million of dissolved solids. Residents in the vicinity of Cranberry
Lake report that the game warden posts guards near the lake to prevent ducks
from alighting on these waters, The high salt concentration lowers the
freezing point of the water to a point where the lake remains open water
after fresh water lakes are frosen, and late migrating ducks are thus
attracted to the lake, In the opinion of Dr. G. A. Abbott 17 the ducks
become weighted down with a coating of salt deposit and are unable to fly,
or they swallow enough of the saline water to become poisoned,

Wood Lake, a popular fishing resort about 15 miles south of Devils
Lake City, has a bicarbonate water of low concentration (384 p.p.m. of
dissolved solids). Samples collected at three different points along the
Mauvais Coulee show practically the same low concentration of salts.

PROPERTIES OF LAKE BED DEPOSITS

A study on a reconnaissance level was made of bed materials that cover
the floor of the major lakes considered in this report. The data presented
in the following pages provide limited information on certain chemical and
physical properties of the clays, silts, sands, and gravels that compose the
lake bottoms,

Chemical Examination

The air-dried materials were agitated for L8 hours in distilled water,

.and the extracted salts analyzed, with results reported in table 9. Values

17 Personal communicetion to the writer.
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thus obtained afford some basis for comparison of the chemical character of

the lake deposits with that of the lake water. The total leachable solids,
an index to the solubility of the bed material, is also reported.

Table 9.==£nalyses of distilled water extracts of bed materials

" Mg. per 100 gm. of deposited lake material
Lake material | 510p] Ca |ug [Netk Joo,['s0, [ c1 [Pissclved
Devils Silty clay 32 10 | 49! 9s0jp20f1,840] 300| 3,700
Do. Silty clay loam| 24 240 [180[1,630[190|3,700] Soo]| 7,080
Do. Fine sand 7.5] 15 | 15| 100} 65| 180 10 L30
Do. Silty clay 26 |290 [1601,950oolu,320] 680 8,100
Do. Silty clay loam| 32 |3k0 |150{1,800 |100|L,260] 620|] 8,060
Do. Silty clay 30 |230 }260}2,540[180|5,500] 810] 9,550
East Devils|Silty clay 30 (250 }200}3,180 |20016,360]1,000{ 11,200
West Stump |Silty clay 53 ]300 |[120] 960[160|2,540] 300} L,720
East Stump |Silty clay L3 660 |L30(3,430]200{7,880J1,6L0} 1L,300
Do. Silty clay LS |uko |270(3,310260[6,920{1,360] 12,500
Do. Clay 53 J420 |300]3,000 |220)6,400{1,260] 11,700
Do.l/ Coarse sand
and gravel Le2| 6.5) | 139] 13| 278] LS 520

1/ Sample from west bank.

Samples of the air-dried deposits were extracted with Missouri River
water for 90 hours, and a comparison made with experimental results obtained
using distilled waters. Correction for the dissolved solids (432 p.p.m.)
present in the Missouri River water was made, Results are given in table 10,
and it is seen that the solubilities of the bed materials are about the
same in either Missouri River or distilled water. It is also noted that
the bed deposits in East Stump Lake yield soluble salts in amounts greater

than those measured in other lakes,
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Table 10i==Solubility of lake bed material in Missouri River water

Percent of bed material soluble

Lake CI::.;:{ (gms per 100 gm.)
- Missouri River water | Distilled water
Devils Silty clay 3.7 3.7
Do. Silty clay loam Se7 7.1
Do. Fine sand o5 obi
Do. Silty clay 7.8 8.1
Do. Silty clay loam 5¢5 8.1
Do. Silty clay 10.3 9.6
Fast Devils Silty clay 11.8 11,2
West Stump Silty clay Lol L7
Fast Stump Silty clay .7 1.3
Do. Silty clay 11.3 12,5
Do. Clay 11.9 11.7

Table 11 reports values for density determinations and percent organic

matter for the lake deposits,
been dried for 1 hour at 110° C.

Density was determined on samples that had

Percent organic matter was found by decom-

position of the dried samples, using = 30 percent solution of hydrogen

peroxide.

Table ll.-=Density and percent organic matter determinations of bed samples

Class of Density in grams Organic matter
Lake material per milliliter in percent
Devils Silty clay 2.51 3.5
Do. Silty clay loam 2.58 2.1
Do, Fine sand 2.63 0
Do. Silty clay 2,66 1.6
Do. Silty clay loam 2.63 1.7
Do. Silty clay 2.57 3.
East Devils Silty clay 2.60 206
West Stump Silty clay 2.60 1,0
East Stump Silty clay 2.68 1.9
Do. Silty clay 2,66 1.6
Do. Clay 2,66 1,6
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Physical Exsmination
The particle sige distribution for the range 1.0 millimeter to less

than 0,00195 millimeter (colloidal clay) is shown in table 12,

Table 12.,~=Particle sise distribution of bed samples

. farticle sise in percent
Lake Class of Sand 811t Clay  |colloidal clay
material 1,0~ (,0625- | (.0039- :

00625 mm.)|.0039 mm.)].00195 =m.) (=N )
Devils Silty clay 3.8 2.7 12,9 30,6
Do, Silty clay loam 3.3 70.8 7.8 18,1

Do. Fine sand ”.8 - - -

To. Silty clay 7.1 572 8.8 26,9
Do. 8ilty clay loam 9.7 6009 10,2 29.2
Do. 8ilty clay o9 52.9 11.3 34L.9
Fast Devils{Silty clay b.S 5Ll 11.0 30.1
West Stump |Silty clay 2.7 50.5 12,3 3L.5
East Stump |Silty clay o6 58.7 1.5 29.2
Do. Silty clay 1.k 55.0 1.0 29.6
Do. Clay 2.6 k9.2 U6 33.6

DILUTION OF DEVILS LAK® WATER

A comparison of waters in the basin is given in plate L (in appendix)
where specific conductances in micromhos for both fresh and saline waters
are shown, The specific conductance of a water is a measure of its ability
to conduct a current of electricity, the amount of current depending upon
the concentration and degree of ionization of inorganic salts (electrolytes)
in solution. Thus, conductance values are indicators of the amounts of
solids in solution, the higher values representing the more saline waters.

