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CHEMICAL QUALITY OF SURFACE WATERS IN DEVILS 
LAKE BASIN, NORTH DAKOTA, 1952-60 

By HUGH·T. MI'ITEN, C. H. SCO'l'T, and PHILIP G. ROSE~E 

ABSTRACT 

Above-normal precipitation in 1954, 1%6, and 1957 caused the water surface of 
Devils Lake to rise to an altitude of 1,419.3 feet, its highest in 40 years. Nearly all 
the water entering the lake flowed through Big Coulee, and about three-fourths 
of that inflow was at rates greater than 100 cubic feet per second. At these rates, 
the inflow contained I s than 600 ppm (part.s per million) dissol ved solids and 
was of the calcium bicarbonate type. 

Because the inflow was more dilute than the lake water, the dissolved solids 
in the lake decrea ed from 8,680 ppm in 1952 to about 6,000 ppm in 1956 and 1957. 
Subsequently, hO'wever, they increa ed to Glightly more than 8,000 ppm and 
averaged 6,800 ppm for the 1M4-6D period. Sodium and sulfate were the prin­
cipal dissolved constituents in the lake water. Although the concentration of 
dissolved solids varied Significantly from time to time, the relative proportions of 
the chief constituents remained nearly the same. 

Water flowed from Devils Lake to Mission Bay in 1956, 1957, and 1958, and some 
flowed from Mission Bay into Ea!5t Bay. However, no wa ter moved b tween Ea!5t 
Devils Lake, western Stump Lake, and eastern Stump Lake during 1952-60; these 
lakes received only local runoff, and the var iations in their water volume caused 
only minor variations in dissolved s.olids. For the periods sampled, concentrations 
aver aged 60,700 ppm for East Devils Lake, 23,100 ppm for ,,,estern Stump Lake, 
and 127.000 PPlP for eastern Stump Lake. 

Sodium and sulfate were the chief di f;solved constituents in all the lakes of the 
Devils Lake chain. Water in eastern Stump Lake was saturated with sodium 
sulfate and precipitated large quantities of granular, hydrated s,odium sulfate 
crystals 0'n the lakebed and shore in fall and winter . A discontinuous layer of 
consolidated sodium sulfate crystals formed a significant part of the b (1 through­
out the year. 

Measured concentrations of zinc, iron, manganese, fluoride. arsenic, boron, 
copp-er, and lead were not high enough to harm fish. Data on alpha and beta par­
ticle activities in Devils Lake were in. ufficient to determine if present activities 
are less than, equal to, or more than activities before nuclear t e ts began. 

Miscellaneous surface waters not in the Devils Lake chain contained di ssolved 
solids that ranged from 239 to 61,200 ppm. The lakes that spill infrequently and 

Bl 
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have little or no grO'und-w ter inflow and outflow generally contain high 
cO'ncentrations of dissolved solids . 

Salt balance computations for D€vils Lake for 1952-60 indicate that a net 
of as much as 89,000 tons of salts was remO'ved frO'm the b€d by the wa ter in some 
years and as much as 35,000 tons was added to' the bed in other years. For the 
9-year period, the tons removed exceeded the tons added; the net removed aver­
aged 2.7 tO'ns per acre per year. Pickup of these salts from the bed increased 
the dissolved sO'lids in the lake water an average O'f 19.3 ppm per year. Between 
1952 and 1960, 201,000 to'ns of salt was added to' the bed O'f East Devil' Lake, 
15,100 tons to the bed O'f western Stump Lake, and 421,000 tons to the bed of 
eastern Stump Lake. 

Laboratory examinatiO'n O'f shore and bed material indicated that the shore 
contained less weight of salt per unit weight of dry, inorganic material than the 
bed. Calcium and .bicarbonate were the chief cO'nstituents dissolved from bed 
material O'f Devils Lake, wherea sodium and sulfate were the <:hief constituents 
dissolved from bed material of East Bay, East Devils Lake, and eastern and 
western Stump Lakes. Generally, calcium and bicarbona te were the chief cO'n­
stitutents dissolved from shore material of all these lakes. 

Evidence indicates that not more than 20 percent of the salt that "disappeared" 
from the water of Devils Lake west of State RDute 20 as the lal~e altitudes 
decreased years ago will redisSDlve if the lake altitude is restored. 

INTRODUCTION 

Devils Lake basin is a large closed topographic basin in northeastern 
North Dakota. Devils Lake, the largest lake of the Devils Lake chain, 
was once the center of the most popular resort area in the State. In 
1867, when the earliest authentic records of altitude 'were obtained, the 
level of this lake wa-s at 1,438.3 feet. At that time the lake covered 
90,000 acres and abounded in food and game fish. Between 1867 and 
1940, the lake level declined, with only minor interruptions, and by 
1940, the altitude had dropped to 1,400.9 feet·. By then the lake had 
shrunk to a shallow, stagnant body of water that covered about 6,500 
acres and supp0rWd only a few hardy fish. Throughout the next 20 
years the lake level was somewhat higher than in 1940. It rose to a 
peak of 1,415.5 feet in 1951, declined to a low of 1,411.6 feet in 1954, 
rose to 1,419.3 feet in 1956, and declined to 1,415.1 feet in late 1960. 

The loss of the area as a recreational center was felt throughout the 
Sta;te, but m'any people began to hope that Devils Lake would be 
restored as an attractive recreational russet when plans of the U.S. 
Department of the Interior for water-resources development in the 
Missouri River basin (U.S. Congress, 1944) included proposals to 
raise the water levels of the lakes in the Devils Lake chain and to 
provide a drainage outlet for them. After this restora tion was pro­
posed, several plans for diverting and restoring some or all of the 
lakes in the chain were considered by the U.S. Bureau of Reclamat" on 
(1961). Final plans for restoration have not been announced as of 
this writing (1966). 
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In late 1948 the U .S. Geological Survey began an investigation of 
Devils Lake basin to obtain information o.n "ater quality needed by 
the agencies formulating plans for restoration of the lakes. Results 
of the investigation from N ovemoor 1948 to December 1952 were re­
ported by Swenson and Colby (1955). 

In their report Swenson and Colby (1955) compiled information 
on the fiuctuations in the water-surface altitude of Devils Lake since 
1867 and speculated on the reason for the general dec.line. They 
described the hydraulic relationships existing between the several lakes 
of the Devils Lake chain, gave the chemical characteristics of the 
water in the several lakes, and discussed the likely causes of the varia­
tions in the chemical characteristics from one lake to another. 

They computed' the tonnages of dissolved solids in water from 
Devils Lake and several other members of the lake chain from 1899 
to 1952 and conc.luded that several millions of tons of dissolved solids 
disappeared from the water of Devils Lake between 1923 and 1948. 
The question then posed was whether this large quantity of salts will 
redissolve if the lake is restored to or above 1,416 feet, the altitude of 
Devils Lake in 1923. 

Swenson and Colby prepared estimates of the probable concentra­
tions and tonnages of dissolved solids in Devils Lake and in the other 
lakes downstream in the chain if the lakes are filled to a.n altitude of 
1,425 feet. Assumptions had to be made regarding the quality of the 
water to be diverted into' the lakes, the order in which the lakes are 
to be filled, the time to be allowed for filling, the drainage to be pro­
vided for the end-member of the lake chain, and other items. As the 
authors stated (p. 77), "The computed results should be understood 
as applicable only inso.far as the assumptions may be good approxima­
tions of the actual quantities and hydrologic processes when and if 
the lakes are filled." 

For several years following Swenson's and Colby's work in 1952, 
investigations of water quality in the Devils Lake basin continued but 
at a modest rate. Nevertheless, by 1960 considerable valuable addi­
tional information had been obtained not only on the chemical com­
position of water in numerous lakes in the basin but also on salts in 
the beds and shores of the major lakes. 

The purposes of this report are to present the additional informa­
tion obtained from 1952 to 1960 and to describe in more detail than 
was formerly possible some of the factors affecting the chemical 
quality of the surface waters in the basin, particularly water in the 
lakes of the Devils Lake chain. 

This report is a supplement to the report f 1955 by Swenson and 
Colby. Where possible, additional information is presented in tables 
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and illustrations which, although differing somewhat in format from 
those in the earlier repor t, are actually continuations of them. Much 
of the new information, such as that on salt in the lakeheds and shores, 
has no counterpart in the earlier report. Also, no attempt is made in 
this report to predict the effects of different methods of lake restoration 
and subsequent operation on the quality of water in the major lakes 
or on the Sheyenne River into which drainage from the lakes would 
go. The current uncertainty as to the plan for restoration and the large 
number of choices or combination of choices make such a prediction 
somewhat futile at this time. 

The names of two of the streams are different from the names pub­
lished by S,,"enson and Colby (1955). The part of Mauvais Coulee that 
is downstream from Lake Irvine is called Big Coulee in this report to 
conform to a decision made in 1961 by the Board of Geographic Names 
(written commun.). Sweet Creek is called Edmore Coulee to conform 
to the name given in recent U.S. Geological Survey water-supply 
papers entitled "Surface Water Supply of the United States." 

Edward Bradley of the U.S. Geological Survey furnished unpub­
lished data on observation well levels, and H. M. Erskine, also of the 
U.S. Geological Survey, furnished unpublished data on outflow from 
Devils Lake. Acknowledgment is due R. L. Bagwell of the U.S. Fish 
and 'Vildlife Service for assistance in obtaining certain field measure­
ments and samples, and Ernest Weed of the North Dakota Highway 
Department for information concerning a culvert installed between 
Mission and East Bays. Radiochemical analyses were made in Denver, 
Colo.; all other laboratory analyses were made in Lincoln, Nebr. 

DEVILS LAKE DRAINAGE BASIN 

Devils Lake basin includes about 3,800 square miles in northeastern 
North Dakota (pI. 1). It extends north from the hills between the 
Sheyenne River and Devils Lake to the Canadian boundary. The east 
and west boundaries of the basin are not distinct, but the basin extends 
roughly to State Route 30 on the west and to the headwaters of Edmore 
Coulee on the east. 

The basin is in the ',,"estern lake section (Lemke, 1960, p. 6) of the 
Central Lowland physiographic province (Fenneman, 1938, p. 559­
588) . The topography of the basin is of glacial origin and is in a youth­
ful stage of erosion. The surficial deposits of gla,cial drift that cover 
the area are of late Pleistocene age and were laid do·wn by the Leeds 
lobe during the Mankato Stade of the Wisconsin Glacia.tion (Lenlke, 
1960, p. 42). Altitudes range from 1,600 to 1,900 feet in the northern 
part of the basin and from 1,380 to 1,660 feet in the southern part. The 
drainage is poorly developed and except for a few coulees is indistinct . 
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CLIMATE 

The basin is in a region of temperate continental climate and has 
moderate rainfall (Simpson, 1929, p. 12), long rigorous winters, and 
warm summers. The relative humidity averages about 78 percent 
(Swenson and Colby, 1955, p. 7). The prevailing wind is from the 
northwest throughout the year; the wind velocity averages about 10 
miles per hour. The mean annual temperature is between 36° and 42°F; 
January is the coldest month and July the warmest. 

At the city of Devils Lake the annual precipitation for 60 years 
(1901-60) averaged 17.4 inches. Much of the precipitation occurs dur­
ing the summer months, usually as thunderstorms. On the average, 75 
percent of the alll}ual precipitation falls from April to September. A 
more complete discussion of climate is given by Swenson and Colby 
(1955, p. 5-7). 

FLUCTUATIONS OF DEVILS LAKE 

Devils and Stump Lakes formerly drained into the Sheyenne River 
through Big Stoney spillway near Tolna, N. Dak. (Aronow, 1957, 
p. 412-414). The outlet was at an altitude of 1,453 feet-15 feet above 
the highest recorded level of Devils Lake and 38 feet above the level 
of Devils Lake in 1960. Aronow stated, however, that very little water 
probably ft.owed through the spillway in postglacial time because the 
bottom of Big Stoney spillway has not been cut below a nearly accord­
ant junction of another glacial spillway tributary to it. Aronow also 
found evidence that declines similar to the one experienced since the 
late 1800's occurred at least one and possibly two or more times 
previously. 

A knowledge of the recent history of Devils Lake will be valuable to 
those who are working on plans for restoration of the lakes in the 
chain; therefore, investigations have centered on the fluctuations of 
the lake level and on the brackish waters that result when the lake 
level declines. Records of water-surface altitudes are given by Swen­
son and Colby (1955), and additional records are available in the an­
nual series of water-supply papers entitled "Surface vVater Supply of 
the United States." The records of the altitudes for 1952-60 are shown 
in figure 1. 

HYDROLOGY 

Although data on the hydrology of the Devils Lake area are incom­
plete' several useful computations based on available and estimated 
data are presented. . 

Annual precipitatiDn at Devils Lake during 1952-60 ranged from 
10.83 inches in 1952 to 22.37 inches in 1954 (fig. 2). The average was 
about 17.1 inches, which is near the long-term average of 17.4 inches. 

282--564 0-68-2 
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A map prepared by the U.S. 'iVeather Bureau (Kohler, Nordenson, 
and Baker, 1959) shows the average annual class-A pan e.vaporatjon t 
he about 40 inches at Devils Lake. The annual evaporat ion, based on 
seasonal class-A pan data, at the city of Devils Lake for the water 
years 1952-60 averaged about 37.6 inches. The seasonal pan dat a were 
converted to annual values on the basis of a map that shm-vs the aver­
age evaporation for May to October -to be a;bout 85 percent of the an­
nual evaporation. According to Kohler, Nordenson, and Baker (1959) 
the map can be applied only to shallow lakes where energy storage can 
be ignored. Energy storage from summer to winter is assumed to be 
insignificant in the Devils Lake chain because, at a given time, varia­
tion in ~mperatur~ither horizontal or vertical-is slight (table 1). 
On calm days the temperature of Devils Lake at the surface may rise 
above that at ll1iddepth and at the bottom, but wind action soon 
equalizes the temperature throughout nhe body of water. The elass-A 
pan annual evaporrution was converted to lake evaporation by use of 
an average pan coefficient of 75 percent. 

