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O.Y111 Lake in aorthea1tern llorth Dlkota wu at one tiM the .,.t 
popalar •• er re1ort in the 1tate. With decline in lake lewl tbe lake 
hal beca. a w11ow ~ ot "1'1 1al1De water, with scenic roue and 
recreational appeal ca.pleteq deati'OJ8(l. Under the Uiaaouri R1 ver dewl­
o~nt proar•, it ia proposed to restore the lake level to an altitude of 
l,b2S teet~ diversion of lliaaouri River water. 

The cbeaical character of the water in DeYila tue and in other sur­
face bodies in DeYile LUe Balin 1a detel'llined trca the anal7ae1 of ~ 
.-plea. The pbJaical and cbaical properties of lake bed deposita are 
also lbowD. Lake water• in the basin ft17 conaiderabq in both concentra­
tion and ccapoaition, rancin& from fresh bicarbonate waters of 300 parte 
per aillion diaaolftd aolida to IUlf'ate waters of over 100,000 parts per 
aillion of solUble salta. Twent7-four samples indicate the chemical char­
acter of water in tbe Red River of the North and ita tributaries. 

'!'he probable ooncentration of diaaol ved aolida in water of Deftla Lake 
at altitude 1,42S teet bAa been estimated as ranlin& fi'OIIl ),000 to ?16oo 
parts per a11lion. Final concentration Will largel7 depend upon the per­
centage of depoeited salta reentering solution and th~ qual1t7 of the 
1ntl.ow water. 

'1'be possible effects of lake effiuenta on downatreaa dewlOJ88nte, 
with particular refere~tee to eanitation and pollution probl_., are aleo 
diecu11ed in the report. 

IIITRODOOTIOH 

Purpoae and Scope ot Invcatiption 

A ltudJ of the cbemcal character of 111rtace waters in the DeYile Lake 

.Baain wu UDdertaken b7 the Qualit7 of Water Branch of tbe United States 

Oeololical SVft7 durin& tbe ~WB~r of 19b9. It was hoped that a1 are­

sult of tbie atuc:\Y, certain contribltiona could be aade to the bJdrolOIJ of 

1 
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tbe repon with particular conaideration t.o tbe cbaical cpaality of the lake 

waters. !be illwatiption na pro~~pt.ed bJ propoaecl plaDa of the hreau. of 

Reclaation tor rest.oriD& DeYil.a Lake to its toi'Mr lewl bJ diveraion of 

JfiaaCNI'i R1 wr watera. Aa part of the preliiD1naJ7 Pl.anniDa t.o reri w the 

recreational Yalue of tbe lake, a better UDdent.and.iaa was neceaaar,y of the 

followi.Da tactorst tbe preaellt. aalt content and OCIIPOiition ot Derila md 

StUIIP LakeaJ propertiea of lake bed depoaitaJ eatiaat.ed lli.Deral concentra­

tions to be expected ot Dev.Ua Lake water after restoration of lake level; 

and effects of fiuabifte the aal.ifte lake water• on downst.reaa IIUilicipal 

supplies 1n the Sheyenne aDd Red River of the lforth ValleJS. 

This report 1Dcludea data on cross-sectional sapling of DeYUa Lake, 

East De'YUa Lake, Weat Stump take, a11d Foest Stu.p Lake. Reeulta are given 

tor chemical Aft817sis, teaperature, density, and depth of the lake waters. 

S:iDile water samples troaa approximntely 30 Sllaller lekea and coulees were 

alao collected tor analysis. Lake bed deposita were treated with distilled 

and Kiaaouri River water, and the leached salts anal7sed. Organic utter 

and deftli ty were also deterai.ned on the bed aaaaples. Lillli. ted data on the 

chelllical character of water 1D the Red Riftr of tbe North and ita tribu­

taries are presented. Tbe area of preaent.-<h--7 DeYila Lake was measured 

planiaetricall;y f~ prelia1nary topographic maps, and eatiaatea 118de aa to 

the total tonnage of salta in solution. PreliJD1nal7 estiaat.es an: also 

ahawn on the probable concentration of Devils Lake water upon restoration 

of tbe lake to an altitude of 1142$ teet. 

The inftatigation was under the general direction of s. Kenneth Love, 

Cblet, Qwtlity ot Water Branch, and under the t.ediate supervision ot 

Paul c. Benedict, recioM~ eq1neer, in chup of quality of water studies, 

lliaaOIIri R1 ver SAain. Jq M. Stow 1 chemist, uaiated in ~he field collec­

tion of 1811Plea, and B. R. Colb7 and R. B. Vice, eftliDeera, cr1ticall7 
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Field Work 

Ten dqs were epent in the field during June 1949. Durinc this period 

107 water samples were collected for ch..tcal analysis 1 12 or which repre­

sent r1 ver waters in the Sbe7enne and Red R1 ver of the North Basins. ReP­

reeentatiw lake bed SIIDPles were collected tor mechanical analysis and 

leachinc teste. Both surface and bottom samples of major lake waters were 

obtained to DOte arw change in cheaical quality with depth. Soundinas and 

water temperatures were recorded. Altboui,b DeVils and Stwap Lakes receiwd 

the aajor attention, the inwstigation included atucb' of JDan7 other lakes 

in the repon where information on the chemical quality would be of value. 



Laboratoq Work 

Laborato17 work wae pertomecl b7 chlmete of tbe QQalit~ of Water 

Branch, Uftitecl State• Oeolopcal Svw7 at Lincoln, Jlebr. Tbe aaaplee wen 

an&qsect accordi.ft& to Mtbods re1Qlarl7 usecl b7 the Oeolopcal SVft7. 

Tbeae Mtboda 1 are eaaent~ the 1-.e or are .odificationa of Mthodl 

deacribed in recopisecl ntboritatiw pablicationa tor the 111neral anal7ai1 

ot water 1111ple1. .AMlJt,ical renlta tor waten that contain in excess of 

10,000 p2rt1 per ldllion (1 percent) of diseolwcl solidi were corrected tor 

denait7 • 

.Ans~l7M• ot •MPlea were aade b7 .J. E. Adala, 11. ll. Barr, 11. B. Florin, 

L. R. Kister, R. A. lrle~r, R. H. Lanlf'orcl, R. P. Orth, ancl F. H. Rainwater. 

Location ancl Extent 

Deri.ll Lake Basin extencla f'I'OIIl the eoutbem elopes of tbe Turtle lloun• 

ta1na ancl the Canadian boundary to a aeries ot prominent hUla that lie 

between Deftla and Stap Lakes and tbe Sbe)'enne Riwr. (See pl. 1.) In 

deacribinC the extent of the basin, Simpson 2 points out that the eutem 

and wstem bouldariea are aore vque and indistinct, but that the ana of 

the entire dra1Dap baain ia eatiuted at about l,SOO aquare milea. The 

area occupied b7 Deril.a Lake and the lllaller adjoininclakea compriaee lNt 

a "'DDll traction of what mq be callecl DeVils Lake drainap basin. 

1 Collins, We 1)., Jfotea Oft practical water anaJ.71i11 Ue Se Geole 
SUne7 1ater-Supp]7 Paper S96-H, PP• 23s-261, 1928J Aa. ~blic Health 
Aaaoc., Standard •tboda for the eXMination of water and snap, 9th eel., 
pp. 1-lll, 19!.6. 

2 S1"1p80n1 H. 1., GeoloiJ and ~ter reiOUJ'Cea of North Dalcotat 
u. s. Oeol. SVft7 Water-Supply Paper S98, P• 91 1929. 



There 1a a P"adual eoutlnrard elope tbroqbout tbe dratnaae baein to 

DeYils ltDd St..p LakeSJ bonwr' aradients are so eli&bt ancl tbe IUI'face 80 

irre&Ular that the drainap pattern ba1 been illpertectlJ dewloped. Tbe 

lakes have ftl7 1rrepl.ar outlines, with naei'OU wiDdines and lone bqs or 

8J'IDS, and are considered b7 Upham 3 to lie in the valleJ of a pre1lacial 

riwr, the tributaries ot wbicb are filled with dritt. An unbroken ridp · 

ot prominent and tn>icnl morainal billa appeara alone the aouth ahore of 

DeYils Lake in etronc contrast to the lewl tam land that borders ita 

northem extent. DeYils Lake and Stump Lake are ramants of &lacial Lalre1 

Minnewaukan and Wamdlaska, respectiwlJ. ftMI receasion ot DeYils Lake hal 

resulted in the dewlopment ot sewral amaller lakes, besides the separation 

ot the glacial Lakes llinnewaukan and Wamduska into tbe present DeYils and 

Stump Lakes. For a complete discussion of the pbTsioaraphy ot the Devils­

Stump Lake region, the reader is referred to a report bJ Simpaon.4 

DraiDaae 

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

chain of lakes through Lake Irvine and emptied considerable water into 

DeYils Lake. Several converliftg coulees then transported excess water to 

StWDP Lake. llauvais Coulee is the largest drainage line in the qstem. In 

subsequent years, flow in the coulee has been intermittent and larpq in 

response to the spring snow melt or excessive precipitation. Dur1n1 19ta9 

Kauvais Coulee dischArged considerable water to Devils Lake, a now of 38S 

second-teet bein& measured on Uq 10 at a point 9 miles northeast of the 

3 Upham, Warren, The &lacial Lake qaaaiza u. s. Oeol. S\aneJ Yon. 
2S, PP• l?o-ln, 189S. 

4 Simpson, H. E., fb7aioP'apby ot the DeVila-Stwap Lake reaton of 
!forth Dakotaa llorth Dakota Gaol. Surft7 6th Biem. Rept., pp. lOS.lS?, 1912. 