The plan outlined by the Department of the Interior 18 for restoration
of Devils Lake level proposes diversion of a portion of the return flows

18 Interior Missouri Basin Field Comm., Missouri River Basin progress
report: Dept. of the Interior, pp. 33-35, October 1949.
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that originate on the northern division of the Missouri-Souris project into
the lake by means of Devils Lake lateral. The following paragraph is quoted
from the October 1949 progress report of the Interior Missouri Basin Field
Committee:

"The canal system serving Devils Lake Reservoir will leave the pro-
posed Sheyenne Reservoir about five miles northeast of the town of Sheyenne,
North Dakota, generally following a natural drainage course in a northerly
direction to enter the lake about eight miles scutheast of the town of
Minnewaukan. The canal, to be known as the Devils Lake lateral, will have
a capacity of about 1,000 second-feet. Gates will be installed at the
headworks to control the flow into the lake. From the main body of Devils
Lake, water will pass through a connecting canal to East Devils Lake. From
Fast Devils Lake a canal will follow the historical outlet of the lake to
a point near the north end of West Stump Lake. The canal will then follow
along the shore of West Stump Lake and enter the lake near the center of the
west shore. At the south end of East Stump Lake, just east of Tolna, North
Dakota, an outlet canal with a capacity of about 500 second-feet will carry
overflow back to the Sheyenne River, In all, there will be about 27 miles
of canal. Water will flow into the lake during the period April 1 to
November 30 and will be shut off during the winter months,"

The question arises as to the probable concentration of the water in
Devils Lake after mixing with fresh water diverted from the Missouri River.
The lake has dropped in depth some 18 feet since 1899; since that time,
intermittent analyses of the water has shown with some exceptions a gradual
increase in concentration of dissolved solids. In table 13, concentrations
corresponding to lake altitudes are shown for the period of record. Lake
altitudes reported are averages of annual maximum and minimum readings; in
some instances, altitudes shown are single readings for the year. The
exact lake altitudes corresponding to the dates of earlier sampling of
Devils Lake water cannot be determined because of insufficient lake level
readings. The concentration of dissolved solids for 1902 is reported in
the original source as 635.9 grains per U. S. gallon (10,874 p.p.m.).

Rough computations of volumes of water and tonnages of salts for the

period of record have been made by B. R. Colby and are given in table 1.
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Table 13.—-Concentrations of dissolved solids, Devils Lake, 1899-19549

e altitude in feet | Dissolved solids Source of analytical

Dats I (datum of 1929) |  (pep.m.) VP data
1899 1,424.6 8,um A
1502 1,425.2 10,874 B
1506 1,423,9 8,517 c
1907 1,423.6 9,LL8 c
911 1,420.3 11,278 D
1914 1,420,1 12,092 E
1918 1,L16.9 1,452 B
1519 1,h18,0 13,462 A
1920 1,416.9 15,889 E
1923 1,416.3 15,210 A
1948 1,L04.2 25,000 F
1949 (May) 1,405.7 17,500 F
1949 (June) 1,406.6 2/ 13,200 F

y Single samples unless otherwise indicated, g/ Average of 32 samples.

A. Young, R. T., The life of Devils Lake, North Dakota: North Dakota
Biological Sta., p. 28, 1924, |

B. Babcock, E. J., Water resources of the Devils Lake region: 2d Bienn.
Rept. of the State Geol. Survey of North Dakota, 24 ed., p. 23k, 1903,

C. Pope, T. E, B., Devils Lake, North Dakota: A study of physical and
biological conditions with a view to the acclimatization of fish: ', S.
Bur. of Fisheries Doc. 63k, pp. 14-15, 1908,

D. Daudt, H. W,, Quart. Jour. Univ. of North Dakota, vol. 1, p. 225,
1911.

E. Nerhus, P, T., A study of the solubility relations of the salts in
Devils Lake water, thesis for Master of Science degree, Univ. of North
Dakota’ po h, m 1920.

F. U. Se Ceol. Survey, Lincoln, Nebr.

Table 1l .--Approximate volumes of water and tonnages of salts in Devils Lake,

1899-1949
Year Altitude of lake | Volume of water Dissolved solids
(feet) (acre-feet) | Parts per million Tons
1899 1,L24.6 550,000 8,471 6,400,000
1902 1,425.2 580,000 10,874 8,600,000
1906 1,423.9 520,000 8,517 6,000,000
1907 1,L23.6 510,000 9,ul8 6,600,000
911 1,420.3 370,000 11,278 5,700,000
1914 1,L420.1 360,000 12,092 6,000,000
1918 1,416.9 260,000 14,L452 5,200,000
1919 1,L18.0 290,000 13,462 5,400,000
1920 1,416.9 260,000 15,889 $, 700,000
1923 1,“1603 2’40,&0 15 ) 210 ,200 ,000
1948 1,40k.2 38,000 25,000 1,290,000
1549 (May) 1,405.7 49,000 17,500 1,170,000
19549 (June) 1,406.6 58,000 13,200 1,040,000
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It is seen from table 1 that there has been a sharp reduction in
tonnages of dissolved solids in the range of altitudes between 1,406 and
1,425 feet. Some of these dissolved solids were left in smaller lakes and
beys that were separated from the main lake as the elevation of the water
suriace fell, Also, some of the soluble salts may have been lost to ground
scepages There must be, however, a large tonnage of salts deposited on the
ground surface or close below the ground surface. As early as 1908, Pope 19
observed that "Nearly all of the surrounding lands, especially the 'dried up'
bays, show upon their surface a thin grayish-white efflorescence resembling
frost. These accumulations, generally found in regions of deficient or
irregular rainfall when the soil contains unusually large amounts of soluble
salts concentrated in or near the surface, represent the residue from the
evaporation of moisture,"

With an increase in altitude of the water surface of Devils Lake to
1,425 feet, some of these salts, formerly in solution, will be redissolved.
To what extent solution will occur is not known; any estimate of the ex-
pected salt concentration of water in the restored lake would have to in-
clude some value for salinity resulting from solution of deposited salts.

The concentration of the water to be diverted into Devils Lake may be
several times greater than the concentration of water diverted from the
Missouri River. The river water will be slightly concentrated by evapora-
tion in Medicine Lake, Croshy, Des Lacs, and Sheyenne Reservoirs. Also,
the Missouri River water will be used to irrigate land in the Crosby-Mohall
project. The return flows from irrigation will be mixed with any surplus
water from the Souris River and with water in the upper Sheyenne River; it
is this water of unknown concentration and composition that will presum-
ably be used to restore the level of Devils Lake.