TABLE I.-Temperature variations in lakes 

Air tem-
Sampling site 

(see pI. 1) 
Date Depth 

(feet) 
perature Lake temperature (O F) 

(OF) ----------­
Surface Middepth Bottom 

Remarks 

Sixmile Bay 

2______ ___________ _ Oct. 5,1959 3.1 54. 8 52.0 52.04__________________ ____ do _____ _ 3.8 50.1 50.2 

3____________ _____ May 4,1960 3.4 59 48 47 

Creel Bay 

19_________________ Oct. 1,1959 45.0 49.0 49.0 Windy.
2L________________ ____ do_______ 12.8 50.0 49.3 49.3 Do.
23 _________ ________ ____ do_______ 8.5 48.0 48.0 Do.
24 _________________ ____ do_______ 10.3 44.0 47.5 48.2 Do. 
26_________________ ____ do_______ 9. 9 45.5 48.2 48.1 Do.
26_______________ __ ____ do_______ 9.5 48.2 48.0 48.1 Do.
27 __ . ______________ ____ do _______ 8.1 45.0 48.2 48.0 Do.
30 _____________ ___ ____ do_______ 4.0 42.9 47.0 47.0 Do.
3L _______ _________ ____ do _______ 7.2 47.3 47.3 Do. 

Main pllrt of Devils Lake 

13_______________ __ Oct. 4,1959 13.5 65.0 50.0 49.0 48.5 Calm.
14_________________ ____ do_______ 14.6 51.1 48.5 48.5 Do.
17 __ ______________ ____ do _____ 15.2 62.8 52.5 49.0 49.0 Do.
20_____________ __ __ ____ do _____ 15.7 52.2 48.5 48.5 Do.
28 ________________ ____ do ____ _ 15.4 60.6 54.0 48.7 48.5 Do.
29______________ ___ ____ do _____ __ 15.7 66.0 52.0 49.0 49.0 Do. 

6__________________ Oct. 5,1959 7.4 48.8 49.8 Windy.
9__________________ ____ do______ _ 14.8 49.0 48. 8 48. 8 Do. 
10____ _____________ ____ do_____ __ 49.0 Do.51. 8 49.315_________________ ____ do_______ 15.7 49.1 49.2 48.0 Do. 
33_________________ ____ do_______ 14.7 49.0 48.5 Do.
34_________________ ____do_______ 13.0 46.6 48.5 48.5 Do. 
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TABLE I.-Temperature variations in lakes-Continued 

Air tem-
Sampling site 

(see pI. 1) 
Date Depth 

(feet) 
perature 

(OF) 
Lake temperature (OF) Remarks 

Surface Middepth Bottom 

Mission Bay 

36_________________ Oct. 2,1959 5.7 51. 0 44.2 44.2 Windy.3S_________________ ____ do_______ 5.4 50.0 44.5 44.5 Do.
39____________ _____ ____ do ___ ____ 1.7 55.5 47. 5 Do.
40__________ _______ ____ do _______ 5.3 53.0 44.5 44.5 Do.41. ________________ ____ do_______ 5.7 50.0 43.6 44.0 Do.
43___________ __ ____ ____do _______ 5.7 45. S 44. 0 43.0 Do. 

East Devils Lake 

51. ________________ Oct: 3,1959 2. S 65.0 49.052_________________ ____do_______ 2.1 59. 5 49.5 50.053_________________ ____do_______ 3.S 4S.5 4S.5
54 _________________ ____do_______ 2.5 48.2 48.055___ __________ ____ __ __ do_______ 4.3 47.5 47.556_________________ ____ do_______ 4.9 59.2 47.5 47.557_________________ ____do_______ 4.3 48.0 48.0 

Western Stump Lake 

61.. _______________ May 6,1960 1.1 51. S Windy.
62_____________________ do ______ _ 1.5 51. 8 Do.
63_____________________do______ _ 1.2 50.0 51.S Do.
64 _____________________ do______ _ .7 50. 0 54.5 Do. 

Eastern Stump Lake 

70_________________ Oct. 9,1959 
72_____________________ do______ _ 
74 _____________________ do______ _ 
75__ ___ ____________ ____ do______ _ 
76_______________ __ ____do______ _ 
79_____________________ do ______ _ 
SO _____________________ do______ _ 

2.7 
3.8 
3.8 
4.3 
2.8 
1.5 
.9 

32. 0 
32. 0 
32. 8 

33.6 

39.0 
40.0 
39.8 
39.5 
39.8 
3S.0 
36.8 

39.5 
39.0 
39.0 

Windy. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

72___ _____ ___ ______ May 7,1960 
76___ __ ________________do______ _ 
SO __ __________ _________ do______ _ 

3. 5 
2.9 
1.5 

54.0 
54.0 
56.0 

54.0 
54.0 
57.0 

Do. 
Do. 
Do. 

The water in the lakes of the basin is derived principally from 
precipitation on the lake surfaces and from surface runoff. The size 
of the area that contributes runoff to Devils Lake depends on the 
overflow of upstream lakes. About 400 square miles contributes drain­
age directly to Devils Lake. Runoff from another 400 square miles 
drains into Ibsen Lake, which probably overflows during most years 
because i,t has a !surface area of only 1 or 2 square miles (Swenson 
and Colby, 1955). About 2,200 square miles contributes runoff to the 
lakes of the Sweetwater chain, which are fairly large and probably 
overflow only during relatively wet years. Thus, the effective drainage 
area of Devils Lake can range from about 400 to 3,000 square miles. 

No attempt has been made in this investigation to correlate runoff 
with precipitation and temperature within the Devils Lake basin be­
cause the amount of drainage area is uncertain and runoff records 
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have not been kept for a sufficient length of time. Swenson and Colby 
(1955), however, analyzed records for the Sheyenne River upstream 
from Sheyenne, N. Dak., the drainage area of which is similar in 
topography, vegetation, soils, and climate to the Devils Lake drainage 
area. They found that a I-inch decrease in annual precipitation m-ay 
be associated with a decrease of runoff of about 0.03 or 0.04 inch per 
year and that an increase of 10 in aver-age annual temperature may 
be associated with a decrease of runoff of about 0.08 or 0.09 ineh per 
year. 

Between May 1949 and September 1954, measurements of flow in 
Big Coulee were obtained only oeeasionally. Sinee Oetober 1954, 
daily diseharges have been eomputed for Big Coulee near Churchs 
Ferry, N. Dak. Flow duration of daily diseharge (fig. 3) is based on 
flows for water years 1954 to 1960 excluding the largely estimated 
reeord of 1955. At diseharges of less than about 300 efs (eubie feet 
per second), flow duration is typical f.or ephemeral streams, but at 
discharges of more than 300 cfs, flow duration i~ altered by regula­
tion from upstream lakes. 

The gaged flow at Churehs Ferry may not be representa;tive of the 
flow that enters Devils Lake even though there is little inflow between 
the gage and the lake. The large marshy area between the gage and 
the lake ean store an appreciable amount of water. Flow estimated 
at about 20 efs has been observed near the inlet of Big Coulee to 
Devils Lake when little or no flow was observed at the gaging station. 
Evapotranspiration from the marshy area is probably signifieant at 
times. 

INFLOW AND OUTFLOW AT DEVILS LAKE 

W ater-budget ealeulations were made for Devils Lake for water 
years 1952-60 to determine the approximate annual volumes of water 
contributed to Devils Lake by preeipitation on the lake surfaee and 
by surface runoff that enters through Big Coulee and the annual 
volumes of water lost from the lake by evaporation and outflow 
(table 2). The water-budget caleulations are approximations beeause 
the preeipitation data and class-A pan evaporation data,eonverted 
to annual lake evaporation by use of average coeffieients, may not be 
representative of actual eonditions existing over the lake. Also, small 
ehannels, other than Big Coulee, may eontribute surfaee inflow from 
an area of 300-400 square miles (Swenson and Colby, 1955). For the 
purposes of caleulation, the years were divided into periods; there­
fore, the net evaporation volumes shown in the table may not eorre­
spond exaetly to the volume caleulated from the annual precipitation 
and evaporation and the mean areas. Also, the stage-eapacity and 
stage-area data used by Swenson and Colby (1955) differ from those 
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used in this report. The differences are small, however,and differenees 
in storage changes are negligible. For ,the water years 1952, 1955, and 
1960, the fairly large negative values for the calculated w~ter-budget 
outflDwS probably are caused by calculated lake-evaporation values 
that are higher than those that actually existed at the lake. An evap­
oration 'Of 31.8 inches at Devils Lake during the 1952 water year 
was estim'ated by SwensDn and Colby (1955) from class-A pan data 
at DickinsDn and Mandan and from average annual lake evaporation 
(Horton, 1943) ,~t Devils Lake. A value of 34.8 inches was calculated 
frDm data of Kohler, Nordenson,and Baker (1959) and frDm class-A 
pan data at the city of Devils Lake. Part of the error in the 1955 
calculations may be due to errors in estimated inflow from Big Coulee 
for 1955. . 

Surface-water outflow was zero for 1952-55. With the rise of water 
level in 1956, State Route 57 across the narrows between Devils Lake 
and Mission Bay was threatened with inundation. To protect the road 
the Highway Department, in late June, installed a culvert under State 
Route 20 to allow water to flow from Mission Bay into East Bay. The 
culvert was placed so that the spill altitude was below the water sur­
face, and outflow began about the 1st of July and continued until some­
time in 1958. Because the water-budget calculation for the 1956 water 
year was unreasonable, an estimated outflow was calculated by indirect 
methods based on the dimensions of the outflow culvert, the high water­
marks in the culvert, and the estimated altitudes of Mission Bay. The 
calculation was based on fairly reliable estimates of water-surface 
altitudes and, therefore, is probably a fair estimate of the outflow for 
that year. The indirect calculations for the 1957 water year were based 
on estimates of altitudes of Mission Bay from Devils Lake altitudes. 
These estimates are not very reliable because the difference in altitudes 
between Mission Bay and Devils Lake increased as the water surface 
fell and no clearly defined watermarks were left in the culvert at the 
lower levels. In September 1956, the outflow from Devils Lake to 
Mission Bay was estimated to be 20 cfs. The lake level was decreasing 
during the 1957 water year, but if the average discharge from Devils 
Lake is assumed to be 20 cfs, then the outflow for the year would have 
been about 14,000 acre-feet compared with the 18,000 acre-feet com­
puted by the indirect method. The actual volume of outflow for the 
1957 water year probably lies between the indirect and the water-bud­
get calculations. 

The fluctuations of the average altitude of the surface of Devils 
Lake for the years 1938-60 follow rather closely the fluctuations of 
the average water level in a well, in glacial drift, about half a mile 
north of Devils Lake between Sixmile and Creel Bays; the similar 
fluctuations (fig. 4) indicate a possible hydraulic connection between 
lake and ground-water reservDir. The lakes of the Devils Lake chain 
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TABLE 3.-Select~d chemical 

[Results in parts per 

Tem­
Date of Discharge per­ Silica Iron Manga­ Cal­ Mag­ Sodium Potas­

collection (cfs) ature (Si02) (Fe) nese cium nesium (Na) sium 
(OF) (Mn) (Ca) (Mg) (K) 

Near Churchs Ferry 

July 20,1954 ______ _ 268 44 18 29 
May 3,1956_______ _ 546 11 10.07 _______ _ 33 14 20 8.0 
May 28,1959 ______ _ .02 288 161 407 

Near Grahams Island (sampling site Ion pl. 1) 

June 26,1955___ ____ 2150 62 35 68 
Sept. 23, 1955____ __ 215 38 10.14 65 49 108 35 
Sept. 23, 1956______ 215 83 
Apr. 28, 1957_______ 212 60 8.2 1 .04 53 37 86 26 
Oct. 4, 1957________ 210 55 7.9 1 .08 63 87 360 61 
June 22,1958_______ 2 .5 73 11 1 .17 78 232 1,070 70 
May 4, 1960________ 220 48 21 .12 0.00 81 45 90 32 

1 In solution when analyzed. 2 Estimated. 

probably receive ground water; Paulson and Akin (1964, p. 51) 
showed that some ground water moves northward toward the Devils 
Lake chain from outwash deposits to the south. Because lake deposits 
and lake-modified glacial drift composed of laminated clay and silt 
underlie the lakes in the chain 'and because these deposits are in turn 
underlain by 'boulder clay and glacial ,till, ground-water movement 
probably is slow; therefore, no allowance is made for ground-water 
movement or bank storage in the water-hudget oalculations. The error 
introduced by neglecting 'these faotors probably is less than the errors 
introduced in estimaJtes of ,the volume of water evaporated from the 
l'ake. The estimates of volumes of outflow, although somewhat crude, 
are suitable for use in estimating the tonnage of salt lost by outflow in 
the salt-balance computations that will be given later in this report. 

CHEMICAL QUALITY OF THE WATER 

Generally in the runoff into Devils Lake, calcium, magnesium, and 
bicarbonate ions are highest in concentration and sodium and sulfate 
ions are next highest. ' As the dissolved solids aI;e concentrated by 
evaporation, the solubility of the alkaline-earth carbonates is exceeded, 
and these ions precipitate; thus, the water stored in the lakes is of the 
sodi urn sulfate type. 
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analyses of water in Big Coulee 

million except as indicated]' 

Dissolved solids Hard-
Specific 
conduct-

Bicar- Car- SuI- Chlo- Flua- Ni- Boron ness ance 
bonate 

(HCO!) 
bonate 
(C03) 

fate 
(SO.) 

ride 
(CI) 

ride 
(F) 

trate 
(NO!) 