Figure 1.--Mauvais Coulee looking upstre• from u. s. HilbWq 
No. 2 near Churchs Ferry. Width approximately lSO teet. 
June 17, 1949. 

town of Minnewaukan. Considerable flow in the coulee was also noted on 

Ju:te 17, as se'!n in figure 1. 

6 

According to Simpson 5 the inflow to the lake of surface runoff from 

the marginal l~nd.s is small and very irregular. He believes that compara-

tiv€ly l~ttle ~ater enters the lake as surface inflow from marginal lands, 

bee au 36 of ~r.e morainal character of the topography, and mentions the many 

undra~i.r!ed darressions common to the adjacent hills and prairies. It is 

possible, however, that Simpson underestimated the runoff from the area, as 

there is considerable organized drainage into the lake along the northwest 

part of West B~. 

Both De\Pj.ls and Stump Lakes may receive ground-water inflow from the 

glacial drift or the large drainage basin, the ground waters or which move 

slowly down the slope from the north through the lower san<V portions ot the 

dritt over the fioor of Pierre shale. 

5 Simpson, H. E., Physiography of the DeVils-stump Lake region of North 
Dakota: North Dakota Geol. Survey 6th Bienn. Rept., P• llS, 1912. 
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The .redlaction 1ft a•Hn1t7 of Dlftla Lake water 1D 15Ji.9, aa a reault of 

lllix1lla witb tbe •ch ..,... dilute nnott wa~n di~Cbar~ed b7 Jlauwia Coulee, 

ia diacuaed 1iader the beadiDI •Cbemcal cbuacter of tbe nt.en.• 

CU..te 

Tbe •u Ullllal t..perature ot the Deftla LaD Buill ia between 36° and 

42° F. Piave 2 lbon the •• .... 1 air ta..,....tuea tor the period 1905 

to 1949 at the Ullited Statea Weather laNa StatiolliD tbe cit.J. of Denla 

Lake. ..xi .. and atniam tellperaturea ot abow 1.000 r. an4 below -300 r., 
respectiv.}7, are not Wllnal. JanuAJ7 ie the coldest .mtb, with •an 

temperatures slight}7 aboft aero. Jul7 is the warMat .ontb, with •an 

taaperatures of about 67° r., and. Aupat is onl7 about 2° cooler. 

llost of the precipitation occ~ ., during tbe au.er .ontbs, otten aa 

storms of cloudburst intensities, accompanied b7 thulld.er and. li&htll1ft&. In 

1a0st years, some part of the basin is viai ted by a storm w1 th a raintall of 

2 to ) incheS in 2h hourS 1 and fi'OIIl S to 6 1ftcbeS Of raifttall in 24 hourS 

is not unknown. The averace annual precipitation for a 78-Jear period 

(lato to 1948) et the city of Denls Lake is 17.78 inches. A S-year aoving 

averRp ot precipitation tor this period is shown in figure 3. Prom 7S to 

8o percent of the average annual precipitation falls during the ll"owinl 

eeuon, April to September. .Alaost S~ percent falls during the 3-montb 

period, Kay, June, and JuJ.7. '!'he nonul precipitation tor the driest mnt.hs, 

November, Deceaber 1 J11nuary, and February, is about one-halt inch each. 

(See fig. 4.) 

The average annwal anowtall is sli@bt17 more than 30 inchea. Tbe tirat 

llgbt anow aq tall in Septeaber, but uaual17 YeJ7 little anow falls e•n 1ft 

October. The createat a.Nnt of snow falls dur1fta llareb, and lipt 11110118 

otten occur durinc llq. 
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The preft111n& cl1rect1on ot tbe w1ncl for all .ontba of tbe 7ear ia trc. 

the northwest unleaa intl.uencecl b7 local condi.tiona. llore acnatherl7 w1Dda 

are obaenecl clariDC the eu.er .mtba than ~rift& tbe Winter. Tbe awrap 

annual willet wloolt7 tor the buin la abcNt 10 lld.lea per bour, ancl the Wind 

aaovwment is gNateat 1ft tbe aprifta ancl least ctur1na Aupat. · 

The awraae relatiw lud.cllt7 ia MU'~ ?8 percent throupout the baaill. 

The humicl1t7, bowewr, i1 trequentlJ' ftl7 low ctar1nt the ~rJ aa.tiaea 

it i1 below 2S percent. · 

EYaporation in the Y.lcin1t7 of ~Yila Lake is practically twice the 

amount or the •an annual rainfall. 'lbe pools lmO\IIlt or evaporation hal 

been closely estimated as avera gina betwen 33 ancl 36 incbe1. 6 This esti­

mate is in good agreement with the bl year average of 34.636 inches at 

Dickinson and the 34 ,-ear average or 33.311 inches at Mandan, N. Dak. 

Transportation 

The transcontiDental Great Northern Railroad crosses the basin from 

east to west. Branch linea of the llinneapolil, St. Paul, and Sault Sainte 

Marie Railroad also enter the region. North and south transportation 

facilities, howver, are limited. Paved h1ghway1 cross the basin east and 

west and to a less extent in a north and south clirection. 

Recreation 

De rile Lake, the largest lake in the state 1 was a well-known recrea­

tional area at one tiae and was considered the moat attractive IUIIIIDer 

resort in North Dakota. With the decline in lake surface since 1860, the 

recreational value of the lake baa been completel7 cleatroyed. SiDCe tbe 

disappearance Of pickerel from Derill Lake about 18891 DO specie I of foocl 

6 North Dakota State In&· Sth Bienn. Rept. to the OOvemor of North 
Dakota, P• 21a, 19U-12. 
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or ,_ tiab bas been touad in the watera.7 With reltoretion ot lake lewl 

to altitude 1,1&2S feet, it is expected that this repon will apln becOM a 

popular resort area. 

PLUC!UA!IOIS or LAD LtP.VEL 

Interest 1n tbe recent b18to17 of Deftl.s Lake center• in ita nuctuation 

and decline. Qpha 8 beliewa that tile laD altitude wu 1,446 teet abow 

Man sea leftl about tbe ,.ear 1830. !b11 1a 4S teet abow the low stage 

reported 1n lSJbO. A tew llilel 80\ltb of tbe c1t7 of Deftls Lake alona State 

Highwq S7 mq be ... n a wooden aarker, shown in fi&DN S, on which prenous 

lake altitudes are 1ncl1cated. larl7 reeideftts recall the period wben tbe 

lake waters reached tbe l.illits of De.Us Lake Cit7, which is now approxi­

mately S lld.les troa the nearest shore. BeliJminlin 1867 occuioD&l but 

well-authenticated recorda of lake lewls are aftilable. 

The decline 1n lake leftl, as indicated 1n table 1 ancl shown poapb1ca117 

in figure 6, is not. tul.17 understood. It baa been euepsted that the l.owr­

ing or the lake lewl is the result of lawerinr of the ground water lewls • 
• 

However, it does not appear that there has been sufficient withdrawal of 

ground water throu&h wells to atfect uteriall7 the water table. It hu also 

been reasoned that the develoPD&nt of farm lands in the repon has cauaecl a 

decrease in runoff to the streau and lakea in the area, bat no tenable rela­

tionship hu been det1Dite}7 eatabliabecl. The decline in lake level aeeu 

most likel7 due to pneral chaft£es in clillatic condi tiona 1 and the anner 

may lie in a cOIIbination of such factors asa (1) a pneral decrease in pre­

cipitation durin& the Winter •nths when evaporation is lcnrJ (2) a pneral 

in~rease in total evaporation dur1nc the au.er clue to sl1sbtl7 increased 

7 Pope, T. 1. B., Denls Lake, lorth Dakota,_A stud;y of pbpical and 
biololical conditione With a new to the accliaatisation of fiaha u. s. 
Bur. of Piaheries Doc. 634, p. 3, 1908. 

8 Opha, Warren, op. cit., P• S9S. 
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Fipre S.-llarker at Narrows on 
State Highway Ho. S7 show­
ing previous elevations of 
lake level. Devils Lake in 
background. 



. 

Table 1•-Altitudea tor aart.sw. u4 aildaa etaae• of Denla Lake 
(reterrecl to clat• of 1929) 

.tear lfai8J• Mini•• Year lla1d- llini•• 

. 
1867 1,1.)8.) 1923 1,b16.) 
1879 1,kJI..6 1921. 1,Ll.6.2 
188) 1,~.~. U25 1,1Ub.l 
1887 l,b2?.o 1926 1,blJ.7 
1890 l,b2b.6 1927 1,b13.6 

1896 1,b2b.6 ~ 1928 1,b12.8 
j.901 l,b24.o 1,b23.2 .. 