In the early summer of 1949, the concentration of Devils Lake water
decreased almost 50 percent from the high reading of 25,000 parts per

million dissolved solids reported in 1948. This decrease is attributed to

19 Pope, T. B. B., 0ps Cite, p. 16.
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flow in Mauvais Coulee, which at this time was discharging considerable
fresh water (366 p.p.m.) into the lake, Flow in the coulee on May 9 and 10,
1949, was 365 and 385 second-feet, respectively, and as late as August 22
~ discharge of 6.37 second-feet was measured. It is seen that a mean daily
1ischarge of 350 second-feet for 1 monthe-from May 14 to June 1l (the be-
ginning of sampling)--would result in 21,700 aére-teet of fresh water, part
or all of which reached the lake directly or indirectly. When one considers
that the present (1949) calculated volume of water in Devils Lake is about
55,700 acre-feet, the flushing and diluting effects of this quantity of
Mauvais Coulee water--21,700 acre-feet--flowing into the lake are under-
standable. The relationship between concentration and capacity for the
periods 1899 to 1948 and 1948 to 1949 is shown in figure 18.

The concentration of the total volume of mixed saline and fresh water
at altitude 1,425 has been roughly estimated using the equation below:

FC = ST, + (P)ST2 4 ST3
v

where FC = final concentration of dissolved solids in tons per

acre=foot of the diluted lake water

STy = tonnage of dissolved solids in the lake water as of
June 1949

STy = tons of deposited salts available for redissolving
as lake level reaches 1,425 feet

(p) = percent actualiy redissolving

ST3 = tonnage of dissolved solids in water to be diverted
into Devils Lake

V = total volume in acre-feet of lake water at
altitude 1,425

In applying the above equation, it is realized that during the period
of solution of deposited salts (period of surface water inflow) there will
be certain losses of water not wholly measurable, as Devils Lake and Stump
Lakes are being refilleds These losses in part will be to permanent ground-
water storage and to temporary ground-water storage. There will be a loss
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of water due to decline in ground-water inflow as a result of reduction in
the inflow hydraulic gradient. Other losses will result from increases in
ground-water outflow due to an increase in outflow arecal extent, material
thickness, and increased hydraulic gradient. Evaporation and transpiration
losses may range from 2 to 3 feet per year. However, loss to ground water
may be more than compensated for by the added inflow required to offset
evaporation during the period of filling of the lakes.

As of June 1949, the amount of dissolved solids (ST;) in Devils Lake

water is estimated as 1,040,000 tons. The total amount of deposited salts
(ST,) available for redissolving is roughly approximated as the difference
between an estimated value of 7,000,000 tons at altitude of 1,425 feet and
1,040,000 tons at 1,l06.6 feet, or 5,960,000 tons of salts, mostly sulfates
and chlorides of sodium and magnesium. The eatimﬁted final concentration
has been computed for two values (p) of ST,=-10 percent and 70 percent.
The value S'l‘3 is computed using an average concentration of 1,000 parts per
million (1.36 tons per scre-foot) and the difference between 570,000 acre-
feet (the 1,425 level) and 58,000 acre-feet (the 1,h96.6 level). (See fig.
19.) This difference is 512,000 acre-feet, and STy is calculated as
696,300 tons. V, the total volume of the lake water at altitude 1,425 is
estimated as 570,000 acre-feet, as noted from figure 19.

For 2 10 percent value for ST;:

1,0!10,000 4 (‘1‘ 5,960.000 + 6%’300
570,000

= U.09 tons per acre-foot or 3,000 parts per million

FC =

For a 70 percent value for STp:

1,040,000 + (+7) 5,960,000 4 696,300
570,000

FC =

= 10,36 tons per acre-foot or 7,600 parts per million
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~ Thus, it is very roughly estimated that the concentration of Devils
Lake water may be in the range from 3,000 to 7,600 parts per million upon
restoration of lake level to 1,425 feet above mean sea level. The above
figures, while necessaril;’ crude, seem fairly reasonable in light of past

concentrations of the lake water at levels approximating 1,425 reet,

Once Devils Lake is filled to the desired level and outflow adjusted
to inflow, the concentration of salts in the leke water should, after an
extended time, trend to approach that of the influent water, estimated =s
1,000 perts per million.

No estimates are made in this report as to the probable concentration
of szlts in the initial outflow from restored Stump Lakes to the Sheyenne
River. The concentration of the effluent Stump Lake water will of course
be many times greater than that of the water leaving Devils Lake.

EFFECTS OF LAKE FFFLUENTS ON DOWNSTRFAM DEVELOPMENTS
The Missouri River Basin program has revived hope that Devils Lake may
- be restored to early levels and the lake region agein become a popular re-
sort area, Before this is done, consideradble attention must be given to
the biochemical and sanitary problems attendant to flushing the saline lake
waters downstream into the Sheyenne and Red River of the North Valleys.
Part of the floor of Devils Lake, particularly in Creel Bay where the city
of Devils Lake disposes of its sewage, is covered with a very fine, impal-
pable, black, foul-smelling ooze. The organic and ammoniacal nitrogen
content of a sample of deposited material in Creel Bay was 5,210 parts per
million, an example of the degree of organic pollution in the lake. Health
authorities would be obviously alarmed over the introduction of such waters
into a fresh water supply. The organic matter will make heavy demands on
the oxygen supply, and the dissolved oxygen content of any mixed water
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downstream would no doubt be reduced, with attendant harmful results to fish
1life.

Available data on the chemical analyses of surface waters in the Red
River of the North Basin are given in table 15 (in appendix). From the few
analyses of Red River Valley waters, it is noted that concentrations of
dissolved solids are much less than the probable concentrations of salts in
the lake effluents,

GROCHEMICAL PROBLEMS

No attempt has been made in this progress report to interpret the basic
analytical data in terms of geochemical concepts: In a future report it is
proposed to discuss some of the geochemical problems that arise in study of
the waters in Devils Lake Basin, These problems include investigations as
to the source of the sulfates in the lake waters; the reason for the low
alkalinity of waters in the major lakes; explanations as to the high
magnesium-calcium ratios noted in the saline waters as contrasted with
lower ratios computed for fresh waters; the constancy of chemical composi-
tion of Devils Lake waters; the correlation of spring waters in the region
with lake waters; chemical analysis of core samples of the glacial drift
and the Pierre shale; the source of chlorides in the lake waters; and the
cause of the remarkably high concentrations of salts in East Stump Lake.