(B) Calcu­
lated 

Residue 
at 180°C 

as 
CaC03 

(micro­
mhos per 

pH 

cm at 
25°C) 

Near Churchs Ferry-Continued 

213 0 60 16 319 184 490 7.4 
122 0 68 8.5 0. 0 7.8 0.05 -----­ - - 248 139 381 7.6 
277 0 1,780 170 -----­ -­ - ----­ 3,220 1,380 3,660 7.5 

Near Grahamslsland (sampling site Ion pl. I)-Continued 

314 14 146 25 0.17 556 298 837 8.5 
444 0 195 58 0.6 1.2 .10 762 365 1,380 8.0 
350 6 168 652 324 1,020 8.4 
270 0 195 43 .1 .4 . 11 608 284 918 8.1 
388 0 776 195 .2 1.5 .27 1,740 1,780 515 2,560 8. 1 
498 
233 

40 
0 

2,380 
351 

527 
48 

.3 

.3 
.9 

1.2 
.85 
.25 

4,660 4,850 
847 

1,150 
387 

6,250 
1,190 

8.6 
7.3 

BIG COULEE 

Mauvais Coulee, which becomes Big Coulee below Lake Irvine, is 
an intermittent stream; it heads near the international boundary and 
drains nearly the entire basin. This coulee trends south and joins 
Edmore Coulee, which drains the Sweetwater chain of lakes, in Lac 
Aux l\1:ortes. Little Coulee drains the western part of the basin and 
discharges water into Big Coulee. Big Coulee flows into Devils Lake 
at the southern end of Sixmile Bay (pI. 1) and prior to the general 
decline of lake levels in the region it discharged a large amount of 
water into the lake. 

The observed dissolved-solids content in Big Coulee from 1954 to 
1960 averaged about 550 ppm near Churchs Ferry and 1,400 ppm 
near Grahams Island. Table 3 shows selected analyses of water in Big 
Coulee; additional data are published in the annual series of U.S. 
Geological Survey water-supply papers entitled "Quality of Surface 
Waters of the United States, Parts 5 and 6." The general increase in 
dissolved solidB between Churchs Ferry and Grahams Island was 
probably caused by evapotranspiration in the large swampy area "Test 
of Devils Lake. The increase had practically no effect on the chemical 
quality of the water in Devils Lake because the highest concentrations 
were observed during very low flow periods when the total quantities 
of salt transported to the lake were small. 
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The type of water thait flows in Big Coulee i r lat.ed to d.ischarge. 
The water near Churchs Ferry is of the sodium sulfate typ ,hen the 
discharge is about 0.1 £s and is of the calcium bicarbonate type when 
the discharge is about 1 fs or greater (fig. 5). The water near 
Grahams Island i of the sodium sulfate type when the discharge is 
about 10 cfs and is of the calcium bicarbonate type when he discharge 
is about 100 fs. During 1954---60, about 76 per ent of the discharge 
from Big Coulee was 100 cfs or more' herefore, most of the wat.er 
that entered Devils L ake from Big ouI e probably was of he calcium 
bicarbonate type and prohably contained less than 600 ppm of diss 1 ed 
solids. 

DEVILS LAKE AND BAYS 

From 1954 to 1960, the observed dissolved solids in water from 
Devils L ake and its bays averaged about 6,500 ppm for Sixmile Bay, 
6,000 ppm for Creel Bay, 6,800 ppm for the main part of Devils Lake, 
11,500 ppm for Mission Bay, and 8,300 ppm for East Bay. (See table 
4.) The free movement of water between S ' xmile Bay, the main part of 
Devils Lake, and Creel Bay causes the concentrations of dissolved 
solids to be similar. The dissolved solids seemingly were relat ively low 
in Devils Lake, Creel Bay, and Sixmile Bay in April 1955 ; probably, 
however, the samples taken were not represen ative of all the lake 
water because runoff from an exceptionally large amount of snow and 
ice melt had not mixed thoroughly with the rest of the water. The 
volume of water in Devils Lake increased from 1954 to 19 6 (table 2) 
because runoff into the lake exceeded evaporation. Also, because the 
runoff contained less diffiolved solid. ,than Ithe lake water already pr s­
ent, the dissolved solids in the lake decreased. From 1956 to 1960, 
evaporation exceeded runoff into the lake, the lake volume de reased 
and the dissolved solids increa ed. The dissolved solids in , ater from 
Devils Lake, report d 'M 8,680 ppm in 1952 y Swenson nd Colby 
(1955, p. 61) , decreased to about 6,000 ppm in 1956 and 1957 and sub­
S qu· ntly in re s d to 11 0 'e than 8,000 ppm. 

T wo 36-inch round corrugated metal culverts through the roadbed 
of State Route 57 connect Mi sion Bay and the main par t of Devils 
Lake. The spill altitude of the culverts is about 1,416.1 feet. Because 
water does not move free.ly from the main par t of Devils L ake into 
Mis... ion Bay and because evaporation ex eeds inflow, the average con­
centration of dissolved solids as higher in water of Mission Bay tha 
in water of Sixmil Bay, reel Bay, or the main part f Devils Lak . 

The outlet from Mission B ay to East Bay' a 5-foot round cor­
rugated metal culv rt through the roadbed of State Route 20. e 
spill altitude of the culvert is about 1,416.2 feet . No coulees drain into 
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water of Big Coulee. 

East Bay; therefore, the water in East Bay is almost entirely precipita­
tion tlhat falls on or near it and overflow from Mission Bay. The aver­
age dissolved solids for East Bay was based on only three samples of 
water from isolated pools. These samples showed that dissolved solids 
were less than in Mission Bay. The lesser concentration of dissolved 
solids in East Bay indicates that precipitation is probably the 80urce 
of most of the water in the bay. However, East Bay is dry most of the 
time and part of the salt that is deposited on the bed of East Bay is 
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TABLE 4.-Chem:ical analys 8 

[Results in parts per mil 

Lake Tem- Man- Cal- Mag- Potas-
Sampling site Date of altitude per- Silica Iron ganese cium n lum Sodium sium 

(see pl. 1) collection (teet) ature (Si02) (Fe) (Mn) (Ca) (Mg) (Na) (K)
(0 F .) 

Sinnlle Bay 

5____ __ _____ ____ June 26,1955 66 4142_________ ______ Oct. 5,1959 1,415.44 52 20 0.09 78 376 1, 990 2313_______________ May 4,1960 1,415. 85 12 2.0 0.00 59 212 1, 110 1235_______________ ____ do ______ __ 50 

Creel Bay 

Ju'y 16, 1954 1, 412.80 78 11 10.04 120 398 2, 250 236 
Oct. 7, 1954 1, 413.95 95 383 2,120 
Apr. 14, 1955 2 1,414. 91 14 34 185 
June 26, 1955 1,416.68 64 80 321 1,730 
Sept. 23, 1955 1,416.1 I .08 100 316 1,760 188 

I 

____ do. t __ ___ _ 1,416.17 ______ 

Jan. 4,1956 3} {______ 15 . 20 114 359 1,960 208 

13 1 . 18 108 355 1,950 195 
____ do.6______ ------ 3.1 I .10 17 94 388 46 
June 8,1956 1,418.69 72 1.2 1.03 80 277 1,440 150 
Sept. 23, 1956 1,419.04 53 1.01 95 246 1,300 144 

22______________ 

~~~d~(~~5_~ ~ } 1,418.53 t:::: 
Apr. 28, 1957 1,418.65 50 
Oct. 4,1957 1,418.15 55 
J an. 13, 1958 3 

6.1 
5.8 
6. 1 
4.3 

I .01 
1.00 
I .02 
I .03 

90 
18 
70 
68 
85 

279 
82 

181 
265 
284 

1,440 
348 

1,000 
1, 400 
1, liOO 

31 
112 
167 
166 

___ _do. t ______ 

__ __ do. 6 _ _____ 

June 22, 1958 1,417.46 68 
Oct. 3, 1958 1, 416.78 47 

~~~:j;'6:~~~_~ }1, 416.68 {::~ ~ ~ : 

1.5 

3.0 

1.01 
.04 
.02 

80 
34 
73 
66 
68 

287 
127 
279 
296 
338 

1,570 
630 

1,580 
1,530 
1,730 

65 

169 

2L ________ __ ___ Oct. I, 1959 
22 _____ _________ e~~_·d~\I:~_~ 
26_____ __ _______ May 4,1960
22_________ _____ Sept. 29, 1960 

1,415.44 

1,415.85 
1,414.96 

49 

41 
53 

19 
19 
4.0 

19 
12 

.10 
I .04 
1.04 

.04 

.08 
0.00 
.00 

71 
74 
19 
77 
84 

336 
352 
100 
347 
367 

1, 750 
1, 840 

461 
1,790 
1,890 

194 
199 
43 

187 
211 

Main Part of Devils Lake 

flY 16. 1954 1, 412. 80 75 11 10.01 93 415 2,200 222 
Oct. 7, 1954 1,413. 95 100 384 2,140 

3L_________ ___ tJ~e ~t ~~~r 23 77 409 
1,416.68 62 81 316 1,730 

18_____ ______ . __ June 26 , 1955 ----- --­12______________ ____ do____ ____ 678____ _______ ____ Sept. 24, 1955 52 1.04 98 320 

Jan. 4, 196tl 3 16 10.12 105 350 1,920 202 
____ do t ____ __ I13 . 17 106 354 1,940 200 ____ do 6_ ___ __ 4.0 1. 08 26 95 915 51 
JlIDC 8, 1956 1,418. 69 71 2.7 I . 02 75 283 1, 430 153 
Sept. 23, 1956 1,419.04 51 1, 320 

Dec. 28, 1956 3 } {______ 11 I .00 90 279 1,440 150 
____ do t ______ 1,418.53 ______ 90 274 1,520 

35 ____ __ _____ . __ ____ do 5______ _ _____ 2. 8 I .01 33 86 376 34 
Apr. 28, 1957 1,418.65 51 0. 1 I .07 95 273 1, 430 153 
Oct. 4, 1957 1,418. 15 4.0 I .01 78 264 1,410 162 

J an . 13, 1958 3 4. 3 I .02 80 '}jl,7 1, 610 166 ____ do t __ _ __ _ 80 287 1, 570 
JlIDe 22, 1958 1,417. 46 71 2.6 . 07 65 282 1, 500 164 
Oct. 3, 195R 1.416. 78 47 .05 64 297 

':~~_'d~~_I:~~_~ }1,416.68 L~~~~ 
ISee footnotes at end of table. 

http:1,416.68
http:1,418.65
http:1,418.53
http:1,419.04
http:1,416.68
http:1,419.04
http:1,418.69
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http:1,416.68
http:1,415.44
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01 water 1111> D evils Lake and baY8 

lion except as indIcated] 

Blcar- Car- Sul- Chlo- FIuo- NI- Boron 
Dissolved solids 

Hard-
Specific 
conduct­

bonate 
(RCOa) 

bon ate 
( 03) 

fate 
( 0,) 

ride 
(CI) 

ride 
(F ) 

trate 
(NO s) 

(B ) Calcu­
lated 

Residu 
at 180°C 

n as ance (mi­
CaC03 cromhos 

pH 

per em at 
25°C) 

Silmile Bay- Continued 

548 
778 

0 
20 

935 
4,230 

205 
936 0. 2 0. 5 1.4 8. 270 8, 340 

666 
1,740 

2, 9aO 
10. 100 

8.1 
8.3 

485 0 2,410 522 . 1 .5 1.1 4, 690 4,720 1,020 6, 150 7.4 
7, 020 

Creel Bay-Continued 

666 
683 
94 

654 
648 

81 
60 
0 

79 
53 

4,780 
4, 350 

398 
3,730 
3, 750 

1,060 
966 
85 

79.5 
815 

1.0 0.5 1.7 9,270 9,340 
8, 690 

787 
7, 170 
7,410 

1, 940 
1, 810 

174 
1, 520 
1, 550 

11,200 
10,400 
1, 240 
8,920 
9,180 

8.7 
8. 6 
7. 7 
8.8 
8.6 

742 
750 
175 
514 
504 

55 
43 
0 

75 
71 

4,250 
4, 100 

865 
3,100 
2,800 

920 
910 
204 
690 
627 

.6 

.6 

.4 

.6 

. 6 

9.2 
10 

1.9 
.6 

2.0 

1.5 
1.4 
.41 

1.2 
1.1 

8,260 
8,060 
1,710 
6,070 
5, 540 

8,340 
8,240 
1, 750 
6,280 
5, 780 

1, 760 
1, 730 

427 
1,340 
1, 250 

10,100 
9, 970 
2, 540 
7, 970 
7,380 

8.5 
8. 4 
7.7 
8.8 
8.7 

562 
156 
440 
624 
580 

73 
0 

14 
0 

43 

3, 100 
860 

2,100 
2,940 
3,220 

139 
444 
649 
740 

. 2 

. 3 

.5 

. 2 

.1 
2. 5 
6.8 
2.2 

.34 

. 93 
1.0 
1.1 

1, 560 
4, 150 
6,470 
6,380 

1,590 
4,140 
5,960 
6, 430 

1, 370 
884 
920 

1, 260 
1,380 

7,760 
2,280 
6,630 
7, 520 
8.. 050 

8.8 
7.7 
8.4 
8.0 
8.7 

688 
284 
508 
637 
717 
170 

43 
0 

77 
0 
0 
0 

3,220 
1,420 
3,140 
3,380 
3,810 
1,010 

280 
693 
741 
849 
169 

. 1 

. 1 

. 2 

.2 

.6 

7.4 

.49 

1. 3 

2,700 

,510 

2,730 

6, 650 
7, 530 

1,380 
608 

1,330 
1,380 
1,660 

428 

7,920 
3,760 
7,850 
8,410 
9,340 
2,680 

8.6 
7. 8 
8.8 
8.2 
7.7 
7.2 

719 
751 
193 
757 
799 

0 
0 
0 
0 
0 

3,840 
3, 960 
1, 080 
3, 940 
4,160 

835 
866 
195 
878 
900 

.2 

.2 

. 1 

. 2 

.2 

.5 
8.2 
.9 

1. 8 
5.3 

1. 3 
1.4 

. 37 
1. 6 
1. 6 

7, 400 
7,690 
2,000 
7,610 
8, 030 

7,620 
7,820 
2, 050 
7, 930 
8, 240 

1,560 
1,630 

458 
1,620 
1,720 

9,300 
9, 640 
2, 900 
9,580 
9,970 

8.1 
8. 0 
7.8 
7.6 
7. 9 

l Main Part of Devils Lake-Continued ") 