1929 l,la12.2 1,b11.3 
1902 1,h2S.8 1,1ab.6 \ 19)0 1,bll.b 1,bll..o 
:!.903 1,424.8 1,423.4 19)1 1,1al1.4 1,410.0 
190b 1,425.0 1,4~.2 1932 l,UOe9 1,bo9.4 

:;..9QS 1,b2S.2 1,421..2 1933 1,410.2 1,4o8.2 
1906 1,424.6 1,423.2 193b 1,408.3 1,406.5 
:!..907 1,424.2 1,42.3.0 . 193S 1,1.06.9 1,1.06.1 
1908 1,1.23.4 l,b21.8 1936 1,1&06.7 1,40b.S 
1909 1,h22.6 l,h21.6 1937 1,40L • .3 1,40.3.2 

l910 1,421.11 1,420.2 19.38 1,1.03~4 1,1ao2.1 
J.S'll 1,420.4 1,420.2 1939 1,402.7 1,4o1.S 
1912 1,421.4 1,420.4 1~0 1,1.02.3 1,1aoo.9 
1913 1,h21.8 1,1.20.4 19bl 1,402.8 1,402.2 
:!.911. 1,420.6 1,419.6 1~2 1,40b.S 1,40L.o 

1915 1,419.2 1,418.4 1943 . 1,1.04.7 1,1.03.4 
~ .916 1,419.6 1,418.6 191ab 1,404.0 1,403.0 
1917 1,418.8 1,417.2 191.5 1,404.7 1,403.5 
1918 1,417.4 1,416.4 19b6 1,a.os.o l,b03e3 
1919 1,418.0 191.7 111.03.6 1,40.3.0 

1920 1,U7.6 I 1,416.2 • 19b8 1,405.2 . l,bab.2 
J921 1,416.7 1,416.6 19b9 l,bo7.2 1,40S.o 
1922 1,417.2 

Note.-Y.tlere cml7 one altitude ebown, reading ie tor ain&le obeervation. 
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••• 111at.. Bee ... JINCipit.ation, I'UDOft, obm111 1D ataae of t.be lake nr­

tace, and t..perat.un are eo iatel'wWD, it 11 difficult to eat.abUib det1-

D1te relat.iou betwen one factor ud .notber. 

Tbe area of tbe water nrtace of nnua Lake bal been eatiaatect or 

calculated tor c:ert.ain ,...... !Me anal tor tbe per1ocll867 to 191.9 are 

report.eclift table 2, aDCt the rel.atioMh1p with alti_.l 11 lbOWft crapbl­

cally 1ft figure 7. 

Table 2.-Area of DeY111 Lab, 1867-191.9 

Year Area 
Altitude Scnarce 

Sq. milee Acree 

1867 lh2 90,88o 1,1&38.9 Korth Dakota State IDI· 21at Bienn. Rept.. 
1882 120 76,800 1,1&34 Do. 
1928 !/3S 22,400 1,1&13.4 Do. 
1941 4.S 2,88o 1,400.9 Do. 
1949 15.7 lO,OSO 1,406,4 PreliJI1nal7 0. s. Oeol. Surfty topopoaph-

ic up. 

a/ Main part ot lake Maaured .frail o. s. Oeol. Sune7 topoll'apbic map a1 
11.1 square miles. 

.. 

CHEMICAL CHARACTER OP THE WATERS 

General 

Few ear~ recorda ot ea.plinl ot the aajor lake waters tor chem1cal 

anal7aia are aYailable. Several anal7ee1 of DeVils Lake water have been 

reported tram tiM to tiM, aDd in 110at inltancee tbeae reaul.te are tor 

~ingle obaenatiou tor certain ;yeArs. A 1Vft7 of the liter.-re rewala 

little ifttol'llation on the areal dietrilnltion of eoluble aalte in DeYill ID4 

~tump Lakea and no data on the concentration of the ntera 1n the wrtical 

6~tion. The ea~~plinC proar• followed dlar1Dc the field etudT of lfb9 in­

cluded collection ot aaplea troa the 11ajor lake• at ~ pointa and at 
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Fipre 8.-View of Deftl.e Lake troll eoatb abore. Boat used 
in obt~tining eMIJ)lee in torep-ouncl. 

both top and bottom levels. (See fig. 8.) 
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A map of the region studied, showing sampling points., is given in plate 

2 (in pocket) • The waters in the basin differ considerably in both composi­

tion and concentration. This is seen in plate 3 (in pocket) where concen• 

trations as milligram equivalents per kilogram (equivalents per mUlion) tor 

11 representative waters in the region are plotted graphically. Analyses re­

ported in equivalents per million show chemical properties to better advan­

tage ~ in that the actual reactive values or ttfe ion• are considered. The 

concentrations or salta a1 tons per acre-toot vary traa o.47 tor a f'reah 

water (Lake Irvine) to 129 for a very saline water (Bast Stump Lake). Also, 

the character of water found varies considerably. Wood Lake water, tor 

example 1 is essentially a bicarbonate water, East StUIIp Lake water is pri· 

urily a sulfate tJPe, and water in Cranberry Lake is classed as a llixed 

tJJ)e that cont~ins approximately equal aJDOunts of' bicarbonate and eultate. 

llaxiiDWI concentration determined f'or all waters that wre analyzed in the 

region is 102,000 parts per JliUion (10.2 percent) and represents the result 
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tor a siDcle Observation at Bast Stu.p Lake. 

Davila Lake 

The water in Dev1la Lake baa been ~apled tor cbeaical ana178ia on an 

intel'lld.ttent beaia tor at leut SO 78&rae Younc 9 recorct. a concentration 

ot 8,4n parts per wSllion of dia80lwd aolid8 for 1899. Between 1899 and 

1949 the lake water baa been analJsed at intrequent ifttena18 pareuant to 

biological, U.Olopcel1 or acadeld.c atudiea. Altboulh .,.. exceptions 

are noted, the concentration of salta in the lake water has tended to 1ft­

crenae during tM• period, and it is noted tbf.tt concentratiou in pneral 

tl~ctuate inveraelJ with lake leftl. Tbe relationship between aalt con­

centration anc1 lake altitude is abown arapbicall7 in tipre 9. Prior to 

1949, anal7aea are aftilable · only tor aiftl).e a-.plea over a period ot 78&r8, 

and no analyses are pwn for the intenal 1923 to 1948. rroa tipre 9 it 

is seen that the am•,• concentration tor the period of record is 2S,ooo 

parts per llillion, reported durina Mowmber 1~8. As a result of surface 

runoff during the tollowinl sprine, at which time flow in llauYais Coulee 

exceeded lSO second-teet, the concentration ot salta :ln the lake water on 

llay 19, 1949, was reduced to 17 ,SOO parts per aillion. Further llixinc dur­

ing June of the lake water with the dilute runoff (appro:xiJDatel)' 400 P•P••• 

salts) resulted in a water having an awrap concentration ot 131400 parte 

per million, based on 32 aaaplea. The lake altitude in teet above mean sea 

level was 1 toot higher in June than in llq. 

During June 1b and 181 19491 samples ot the lake water were collected 

from 28 points in De'Vils Lake, The location of the saaplin& pointe ia shown 

in figure 10, and reaulta of anal7ses are 11wn in table 3 (in appendix). 

9 Young, a. T. I The lite ot ]eVils Lake J Borth Dakotaa Korth Dakota 
Biological Sta. 1 P• 28, 1924. 
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Kax1ew deptb of water ••aurecl - 6.9 t .. t, which ia a ndl&ction of approa-

1Dtel7 18 f .. t tree tbe •an .. ct.pth reported bJ Pope 10 in 1908. The 

awr ... de1111it7 ot the a.-plea for 19b9 •• 1.0096• DUtenacea in concen­

tration betaen IUI'tace lftd botta. Miplea were tound to be .all, the 

lhailow depth of tbit lake pel'lliitiftl Unitol'll aild.ftl of the water b7 wind 

action. 

The c011p0aition of tbe lake water doe• not appreciabq ftl7e This ia 

seen below, where an IM1781a b7 Daudt 11 in 19U i .e cCIIIJ)INd with a lake 

SllllPle ana17&ed by the OeoloP.cal Surft7 in 191.8. 

Analpie of De .Us Like water, 1911 and 1948 
(percent of ~oua reaidue) 

1911 1948 - -
Sodiuia (Na) 2S.9 24.7 
Calciua (Ca) 0.4 
Jlagneeiua (II&) s.4 S.? 
Cr :-bonate (003) h.2 2.9 
Sultate (~) S4.1 S4.4 
Chloride (C ) 1o.s u.s 
Salinit7 as parts 

per million 11,278 25,000 

The percentage compositions corresponding to Jears for which complete 

chemical analyses are available are plotted in figure 11 for the principal 

constituents in solution. The variation is small, and it is eeen that on 

a weight baeis, sodium and sulfate are the cation and anion, reepectivel.7, 

which account for most of the mineral content. The average salinity in 

parts per 1111lion ot this average composition is computed as 13,800. 