SUMMARY
The lakes in Devils Lake Basin arc unique in that they contain waters
of widely varying quality, both as to concentration and composition. Devils
Lake, along with many other lakes in this region, has been declining in
level over a period of many years. For a number of years, during which time
Mauvais Coulee was discharging only a negligible amount of water, the de-
cline in level of Devils Lake was accompanied with increase in concentration
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of dissolved solids in the lake water. During the spring and summer of
1949, Mauvais Coulee was discharging consideradble fresh water, which direct-
1y or indirectly reached the lake. As a result of the mixing and flushing
effects of this fresh water, the concentration of dissolved solids in the
lake water decreased almost 50 percent.

The epproximate range ir concentration of dissolved solids in the lake
water, after the lake level has been restored by Missouri River water, has
been calculated for the lake altitude of 1,425 feet. This range is estima-
ted as between 3,000 and 7,600 parts per million, depending upon the amount
of deposited salts reentering solution, With restoration of lake level to
1,425 feet and lake outflow #djusted to inflow, the concentration of dis-
solved solids in Devils Lake water may, after a number of years, approach
that estimated for the influent water diverted from Sheyenne Reservoire-
about 1,000 parts per million. Accretions from surfacc runoff (Mauvais
Coulec) would modify this estimate,

Further study would be neccssary to establish the practicability of
lake restoration, particularly with respect to sanitation and biochemical
problems attendant with rise in lake altitude.
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Table 7e==Saipling data for miscellaneous lake and surface .watero, Devils Lake Basin

Date Depth in
Time Temp. | feet at

Hame Town- sampled liemarks

ship | Fange | Section June 1949 fauplod (% sallpl:l:g
Ramsey County

Mission Bay 153 64 | SWsW 33 20 12:10 peme | 65 1.7 At Narrows, SE. of Devils Lake near
State Hizhway No. 57.

Six Mile Bay 154 | 65 | W 34 20 9:00 aems | 60 240 On State Highway Noe. 19,

Mauvais Coulee 154 | 66 SENE 34 20 9220 aeme L8 At bridge across Ramsey-Benson County
line on State Highway Noe 19.

Sweetwater Lake 155 64 SENW 27 19 8230 pems | 60 265 Half a mile E. of State Hizhway No. 20.

Dry Lake 155 65 SisE 3 19 8:05 peme | 60 3.0 Approximately 10 miles E. of Churchs
Ferry.

Mauvais Coulee 155 66 SENE 7 17 3345 peme | 61 3.8 SEe of Churchs Ferry on U. S. Hizhway
No. 2.

Sweet Creek 156 63 SESE 13 19 7315 peme | 58 1.2 About 10 miles E. of Garske.

Lac Aux Mortes 156 66 SUNE 3 19 3310 pere | 59 1.0 Approximately 4 miles E. of Maza.
Probably rnpresents backwater from
iauvais Coulee.

Lake Irvine 156 66 SVIsW 19 19 2135 peme | 58 1.1 Approximately 3 miles N. of Churchs
Ferry on U. S. Highway No. 281,

Benson County

Free Peoples Lake | 151 | 63 | NWNW 16 20 6120 pems | 72 1,7 A quarter of = mile SE. of State

Hi;;h‘m' Noe 20,




Tablc 7e==Sampling data for miscellaneous lakc and surface waters, Devils Lake Basin==Continuecd

sesery Dato | pum  |namp. | oot ot
Namc ‘s:i‘?)- Rangc | Scetion J:na?i;:.? sampled (5“3 a;n;pilx.!jég Remarks
Benson County==Continued
Elbow Lake 151 | 63 |SiNW 16 20 6325 peme | 66 2.1 Oppositc Frco Pcoples Lakce
Shin Bone Lake 151 63 SENY 34 20 5245 peme | 68 1.6 At town of Warvdick.
Squarc Lake 151 64 |SEST 11 20 7250 peme | 68 1.9 Approximately 1} miles SE. of Tokioe
Mallard Lake 151 64 |SiSE 14 20 8:10 peme | 69 o8 Samplc collected from marsh adjacent
to lakec.
Wood Lake 151 64 SENW 15 20 7:20 peme | 71 23 About 2 miles SW. of Tokio.
Blac' Tiger Bay 152 63 SENE 19 20 8:45 pems | 69 o5 Samplc obtaincd at point betwoen bay
and Devils Lakce.
Spring Lakc 152 | 64 |SUNE 35 20 8:30 peme | 68 1.6 On Statc Highway Noe 20--1% miles N.
of Tokioe
Twin Lakes 152 | 66 |szsy 22 20 11250 aeme | 66 1.9 i\b;;ut §7mile S. of State Highway
0s 57
Long Lake 152 67 SENT 4 20 11:00 aeme | 65 2.0 Approxdimately 1 mile SW. of Round Lake.
Round Lake 153 67 NESE 35 20 10:45 aeme | 65 1.9 Just W. of Us S. Highway No. 281,
Pelicaon Lake 154, 67 SESE 24 20 10:00 a.me | 65 3 Approximaotely 2 miles No of State
. Highway No. 19.
Cronberry Loke 154 L NES'T 27 17 8245 pems | 56 o6 Approximately 5 niles No of Esmond.