738 
676 

43 
67 

4,800 
4,480 

1,050 
974 

0.6 5. 3 1.6 9,200 9,410 
8, 830 

1, 940 
1, 30 

11, 300 
10, 600 

8.5 
8. 6 

157 
558 

10 
75 

885 
3, 650 

186 
788 

1, 750 
7,080 

376 
1,500 

2,560 
8,780 

8.5 
8.8 

8,880 
, 880 

678 39 7, 460 1, 560 0, 160 8.5 

71 2 
740 
216 
512 
536 

55 
43 
0 

77 
59 

3,980 
4,050 
1,950 
3.100 
2,800 

900 
900 
240 
690 

.6 

.6 

.4 

.6 

5.7 
8. 9 
2.6 
.6 

1.4 
1. 4 

.45 
1. 2 

7,890 
7,980 
3,390 
6.07U 

8, 070 
8,140 
3, 440 
6,360 
5, 820 

1, 700 
1,720 

456 
1,350 
1,270 

9,830 
9,910 
4, 660 
8, 030 
7,390 

8. 4 
8.4 
7.6 
8.8 
8.7 

564 
560 
198 
688 
648 

71 
63 
0 
0 
0 

3, 030 
3, 080 

930 
2,890 
2,800 

687 

149 
647 
659 

.6 

.2 

. 5 

. 5 

.5 

.1 

. 6 
3. 4 

1.5 

.42 
1.1 
1. 0 

6,040 

1,710 
5.840 
5,700 

6,240 

1,760 
6,210 
5,970 

1.370 
1, 350 

436 
1, 360 
1, 280 

7, 820 
7,720 
2, 500 
7,800 
7,570 

8.8 
8.8 

. 1 
8. 2 
8. 1 

656 
596 
497 
644 
i 24 

28 
39 
75 
0 
0 

3,220 
3,200 
3,070 

3,850 

750 

701 

844 

. 1 

. 1 
. 3 

2.9 

. 4 

1.1 

1.0 

6,470 

6,02U 

6,440 

6, 270 
6, 660 
7,530 

1, 380 
1, 380 
1, 320 
1,380 
1,580 

8, 060 
8, 060 
7,870 
8,330 
9,390 
3,140 

8. Ii 
8.6 
8.8 
8.2 
7. 7 



H2O CONTRIBUTIONS TO THE HYDROLOGY OF THE UNITED STATES 

TABLE 4.-Chemical analyses ot water 

Lake Tem- Man- Cal- Mag- Potas-
Sampling site Date of altitude per- Silica Iron ganese cium nesium Sodium sium 

(see pI. 1) collection (feet) ature (Si02) (Fe) (Mn) (Ca) (Mg) (Na) (K)
(0 F.) 

Main part of Devils Lake-Continued 

13______________ 19 0.07 72 338 1,750 199
28 ______________ Oot. 4, 1959) r­ 20 .07 72 341 1,750 20629______________ ~~~~g~~~~~~~~~ 1 415 44 ~ 19 .08 58 344 1,700 214
20______________ ____ do________ ,. 52 18 .06 72 341 1,780 219
34______________ Ort. 5, 1959 49 19 .16 73 333 1,770 2196_______________ ____ do________ 49 19 .12 74 342 1,750 207 

7_______________ May 4,1960} { ______ 17 .02 0.00 71 334 1,720 179
35______________ ____ do________ 1,415.85 53 16 .02 .00 71 339 1,740 187
17______________ ____ do __·___ __ 40 19 .04 .01 70 335 1,730 185
35______________ Sept. 29, 1960 1,414.96 52 12 .05 .06 83 363 1,840 220 

Mission Bay 

4L____________ Oct. 2, 1959 1,414.25 44 18 0.15 73 520 2,720 289
43 __________ . ___ May 4, 1960 1,414.91 46 7.0 .02 0.00 55 448 2,240 244
37______________ Sept. 29, 1960 1,414.16 50 18 .08 .00 73 573 2,960 326 

East Bay 

44______________ June 16, 1960 82 5.9 0.10 0.00 130 330 2,030 314
46______________ ____ do________ 64 2.6 .03 .00 54 354 2,040 241
48______________ - ____ do________ 72 15 .04 .00 194 264 1,490 253 

Black Tiger Bay 

4- {Oct. 3, 1959 52 3.1 0.08 87 1,820 10,300 866 
1-------------- May 5,1960 51 5.3 .04 0.00 58 522 3,200 273 

1 In solution when analyzed. 

2 Affected by iC(l melt; not representative of most of the water. 

3 Just beneath Ice. 

'At bottom. 

6 Ice. 


carried away by the wind. Clouds of windblown salt have been ob­
served over the bay. The wind does not remove all the salts, however, 
for water in East Bay had higher dissolved solids than water in Six­
mile Bay, the main part of Devils Lake, or Creel Bay. 

Black Tiger Bay is a small bay that is connected to the southern end 
of East Bay by a culvert through the roadbed of a county road. How­
ever, any flow of water between East Bay and Black Tiger Bay in the 
9 years of record is unlikely. In the two samples collected from Black 
Tiger Bay during 1959-60, the dissolved -solids content was higher 
after evaporation during the summer had decreased the volume of 
water in the bay and lower after the spring runoff had increased it. 

Compared with the water in Big Coulee, the water in Devils Lake 
and its bays had a lower average percentage of equivalents per million 
of calcium, magnesium, and bicarbonate plus earbonate and a higher 
average percentage of equivalents per million of sodium, sulfate, and 
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CHEMICAL QUALITY OF SURFACE WATERS, DEVILS LAKE BASIN B21 

in Devil8 Lake and bays-Continued 

Bicar- Car- Sul- Chlo- Fluo- Ni- Boron 
Dissolved solids 

Hard-
Specific 
conduct­

bonate 
(HC03) 

bonate 
(C03) 

fate 
(S04) 

ride 
(Cl) 

ride 
(F) 

trate 
(N03) 

(B) Calcu­
lated 

Residue 
at 180°C 

ness as 
CaC03 

ance (mi­
cromhos 

pH 

per cm at 
25°C) 

Main part of Devils Lake-Continued 

724 
715 
720 
727 
699 
721 

0 
0 
0 
0 

12 
0 

3,800 
3,800 
3,830 
3,850 
3,840 
3,860 

841 
850 
847 
844 
849 
849 

0.1 
.1 
.1 
.2 
.1 
.2 

0.9 
.8 

2.4 
.7 

1.0 
1.0 

1.3 
1.3 
1.4 
1.3 
1.4 
1.3 

7,380 
7,390 
7,440 
7,480 
7,460 
7,460 

7,610 
7,570 
7.570 
7,610 
7,620 
7,650 

1,570 
1,580 
1,560 
1,580 
1,560 
1,590 

9,450 
9,370 
9.340 
9,370 
9,860 
9,380 

8.2 
8.2 
8.2 
8.2 
8.3 
8.2 

721 
726 
721 
797 

0 
0 
0 
0 

3,770 
3.820 
3,760 . 
4,120 

808 
818 
812 
908 

.1 

.2 

.2 

.2 

1.6 
1.3 
1.4 
2.6 

1.6 
1.7 
1.6 
1.9 

7,260 
7,350 
7,270 
7,940 

7,530 
7,590 
7.550 
8,230 

1.550 
1,570 
1,550 
1,700 

9,250 
9,380 
9,270 
9,910 

7.9 
7.9 
7.9 
7.7 

Mission Bay-Continued 

814 
725 
938 

69 
27 

0 

5,820 
5.050 
6,570 

1,320 
1,090 
1,470 

0.0 
.2 
.1 

0.7 
.3 

8.0 

2.2 
2.6 
2.4 

11,200 
9,520 

12,500 

11,500 
10,000 
12,900 

2,320 
1,980 
2,540 

13,400 
12.100 
14..800 

8.5 
8.4 
8.0 

East Bay-Continued 

219 43 4,450 1,300 0.1 2.2 4.4 8,720 9,190 1,680 11,200 8.7 
193 78 4,270 1,290 .1 .5 3.3 8,430 8,830 1,590 10,900 9.1 
269 0 3,090 1,280 .9 .7 3.4 6,720 6,980 1,570 8,860 8.1 

Black Tiger Bay-Continued 

523 103 21,500 5,170 0.2 4.9 6.3 40,100 41,400 7,680 39,200 8.6 
529 o 6, 570 1, 800 . 0 . 9 3. 8 12, 700 13, 400 2, 290 1,'i,500 7.7 

chloride (fig. 6). The free movement of water between Sixmile Bay, 
Creel Bay, and the main part of Devils Lake has caused the average per­
eentages of equivalents per million of the water to be nearly identical, 
and they are plotted as one point in figure 6. Although dissolved solids 
in the water in Devils Lake ranged from 4,140 to 9,410 ppm, the per­
centages of equivalents per million did not vary significantly. 

EAST DEVILS LAKE 

In the past, East Devils Lake received water from Devils Lake and 
its bays. In recent years, hO'wever, East Devils Lake has probably 
received no waiter from East Bay, and the water in :the lake is probably 
local runoff from snowmelt and summer rains. Accumulation of salt in 
the past and continued evaporation of water has caused the concentra­
tion of dissolved solids in East Devils Lake to be higher than in the 
upstream lake and bays. The observed concentrations of dissolved 
solids in East Devils Lake from 1956 to 1960 averaged 60,700 ppm 
(table 5). Each year that samples were collected, the concentrations in 
the fall were higher than in the previous spring because of evaporation. 

282-564 0-68--4 



B22 CONTRIBUTIONS TO THE HYDROLOGY OF THE UNITED STATE S 

TABLE 5.-ChlJmical analyse 

[Results in par s per million 

Tem - Man- Cal- Mag­ 80­ Potas-
Sampling site Date or Lake per- Sillca Iron ganese dum nesium diwn sium 

(see p I. 1) collection altitude sture (Si0 2) (Fe) (Mn) (Cs.) (Mg) (Ns.) (K ) 
(feet) (OF) 

50____ ____ _____ __ 

55_______________ 

58______ _________ 
50_______ ___ _____ 
58____ _____ __ __ __ 

June 8, 1956 1,402.0 
Sept. 24, 1956 1,400. 7 

Apr. 29, 1957 1, 401.2 
Oct. 4, 1957 1,401.5 

June 23,1958 1, 401. 3 

Oct. 3, 1958 1.401. 67 


Oct. 3,1959}1 399 94 {
----_ <ll>-- --- - ' . 

~~:_dO~'_~~ }1,400. 81 { 
Sept. 30,1960 1,399.74 

64 

67 
60 

55 

64 
48 

55 
52 
47 

11 
13 

6. Ii 
4. 7 

7. 2 
7.1 

4.2 
2.4 

10. 05 
I .01 

1.04 
1.62 

.03 
. 08 

1.08 
.79 

.05 

. 08 
0.03 
.00 

48 
36 

144 
24 

128 
57 

27 
44 

52 
121 

2,330 
2,740 

2,27 
2, 440 

2,430 
2,930 

3,530 
3,460 

2. 8LO 
3, 650 

11,300 
13, 400 

10, 900 
12,100 

12, 600 
4,400 

17 800 
16. 700 

12.100 
17,500 

978 
1, 230 

1,020 
1, 050 

1. 080 
1,290 

1,610 
1,370 

1.080 
1,570 

I In solution when analyzed. 

The maximum amount of a salt that can be in solution depend on 
the solubility of the sIt ; odium sulfate is more soluble than calciunl 
carbonate. In the past, calcium bicarbonaw preClpitat d from solution 
as water moved downstream toward E ast Devils Lake; th ref ore, the 
percentage of sodium sulfate in the water that ntered the lake was 
relatively high. Now, however, infl w consists wholly of loca runoff, 
and it contains more calcium bicarbonate than sodium sulfate. Because 
of continued evaporation, intermittent inflow, and difference in solubil ­
ity of these saIts, more odium sulfate than calcium bicarbonate still is 
accumulating. 

The water in East Devils Lake had a lower average percentage of 
equivalents per million of calcium and a higher averaO'e ercentage of 
equivalents per million of sulfate than any other bo y of wat r in the 
Devils Lake chain; it had a higher average percentage of equivale ts 
per million of magnesium than the water in Devils Lake and its ba s. 
1Vhile lake levels are low, no change is expected. If lake levels rise, the 
concentration of dissolved solids and the percentage of sodium sulfate 
will decrease. 