It is interesting to DOte that Nerhus, 12 working under the direction 

ot a. A. Abbott of the Uniftrsit7 of North Dakota, made a study ot the 

10 Pope, T. 1. B., op. cit., p. S. 
11 Daudt, B. w., Quart_. Jour., Univ. of North Dakota, w1. 1, P• 225, 

1911. 
12 Norbua, P. T., A atu~ of the aolubUit;y relatione ot the salts in 

Devils Lake water, Theaie tor lfuter of Science degree, Univ. of North 
Dakota, PP• ho-U, .hiDe 1920. 
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aolubilit7 relations ot the salta ot DeYila Lake, with a Yiew to obtaininc 

salta in a state ot purity oil a ca.nrcial scale. The7 deYieed a procedure 

uatng aoiar evaporation and tractional cr.yetallisation tor the separation 

ot the followin~ aaltsa mire.bilite (Ha2so4 • l<II~)J aatrakanite (II~ • 

Na~4 • 411~); halite (Nacl)J and qlVtte (ICl). .Abbott ll pointed out 

that the chief salta present are eodi\a eulta.te, sodiua chloride, and 

magnesium aultate. He also broulht out the point that the COIIJ)Osition ot 

Devils Lake water ditters atrildncl7 trca the CGIIpOiition ot such westem 

lake waters as those ot Searles Lake and OWens Lake, Calif. J Dixie Salt 

Karsh, Hev.J and Jesse Lake, Nebr., all of which are hi&h in chlorides 

rather than sulfates. 

In bis work on chem1cal toxicolog or DeYils Lake water to diacoftr 

the reasons for the disappearance of fish from Devils Lake, Abbott lb 

reasoned that the presence of sine in the water was the contributing factor 

and, in 1924, reported concentrations or this element as high as lS parts 

per million. Anal;yses of samples collected b7 the Geological Survey in 

1949 do not show the preaenee ot zinc in this concentration; the JlaXiauiD 

found from 2S samples was 0.16 part per million. .A recent anal.7aia b7 

Dr. Abbott lS showed 0.20 part per million of sine, conf'irming the report 

in 1949 of the Geological Survey. Apparentl7 the sine has reacted chemi· 

cally with other ions in the water and precipitated on the lake floor in 

the form of an insoluble salt, possibly line carbonate. 

East Devils Lake 

East Devils Lake was formerly a part of the JDalJ\ boc:\Y or Devils Lake 

13 Abbott, G. A., .A chemical investigation of the water of DeVils Lake, 
North Dakotaa Proc. of Indiana Acad. of Science, p. 182, vol. )Ia, 1924. 

lb .Abbott, G. A., Idem., PP• 183-181a. 
lS Personal communication to the writer. 
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and was k:ncnm as Lamoreaux Bq • As previoua}7 noted, the recession of 

Devils Lake has resulted in the de'lelopaent of sneral amaller lakes, amona 

which is East Devils Lake 1 a few lld.lea southeast of Devils Lake. 

Samples were obtained at six points on the lake, and the concentration 

of salts is essentiallJ the sUI£ oftr the entire extent of East Devils Lake. 

The average concentration of dissolved solids ia bl,200 parts per million­

about three times the concentration of salt• in Dev1.le Lake water. East 

Devils Lake water upon evaporation Jielda .,stq sodiua aulfate, sodium 

chloride, and magnesium sulfate. ~led rocks near the shore line of East 

Devils Lake show salt incrustation as seen in figure 12. 

The average density of the lake waters is 1.0347. The salt content of 

surface and bottom samples is practicallY the same. An analJsis of East 

DeVils Lake water for 1919, reported by Young,l6 shows 14,932 parts per 

million of dissolved solids-a much more dilute water. 

Figure 13 shows the location of points sampled in East Devils Lake. 

Analytical results are given in table 4 (in appendix). The maximum Maaured 

depth reached in the samplill@ of the lake waters was 6 feet. 

West StU!J) Lake 

West Stump Lake was fol'lllerly part of St\IIP Lelce, but the latter now 

consists of west and east arms, the result of construction of a highway em­

bankment across the main lake. The two Stump Lakes are approximately 10 

miles southeast of Past DeVils Lake. Both lakes lie in the ll'Jile inland 

drainage basin and are otherwise united ph7siogrn.ph1call7 with DeVils t ake. 

The concentration of West Stump Lake water averaged 6,040 parts per 

llillion of dissolved solids, most or which 1\re sulfates of sodiua and ugne­

siua. The density of the water is 1.0012, and a 1I4X1mum depth or 3 feet was 

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



A. Rocks along weat bank about 300 teet trom present shore 
line. 

B. w.rge boulder along west bank. 

Figure l2o-Rocks incrusted with salt deposits, East DeVils Ls.ke. 
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noted. Chemical characteristics ot the waters are unitora in an areal ex­

tent and vertical profile. 

SPIIJ)lin@: points are shown in figure lb, and enalJticAl results are 

given in table S (in appendix). 

Bast Stm~P Lakcl 

East Stump Lake water is the .oat saline of all surface waters sampled 

during the course of investiption. The awraae or 20 s.aplea gave a con­

centration of 9S,200 parts per llillion ot dissolved soUds. This lake water 

is more than 15 tiaea sal tier than West St-.p Lake water, mre than 7 times 

saltier than Devils Lake water, and more than twice saltier than East Devils 

Lake water. The lake water is almost three times more concentrated than 

ocean water (3S ,000 P•P•••). People using the lake tor swiain& or bathing 

notice that their bodies become coated with a fine, eballc;y deposit. 

The shore line of East Stump Lake is very irregular, the character in 

general being similar to that of a mArine littoral. Boulders (see tig. lS) 

and cobbles with gravelly and san~ stretches a.re found along the utent of 

the lake. It is thought thAt both Stump Lakes are of glacial ori&in and 

are in a lower portion of the same valley as Devils Lake. 

The density of t he water is 1.0882, Maximum depth measured was 6,8 

feet, although rnsidents near the lake stated that depths of approximately 

20 fef>t are known. The salt concentration in the lake water is evenly dis­

tributed laterally; however, bottom samples showed somewhat high~r concen­

trations than did samples collected at the surface. Figure 16 shows the 

location of sampling points, and analYtical results are tabuleted in table 

6 (in appendix). 

The water in East Stllllp Lake contains more sulfate than chlorid£ and is 

siaile.r to Devils Lake water. Both lake waters differ markedly in this 
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Figure lS.-Boulders strewn along west shore, Eaat Stump Lake. 
Incrustations on rocka extr.e lett. White material in 
foreground is toaa. • 

respect from saline waters present in the ocean. ·and Gre~t Salt Lake. The 

analys6s of ocean and Great Salt Lake waters show a r~versal in relation 

of percent sults.te to pel'Cf!nt chloride as compared with East Stump and 

DeVils Lake waters. (See fig. 17.) The two chloride waters also contain 

more sodium and less Dlllgncsium than either DeVils Lake or East Stump Lake 

water, Evaporation of East Stump Lake wat6r yields mostly sodium sultatc, 

sodium chloride, and lla@llesium sulfate. (See pl. ) in pocket.) 

Miscellaneous Waters 

In the course ot the investigation, it was thought worthwhile to obtain 

information on the ehaaical character of waters in adjoining lakes 1 bays, 

and coulees, many of lfhich were at one time a part of Devils Lake. In aost 

instances sincJ.e •amples were collected by wading out to the lake or ·bq as 

far as aatety permitted. The specific locati'On ot these sampling points is 

giwn in table 7 (in appendix) and also ~hown on the ~neral map of the 

region (pl. 2 in pocket). ADalJtical results are given ~n table 8 in the 

appendix. 
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Theee aiacellaneoue waters YU7 couiderab17 in concentration and tlPe• 

Dey Lake, a -.ber of the SWeetwater pooup of lakes north of DeYUa Lake, 

contaiu a bicarbonate water, baftDI 232 parte per aillion of d11aol vecl 

aolida. On the other hand, Cranbel"J7 Lake, 40 111lee w•t of the cit7 of 

Devils Lake, haa a llixed eulfate-bicarbonate ater, containins 23,100 parte 

per million of dissolved solids. Residents ill the Yicin1t7 of Cranbe1"17 

Lake report tbat the , ... warden po1te aurdl near tbe lake to prewnt ducks 

from alightinc on these waters. The bi&h aalt concentration lowers the 

freezin(! point ot the water to a point where tbe lake remains open water 

after fresh water lakes are frosen, Aftd late aigrating ducks are thu 

attracted to the lake. In the opinion of Dr. o. A. Abbott 17 the ducks 

become weighted down with a coating ot salt deposit and are unable to fl71 

or they swallow enough or the saline wa~r to become poisoned. 

Wood Lake, a popular fishing resort about lS Jlilea south ot DeYils 

Lake Cit71 has a bicarbonate ater of low concentration (38b P•P••• ot 

dissolved solids). Samples collected at three different points along the 

Mauvais Coulee lhow practicallr the same low concentration of salt&. 

PROPERTIES OF LAKE BED II:POSI'l'S 

A study' on a reconnaissance ·level waa made of bed materials that cover 

the floor of the ujor lakes considered in this report • The data presented 

in the following pages proYide l1m1 ted intol'llation on certain chemical and 

ph)'aical properties of the clays, silts, sands, and gravels that compose the 

lake bottoms. 

Chemical Examination 

The air-dried materials were agitated for 48 hours in distUled water, 

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

17 Personal comnnmication to the wr1 ter • 
.. 



thus obtained afford soae baaia tor ccaparison of the cheaical character of 

the lake deposits witb that of the lake water. The total leachable aolida, 

an index to the solubUity of the bed uterial, is aleo reported. 