Table 7e.==Sampling data for miscellaneous lake and surface waters, Devils Lake Basin==Continued

Location Date Depth in
Time Temp. | feet at
Name Town- sampled | ang Remarks
ampled | (°F) | sampling
ship Range | Section | June 1949 point
Benson County-=Continued
Stink Lalke 155 67 | NN 1L 17 LelS peme| 63 0e5 About 3 miles S. of Churchs Ferry and
e of Ue S. Highway Noe. 281,
Silver Loke 155 67 SENW 34 17 5235 peme | 63 205 About 6 miles S. of Churchs Ferry amd
V. of Us Se Higw No. 281.
Pleasant Lcoke 156 n 8337 9 17 7245 peme | 60 23 About 1 mile S. of U. S. Highway Yo. 2.
Nelson County
Joon Lake 152 60 | MENE 19 20 3245 peme] 70 1.9 Hone.
Rose Loke 152 | 61 | SWst 10 20 4230 peme | 68 2.3 About a quarter of a mile N. of
section line road.
Swen Lake 152 | 61 | KENE 27 20 4210 peme| 67 2.3 M. of Vlest Stump Lokes
0 Count
Battle Lake 150 ! 62 | SENE 17 20 5:20 peme| 65 2.6 3 miles S of Hamar.
Horseshoc Lake 150 | 64 |NEsWw 1 20 6250 peme| 71 1.8 About 2 quarter of 2 mile N. of
scction linc rocd.
Towner County
kiauvais Coulec 158 66 NiESY 24 19 6210 pede| 62 2.0 About /4 milos E. of Candos
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Lefer-

ens

OVBRICO VWi

L& GFEGRE &

wel

BNRY

e
muaber

w3

o3

cIel

So-7%
—  Devilalake ===~ fowe 0 - Horbh Dikoty -? i< - - Drainage arec V.5 square miles
f~ o .
TABLE 3
Mineral constituents, in __parts ___ per million, and related physical measuremsnts, water year October, to September,
:.i.n Tem Specific o 4y | 4 g Dissolved Solids Hardness as | . ’
8= t- - = Bicare hlo~ | Fluo=| Ni- C

Date of Collection | charge [PoF2<| pii | ance ?é-u“ Iron | oygm ,.':{“. tase | \orate | Sulfate| ride | ride |trate [POFM| party | Tons | 7on, lc? et

( second- (%) (H‘l.h‘c:)n- 405) | (Pe) (Ca) | (Mg) | (Na) zél)n (ico;) (s0,) | (c1) (F) |(Noy) (B) por 52::- por [0 Cx _—
foot) million day bonate

June L, 1949 = ==| =-- |70 |ewn| 13,800 |14 fo.20 | 79 605 |2,870 242 | &30 | 6,380 | 1,330] 2.0 {19 | - - = |-~ |2,62]| 2,00| 63
June Uy -=====| == |70 |Bet| 14y300 |12 030 | 85 |615 3,050 246 | 845 6,460 | 1,350 240 | 25 | - - = | == |2,70| 2,050| 68
dune Uy = = = = = = -- O |843 | 15,000 |13 o2l | 89 | 656 3,260 262 | 877 7,020 | 1,450| 2.0 | 18 - - = | == |2,920| 2,200| 69
June Uy === === | == |70 |2ed| k400 |15 A6 | 83 |el | 3,090 246 | 867 | 6,780 | 1,390| 2.0 |16 | <~ : -= |-~ |2,70| 2,020 69
dune Ly = = = = = = = | |86| 1,000 |23 Jo |7 |ss1 |2,940 198 | se2 | 6,260 | 1,430 2.0 | 29| --| 1,900 -~ |-~ |2,450] 1,730 70
June Yy == ====| == |70 |8a3]| 14,500 |22 J0 | 75 [s84  [3,120 214 | 832 | 6,660 | 1,450 1.0 | 5e8| -=| 123500 - = | = - |2;599 1,910 70
-| -- |7 |83]| 1,300 |20 0 | 71 |58, [3,000 198 | 844 | 6,420 | 1,420 1.0 | 5.9| --| 12;000| -~ | -- |2,520 1,890| 70
-| -- |7 |&3| 4,100 |23 210 [ 73 (570 | 2,990 206 | 828 | 6,420 | 1,390] 1.0 | 6el| --| 12,000| -~ |-~ |2,530 1,850 70
- - 70 |342 | 13,600 |17 J0 | 74 | 555 2,900 182 808 6,300 | 1,310| 240 [ 39| == | 10,700 = = | -- |2,460 1,800 70
-] -- |69 [8e2] 1,500 |22 Jo |7 |88 [3,050 190 | suw | 6,80 | 1,130] 10| 59| --| 12,700| -~ | -- |2,600| 1,910 7
-- 71 |80 13,900 | 26 10 | T3 553 3,110 190 816 6,500 1,370| 1.0 TeT| == 12,200 = = - = | 2,460 1,790 T
June 1 = = = = = = -=- |70 |e.2]| 13,900 |20 A | B | 553 2,990 190 | &2 6,260 | 1,370 1.0 | 5.7| -=| 1,900 - - | -- |2;460 1,790 T
June 18 = = - = - = == |62 |8.z]| 16,300 |25 AL |75 |63 |3,630 246 | 919 | 7,650 | 1,640] 1.0 | 647| -=| Lu,k00| - - | -~ |3,000 2,250 70
June 18 = = - = - = -~ | 63 |8.4] 16,200 |22 A | 75 | 678 | 3,600 222 | 925 7,530 | 1,620 10| 5.0| ==| w200 == | -~ [2;920 2;220| 7
dne 18 = = - = - = -- 63 846 | 16,300 | 640 | 620 | 79 | 687 3,570 333 | 887 770 | 1,600] 240 | Lot ==| 14,500 | == | == [3,020] 2,290] 69
Jdune 18 = = = = - - —= |63 |8.7] 25,800 | 4e2 | W26 |75 |672 |3,430 309 | 903 | 7,490 | 1,560| 2.0 | 2e4| == 000 | -~ |-~ |2,950 2,210 69
Junc18====-==| == |63 |82]| 1590 |17 J6 | 3 | 656 | 3,420 317 | 833 7,570 | 1,560] 245 | 03| ==| W,100| == | -~ |2;830 2,160] €9
June 18 == = = = = -= |64 |83 16,300 | 9.9 | W16 |69 |672 |3,480 317 | 915 75690 | 1,600] 2.0 { Sek| ==| 1300 == | == |2,960 2,199 69
June 18 = = = = = = - = |64 || 16,400 |16 .20 | 69 | 685 3,600 317 | 922 8,000 | 1,660] 1e5| 606| - -] Lu800| == | == [2,99d 2,230 70
June 18 = = = = - - -- | 63 |85 16,300 | 643 | 420 | 79 |695 |3,520 317 | 999 | 7,840 | 1,620] 15| 3.8| --| L4,600| == | -~ |3,050 2,230[ 69
June 8= == dim - -- 62 |85] 15400 | 7.2 | 22|79 |64 [3,320 293 | 879 | 7,370 | 1,490 15| 47| - -| 13,700f -~ | -- [2,850 2,130] 69
Mne 18 === = = - ~= |63 |8ek| Wy300 | 701 | 426 | 75 |57 [ 2,980 285 | 839 | 6,420 | 1,130 1.5| 5.3 --| 12,200 == | -~ [2,55q 1,360{ &9
June -= |64 |85 15,500 |13 20|79 [650 |3,220 293| 87 | 7,370 | 1,530 1.5| 5.9 --| 1,700| -~ | -~ [2,870 2,10 69
June -= | 65 |8| 15,200 |19 20| |630 [3,200 285 863 7,090 | 1,510 1.5| 53| -=| 13,200] -= | - |2,770 2,060] 69
June - 65 |8e3| 16,100 | 749 | 419 ) 63 | 674 3,650 376 | 900 7,730 | 1,740 2.0| 80| =-| 1;700| =~ | -= 12,930 2,190, 70
June -~ | 65 |8.2]| 15,800 | 8.5 | 14| 65 |67 3, 376 | 891 75570 | 1,6600 2,0 8.3 --| w,300| == | == |2,93d 2,200] 69
June -~ | 62 |85 14,500 | Kot | 415 | 62 |594 | 3,190 297 | 839 6,740 | 1,560 2.5| 40| ==| 12,900| == | == |2,59 1,900 70
June -= | 63 |a| 15,600 | uet | 426 | 67 |43 | 3,480 228 | 899 | 7,410 | 1,620 2.4| 40| --| 13,900| == | -~ [2,83q 2,000 T
June - 63 |8.6| 15,800 3.0 12 | 57 674 3,560 228 914 75530 1,720 2.0 240 ==| 14,200 == -~ 12,910 2,160 71