EASTERN AN D W ESTERN STUMP LAKES 

Eastern and western Stump Lakes formerly received water that had 
passed through all the lakes in the system and water di rectly from 
several coulees. Since the cessation of flow from East Devils Lake, the 
Stump Lakes have been maintained only by local runoff. Of th drain ­
age area of Stump Lakes of about 400 square miles, 350 sq lure miles 
drains into western Stump Lake. \Vestern and eastern Stump L akes 
are connected by three 24-inch culverts that pass under a road between 
the lakes. Water begins to flow through the culverts when tl e surface o£ 
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CHE!vrrCAL QUALITY OF SURFACE W ATERS, DEVILS LAKE BASIN B23 

of water in E ast Devils Lake 

except as indicated] 

Bicar- Car- Chlo- F luo­ t- Dissolved solids 
Specific

conduct­
bonate 
(H 03) 

bona to Su llate 
(COa) (80 4) 

ride 
(Cl) 

ride 
(F) 

t rate 
(N03) 

Boron 
(B) 

------
Calcu- ReSidue 

lated at 180°C 

Hard­
ness as 
CaC03 

ance (mi- pH 
eromhos 

per em at 
25°C) 

1,100 
1,820 

468 
368 

27,100 
31,800 

4,520 
5,330 

2.4 
.0 

6.1 
7.0 

47, 300 
65,800 

49,000 
58,900 

9,710 
11,400 

43,800 
49,800 

8.9 
8.7 

1,340 
1, 660 

360 
166 

24,800. 
28,900 

4,410 
4,660 

4.3 5, 6 
6. 2 

44,500 
50,200 

45,600 
51,700 

9,680 
10,100 

41,500 
45,100 

8.8 
8.5 

1,270 408 29,400 4,720 0.3 4.0 6.3 51,400 52,200 10,300 45,600 8.8 
1,600 355 35,300 5,760 .5 57 8.3 60,900 63,100 12,200 52,800 8.5 

1,950 4"" 42,500 . 6,670 .1 5. 3 9.1 73,500 75,000 14,600 59,700 8.6 
2,050 401 40,900 6,520 .0 4.5 8.8 70,400 74,100 14,300 59,300 8.6 

47,400 
1,590 325 30,200 5,100 .2 2.5 7.1 52,500 56,800 11,700 47,900 8.6 
1,970 290 44,200 6,940 .1 .4 12 75,300 80,300 15,300 62,700 8.5 

western Stump Lake reaches an altitude ofl,399.8 feet. Eastern Stump 
Lake has contained a few feet of water in recent years. Western Stump 
Lake, with the exception of its southeast bay, has been dry once and 
probably has been elry two other times during the past 5 years. 

During 1956-60 the ohserved dissolved solids averaged 23,100 ppm 
for western Stump Lake and 127,000 ppm for eastern Stump Lake 
(table 6). The highest concentrati'ons were observed in the fall; the 
lowest in the spring. Western Stump Lake occasionally overflows into 
eastern Stump Lake, and some 'salt that is temporarily stored in west­
ern Stump Lake is then flushed into eastern Stump Lake. Eastern 
Stump Lake, however, has no outlet and has had none since its surface 
dropped below the 1,453-foot altitude mrany years ago; consequently, 
salts that entered eastern Stump Lake accumulated there. The con­
centrations of dissolved solids in water from eastern Stump Lake ex­
ceeded ~nsiderably the 34,000 ppm commonly attributed to sea water. 

The water in eastern Stump Lake is saturated or almost sat.urated 
with sodium sul~ate. vapol'rution during the summer decreases the 
volume of water in the lake. In the f.all ,and winter when the volume 
of the Jake land he temperature of the water are relatively low, .a layer 
of oose crys "Is of hydrated sodium suHrute (nl.irabilite) labout one­
si~teenth to one-eight. inch in dilameter is deposited on the bed of the 
lake (figs. 7 and 8). In the summer when the volume of t.he lake and the 
temperat.ure of the'ivater are· relatively high, the salt deposited dur­
ing fall and winter nearly disappears; the large interlocking crystals 
of mirabilite which are left form a lower discontinuous porous layer 
of the bed. In gener,al, the volume of water in the lake is higher and 
the par ts per million of dissolved solids are lower in the spring than in 
t.he f'all; yet the Mal weight of dissolved solids p-robahly is lTIOre in '~he 
spring because of solution of salts from the lakebed. Measurements of 
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~ 6Q SO ~ 
"-Ca-- - - CI 

CATIONS ANIONS 

1. Big Coulee near Churchs Ferry 5. East Bay 
2. Big Coulee near Grahams Island 6. Black Tiger Bay 
3. Devils Lake, Sixmile Bay, and Creel Bay 7. East Devils Lake 
4. Mission Bay 8. Western Stump Lake 

9. Eastern Stump Lake 

FIGURE 6.-Average percentage of equivalents per million of the major constituents 
in the water of the Devils Lake chain. 

specific conductance on May 7,1960, ,at sampling si,tes where the water 
was 4-6 feet deep indicate very little vari'ation in cDncentration from 
place to pliaceor with depth. 

Beoause Stump Lake has received nD water from East Devils Lake 
in many years and because bicarbonate is the principal anion in the 
runoff entering western Stump Lake, the percentage of equivalents 
per million of suli3Jte is less in western Stump Lake than in E:ast Devils 
Lake. Some sulfate may be cDnverted to sulfide through suUate reduc­
tion in western Stump Lake, especially in the bed of the lake. The 
water in western Stump Lake and the wruter in eastern Stump Lake 
differ only slightly in percentages of equivalents per million except 
foor sodium and sulfate. (See fig. 6.) 
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FIGURE 7.-Salt bars in eastern Stump Lake and salt; de»osi along the edg· of 
th water. Snow is in the for ground. 

FIGURE 8.-010 eup of nIt crystal at t e eo:y of the water in f'1l t rn tump 

La}{e. 
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TABLE 6.-Chemical analyses 

[Results in parts per 

Lake Tem- Silica Iron Man- Cal- Mag- So- Potas-
Sampling site Date of altitude per- (Si02) (Fe) ganese cium nesium dium sium 

(see pI. 1) collection (feet) ature (Mn) (Ca) (Mg) (Na) (K)
(OF) 

Western Stump Lake 

June 25,1955 11,394 
Sept. 24,1955 
June 8,1956 1,395.7 
Sept. 24,1956 1,395.268_______________ Apr. 29,1957 1,395.3 

Oct. 4,1957 1,394.6 
June .23,1958 1,394.4 
Oct. 3,1958 1,395.0

67___ . ___________ Oct. 10,1959 1,394.60 

00............... )
62_______________ 
63_______________ May 6,196061. ______________ 1,395. "I
64 _______________ 

:::i::::::::::::::: )Jun, 17,1960 1,39~ 71 166 _______________ 
59_______________ 

68_______________ Sept. 30,1960 1,394.58 

62 
47 
81 
58 
66 

60 
70 
60 
35 

45 
52 
52 
52 
55 

76 
81 
82 
80 

56 

38 

2.8 

29 
23 
29 

4.4 

3.6 
19 

19 

20.05 
2 .00 
2 .00 

2.12 
.03 
.83 
.41 

.02 0.00 

. 14 .00 

.08 .00 

182 
114 
149 
99 

154 
116 
304 
152 

107 
112 

538 

4,520 
2,780 12,000 880 

407 2,100 143 
909 4,260 279 
777 3,740 245 

510 2,370 176 
856 4,070 143 

2,930 12,000 755 
842 3,520 249 

232 1,180 116 
219 1,110 110 

2,570 10,500 837 

Eastern Stump Lake 

78_______________ 

June 25,1955 
I Sept. 24,1955
June 8,1956 
Sept. 24,1956 
Apr. 29,1957 

1,384.9 
1,384.3 
1,384.8 

64 
51 
79 
60 
72 10 

2 0.07 
2 .00 
2 .08 

201 
184 
225 
326 

7,590 
6,250 
6,920 
6,420 

27,300 
29,000 
21,700 
27,600 
16,700 

1,750 
1,320 
1,400 
1,330 

Oct. 4,1957 1,384.50 60 
June 23,1958 1,384.32 71 
Oct. 3,1958 1,383.84 51

75_______________ Oct. 9,1959 1,383.21 38 

78.............. May 7,'960) {"73 ___________________ do.3_____ 54 
73_______________ ____ do.4_____ _ _____ 
76___________________ do.3_____ 1,383.77 54 
76 __________·_____ ____ do. 4_____ ______ 

16 
5.8 

11 
9.1 

6.8 

22.1 
.11 
.09 
.28 

.10 0.00 

198 
308 
393 
381 

319 

6,690 
7,080 
9,080 

11,000 

7,690 

30,600 
30,100 
26,200 
19,500 

21,200 

1,500 
1,460 
1,930 
2,360 

1,950 

80_______________ {::::~~:!===:: :::::: 

~L=:::::::::::: }June 15,1960
78_______________ Sept. 30,1960 

1,383.69 { 

1,382.76 

70 
70 
54 10 . 09 .11 323 11,400 29,900 2,280 

I Estimated. 

2 In solution when analyzed. 

3 At surface. 

4 At bottom. 


TRACE ELEMENTS AND RADIOACTIVITY IN THE WATER 

In the late 1880's the last of the game fish disappeared from Devils 
Lake. Originally, their disappearance was attributed to the high dis­
solved solids in the lake. However, in the early 1920's G. A. Abbott, 
while experimenting with the lethality of the water in Devils Lake 
to small fish (stickle-back minnows), found that the water contained 

http:1,394.58
http:1,394.60
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of water in Stump Lake 

million except as indicated] 

Bicar- Car- Sulfate Chlo- Fluo- Ni- Boron 
Dissolved solids 

Hard-
Specific 

conduct­
bonate 

(HC03) 
bona.te 
(C03) 

(SOl) ride 
(C1) 

ride 
(F) 

trate 
(N03) 

(B) Ca.lcu­
lated 

Residue 
at 180°C 

ness as 
CaC03 

ance (mi- pH 
crom1:Jos 

per em at 
25° C) 

Western Stump Lake-Continued 

790 
280 
430 
214 

62 
65 
31 
14 

10,500 
29,700 
4,470 
9,650 
8, 480 

2,450 
6,220 
1,220 
2,560 
2,250 

3.1 
.6 
.8 

1.0 

6.9 
2.0 
3.4 
2.5 

52,600 
8,680 

18,100 
15,700 

19,600 
53,000 
8,970 

18,900 
16,100 

4,360 
11,900 
1,960 
4,110 
3,440 

21,000 
46,300 
11,200 
20,200 
18,100 

8. 3 
8. 8 
8.4 
8.4 

497 
404 
975 
233 

0 
50 
0 
0 

5,270 
8,910 . 

28,900 
8,360 

1,490 
2,550 
7,100 
2,180 

0.3 
.6 
.1 

5.0 
5.1 

38 
2.1 

2.0 
3.1 
9.0 
2.4 

10,300 
16,900 
52,500 
15,400 

10,400 
17,800 
54,400 
16,500 

2,480 
3,810 

12,800 
3,840 

12,500 
19,500 
48,400 
17,800 

7.9 
8.6 
7.6 
7.2 

249 
275 

0 
0 

2,470 
2,250 

850 
803 

.1 
.2 

.5 

.6 
1.3 
1.3 

5,080 
4,760 

5,240 
4,920 

1,220 
1,180 

6,790 
6,500 
7,100 
7,170 
6,650 

7.7 
7.6 

9,880 
10,900 
12,600 
11,900 

569 o 25,600 7,120 .1 .0 8.9 47,500 51,200 11,900 45,500 7.6 

Eastern Stump Lake-Continued 

1,350 
921 

95 
193 

67,300 
75,100 
55,700 

11, 1~ 
13,500 
11,300 1.8 12 97,100 

121,000 
139,000 
104,000 

25,900 
31,700 
26,200 

79,300 
84,600 
74,400 

8.2 
8.4 

1,200 141 72,000 12,500 5.3 15 122,000 135,000 29,000 82,100 8.3 
1,060 132 45,200 11,600 2.5 14 82,300 91,100 27,200 65,300 8.4 

1,260 0 73,000 11,800 13 124,000 129,000 28,000 83,500 7.8 
1,090 186 75,800 12,600 0.3 5.4 13 128,100 134,300 29,900 85,000 8. 4 
1,640 
1,990 

0 
0 

73,200 
59,900 

16,000 
19,000 

1.2 
.2 

84 
14 

20 
22 

128,000 
112,000 

136,000 
121, 000 

38, 300 
46,100 

85,900 
79,800 

7.9 
8.2 

1,430 0 59,200 13,400 .2 4.2 22 104,000 117,000 32,400 77,500 8.1 
77,100 
77,200 
77,600 
77,300 
77,400 
77,500 

90,300 
89,300 

1,540 0 88,400 19,500 .2 .0 22 153,000 170,000 47,700 94,900 7.9 

15 ppm of zinc. Further experimentation showed that a water solu­
tion of zinc sulfate containing 15 ppm of zinc was lethal Ito t.he same 
variety of fish that formerly populated the lake (Abbott, 1924, p. 
183-194). McKee ,and ",Volf (1963) reported that zinc concentrations 
as low as 0.3 ppm could be lethal to fish. 

During 1948-52, the maximum measured concentr3!tion of zinc in 
Devils Lake was only 0.16 ppm (Swenson and Colby, 1955, p. 37). 
In September 1959, Creel Bay and eastern Stump Lake contained only 
0.16 'and 0.03 ppm of zinc, respectively (1Ja:ble 7). Possibly hydrogen 
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sulfide formed by biological activity in the lakebed C<:'1used the £o11n3o­
tion of zinc sulfide which precipitated and thus decreased the zinc 
in the lake water between 1924 and 1948 (Swenson and Colby, 1955, p. 
35) . If the genemtion of hydl"ogen sulfide were to ase, zinc might 
again -accumulate in the lake. However, .a rise in lake levels \vould com­
pensate for the added zinc, and bhe zinc concentration probably would 
remain low. 