Table 9.--AnalJaes ot distilled water extracts of bed materials 

Ill• per 100 Ill• of depoai ted lake aaterial 
Lake Class of 

Si02 .. Ha+l ~3 so4 Cl ~issolwd material Ca aollds 

Devils Silty clq 32 110 49 9SO 120 1,840 300 3,700 
Do. Silty clq loam 21a 240 18o 1,630 190 3,700 soo 1,oeo 
Do. Fine sand 7.S lS lS 100 6S 180 10 430 
Do. SUty clay 26 290 160 1,9So ~00 4,320 680 8,100 
Do. Silty clq lo• 32 340 lSO 1,800 100 4,160 620 8,o6o 
Do. Silty clq 30 230 26o 2,S4o 180 s,soo 810 9,Sso 

East Devils Silty clq 30 2SO 200 3,180 200 6,360 1,000 11,200 

West Stump SUty elq S3 300 120 960 160 2,S4o 300 4,720 

East Stump Silty clay 43 660 430 3,430 200 7,880 1,640 14,300 
Do. Silty elq 4S 440 270 3,310 160 6,920 1,360 12,SOO 
Do. Clq S3 420 300 3,000 220 6,400 1,260 11,700 
Do.J/ Coarse sand 

and gravel 4.2 6.S 14 139 13 278 4S S20 

!/ Sample from west baDk. 

Samples or the air-dried deposits were extracted w1 th ;\fissouri River 

wnter for 90 hours, and a comparison aade with experimental results obtained 

using distilled waters. Correction for the dissolved solids (432 p.p.m.) 

present in the Missouri River water was made. Results are given in table 10, 

and it is seen that the solubilities or the bed materials are about the 

same in either Missouri River or distilled water. It is also noted that 

the bed deposits in East Stump Lake Jield soluble salts in 81110unts greater 

than those measured in other lakes, 
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Table lO~~lubility of lake beclaaterialin llieeouri River water 

Percent of bed aaterial soluble 
Lake Clue of C1 • Del' 100 ga.) 

aaterial lllaaouri R1 ver water Distilled water 

Devils Silt7 clq 3.7 3.7 
Do. Silty clq loa S.7 7.1 
Do. Fine sand .s .h 
Do. SUt7 clq 7.8 8.1 
Do. Silty clq loam 6.S 8.1 
Do. Silty clq 10.3 9.6 

F.ast Devils SUty clay 11.8 11.2 

West Stump Silty clq 4.4 4.7 

East Stump Silty clq 14.7 14.3 
Do. SUty clq 11.3 12.5 
Do. Clq 11.9 11.7 

Table 11 reports values for deuity determinations and percent organic 

matter for the lake deposita. Density was determined on samples that had 

been dried tor 1 hour at 110° C. Percent organic matter wae found by decca­

position of the dried saaples, uainc e. 30 percent solution of hydrogen 

peroXide. 

Table 11.-Denaity and percent orgMic matter detel'llinations or bed samples 

Class of Density in grams Organic llll'.tter 
Lake llaterial per Jlillili ter in percent 

Devil a SUty clq 2.Sl 3.5 
Do. SUty clay loa~~ 2.58 2.1 
Do. Fine sand 2.63 0 
Do. Silty clq 2.66 1.6 
Do. Silty clay loam 2.63 1.7 
Do. Silty clay 2.57 3.h 

East DeYils Silty clay 2.60 2.6 

West Stump Silty clay 2.60 1.0 

East Stllllp Silty clq 2.68 1.9 
no. SUty clq 2.66 1.6 
Do. Clq 2.66 1.6 
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Jlbnical Buaination 

The particle lise distribution tor the ranae 1.0 111111Mter t,o lela 

than o.0019S 111U1Mter (colloidal clq) ia shown ill table 12. 

table 12 .-Particle aiae distribution ot bed aapl.ea 

Particle aiae in percent 

Lake Claea ot SaD4 Silt Clq Colloidal clq aater1Al Jl.o- (.062s- (.0039- c <..ool9S •· > 
• 2S •·> .0039 -·> .ool9S -·> 

Derile SUt;y clq 3.8 s2.1 12.9 30.6 
Do. S1lt7 clq loaa 3.3 70.8 7.8 18.1 
Do. FiDe aan4 99.8 - - -
Dn. Silty clq ?.1 S7.2 8.8 26.9 
no. 8Ut1 clq l.o• 9.1 60.9 10.2 ~9.2 
Do. SiltJ clq .9 S2.9 U.l 316.9 

East Deftl.a SiltJ clq •• s S4.4 u.o )0.1 

Welt Stuap SiltJ clq 2.7 so.s 12.3 .34.S 

!aat st.., SUtJ clq .6 S8.7 u.s 29.2 
Do. SUtJ clay l.h ss.o lb.o 29.6 
Do. Clq 2.6 h9.2 1.4.6 .3.3.6 

DILtn'ION OF DEVILS ~ WA!D 

A ca.part.son ot waters in the buin is aiftn in plate h (in appendix) 

where specific conductances in micromhos for both frolh and saline waters 

are abown. The specific conductance ot a water ia a _meaeure of ita abilitJ 

to conduct a current of electricity, the aaount of current depending upon 

the concentration and depoee of ionisation of 1Dorpn1c salta (eleotrolltea) 

in solution. Tbua, conductance values are illdicat.ora of the aJIIOUDtl of 

aolide in aolutioni the hiper Yal.uea repreaefttin& the .,re saline watera. 

Tbe plan wtlinecl bJ the Depart.Mnt of the Interior 18 tor restoration 

ot DeYila Lake level propoMa diversion of a portion ot the return flows 

18 Interior llilaouri Basin Field CCBI. 1 Missouri R1 ver Buill progress 
reporta Dept. of the Interior, PP• 33-3S, October 191.9. 
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that ori&inate on the northem dinsion of the naaourt-souris project into 

the lake b7 Ileana of De'lils Lake lateral. The followiD& parasraph is quoted 

tram the October 1949 progress report of the Interior llisaouri Basin Field 

CoDIIlitteea 

"'!'he canal qstea sei"Yinl Deftls Lake Reservoir will 1eaw the pro­
posed Shqerme Resenoir about fiw lliles nortbeut of the town ot Sbe~enne • 
~orth Dakota, pnerall7 following a natural drainap course in a norther~ 
direction to enter the lake about ei&ht 111l.es aoutbeut ot tbe town ot 
Minnewaukan. The canal, to be known as the Devil.s Lake lateral 1 will haw 
a capacit;y of about 11000 second-teet. Gates w11l. be inatal.led at the 
headworka to control the now into the lake. PJoca the u1n body ot Devil.s 
Lake, water will pass throu&h a connecting cAnal. to East Devil.s Lake. Prom 
F.ast Devils Lake a canal will follow the historical outlet of the lake to 
a point near the north end of West StUIIp Lake. The canal will then follow 
along the shore of West St'UIIp Lake and enter the lake near the center of the 
west shore. At the south end of East Stuap Lake, just east of Tolna, North 
Dakota, an outlet cnnal with a capacit)' of about Soo second-teet will carey 
oftrfiow back to the She;rerme R1 ver. In all, there will be about 27 lliles 
ot canal. Water will now into the· lake during the period AprU 1 to 
November 30 and will be shut ott durin& the winter .,ntba." 

The question arises ~s to the probable concentration or the water in 

Devils Lake after 111xi.ng with fresh •ater diwrted from tbe Missouri River. 

The lake has dropped in depth some 18 feet since 1899J since that time 1 

intermittent anal.7aes ot the water bas shown with some exceptions a gradual 

increase in concentration of dissolved solids. In table 13, concentrations 

corresponding to lake altitudes are shown tor the period of record. Lake 

altitudes reported are averages or annual IIAXIJ!IDI and m1n:1llum readingSJ in 

some instances, altitudes shown are sina·le readings tor the year. The 

exact lake altitudes corresponding to the d~tes of earlier sampling of 

Devils Lake water cannot be determined because ot insufficient lake lewl 

readings. The concentration ot dissolved solids for 1902 is reported in 

the original souree as 635.9 grains per tT. s. gallon (10,874 p.p.m.). 

Rough C<lllp\ltations ot volumes ot •ter and tonnages or salts tor the 

period ot record have been aade b7 B. R. Colby and are given in table 1.4. 



!able 13.--concentratioM of dia.olwcl 80lida 1 Deril.a Lake 1 1899-191.9 

Date 
itake altitude in feet Diuolftcl 10Uda y Source of anal7tical 

( clat• of 1929) (D•D•••) data 
1899 1,1.21..6 8,1.71 A 
l.$l2 l,la2S.2 10,871. B 
19o6 1Ja.le9 8,S17 c 
1907 l,la3.6 9,La.8 c 
J.9ll l,Jao.) U,278 D 
:914 1,1120.1 12,092 E 

1918 l,lal6.9 ° lb,t.sz E 
1919 1,u8.o 13,1.62 A 
1920 l,Ju6.9 1S,889 E 
1923 1,1.16.) 1$,210 A 
1948 l,t.Oh.2 2s,ooo F 
19b9 (llq) l,40S.7 17,~00 F 
19b9 (June) l,t.o6.6 y 13,200 r 
lf Single aaples UDleaa otherwise 1nd:1cated. 3/ Awrap ot 32 a.-plea. 