June - 63 |8e4| 15,300 Te9 17 | 65 683 3,440 258 903 7110 1,680 2.0 507 == 14,000 | = = -= 12,970 2,230} &9 I

June - 63 |8.2| 16,200 | 12 13 | 69 683 3,610 327 917 75920 1,720 2.5| 10 - | 14,800| - - -= 12,93Q 2,230 70 |

June -- |63 |8.2] 15,800 | 83 | .4 | 61 |681 |3,520 267 | 903 7,690 | 1,704 39| 79| --]| W,u00| - - | == [2,950 2,210 70 |

]
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East Devils Lake oxer A North Dakota D ge orea square miles !
S Sxees b : TABLE 4 i
Mineral constituents, tn__Et.Fé___por million, and related physical measurements, water year October , to Septamber, {
Mean Specific ! Dissolved Solids Hardness as
Refor= dis- [To=- conduct- Cal- - Po- | pigare Chlow | Pamo-| Ni- CaC Per-
ence | Date of Collection (cluu- To=| pi ( M;nm %}3:; f;:')' cdwn n.a':{u sa:)" :“: banate “(‘g'}‘ ride | ride |trate 'z;). Parts :::' Tons x ?m_ °"s°_"
second- Crom=
number oot |(°F) hoe) (Ca) | (Mg) ® (ixo,) W | (@) (F) |(Noy) &m e :s' Total| Car= | dium
\ L bonate
1 June 18, 1949 = = - - 65 |8.7| 38,800 740 |0s21 | 26 | 2,060 300 755 1,870 | 23,200 4,030| 3eh | 360| == | 4,300 | = = | = = |8,510] 6,980] 70
2 Jumel8 -~ = ===w=| -= |64 |8.7| 38,400 648 | «20 | 18 [2,040 10,300 791 | 1,870 | 23,20C| 4yBO| 349 | 37| == | 413300 | == | -~ |8;430 6,900] 70
37T (dune 18 = = = = = = - 64 |8.8| 38,500 566 | J1 | 18 1,950 300 851 1,880 | 24,000| 3,860| 3.4 8| a=| 1,900 = = -« | 8,060 6,520 T
3p|June 18 = == =~ = - 64 8471 38,500 | ,7e7 | &15 | 2 |1,890 300 754 | 1,890 | 2,900| 3,860 3k 8| ==| 40,70 | - = -~ | 7,80] 6,270] 72
N June 18 = = @ = = = e 6L |8.7| 38,300 | ‘5.9 | <08 | 19 1,860 300 832 1,870 | 22;700] 3,80| 3ol | 10| == | 40;500| = = | == | 7,700] 6;170] 72
5 |dune 18 = = = = = = - 64 |87 38,300 9e2 | 409 | 26 1,870 DO,300 832 1,860 | 23,500| 3,790| 3eh | 1e3| ==| 41,300| - = -= | 7,750 6,220 TR
2
B T - Top
B -~ Bottom
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TABLE 5
Mineral constituents, h#ﬂ_m million, and related physical messurements, water year October, ____, t- Septamber,
= T ] Mewn [ s,.,m‘: oy | i Dissolved Solids | Hardness as | ,
efere4d die- conduc Cal= | Mag- Blear Chlos | Flno=- - c
emce | Date o Collectisa ("""....u. pi o fs%; g‘.',' cdun |nesium ""-(..) '-'*“ banate Nlh( i ;0 ride | ride |trate ""‘m Parts :::- o .c?m- cent
tost) [(T) bos) (ca) | (M) (x) (#o0,) W) [ (G [ (7)) J(Moy) ".n“. acre- ::; Total ::.l: dium
e
/ .