The source of zinc in the water of Devil'S Lake bra'S not been investi­
gated. Zinc chloride treated ties were suggested as -a possible~urce. 
These ties were burned along the railroad right-of-way as they were 
replaced by ties treated with better preservatives. However, if each 
tie contributed 10 pounds of zinc, ties f rom about 200 miles of truck 
would have had to be burned to bring Devils Lake to a concentration 
of 15 ppm of zinc. 

TABLE 7.-0bserved radiochemical data and concentration of some 
trace elements 

Radiochemical Some trace elements 
Sampling site 

(see pI. 1) 
Date of 

collection 
data (pp.c/l) 

Al'pha Beta 
actlvity activity 

As 

(parts per million) 

Cu P b P (as P OI) Zn 

L _________ ___ __ 
2___________ ____ 
3_______________ 
6____ ___________ 
7__ ____ _________ 

May 
Oct. 
May 
Oct. 
May 

4,1960 
5,1959 
4,1960 
5,1959 
4,1960 

0.56 
. 10 
.02 

1. 1 
.14 

13______ __ ______ 
15____ ____ ___ ___ 
17__ ___ ___ __ __ __ 
20_____ ______ ___ 
2L ____ ___ ____ __ 

Oct. 4,1959 
Oct. 5,1959 
May 4, 1960 
Oct. 4,1959 
Sept. 30, 1959 

100±70 

<42 
<44 

340±40 

32O±50 
280±40 

0.03 

.04 

0.04 

.08 

0.01 

.01 

1.2 

. 14 
1.2 

.90 0.16 

22____ ______ ____ 
26____ ___ ___ ____ 
28 _____ ____ _____ 
21) ____ __ __ __ ____ 
34 ___________ ___ 

Sept. 29,1960 
May 4,1960 
Oct. 4,1959 _____ do ______ 
Oct. 5,1959 

2. 3 
.06 

1. 1 
1. 2 
1. 1 

35 __ ____________ 
37____ ___ _______ 
41. ___ ______ ____ 
43_________ ___ __ 

{May 4,1960
Sept. 29, 1960 
Sept. 21), 1960 
Oct. 2,1959 
May 4,1960 

< 61 460±70 

_14 
1.8 
.85 

1.1 
.07 

44___ __ __ _______ 
46 ____ ___ _______ June 16,1960 ____ do______ _ 

04.0 
. 00 

47_____ ____ ___ __ 
48 _________ ____ _ 

{oct. 3,1959 
May 5,1960 
June 16,1960 

1. 0 
.22 
.20 

50______________ 
55 _____ _________ 
58 ____ _____ ___ __ 
62 _____ _______ __ 

{oct. 3,1959 
May 7, 1960 
Oct. 3,1959 
Sept. 30, 1960 
May 6,1960 

1.3 
.10 

1_ 4 
. 54 
. 10 

67 ____ ________ __ 
68 ____ ___ _______ 

75 _____ ____ _____ 

Oct. 10,1959 
{May 6,1960

Sept. 30, 1960 
Oct. 9,1959 .19 .40 

. 14 

.03 
2.2 
3. 3 .03 

78 ________ ____ __ {May 7,1960 
Sept. 30, 1960 -_.- ---­ - -­

1.2 
5. 3 
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The most likely source 'Of zinc is ground water. Even though ground­
water movement into the I-ake probably is too sl'OW to cause mensur­
able changes of the major dissolved constituents, cQntinued movement 
plus evapQration from the llake CQuld cause 'a noticeable increase of zinc 
and 'Other tr'ace elements. Abbott 'and V'Oedisch (1938) reported 'On 2~ 
wells near the maj'Or }akes 'Of the basin in Rmnsey, Benson, 'and Nelson 
Counties; they found that water in 20 of tihe wells cQntained zinc 
concentrations that ranged frQm 0.1 to 14 ppm. 

In 1959, eastern Stump Lake had higher concentr,ati'Ons 'Of copper 
and lead than Creel Bay or the main part 'Of Devils Lake (table 7). 
According to McKee and Wolf (1963, p. 171), copper concentrations 
from 0.25 to 1.0 ppm are not toxic fQr most fish, but coneentrations 
of 0.015-3.0 ppm have been t'Oxic, particullarly in soft water, tQ certain 
kinds 'Of fish, crustaceans, mQllusca, insects, phytopl'ankton., 'and zoo­
plankton; lead concentrations las low 'as 0.1 ppm have been reported 
to be toxic 'Or lethal to fish. 

Small concentrations of iron, manganese, fluoride, aTsenic, and boron 
were found in the }takes (tables 3-7). Probably none 'Of these elements 
were persent in concentratiQns high enough to be harmful to fish. 

The maximum concentration 'of phosphorus (las P04 ) measured was 
in the water 'Of eastern Stump Lake (table 7). In themselves, ph'Os­
phates do not have tQxic effects on fish and other aquatic life 'and may 
be benefici'al to fish hy increasing 'algae 'and zooplankton (McKee and 
WQlf, 1963) . 

The alpha 'and beta particle activities in Devils Lake were measured 
in 1959 (table 7) ; data are insufficient to determine if present activ­
ities are different from activities before nucleaT test;g began. 

MISCELLANEOUS SURFACE W A TERS 

The dissolved. -solids content observed in miscellaneous surface waters 
in 1960 ranged from 239 to 61,200 ppm (table 8). Generally, the water 
containing less than 500 ppm of dissolved solids was of the calcium 
bicarbonate type; water containing between 500 and 2,000 ppm of dis­
solved solids was of the sodium magnesium sulfate or the sodiUln 
magnesium biearbonate type; and water containing more than 2,000 
ppm of dissolved solids was of the sodium sulfate type. 

Differences in dissolved-solids eontent from lake to lake probably 
depend on frequency of surface overflow and on amount of ground 
water exehange. The lakes that spill infrequently and have lit tle 01' no 
ground-water inflow and outflow contain large quantities of dissolved 
solids. Evaporation, which affeets the dissolved solids of water, is 
probably fairly uniform throughout the basin and does not cause t he 
differences from lake to lake. 
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TABLE 8.-Chemical analyses of miscellaneous surface-water 

[Results in parts per 

Tem-
Reference Date of pera- Silica Iron Man- Calci- Mag- Sodium Potas- Bicar­

letter collection ature (SiOl) (Fe) ganese urn neslum (Na) siurn bonate 
(p. 32,33) (0 F.) (Mn) (Ca) (Mg) (K) (HC03) 

A_____________ 
B _____________ 
C _____ _______ _ 
D _____________ 
E _____________ 

May 
May
May 
May 
May 

5,1960 
10,1960 
5,1960 
3,1960 
2,1960 

48 
52 
49 
48 
40 

22 
16 
17 

.0 
28 

0.03 
.01 
.04 
.45 
.07 

0.00 
.00 
.00 
.00 
.00 

21 
24 
83 
28 
44 

41 
118 
92 
4.4 

34 

18 
169 
158 

21,700 
51 

8.8 
35 
29 

280 
23 

282 
698 
272 

6,090 
326 

F _____________ 
G _____________ 
H _________ ____ 
1____________ __ 
J ____________ __ 

May 8,1960 
Apr. 30,1960 ____do_______ 
May 1,1960 
July 16,1954 

57 
42 
42 
47 
70 

31 
20 
16 
14 
12 

.01 

. 02 

.02 

.02 
I .02 

.00 

.06 

.00 

.00 

39 
19 
13 
13 
46 

15 
41 
93 
30 
16 

20 
188 

2,300 
2,280 

11 

9.4 
23 

128 
172 

8.8 

194 
624 

1,560 
1,350 

186 

K ___ __ ______ __ 
L __ ___________ 
M______ _______ 
N _____________ 
0 __________ ___ 

Oct. 8,1954 
Apr. 15,1955 
June 25,1955 
May 2,1960 
June 27,1954 

75 
39 19 

17 
.04 

1.41 
.01 

56 
43 
56 
41 
42 

26 
20 
30 
13 
17 

22 
20 
27 
8.8 

20 
8.6 

12 

272 
172 
248 
152 
180 

P_----- -- ----­
Q------------­R _______ ______ 
8 _________ ____ 
T ____ ______ ___ 

July 16,1954 
Oct. 8,1954 
Apr. 15,1955 
June 25, 1955 
May 2,1960 

70 

65 
39 

15 

16 

1.07 

.11 .00 

43 
56 
58 
57 
64 

18 
23 
27 
27 
21 

18 
25 
26 
30 
17 

12 

21 

100 
258 
257 
250 
153 

U _____________ 
V ___ ___ _______ 
W___ ______ ____ 
X ____ _________ 

y------------­

tfar. 
ay

May 
July 
July 

28,1957 
3, 1960 
1,1960 

16,1954 
15,1954 

52 
40 
46 
70 
73 

3.7 
18 
17 

32 

1.01 
.05 
.04 

1 .02 

.00 

.00 

57 
42 
39 
48 
84 

116 
158 
52 
19 
37 

218 
294 

53 
15 
53 

60 
77 
19 

29 

390 
400 
447 
218 
236 

Z ___ __ ____ ____ 
a______ ____ ____ 
b _________ _____ 
c______________ 
d __________ ___ 

June 25, 1955 
May 3,1960 
July 15, 1954 ____do_______ 
Oct. 7,1954 

69 
45 
74 
73 

22 

11 

.01 

1 .01 

.00 
80 

104 
47 
36 
43 

40 
55 
24 
17 
19 

59 
125 

25 
25 
30 

37 

12 

228 
250 
242 
197 
241 

e___________ ___ 
L ___ _________ _ 

g-------------­h______________ 
L _____________ 

Apr. 14,1955 
June 25,1955 
May 2,1960 
May 5,1960 
Apr. 28,1957 

72 
41 
46 
53 

9.5 
14 
22 

.02 

.06 
1 .01 

.13 

.00 

37 
49 
27 
65 
71 

16 
25 
13 
61 
56 

23 
30 
24 

248 
100 

11 
20 
26 

100 
270 
154 
285 
293 

j---­ - --------­k _________ ____ 
m ________ ___ __ 
n _____________ 
0 ______________ 

May 3,1960 
Apr. 30,1000 
May 3,1000 
Apr. 30,1960 
May 1,1000 

40 
42 
43 
36 
45 

21 
23 
15 
15 
16 

.03 

.04 

.03 

.03 

.03 

.00 

.00 

.00 

.00 

.00 

37 
8.6 

51 
59 
27 

54 
21 
43 

485 
21 

115 
638 
99 

1,350 
26 

29 
75 
24 

155 
8. 3 

193 
1,270 

286 
552 
213 

p-------- ---­ -
q---------­ --­r__ ___ _______ __ 
s____________ __ 
L _____________ 

May
May
July 
Oct. 
Apr. 

3,1960 
5,1960 

16,1954 
7,1954 

15,1955 

44 
47 
72 

1.2 
12 

.12 

.06 
.00 
.07 

68 
65 
49 
47 
45 

895 
56 
18 
30 
19 

9,830 
174 
27 
45 
25 

236 
20 

482 
180 
274 
300 
197 

u _____________ 
v_____________ 
w_____________ 

May 2,1960 
May 3,1960 
Apr. 30,1960 

41 
38 
43 

12 
9.5 

12 

.03 

.03 

.01 

. 00 

.00 

.02 

32 
42 
27 

21 
149 
43 

35 
288 

21 

18 
56 
13 

166 
440 
324 

1 In solution when analyzed. 
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samples in Devils Lake basin, June 1954 to May 1960 

million except as indicated] 

Dissolved solids Specific 
Car- Sulfa te Chloride Fluo- N i t r a te Boron Calcl1- Residue H ard- conduct­

bonate (S 0 4) (C1) ride (N 0 3) (B) lated at ness as ance (ruicro- p H Color 
(C03) (F) 180° O. Ca CO! mhos per

cmat25°C) 

0 19 7. 6 0.4 8. 0 0.19 329 220 505 7.4 13 
0 
0 

8,160 
0 

352 
651 

25,700 
82 

20 
36 

1, 290 
28 

. 6 

.2 
1. 8 
.2 

.5 
6.3 
1.0 
3. 0 

.53 

. 29 
21 

. 13 

1, 080 
1, 210 

60, 200 

1, 170 
1, 300 

61,200 
502 

544 
584 
88 

248 

1, 610 
1,690 

55,000 
717 

7. 6 
7. 0 
9. 4 
7. 5 

47 
45 
45 
32 

0 44 4.9 .2 . 4 . 06 277 158 398 7.5 50 
0 

153 
169 

0 

87 
3,000 
2,790 

48 

34 
741 
849 

3.5 

.3 

.2 

. 2 

. 2 

.5 
1. 5 
5.6 
1.7 

. 50 
4. 5 
2.2 
.07 

7,310 
6,990 

755 
7,490 
7, 180 

255 

215 
415 
155 
179 

1,1 70 
9,690 
9,530 

400 

7. 8 
8. ti 
8.8 
7. 4 

21 
25 
34 

0 67 7.5' 358 24.6 558 7. 6 
0 82 8.5 300 189 460 7.3 
0 120 12 .. 418 262 630 8. 1 
0 55 3. 0 .1 . 3 .05 242 156 357 7.3 47 
0 65 10 ; 1 .4 .09 278 176 424 7.3 

0 64 8.5 .1 2.3 .11 290 183 446 7. 6 
0 68 11 361 234 567 7. 8 
0 95 14 393 254 607 7. 6 
0 
0 

103 
165 

12 
5.5 .1 1.5 .09 

407 
410 

251 
247 

626 
591 

8. 1 
7.1 ---- -4.5 

0 
0 
0 

675 
963 

60 

78 
114 

9.3 

.2 

.3 

.5 

1.6 
1.0 

13 

.29 

.24 

.20 

1,400 
1,860 

1,480 
1,970 

537 

620 
754 
312 

2,020 
2,630 

793 

7. 9 
6.9 
7.7 

43 
43 

0 52 5.0 280 200 4.44 7.5 
0 263 20 .2 9. 8 .19 699 862 94.2 7. 8 

0 295 22 729 362 967 7. 8 
0 
0 

493 
72 

69 
4.5 

. 2 . 6 .42 1,030 1,120 
352 

484 
218 

1,460 
527 

7. 5 
7.5 

54 

0 45 9.0 .1 5.4 . 13 272 159 430 7.5 
0 49 12 328 187 494 7. 6 

0 45 11 273 158 424. 7.3 
0 67 12 373 227 575 7.7 
0 38 16 .2 1.7 .07 239 123 878 6.8 83 
0 615 83 . 2 1.4 .27 1,250 1,350 413 1,860 7. 6 42 
0 340 29 .2 2.8 .25 816 406 1,160 7. 4 

0 
50 
0 

375 
124 
235 

39 
243 
33 

.2 

.5 

.2 

3.5 
.4. 