A. touna, R. T., Tbe lite ot Deri.ls Lake, North Dakota a North Dakota 
Biolopcal Sta., P• 281 1921. • 0 

B. Babcock, E • .s., Water resources ot tbe Devils Lake repona 2d Bienn. 
Rept. of the State Olo1. Sunay of North Dakota, 2d ed., P• 234, 1903. 

c. Pope, T. 1. B., DeYila J,ake, North Dakotaa A stucfT of ~ical and 
biolo&ical conditions witb a ri.ew to tbe accliaatisation of tilha 'J• s. 
Bur. of lilheries Doc. 6)1., PP• ~-lS, 1908. 

D. Dauclt, B. 1., Quart, Jour. Univ. of North Dakota, vol. 1, P• 22S, 
1911. 

E. Herbu, P. T., A atucfT of the solubllity relations of the salta in 
Devils Lake water, theais for Master of Science degree 1 Uni v. of Borth 
Dakota, P• 4, June 1920. 

r. U. s. Oeol. SUI"ft71 LiDcoln, •br. 

Table 1.4.-Approxiaate ftl1118s of water and tonnages of salts in Denls Lake, 
1899-191.9 

tear .Altitude of lake Vola. ot water Dissolved solids 
(teet) (acre-teet) Parts per aillion 'l'ona 

1899 1,421..6 sso,ooo 8,471 6,400,000 
1902 1,42S.2 seo,ooo 10,874 8,600,000 
1906 1,423.9 S20,ooo 8,517 6,000,000 
1907 l,la2).6 Slo,ooo 9,b48 6,600,000 
1911 1,1.20.) 370,000 11,278 S,?oo,ooo 
191.4 1,1.20.1 )60,000 12,092 6,ooo,ooo 
1918 l,Ju6.9 260,000 lla,4S2 S,200,ooo 
1919 l,lale.o 290,000 13,1.62 s,Jaoo,ooo 
1920 l,U6.9 26o,ooo 15,.889 S,?oo,ooo 
192) l,lal6.3 21.0,000 15,210 S,200,ooo 
19t.8 l,a.Oh.2 )8,000 2S,ooo 11 2SJ01000 
19t.9 (llq) 1,1.05.7 49,000 17,SOO 1,170,000 
19t.9 (JuDe) 1,1106.6 S8,ooo 13,2000 1,oa.o,ooo 
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It is seen troa table 14 that there has been a sharp redllction in 

tonnages or dissolved solids in the rnnp or altitudes between 1,406 and 

l,4~S feet. Some of these dissolved solids were lett in IJI8ller lakes and 

t,Fys that were aeparated troa the Min lake aa the eleYation of the water 

S\:.ri'ace felle Al.lo 1 10. Of the SOlUble Salts llq haft been lost to P"Ound 

seepage. There aat be, however, a larp tonna~ of salta deposited on the 

groUftd surface or close below the II'Ound aurtace. Aa earl7 as 1908, Pope l9 

observed that "Hearl)' all of the surroundinc landa, eepeciall7 the 'dried up' 
bays, show upon their surface a thin ar-rteb-wbite etnoreacence resembl~g 
frost. These acc\B\llations, gener~l7 found in regions of deficient or 
irregular rainfall when the aoil contains unusuall7 large 81110ullts of soluble 
salts concentrated in or near the surface 1 represent the residue from the 
evaporation or moisture." 

With an increase in altitude of the water surface of nerils Lake to 

11 42S feet, soJDe of these salts, formerly in .solution, will be redissolved. 

To what extent solution will occur is not lmownJ any estimate of the ex­

pected salt concentration of water in the restored lake would have to in-

elude some value for salinity resulting from solution of deposited salts. 

The concentration of the water to be diverted into Derils Lake 1117 be 

several tiaes greater than the concentration of water diverted from the 

Kissouri River. The river water will be slight17 concentrated by evapora­

tion in Medicine Lake, Crosby, Des Lacs, and She)'enne Reservoirs. Also, 

the Missouri River water will be used to irriaate land in the Crosby-Mohall 

project. The return flows from irrigation will be llixed with any surplus 

water from the Souris River and with water in the upper SheJenne RiverJ it 

is this water of unknown concentrat!~n and composition that will presum­

ably be used to restore the level or nertls Lake. 

In the early summer of 1949, the concentration of Devils Lake water 

decreased al.lllost SO percent from the high reading of 2S ,000 parta per 

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

19 Pope, T. E. B., op. cit., P• 16. 



now ill llauftia Coulee, which at tbia tiM was diacharlinl couiderable 
. . 

fresh water (366 p.p.a.) into the lake. Plow in tbe coulee on lq 9 and 10, 

J.94?, was 365 and 38S aeeond-teet, respectively, aftd as late aa Auaut 22 

r. discharge ot 6.37 eecoftd-teet was Masured. It is aeen that a •an ~ 
~J.:acharp ot 3SO uconci-teet tor 1 aonth-trom Jlq lb to June lb (the be­

ginning of sampl~c)-woul.d result ill 21,700 acre-teet ot fresh water, part 

or all or which reached the lake directly or 1Jld:1rectl7. aen one considers 

that the present (191.9) calculated wlUM of water 1ft Derils Lake ia about . 

55,700 acre-feet, tlie flushing and dilutinc effects of this quantit)' of 

Mauvais Coulee water-21, 700 acre-feet-flowing into the lake are under­

standable. The relationship between concentration and capacity tor the 

periods 1899 to 1948 and 1948 to 191.9 is shown 1n tipre 18. 

The concentration ot the totai wl111e of lld.xed saline and treah water 

at altitude 1,42S has been ro\llhl;r estimated using the equation belowa 

rc • STl + (p)ST2 + STJ 
v 

where PC • t~ concentration or dissol•d solids 1n tone per 
acre-toot or the diluted lake water 

ST1 = tonnage ot dissolved solids in the lake water as or 
June 1949 

ST2 = tone ot deposited salta avaUablc for redissolVing 
aa lake level reaches 1,425 feet 

(p) : percent actually redissol v1ng 
ST3 :tonnage of dissolved soli~ 1n water to be diverted 

into DeY.Us take 
V = total vol\De in acre-teet ot lake water at 

altitude 1,4~S 

In appl.71ng the above equation, it is realized that durin& the period 

of solution ot deposited salts (period ot sur.t'ac.e water :lntlow) there will 

be certain losses of wAt~r not wholly measurable, as De'ri.ls Lake and Stump 

Lakes nre being refilled. These losses 1n part will be to permanent II'Ound­

water storage and to temporar;y p-ound-water storage. There wUl be a loss 
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of water due to decline ill ptOUDcl-water intlow u a reaul.t of reduction ill 

the iDtlow bldraulic aradient. Other losses wUl renlt trom iDcreaaea in 

£1"0Uftd-water wttlow dlle to an increue in outflow areal extent, Jiaterial 

thiclmeaa, and 1Dcreaae4 ~draulic p-adient. Evaporation and transpiration 

loaaea 11q ruae trc. 2 to 3 fMt per Jear. Bowewr, loss to p-ound water 

may be 110re tban coapenaate4 tor b7 the addecl iDtlow required to ottset 

evaporation durinl the J)eriod of filliDc of the lakes. 

As ot June 19b9, the a110unt of 41asolwd solids (S!l) in De'fils Lake 

water is estimated as l,o4o,ooo tons. The total a110unt of deposited salts 

( ST 2) avaUable tor redissol Ying is rou@hl7 approximated as the ditterence 

between an esti.aate4 value of 7,000,000 tons at altitude of 1,42S feet and 

1,040,000 tons at 1,406.6 teet, or S,960,ooo tons of salta, aost)7 aultates 

and chlorides of sodium and magnesiua. The estimated tiDal concentra~ion 

has been ca.puted tor two values (p) of ST r-10 percent and 70 percent. 

The value ST
3 

is computed using an averaae concentration of 1,000 parts per 

IDill.ion (1.36 tons per acre-toot) and the difference betwen S70 ,000 acre-­

teet (the 1,42S level) and S8,ooo acre-feet (the 1,4o6.6 le~l). (See fig. 

19.) This difference is Sl21000 acre-teet, and ST3 is calculated as 

6961300 tone. V, the total volume ot the lake water l\t altitude 1142S ia 

estimated as S701000 acre-teet, as noted tram figure 19. 

For a 10 percent value tor ST21 

rc: 1,04o,ooo + (.1~ S,960,ooo + 696,300 
S7o,ooo 

= 4.09 tons per acre-toot or 31000 parts per million 

For a 70 percent value tor ST21 

PC= 1,aao,ooo + (.7) S,960,ooo + 696,300 
S7o,ooo 

: 10.36 toDa per acre-toot or 71600 parte per llillion 
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!hua, it is ver.r roqbly eatiaatecl that tbe concentration of Deftla 

Lake water 11q be in the range from 3,000 to 7,600 parts per million upon 

restoration of lake level to 11h2S teet above mean sea lewl. 'l'he above 

figures, wbile neceasaJ"il;r crude, ... fairq reaaonatile in ligbt or past 

concentrations of the lake water at leftll approxillatiD& 1142S teet. 