1 |owe 16, 1949 -=-| -= |65 |7.8| 7,940 | 1 | o0.20] 256 | 310 |1,350 80 | w0 | 2,98 880 | 1.0 | 34| =] 5990 -- |-- ]1;660 1,300] 62

2 |ouw1s’mmmmea| == |65 |7.8] Tim20 | 17 0] 256 | 323 1,400 20 | 38 | 3,000 10 | S| ==] &090| -= |- |1,720| 1;360] 63

3 |hmelbecaceea| == |65 [7.6] 7om0 | 18 20]15 | 318 |1;380 68| w6 | 3,020 890 | 10| 3.6) ~-] 6060| -~ |-~ |1;680 1,340 €3
LT |June 16 = @ = = = = -- 65 |8.0 7,770 18 «20| 156 330 1,340 = L2 3,20| 872 1.0 beT| = - 6,030 | == == ]1;750] 1,390] 61
4Bllme o wewmme| - 65 80| 7,790 | 20| 252 | 33 |1,330 76 138 3,200| 875 10 | 59| == | 6200| == |== |1,720] 1,350] 62

5 Jomelbee-a-a| == |65 |80 7,70 | 25 20|15 | 320 [1,310 120 | aas | 2,920| 880 | 10| 54| ==| 5,95 = |-=- |1,70 1,350 61

T = Top
B = Bottom
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AUNITED STATES DEPARTMENT OF THE INTERIOR-GEOLOGICAL SURVEY-Water Resources Division So-9¢8
Miscellaneous lake and other

RS &% __ jorth Dakota i3 Drainage arec —________ _____ squore miles
- Seamx
TABLE 8
Mineral constituents, in _parts per million, and related physical measurements, water year October, to Septamber,
. o ::an rem- speciatc o 7S ] il ", Dissolved Solids Hardness as P ]
R - 8= conduct- . s Bicar= O - c
c:;;! Date of Collection | charge [P°*2<) pi ¢ H:n“ f;ﬁ‘; z';:')‘ cdum n)a':‘iun s“"(h) “"M bonate 5(%-5-;* ride | ride |trate "(';‘)‘ Parts ;‘;‘:,‘.' Tons ac?m °"'"S°_"
T joe S 2
musber (-m (°F) hzsr 2 (Ca) | (Mg) 3) (mo’) ) | (C1) (F) (N03) por | PoT gz fetel ,,ﬁ,,‘;';, dom
1 | Mission Bay 6/20| = = 65 |8.9| 11,600 | 13 0e1% 26 | 421 |2,290 228 403 4,990| 1,170| 140 | 049 |= = 9,340 | = = | -~ |1,800 1,470 70
2 Spring Lake 6/20] == 68 |8.2 5,410 | 13 «06| 112 | 280 819 55 455 2,300 380 o | 1a3 |== 4,190 | - - -~ | 1,430] 1,060| 54
3 | Black Tiger Bay 6/20] - = 69 |84 | 16,200 | 49 40| 120 | 708 |3,470 26| 856 75360 1,600 1k | 360 |== | 14,000| -« | == |3,210] 2,510} 68
L Wood Lake 6/16| - - TL |8e2 647 13 08| 27 55 27 946 332 T2 Te5 2| Lle5 |- = 384 == - 294 22| 16
5 Square Lake 6/20] = = 68 |77 138 12 «08| 33 22 22 n 208 60 440 02 | 18 |= = 282 | == - 2] 20
6 Mallard Lake 6/20] == 69 |79 760 15 08| 78 34 52 546 521 u 1.5 02 | 2.7 |== 498 | = = - o] 25
7 Horseshoe Lake 6/20] « = 7L |8.9 3,090 20 «03| 30 31 1,890 78] 1,420 2,100 770 8| L4 |-~ 5,630 | = = -- o] 93
3 Battle Lake 6/20| - - 65 |9+0 358 29 06| 14 28 19 848 21 18 10 2 | 10 |- = 320| == -- 0| 20
9 Shin Bone Lake 6/20| = - 68 |8.8| 2,480 | 33 $06| 16 30 535 50| 1,230 109 180| o2 | 246 |- = 1,510 «c= | -= o 84
10 Elbow Lake 6/20] -~ 66 | 845 1,460 13 «02| 20 AN 268 22 703 160 50 2| 12 |= = Uy | - - - o] 70
11 | Free Peoples L 6/20| - - 72 |9.0| 11,200 | 38 «60| 80 92 | 2,810 104| 2,140 3,600 800 o8| 360 |- - 8,600] == | == o] 90
12 fiose Lake 6/20] - = 68 |74 1,390 | 19 02 76 45 153 L,| 268 W KN o7 | 6e5 | == 99| == | == 155 46
13 Swan Lake 6/20| - = 67 |73 1,270 1 Q2| 4 L8 118 1 247 402 39 6| 33 |-~ 88| == - 179 39
p7A Coon Lake 6/20| - = 70 |76 1,470 25 «2| 108 78 97 15 358 504 20] €| 6l | == 1,030 | = = -- 296 26
15 | Stink Lake 6/17| - - 63 83| 23,900 | 17 9| 11| 590 |é6,370 185] 551 | 13,000] 1,670] 3eh| 241 |-~ | 22,200) == | - = 2,080| &3
16 | Silver Lake 617| - - 63 |73 508 | 1 2| | 17 27 9.6 222 54 23] 6 k9 | -- 24| == | == 8l 22
17 Peliczan Lave 6/20| == 65 7.5 562 20 02| 56 2L 27 10 293 2 12 6| 38 (= = 362 | = o - ol 19
18 | Found Laxe 6/20| - = 65 |7+ 783 | 25 02| 45 36 71 15| 223 194 21| o6 | 6eb | == 58| == | == 78| 36
19 Long Lale 6/20| - = 65 |79 1,600 5.0 2] 73 2 BVAN 30 305 536 55 b ]| 3.8 | == 1,080 | - - - 269 ?6
2 Six Mile Bay  6/20| -~ 60 79| 3,370 | 16 02| 6L | 120 7] 521 409 1,150 219] o8| Lel | ==~ 2,320 | == | == 312 60
21 | Cranberry Lake 6/17| - = 56 9.8 | 25,40 | 22 o@| 4.4  5.0] 3,220 55| 6,890 9,730 591 = = =] 368 | == | 23,00¢| == [ == of 9
22 Flcasant Lake 6/17| - = 60 |746 o0 26 | it 35 39 240 296 108 2.0 5| 5S¢l | == 45| - - - 16 24
2 Twin Lakes 6/20| == 66 |Beks 1,150 Teb 04| 37 65 101 26 289 312 13 2| 23 | == ER| - - - 123 36
2i, | Sucetwater Lake 6/19| = = 60 |7e% 650 | 29 ol &0 26 23 9.6 258 9L 13| o2 4e5 | == 50| == | == L5 16
25 | dry Lake 6/19| - - 60 |Tek 380 12 O] &2 1 8.2 U, 23C 3l 1.5 2| 2eb | == 232 | - - - 0 9
27 | Lac awx tiortes 6/19| - = 59 |75 567 | 24 4] 66 23 21 6ol 3w 50 6. 2| 602 | == 39| «= | == 6 15
23 }Jrvine Loke 6/19| - = 58 |73 487 7 04| 46 19 3L 245 w6 10 2| 366 | == | == | == 0| 28
29 | Rauvais Couleel/6/19| = = 62 |75 01 | 12 «OL| 64 35 3L 8.31 350 83 u, 2| 10| =-- W| ca | ~= 17 19
30 | Mauvais Couleeg/6/17| = = 51 |75 483 | 24 oLl 49 | 15 13 12| 236 36 9¢0 2| 50| - 24| -= | -- of 16
31 | Sweet Creek 5/19| - - 58 |73 590 | 3 04| 55 23 35 Self 302 58 945) 2| 19 | == 30| ea= | == o| 24
32 | Mouvais Coulee3/6/20( - - 62 7.3 553 | 18 04| 49 20 27 16( 264 51 1, 2| Lok | == 36| == | == o 21
1/ Near Condo.
2/ Below Churchs Ftrry-
3/ At Benson-k County Jine oL Highwaa Noe 39