8.7 

. 16 
1.7 
. 17 

1,810 
816 

1,930 
720 

315 
108 
302 

1,150 
2, 970 
1,030 

6.9 
8.6 
7. 1 

42 
70 
26 

0 
0 

3, 980 
37 

619 
3.0 

.2 

.3 
6.3 
3.1 

2.3 
.11 

6,940 7,370 
268 

2, 140 
154 

8,440 
413 

7.4 
7. 0 

45 
311 

103 
0 
0 

:11,600 
564 
27 

2,210 
60 
8.0 

.2 

. 1 
.6 
.5 

7.7 
.26 

35,200 
1,040 

37,300 
1,150 

312 

3, 850 
893 
197 

34, 800 
1, 500 

691 

8.8 
6.9 
7. 6 

41 
28 

0 100 3.5 473 241 695 7. 6 
0 82 12 329 192 491 7.2 

0 105 11 .1 1.0 .08 365 167 527 6.8 3'2 
0 
0 

876 
39 

108 
4.6 

.3 

.4 
2.9 
.4 

.57 

.09 
1,740 1,860 

338 
718 
246 

2,460 
550 

7.3 
7. 8 

44 
12 

Continued on next page. 
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SAMPLING-BITE DATA 

Reference Lake or stream 
Sampling point 

letter Township 
(N.) 

Range 
(W.) 

Sect'on 

A__________ Battle Lake near Warwick _____________ _ 150 62 17 NE~SE~NE~ 
B __________ Broken Bone Lake near Pleasant 156 71 9SW~SW~SW~ 

C __________ 
D _________ 
E __________ 

Lake.
Coon Lake near Lakota _____________ _ 
Cranberry Lake near Fillmore _______ _ 
Dry Lake near WebsteL ______________ _ 

152 
154 
155 

60 
71 
65 

19 NE~NE~NE~ 
27 SE~SW~SW~ 

10 NE~NE~NE~ 

F __________ 
G_ ________ 
H _________ 
L _________ 

Edmore Coulee near Webster _________ _ 
Elbow Lake near Warwidk ___________ _ 
Free Peoples Lake ncar Warwick ______ _ 
Horseshoe Lake near Warwick ________ _ 

156 
151 
151 
151 

63 
63 
63 
64 

13 SE~SE~SE~ 
17 NE~SE~NE~ 

8 SE~SE~SE~ 
36 SE~8E~NE~ 

J-M_ ______ Lac Aux Mortes near Churchs Ferry__ _ 156 66 21 NE~NE~NW~ 
N ______________ do _______________________________ _ 
0-8 _______ Lakl:l Irvine near Churchs Ferry ______ _
T __ __ __ ___ _ _____ do _______________________________ _ 

156 
156 
156 

66 
66 
66 

11 NE~NW~NE~ 
32 SEttSWtiSW~ 

32 NEl~NEl~8W~ 
U-V_______ 
W_________ 

Long Lake near Minnewaukan________ _ 
Mallard Lake near Tokio ______________ _ 

152 
151 

67 
64 

8NE~NE~NE~ 
13 NW~8W~SW~ 

X _________ Mauvais Coulee at inlet to Lac AUI 156 66 2NE~NW~NW~ 

y _________ 
Mortes. 

Morrison Lake near 8weetwater_______ _ 155 64 23NW~NE~ 

SALTS IN THE BEDS AND SHORES OF THE MAJOR, LAKES 

From 1899 to 1948, while Devils Lake receded and then began to rise 
again, the weight of dissolved salts decreased to one-fourth the original 
weight because of precipitation of salts on the lake shores and probably 
on the lakebed. Although the relationship is not well defined, an in­
crease in water volume during 1949-60 generally was associated with 
an increase in the weight of dissolved salts because salt was added to the 
lake by runoff and by solution of previously precipitated salts (fig. 9). 
The apparent decrease in salt tonnage while the lake volume was in­
creasing in 1956 probably was caused by incomplete sampling of nOll 
uniform water during the time of relatively rapid lake fluctuation. 

Salt balances were prepared for Devils Lake, East Devils Lake, 
and eastern and western Stump Lakes to determine the weight of 
salts added to or removed from the beds and shores. The salt balance 
for Devils Lake, including Sixmile and Creel Bays, was determined 
from the volume of water and the dissolved solids from Big Coulee, 
the volume of water and the dissolved solids in Devils Lake, and 
the estimated volume of water and the dissolved solids entering 
East Bay. The net weight of salts added to or removed from the 
beds and shores was calculated with the following salt-balance equa­
tion: 
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FOR TABLE 8 

Sampling point
Reference Lake or stream 

letter Township Range Section 
(N.) (W.) 

Z __________ 
a___________ 

MOrrison Lake near Sweetwater _______ 
Pelican Lake marsh near Minnewau­

155 
154 

64 
67 

15 NE>4' 
24 SE>4'SE>4'SE>4' 

b __________ 
c-g ________ 

kan. 
Rock: Lake near Rock Lake____________ 
_____ do ________________________________ 162 

161 
66 
66 

15 SW>4'SE>4'SE>4' 
7 NE>4'NE~SW>4' 

h __________ 
i-j _________ 
k __________ 
m _________ 
n __________ 

Rose Lake near BartletL ______________ 
Round Lake near Minnewaukan______ 
Shinbone Lake at Warwick ____________ 
Silver Lake near Brinsmade ___________ 
Spring Lake near Tokio ________________ 

152 
153 
151 
154 
152 

61 
67 
63 
67 
64 

10 SW>4'SW~SW~ 
35 NE~NW>4'SE>4' 
34 SW>4'NE~NW~ 
3NE>4'SW~NE~ 
35SE~NW>4'NEl'l. 

0 __________ 

p- --------­
q---------­r ___________ 
s-L________ 

Square Lake near Tokio________________ 
Stink Lake near Churchs Ferry________ 
Swan Lake near BartletL______________ 
Sweetwater Lake near Sweetwater ____ _____do ________________________________ 

151 
155 
152 
155 
155 

64 
67 
61 
63 
64 

11 SE~SE>4'SE>4' 
l1SE~NW~NE>4' 

26 NW>4'NW~NW>4' 
30 SE~SE~SE~ 

24 NW>4'SE>4'SE1'l. 
u __________ 
v __________ 
w __________ 

Sweetwater Lake at Sweetwater______ 
Twin Lakes near Fort Totten_________ 
Wood Lake near Tokio _________________ 

155 
152 
151 

64 
66 
64 

27 SE~SW>4'SW~ 
22 NE~SWy4SE>4' 

16 NE>4'NE>4'NE>4' 

where 
x is net tons added to or removed from the bed. A positive 

(+) value indicates a net addition of salts, and a 
negative (-) value indicates a net removal of salts. 

ti is tons in inflow. 
to is tons in outflow. 
T2 is tons in solution in the lake at the end of the period. 
Tl is tons in solution in the lake at the beginning of the 

period. 
(ti-t O) is the change in the weight of salts in the lake during 

a given period if salts are not added to or removed 
from the lakebed. 

(T2 - T1) is the change in weight of salts in the lake and equals 
the weight of salts added to or removed from the lake 
jf no inflow or outflow occurs. 

For the 9 years of record shown in table 9, the annual net change of 
the weight of 'Salts in rtihe bed of Devils Lake ranged from +30,000 to 
-89,000 tons. The annual avevage weight of salts removed from the 
bed per unit area was 2.7 tons per acre; solution of these salts increased 
the average annual concentration by 193 ppm. The calculated net 
changes of the weight of salt in the bed of Devils Lake for each of the 
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9 years are of the same order of magnitude even though T2 and Tl 
in the salt balance are large compared with their difference, nnd small 
errors in T2 and Tl could have caused large relative, errors in their 
difference. None of the calculated increases of concentration from 'Solu­
tion of salts increased the concentration by more than about 5 percent. 

Preparation of salt balances for East Devils, western Stump, and 
eastern Stump Lakes required certain assumptions and estimates. 
Because inflows to the lakes were not measured, an average runoff of 
0.2 inch per year was assumed and a drainage area for each lake was 
estimated. After the volume of inflow for each lake was calculated, 
an estimated concentration of 0.14 ton per acre-foot (about 100 ppm) 
was assumed and the weight of salts in the inflow was calculated. This 
assumed concentration for the runoff is not unreasonable when the 
concentrations for Big Coulee at high flow are considered. Except for 
western Stump Lake, the weight of salts contrihuted ,annually by inflow 
is small compared with the weight change in the lake. Two-tenths inch 
per year is a reasonable estimate for average runoff in the area; Swen­
son and Colby (1955) reported 0.23 inch per year as a 22-year average 
for the area around Sheyenne, N. Dak., which they considered to be 
comparable with the Devils Lake area. Because there was no outflow 
from the lakes during the 81h-year period, to was zero in all three 
balances. The salt balances for the three lakes and the estimated drain­
age areas used in calculating ti are summarized in table 10. 
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TABLE lO.-Estimated salt balances fo?' East Devils and westem and eastern Stump 

Lakes, May 1952 to September 1960 


Lake__ ____________________________ __________________________ ________ _ East W·estern Eastern 
Devils Stump Stump 

Drainage area _________________________________________________ acres __ 32,000 224,000 32,000
Dissolved salts in inflow (Ii) ___________________________________ tons __ 600 4,400 600 
Dissolved salts in lake at end of 8Y:;;-year period (T2) _______ ____ do ___ _ 512,000 62,600 1,040,000 
Dissolved salts in lake at beginning of 872-year period (TI) _____do ___ _ 712,000 73,300 1,460,000
Salts added to lakebed (x) _____________________________________ do ___ _ 201,000 15,100 421,000

Do ________________________________________________ tons per acre __ 90 11 170 

Laboratory examinations were made of bed and shore materials 
to deternline the relative abundance of soluble salts in the two types 
of material and to determine the chief constituents of the soluble salts. 
Samples for exam.ination were taken with a core type sampler, or 
in the case of some shore samples, a hand shovel. Generally, they were 
taken from the top several inches of bed or shore material only; how­
ever, some for eastern Stump Lake were taken at several depths below 
the bed. 

The results of the laboratory examinations are given in table 11 and 
were obtained as follows. A weighed fraction of each sample was put 
into a measured volume of distilled water and was shaken mechanically 
for 72 hours. The amount of salt dissolved was then measured. A 
second weighed fraction was oven dried at 1800 C for 1 hour, was 
reweighed to determine moisture loss, was heated in a platinum dish 
over an intense flame to destroy organic matter, and was then weighed 
again. Because of various amounts of moisture and organic matter 
in the samples, the results are reported in unit weights of salt dissolved 
per unit weight of dry, inorganic bed or shore material. 

Data in table 11 indioate that the 6hore materi'al has less soluble 
salt than bed material by at least one order of magnitude. In the table, 
material 0.5 root above the water surface is considered as bed m:aterial. 
Undoubtedly, materiaI at such a slight 'altitude 'above the water sur­
~ace is frequently inundated by wave -action 'and the salt content of 
the materi'al, therefore, is likely t'O be more akin to that of the bed 
than that of the sh'Ore at a higher altitude. 