Once Derils Lake is filled to tbe desired level and outfiow adjusted 

to intlow, the concentration of salta in the lake water should, atter an 

extended tille, trend to approach that of the intluent water, estimated as 

11000 parts per million. 

Ho estimates are made in this report as to the probable concentration 

of salts in the 1n1 tial outnow from restored Stump Lakes to the Sheyenne 

River. 'l'he concentration or the effluent Stump Lake water will of course 

be J1W1Y times greater than that of the water leaving Devils Lake. 

EFP'ECTS OF LAKE FJ'FLUEN'l'S ON DO'WNSTRP.I.M DEVE:OORCENTS 

The 'Hissouri River Basin program has revived hope that DeVils Lake mq 

be restored to earl7 levels and the lake region again become a popular re­

sort area. Before this is done, considerable attention 11111st be g1 van to 

the biochemical and sanitar;y problems attendant to flushing the saline lake 

waters downstream into tbe SheJenne and Red R1 wr ~f the North Valleys. 

Part of the floor of Derils Ltdce, particularly in Creel Bq where the cit;r 

or DeYils Lake disposes or its sewage, is covered With a very fine, illpal­

pable, black, foul-smelling ooze. The organic and a.oniacal nitropn 

content or a sample of deposited material in Creel Bq was $1210 parts per 

llillion, an exa~~ple of the degree of organic pollution in the lake. Health 

authorities would be obYiousq alAI'!Ied o~r the introduction of such waters 

· into a trelh water IUPPl7. The organic utter will aake heav deaand8 on 

the oqaen auppq, and the dissolved oqgen content ~~ ~ llised water 
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lite. 

Available data on the cbemcal anal7aes ot surtace waters in the Red 

Riwr ot the Worth Basin are P,ven in table lS (in appendix). From the few 

analJies ot Red Riwr Vall87 waters, it is noted that concentrations ot 

diasolwd solids are aw:h leas thaD the probable concentrations ot salta in 

the lake effluents. 

CJEOCHiNICAL PROBL!IIS 

Ho attempt bas been made in tbia propaa report to interpret the basic 
l 

analytical data in terM of geocheaical concepta4i In a future report it ia 

proposed to diseuse some ot the geochemical problema that arise in atud;y ot 

the waters in Devils Lake Basin. These probleu include investigations as 

to the source of the sulfates in the lake waters J the reason tor the low 

alkalini t7 ot waters in the major lakes J explanations as to the high 

aagneaiua-calcium ratios noted in the saline waters as contrasted with 

lower ratios computed tor fresh waters) the conatanc7 of chemical composi­

tion of DeVils Lake waters J the correlation or spring waters in the region 

With lake waters) chemical anal7aia of core samples of the glacial drift 

and the Pierre shale) the source ot chlorides in the lake waters; and the 

cause of the remarkabq hi&h concentrations of salta in East Stump Lake. 

the lakes in Devils Lake Basin arc unique in that they contain waters 

of Wideq vaJ')'inc qualit7, both as to concentration and composition. DeYila 

Lake, along With JWV other lakes in this region, has been declining in 

leftl over a period ot JDan7 7ear1. Por a number ot 7eara, during which tiM 

llauvais Coulee was diachar&inc only a negligible 8IIIGWlt ot water, the de­

cline in leYel ot Devils LaD was accompanied with increaee in concentration 
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ot diasolftd aolida in the lake water. Dlariftl the 8JII'ifta and -r of 

191.9, Mauvais Coulee waa diacharlinl considerable treah water 1 wbicb c:lirect.-

17 or indirect~ reached tbe lake. .As a rel\llt of tbe a1z1ft& and fiuhina 

effects of this trelh water, the concentration of disaol vad solids in the 

lake water decreased a]Bit So percent. 

Tbe ~pproldllate raqe in concentration of diaaol ftd solidi in the lake 

water 1 alter the lake level baa been restored b7 Hiaaouri Riftr water 1 hae 

been calculated tor the lake altitude of 1,425 teet. Thie r8.nge is estilla­

ted ae between 31000 and 11600 parts per llillion, depending upon the uount 

of deposited salts reentering solution. With restoration of lake level to 

1,42S te~t and lake outnow adjusted to 1nnow 1 the concentration of die­

eolved solids in Devils Lake water mq, after a nuaber of 7f!&rl1 approach 

that eatillated for the influent water d1 ftrted fraa Sheyenne Reservoir­

about 1,000 parts per llillion. Accretions from surface runoff (llauvais 

Coulee) WDuld 110dif7 this estimate. 

Further stud;y would be neceeaary to establish the practicabUi ty of 

lake reatoration, particularly with respect to sanitation and biochemical 

problems attendant with rise in lake altitude. 





Table 7.-s~l.ing data tor miscel.laneous lake aDd surface waters, Devils Lake Basin 

~ ·--.&. .. - Depth in 
Date '* T;)• teet at Halle Tom-

P..ange Section • ..,led SMiplecl (Op Salllpling li.emarks ship June 1949 _mint 

Ra•g: Countz 
Mission Bq 153 64 swsw 33 20 12tl0 p.m. 6S 1.7 At Narrows, sm. ot Deri.la Lake near 

State IU.:;~ I~. 57 • 

SixHUe Bq 154 6S MM34 20 9t00 .... 60 2.0 On State flishwa¥ No. 19. 

Hauvais Coulee 154 66 SBHE 34 20 9t20 a.m. 62 4-8 At bridge across Ramaq-Benaon County 
line on State H18m~q Ho. 19. 

SWeetwater Lake 155 64 SENW Z1 19 8t30 p.m. 6o 2eS Halt a mile E. ot State Highwq Bo. 20. 

Dry Lake lSS 6S SESE 3 19 8t05 p.m. 60 )eO Approximately 10 miles E. ot Clurche 
FerJ7• 

Mauvais Coulee lSS 66 sms 7 17 3t45 p.m. 61 3.8 SE. ot Churchs Ferey on u. s. High1e7 
No. 2. 

Sweet Creek 156 63 SESE 13 - 19 7t1S p.m. 58 1.2 About 10 miles E. ot Garske. 

Lac Awe M.ortes 156 66 S\mE 3 19 3t10 p.m. 59 leO Approximately 4 Jli.les E. ot Maza. 
Probably r0presonts backwa.ter from 
1-iauvais Coulee. 

Lake Irvine 156 66 :J·JSU 19 19 2t.3S p.m. 58 1.1 Appro:imo.te]¥ 3 miles N • ot Chllrch8 

Benson Countz 
Forrr on u. s. HilJhwq No. 281. 

Pree Peoples Lako 151 63 mlltl 16 20 6o20 p.a.,72 1.7 A qwu"ter of c milo SE. ot State 
High\~· No. 20. 



Table 7 .-saJDpling <bta !or miscellaneous lake nn4 surface waters, Devils Lake Basin-continued 

Loc::Lti! n Date Dopth in 
TilDe T;)• toot at 

Mae Town-
Range Section sampl.ecl sampled (Of sampling Remarks ship June 1949 point 

Benson Countz-continuoci 

Elbow Lo.kc 151 63 SUN\tl 16 20 6:25p.m. 66 2.1 Opposite Freo Poop1es Lake. 

Shin Bono Lake 151 63 SEN'tl 34 20 5:45 p.m. 68 1.6 A. t town or l'landclc. 

Scparo Lake 151 64 SESS ll 20 7:50 p.m. 68 1.9 Approximntely lit miles SE. of Tokio. 

l.fallnrd Lake 151 64 s:m 14 20 GtlO p.m. 69 .s Sample colloctod from llltlrSh adjacent 
to 13lco. 

Woocl Lako 151 64 S&~f 15 20 7:20p.m. 71 2.3 About 2 miles SW. o! Tokio. 

Blacl Tiger Bq 152 63 SENE 19 20 8:45 p.m. 69 .5 SNDple obtnined at point betwoen bq 
and Devils Lake. 

Spring Lake 1.52 64 SUNE 35 ·20 8:30p.m. 68 1.6 On State Highwny No. 20-l-ft Jld.les N., 
or Tokio. 

Twin Lakes 152 66 SESt·T 22 20 11:50 a.m. 66 1.9 About 1 mile s. or Stnte Highwey 
No. 57• 

Long Loke 152 67 srui·I 4 20 11:00 a.m. 65 2.0 Approxl.mate:cy 1 mile sw. ot Round Lake. 

Round Lake 153 67 rmm; 35 I 20 10:45 n.m. 65 1.9 Just W. or U. s. Higln~ No. 281. 

Pelic£m Lake 154 67 SESE 24 20 10:00 a.m. 65 .s A.pproxl.JDD.tely' 2 miles N. ot State 
. High'~ No. 19. 

Cranberr;y Lclce 154 71 NES!·: 27 17 8:45 p.m. 56 .6 Approximately 5 Lliles N. or Esmond. 



Table 7-a....S~ling dntn for miscell.tmeoua lnke nrd wr!o.ce waters, Devils Lake B~:Jin-continued 

.. 
Location Depth in Date Time T;)• teet nt 

Nama Tom-
Section 

saupled SaJII)led {Op sampling Rsaark8 
ship n~e June 1949 point 

Benson Countz:-contwect 
stink Lalte 155 67 H'IMT 14 17 4145 p.m. 63 0.5 About 3 miles s. of Churchs Ferr7 OJKl 

U. of U. s. Big~ No. 281. 

SUver Wee 155 67 SEN\f 34 17 51.35 p.m. 6.3 2.5 Abcut 6 miles s. ot Churchs Ferey t1D1 
u. ot u. s. His~ No. 2Sl. 