LQW-|




UNITED STATES DEPARTMENT OF THE INTERIOR-GEOLOGICAL SURVEY-Water Resources Division $o 7%

fed River of the North Bagin  Romex At Droinoge orec _______ square mies
e Neae TABLE 15
Mineral constituents, sn_mmTpor million, and related physical measurements, water year October,____, to Septamber,
Mean Specific Dissolved Solids Hardness os
dle- [ conduct- Cal- | Mag- Po- | Bigare Chlo~ | Plmo=| Ni- c Per-
pee o cottonton | s ) | oo | TS | 0 [ | R (.| s || it | i s Yo e [ B e T R
- °r) = I3 (HCo, & "3 Per _lacre= | P°T |Totar| Car- | dium
fost) hos) ®) million | 0 day bonate
i bdver Jof the lorth gt Farso )i, Dake
lay 16y 1949 = = = = == | Tely 645 G40 | 0s08] 58 5] 22 27 1 Se Cel | 12 |0.18 499 -- - 30 76 u
June 21 = = = = = = 76 | 7.6 497 946 «10] 49 34 25 252 52 hLely ol | 1e2 | W14 291 -- - 263 56 2
Led Hiver of fthe North at §rarxl Forks, iie Jﬂc.
Hay 28 = = = = = = = - = | 78} 602 13 «10] o 31 bk 200 101 Te0 ol | 1e5 | ol 405 - - 292 9 n
June 22 = = v = = - 69 | 843 612 16 «02] 52 26 18 1.6 185 108 740 ol o7 | 53 372 - - 237 8l 1
e Eiver at Shejenne, !l.] Dak.
Maro 31 === = == -« | 76| 2,170 | 30 06| 103 30 2 316 L5 2] Lol |72 | 1,40 | == | == | 5452 o | 50
Apre T = = = = = = = -= | 69 169 10 0L Uy 5e5 1 62 25 2.0 0] 25 | 400 111 - - 58 7 30
Hay 2 = === == - = | Toly) 647 21 02| 36 21 78 276 102 940 2] Ld6 | &32 LL, - -- 177 0 L9
Jue 13 == = =« = 75 | 846 980 13 Q2] 25 40 138 22 ué 19 2 | 1lo3 | o4O 678 - -- 27 0 59
€ t V. City, Ile Dak.
Hay 12 = = = = = = = 637 ek 760 22 02| 67 30 59 303 1,0 16 o2 | 2.2 | W23 520 - - 291 43 31
June 21 = = = - = = 68 1'7s7 a3 | 18 | 67 3L 66 310 166 16 2| 13 | o2 567 | == | == 3071 53 2
heye. Hiver at Wes§ Farzo, W, Dak.

May 16 = = = = = = = -= | T3 695 22 2| 68 25 48 270 122 19 o2 | Lokt | 23 W7 -- -- 273 51 25
June 21 = === - = 67 | 7e5| 7 901 | 19 02| 78 35 7 356 ub 35 o2 | 1eb | 29 606 | == | == 333 | 32
Goose Hiver near Porgland, ii.] Dake
Uy 1) ewmee == == 75 1,170 | 18 «10| 139 48 18 21 1ol | 25 87 | == | == | 561 264 | 1
Jung 21 = = = = = = 6L | 7.6] 1,030 22 «10| 139 51 r 310 292 16 | 15| &23 T8 .- - 557] 303 4
Goose River at ils] Dalce
ligy 19 = = = = = = = == | 75| 1,380 | 19 02| 158 97 360 56 50 2| Lob | o42 1,020 | - =~ - 633| 338 25
June 21 = - - - - - 67 | 75| 1,190 2L 10| 122 52 6l 294 340 L3 ol] 1o5 | &35 876 - - 5191 278 2

€ River at ils Pake

Hay 16 = = = = = = = -« | 7e5] 1,290 1 «12| 105 1 298 n 2] 1le0 | o323 836 - -- w56 176 34

June 21 e = - - == 67 | 76| 1,310 10 10| 64 51 ug3 256 325 92 2| le2 | o2 379 - - - 369 159 b
f: River near Dilwort iigne

Hay 18 = = = = = = - - = | 77 86 | 27 «02| 100 5 33 204 o5 1] 20| == 615 | == | == | 4351 182 7

Jung 21l = = - = = - 68 | 7.5 664 12 021 70 51 Lol 334 106 52 e2| 1le2 | <20 455 - -- 384 110 2
e at Sendrum .

T R 67 | 7eb 564 | 18 2| 67 W0 o3 315 82 2u4 2| L& <19 38| == ==| 332 B 5

. Liver neay SRelbyv, lih:i.

June 21 == = = = - 67 | Tet 567 | 16 05| 67 ER 26 o5 2| e8| W4 4o | == ==| 316 36 { 11
el River at Creokston, fiinn.

ligy 18 = = = = = - -« | 75 502 n 10| 63 2., 222 82 «0 1) le2 | J02 323 - -- 260 32 2

Junc 21 e == = = = 67 | 8.3 575 21 2| 67 25 21 8] 212 139 «0 ol 9| ok 379 e | == 270 96 u

LQw-)
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