The laboratory results in table 11 do not necessarily indioate the 
amount 'Of salt that will actu'aHy be dissolved from the bed or shore 
material should the lake v'Olumes increase. Langbein (1961) stated 
that although the beds of closed lakes m'ay c'Ontain readily soluble 
salts, some of these sa1ts mlay be trapped in mud 'and so insulated from 
the l'ake water that they m'ay be unavailable for re-solution. Also, the 
samples in the lruboratory were thoroughly dispersed in the ·w'ater by 
the mechanical shaking, and more salts probably dissolved from 
them than would have dissolved under natural conditions. 
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TABLE 11.-Weight of salts available from bed and shore material 
[Calculated from samples leached in laboratory] 

Salts avail­
able from 

Sam­
pling 

site (see 
pI. 1) 

Description of sample Date of 
collection 

Area rep­
resented 

bysrunple 
(acres) 

bed or shore 
material Altitude 
(tons per (feet) 
ton of dry, 
inorganic 
material) 

Big Coulee near Grahams Island 

{ShOre material 10 ft above water surface__________ Apr. 29,1960 2,400 0.000688 1,426
Bed material from coulee ____________________ ____ Oct. 5,1959 4,020 .0504 1,415 

Devils Lake, Creel Bay, and Mission Bay 

11 
16 
25 
27 
32 
35 
41 

Bed material 6 ft below water surface __ ______ • _ _ Oct. 4,1959
Shore material 10 ft above water surface_____ . ____ Apr. 29,1960
Shore material 10 ft above water surface__________ __ __ do______ 
Bed material 3.3 ft below water surface___________ Oct. 1,1959
Bed material 4.5 ft below water surface___________ Oct. 4,1959
Bed material 4.5 ft below water surface_____ _____ _ Oct. 5,1959
Bed material 5.4 ft below water surface___________ Oct. 2,1959 

Average for shore material (weighted byarea) _____________________________________ ------------- ­

17,120 
2,780 
2,780 

17,120 
17,120 
17,120 

650 

0.0102 
. 000933 
.000952 
.0102 
.00785 
.0107 
.0619 

.00943 
Average for bed material (weighted by area)_ --------- ­ -- ­ .0102 

East Bay and Black Tiger Bay 

44 	 Bed material 0.3 ft below water surface______ _____ 
{Bed material from dry lakebed______ ______ . ___ ___ 

45 Shore mater~al 20 ft above dry lakebed ___ _.. __ __ __ 
Shore matenal 5 ft above dry lakebed____ .. ____ __ 

46 {Bed material 1.5 ft below water surface_______ . ___ 
Bed material 0.5 ft above water surface___________ 

47 Bed material 0.3 ft above water surface_______ __ __ 
48 {Bed material 0.5 ft below water surface_____ __ ____ 

Bed material 0.5 ft above water surface___________ 
Average for bed material (weighted by area)_ 

June 16,1960 

Apr. 29,1960 

___ _do _____ __ 

____ do.. _____ 

June 16,1960 
____ do_____ __ 

Oct. 3,1959 

June 17,1960 
___ _do_______ 

--.-- -- ----- ­

8,000 
8,000 
2,340 
3,530 
8,000 
8,000 

610 
8,000 
8,000 

0.042.5 
.0816 
.000624 
.00504 
.0182 
.0356 
.113 
.0480 
.0841 
.0524 

1,430 
1,415 

1, 410 

East Devils Lake 

49 {Shore material 20 ft above water surface____ ­ - - - __ 
Shore material 10 ft above water surface____ _.. __ 

55 Bed material 4.0 ft below water surface___________ 

May 7,1960 
____ do.... ___ 
Oct . 3,195U 

580 
1,300 
2,320 

0.00188 
.00154 
.326 

1,421 
1,411 
1,396 

Western Stump Lake 

62 Bed material 1.5 ft below water surface_______ ____ May 6,1960 
64 Bed material 0.7 ft below water surface____ _______ ____ do______ _ 

{B ed material 0.0 ft below water surface____ _______ __ __do__ .. ___ 
65 Shore material 20 ft above water surface__________ ____ do____ ___ 

Shore material 5 it above water surface______ •____ ___ _do____ ___ 
Average for bed material (weigh ted by area)_ 

Eastern Stump Lake 

2,280 
2,2-80 
2,280 
1,580 

980 

0.0270 
.0225 
.0136 
. 000987 
.00312 
. 0210 

1,416 
1,401 

1,394-96 

69 Bed matcrial1.5 it below water surface______ ___ __ June 15,1960 1,350 0.177 
73 Bed material 5.5 ft below water surface_________ __ 1,160 .835__ __ do__ _____ 
75 Bed material 4.3 ft below water surfacc______ _____ Oct. 9,1959 1,160 .965r'd rna""'" 1.5-2.0 ft below lak,boo ,"d~,.... June 15,1960 1,160 .107 

6 Bed matcrlaI1.(}-1 .5 ft below lakebed surface_____ 1,160 .171
____ do______ _ 

7 Bed material 0.5-1.0 ft below lakebed surface_____ ____ do__ .. ___ 1,160 .169 
Bed material 0.0-0.5 ft below lakebed surface_____ 1,160 .452____ do ____ ___ 

___ _do______ _ 1,160 .0572r'd ma',,;nl1.2-1.7 ft belo .lakobed wd""'.... . ____ do_______Bed material 0.8-1.2 ft below lakebed surface_____ 1,160 .0774 
____ do_______77 	 Bed material 0.5-0.8 ft below lakebed surface_____ 1,160 .309 

Bed material 0.0-0.5 ft below 1.akebed surface___ __ 1,160 .736___ _do ___ __ __ 
____ do_____ __Bed material 0.7- 1.0 ft below lakebed surface_____ 1,350 .123 


Bed material 0..0-0.7 ft below lakebed surface_____ 1,350 .171
____ do_______ 
78 {Shore material 20 ft above water surface_______ ___ May 7,1960 770 .000930 1,404 

Shore material 5 ft above water surface___________ 320 .000851 1,389____ do___ ____ 
80 Bed material 0.9 ft below water surface_____ ______ June 15, 1960 1,350 .186 

Average for bed material (weighted by area)_ -- . ---------- .178 1,379-83 
Average for bed material (weigbted byarea)_ .747 1,378-81 
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Calcium, bicarboll'ate,and oarbonate were the predominant water 
soluble constituents in the leachate fr0111 the bed material from Devils 
Lake. Most of the bicarbonate ion probably came from the water in 
the bed material, but some bicavbonate probably was derived from 
precipitated calcium oarbonate. Sodium and sulfute were the pre­
dominate constituents in the bed material from East Bay, East Devils 
Lake, and eastern and western Stump Lakes. Generally, calciunl and 
bicarbonate were the predominant c'Onstituents in the shore m'aterial 
from 'all the lakes, probably because little BOdium sulfate w-as precipi­
tated from solution during high lake levels and because the more 
soluble sodium sulfate was leached fr'Om the shDres by runoff. 

Data in t'ables 9 'and 11 provide 'at least 'a partial answer to the 
question posed by Swenson and Colby (1955, p.60) as to whether the 
l'arge quantities 'Of salt that "di'sappeared" from ])evils Lake between 
1923 and 1948 would redissolve if the altitudes are increased. During 
1954 and 1955 the lake altitude increased from less than 1,412 feet to 
more than 1,416 feet (fig. 1), the 'altitude 'Of the lake in 1923. This 
increase in lake altitude was 'accompanied by r-emoval from the bed of 
only ,about 123,000 tons of salt, a rather small 'amount compared with 
the estimate of more than 2,500,000 tons that "disappeared." 

In 1956 the lake altitude increased by about another 3 feet, to more 
than 1,419. As a result of this increase in altitude, some land was in­
undated that probably had not been inundated for approximately 40 
years. Nevertheless, during 1956 and 1957, when pickup of salts fr'Om 
the bed was still proceeding rapidly, a total of only about 134,000 tons 
was removed from the bed. Probably not even all of this tonnage, how­
ever, was actually frOlll the newly submerged part of the bed. 

Re-solution of salts from a lakebed may be a slow process that can 
continue for a long time foHowing a significant increase in lake alti­
tude. Although the 111aximum altitude of Devils Lake was reached in 
1956, much re-solution must have (taken place the following year be­
cause more salts actually 'were removed from the lake-bed in 1957 than 
in 1956. How long re-solution might continue following an increase in 
-altitude 'Of Devils Lake is conjectural; howev'er, evidence in ta;ble 9 
indicates that the re-solution following the significant increase of 1956 
ceased for all practical purposes 'Sometime during the 1958 water year. 

What portions of salts that "disappeared" fron1 Devils Lake in 
earlier years will eventually redissolve if the altitude of Devils Lake 
is restored cannot be determined accurately from the present evidence. 
However, it would be small, probably only about 10-20 percent. 
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EFF E CT OF LAKE LEVELS ON THE QUALI TY OF W ATER 

If lake lev Is relnain low, the concentrc ti n of dissolved solids will 
in rease. Sodium sulfate probab y will incr&'LSe in relation to the ot her 
salts ex ept in eastern Stump Lake, which is saturated or almost satu­
rated with SodiU1llSulfate. 

If lake levels rise, the total quantity of salts dissolved in the lakes 
will increase. However, the concentrat ion f dissolved solids in the 
lakes will de rease because the runoff causillg the rise will contain a 
low r cO'ncentration f dissol ed solids than the lakes. As bicarbonate 
is the principal anion in he runoff entering the lakes, the caJcimn 
bicarbonate di~olved in the lakes ,viII increase in relation to sodium 
sulf3ioo. 

A rise in lake levels could affect ground-water movement. If ground 
wat r moved away from the lake, zinc probably would not accumulate 
in the lakes. If ground wat~r moved into t h lakes, zinc could be added 
to the lakes. Owing to a decrease in sulfate reduction, this zinc prob­
ably would remain in the water. If lake levels remained high or if an 
outlet for the lakes were established, the zinc concentr a;tion probably 
would not increase significantly. 

SUM M A R Y 

Water budget computations indicate that for most water years 
between 1952 and 1960 the volmlle of Devils Lake decreased by about 
10,000-23,000 acre-feet, mostly because of evaporation. I n the 1954, 
1955, and 1956 water years, hO'wever, the volume increased by 29,000, 
34,200 and 51,100 acre-feet, respectively. In response to these increases 
in water volume, t.he water-surface altitude, which was only about 
1,411.6 feet in t he early part of the 1954 water year, r ose to about 
1,419.3 foot in the late part of the 1956 water year. This was the highest 
altitude the lake is lmown to' have attained since about 1915. 

A flow-duration curve fO'r Big Coulee, which supplies most of the 
flow into Devils Lake, resembles that of a typical ephemeral stream 
except for discharges greater than 300 cfs. At discharges greater than 
300 cfs, flow duration is altered by regulation from upstream lakes. 
W ater from Big Coulee in 1952--60 was of he alcium bicarbonate type 
except when discharge was extremely low (about 0.1 cfs), and most of 
it cont ained les than 600 ppm of dissolved solids. About 76 percent of 
the water that entered Devils Lake from Big Coulee during the per iod 
did so when discharges were in excess of 100 cfs. 

Water from Sixnu le Bay, Creel Bay, and the main part of Devils 
Lake is free to int~rmingle, and chemical analyses indicate that the 
quality of the water in the three places generally is similar. Dissolved­
solid concent 'ations averaged about 6,500 ppm. for the period 1954­
60 but ,"ere somewhat less for the period 1954-56, when lake alti­
tudes were relatively high. 
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Mission Bay is connected to Devils Lake and E ast Bay to Mission 
Bay by culverts. L ack of free movement of water , intermittent flush­
ing of saUs from the water body upgradient, and evaporation have 
caused .l\1:ission Bay and East Bay to have somewhat higher dissolved 
solids than Sixmile Bay, Creel Bay, or the lnain part of Devils Lake. 
During much of the 1952-60 period, East Bay had so little water that 
it could not be smllpled satisfactorily. 

East Devils Lake received no water from East Bay from 1952 t o 
1960. The water surface, however, probably 'was 'ln aintained at about 
the same altitude as in the 1950-52 period by local runoff. The di olved 
solids from 1952 to 1960 are estimated to 'have -averaged about 60,700 
ppm, nearly as much 'as the greatest concentration mealsured in 1950­
52. The water in E:ast Devils Lake 'had higher proportions of sodium 
and of sulf3Jte than w'ater . from any of the 0 her lakes in ,the Devils 
Lake chain. 

Water from most of the ,Stump Lake dvainage area flows into western 
Stump Lake, which is conneoted to eastern Stump Lake by culvert. 
Although water moves from -time to time from western Stump Lake 
into east.ern Stump Lake, this probably did not happen from 1952 to 
1960. Beoause the eastern lake occasionally receives dissolved solids 
flushed from the west.ern lake, it has aocumulated much more of the 
dissolved solids. During 1956-60, dissolved solids a eraged 23,100 
ppm for western Stump Lake, but 127,000 ppm for eastern Stump Lake. 

Wwter in eastern Stump Lake was saturated or nearly swtuvruted 
with sodium sulfate. In the fall and winter, a thick layer of granular, 
hydr'ated sodium sulfate crystals formed on the lcakebed and al ng the 
shore. As wat.er temperatures increased in late spring and summer , 
the granul,ar crystals disappeared ; however, a discontinuous lay I' of 
consolidated sodium sulfate crystals :seveval inches thick formed a 
significant part of the bed during the sumlner also. 

Small amounts of zinc, copper, lead, ivon, manganese, fluoride, 
arsenic, boron, and ph sphat e were deteot d in the water in Devils 
Lake. The source of these constituents has not been studied, but the 
most likely source of zinc is ground water. 

The dissolved-solids content observed in water fronl 29 miscel­
laneous lakes in 1960 ranged from 239 to 61,200 ppm. W'at er contain­
ing low dissolved solids was of ,the calciu~n bioarbonate ype; water 
containing high dissolved solids was of the sodiunl sulfate tYl)e. 
Differen es in dissolved-solids content f rom one lake to another prob­
ably depend on frequency of rOverflow and amount of ground- ater 
inflow. 

As the volume of water increased in Devils Lake from 1949-60, the 
annual a erage weight of sal,ts removed from the ed of the lake was 
2.7 tons per acre, 'and t he annual average 'addition of salts to the water 
in the lake was 193 ppm. The ,shores c{mtained less weight of salt per 
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unit weight of dry, inorganic material than t.he lakebed. 
Oalcium, oarbonate, and bicarbonate were the predominant water 
soluble constituents in bed material fr0111 Devils Lake. Sodium and 
sulfate, however, were the predominant soluble constituents in bed 
material from East Bay, East Devils Lake, and eastern and western 
Stump Lakes. Generally, calcium and bicarbonate were the predomi­
nant soluble constituents in the shore material from all the lakes. 

Probably not more than 20 percent of the large quantity of salt that 
"disappeared" from the water of Devils Lake many years ago will 
redissolve if the altitude of the lake west of State R.oute 20 is restored. 
An inc~ease in altitude from 1,412 to 1,416 feet during 1954 and 1955 
resulted in removal from the lakebed of only 'about 123,000 tons of salt. 
A further increase in altitude from 1,416 to 1,419 feet in 1956 resulted 
in the removal of an additional 134,000 tons. This total of 257,000 tons 
removed from the bed is small compared with the more than 2,500,000 
tons that Swenson and Colby (1955) estimruted "disappeared" between 
1923 and 1948. 
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