Pleuant Lclce 156 71 SJTS .. 1 9 17 7:45 p.m. 60 2 • .3 About 1 mile s. of u. s. Rig~ !lo. 2. 

Nelson Countz 

,Coon Lo.lce 152 60 NENE 19 20 .3145 p.m. 70 1.9 None. 

Rose LNce 152 61 S\lmi 10 20 41.30 p.m. 68 2 • .3 About :1 qunrter of n mile N. of 
section 1me road. 

Swnn Lake 152 61 1mNE 27 20 4t10 p.m. 67 2 • .) NW. of \'Test Stump L.."'.ko. 

EddY Count~ 

Bnttle Lake 150 
' 

62 SENE 17 20 5:20p.m. 65 2.6 3 miles SU of Ha1.r. 

Horseshoe Idee 150 64 NESW 1 20 6t50 p.m. 71 1.8 £bout a. cp:u-ter of ~ mUe }J. ot 
section line ro~. 

To\llor Countz 

l-1auvais Couloc 158 66 lmml 24 19 6:10 p.Ll. 62 2.0 About 4 mil.os E. of Condo. 
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UNITED STATES -DEPARTMENT OF THE INTERIOR- GEOLOGICAL SURVEY- Water Retourcos Oiviaion so-1~ 

----~D~eu~.w~~~----------- ::: "'' llarth Ual:ota ...... Oro•not;~e ort!a ----------- sQuare ,.,., ,., 

TABLE 3 

!UDeral conotit.uent.o in ~ ' ' ' 
per 111111011 an:! relat.ecl ph1111cal -ou..-nte vater :year October, • to :iepttrnbor ' 

lleiiD 
~-

Spec1t1c I I DiBio1vecl So11<1a "~_; ... Pes- I he!er- cUe- cCIIIdllc t.- Cal- "-8- Po- Biaar- c~ PlDo- Ni- Ca 
C :":.• ':C De\e of CollectS.. o~~use IJ>era.- pll ance Silica !rOD em nee11111 s.u.. tu- b~Mato II&Uaw ride rtdo trate ·- Parte Tone Tone CSit 

nwllber (aecoal-~ (llic~ (5102) (Fe) (Ca) (lfg) (Ia) siuo (~) cso,.> (C1) {F) (*'J) (8) 
p8l' 

per per Non- So-
tMt.) boa) (K) acre- Total Cas- diua 1111111an 

!'oat. 
dq 

boMh 

1 June 14, 194'1 - - - -- 70 8.4 13,80Ci 14 0. 20 79 6o5 2,a'70 242 830 6,390 1,))0 2o0 19 -- 12;000 -- -- 2,6so 2,()JO 68 
2 June 14------ -- 70 Bolo 14,300 12 o30 as 615 3,050 21.1> 845 6,1/>0 1,)50 2o0 25 -- 12;)00 -- -- 2, 11.0 2,050 68 
J Junc14------ -- ,o So) 1S,OOO 13 ·24 89 6S6 3;260 262 877 7,CY2.0 1,450 2o0 18 13,200 -- - - 2;920 2,200 69 
4 Juno14·----- -- 71 3o4 14,400 15 o16 83 614 3,090 211> 807 6;780 1,390 2o0 16 -- 12;700 -- -- 2 .. 7.30 2, CY2.0 69 
5 Junel4------ -- 72 8o6 14,000 23 o10 73 551 2,940 198 882 6,260 1,1.30 2o0 2o9 -- ll,900 -- -- 2,450 1,730 70 

6 T Juno14------ -- 70 So) 14,500 22 .10 75 S84 3,120 2l4 832 6,660 1,450 1o0 5o8 -- 12;500 -- -- 2;590 1,910 70 
6 B June 14------ -- 70 8.3 14,300 20 o10 71 S84 3,010 198 844 6,420 1;410 1o0 So9 -- 12;100 -- -- 2,sao 1,890 70 
7 Juno 14 ------ -- 70 So) 14,100 23 o10 73 571 2,990 2o6 82(! 6,420 1,390 1o0 6ol -- 12;100 -- -- 2,530 1;850 7v 
8 Junc14------ -- 70 8o2 13,600 17 .10 71 555 2,900 182 808 6,300 1,)10 2o0 3o9 -- ll1 700 -- -- 2,11>o 1;800 70 
9 Jww14------ -- 69 8.2 14,500 22 .10 71 588 3,150 190 844 6,9.1.0 1,1.30 1o0 5o9 -- 12,700 -- -- 2;600 1, 910 71 

10 June 14------ -- 71 3.0 13,900 26 .10 73 5S3 3,llo 190 816 6,soo 1,370 1o0 7o7 -- 12,200 -- -- 2,400 1,790 71 

ll June 14·----- -- 70 8o2 13,900 20 ·14 73 553 2,990 190 822 6,260 1,370 loO 5o7 -- ll,900 -- -- 2;/J,o 1,790 71 
12 JunelS------ -- 62 8. :! 16,300 25 .14 75 683 3,630 211> 919 7,650 1,640 1o0 6.7 -- 14,400 -- -- 3~000 !,2SO 70 
13 J~~no18------ -- 63 6o4 16,200 22 ·14 75 676 3,600 222 9;<5 7,530 1,620 1.0 s.o -- 14;200 -- -- 2;9'30 2;220 71 
l4 J.:ne 18 - - - - - - -- 63 8.6 16, 300 6.0 o20 79 687 3,570 333 8IJ7 7,730 1,600 2.0 4o4 -- 14;5<Y\ -- -- 3,020 2, 290 69 
15 Junc 18- ----- -- 63 6.7 15,600 4o2 .16 75 672 3,430 309 903 7,490 1,560 2.0 2o4 -- 14,000 -- -- 21 95C 2,210 69 

16 Juno HI------ -- 63 8.2 15,900 17 .16 '{3 656 3,420 317 833 7,570 1,56o 2.5 6.3 -- 14,100 -- -- 2;800 2,16o 69 
17 T June 1S ------ -- 64 8.) 16,300 9o9 .16 69 672 3,490 317 915 7,690 1;600 2.0 5·4 -- 14;300 -- -- 2,~~ 2,190 69 
17 3 Juno 18 - - - - - - -- 64 8.4 16,400 16 .20 69 665 3,6oo 317 922 s,ooo 1;660 loS 6.6 -- 14;800 -- -- 21 99C 2,230 70 
18 JunclS ------ -- 63 s.5 16,300 6o3 .20 79 695 3,.520 317 999 7,840 1;620 lo5 3.8 -- 14;600 -- -- 3;0~~ 2,230 69 
19 Junc\9 ------ -- 62 Bo5 15,400 7.2 .12 79 6/J> 3,320 293 879 7,370 1;~~ lo5 4·7 -- 13,700 -- -- 2,85 2;130 69 
20 June !<> ------ -- 6J 8o4 14,;oo 7o1 .16 75 574 2,940 285 839 6,420 1,430 loS 5o3 -- 12,200 -- -- 21 55C 1, 960 69 

21 J~~ne 18 - - - - - - -- 64 s.s 15,500 13 .20 79 650 3,280 293 887 7,370 l,5f~ 1.5 5o9 -- 13,700 -- -- 21 S7C 2;140 69 
22T June l S ------ -- 65 8.4 1S,OOO 19 .20 73 630 3;200 285 803 7,090 1,51 1.5 S·3 -- 13,200 -- -- 2,77C 2, o6o 69 
220 June 18 - - - - - - -- 65 llo3 16,100 7o9 .19 63 674 3,650 376 900 7;730 l;?~ 2.0 s.o -- 14;700 -- -- 2,93C 2,190 70 
<J June16 --- --- -- 65 So2 15,800 6oS .14 65 674 3,46o 376 891 7,570 1,66< 2o0 8.3 -- 14,300 -- -- 2,93C 2;200 69 
24 June 18 ------ -- 62 8oS 14,soo 4o4 ol5 61 594 3,190 297 839 6;740 1;~ 2o5 4o0 -- 12,900 -- -- 2, 59C 1,9001 70 
25 JunelB------ -- 63 8.4 15,600 4o4 .16 67 648 3,480 228 899 7,4l.O 1,62 2.4 4o0 -- 13,900 -- -- 2,83C 21 CJ}OI 71 

2o June 1s ------ -- 63 8.6 15,800 J.O .12 57 674 3,560 226 914 '7,530 1:~ 2.0 2o0 -- 14,200 -- I -- . >,n~ 2,160 71 
27 T June l8 - - - - - - -- 6J 8.4 lS,SOO 7o9 .17 65 683 3,440 256 903 7 ,uo 1, 2.0 5·7 -- 14,000 -- I -- 2,97 2, 230 69 I 
27 D June 18 ------ -- 63 8.2 16,200 12 .13 69 683 3,610 327 917 7,920 1,72 2o 5 10 -- 14,800 -- -- 2, 98 2, 230 10 I 
28 Juno 1S - - - - - - -- 63 1.!.2 1S,800 8.3 .14 61 661 3,520 ~67 903 7,690 1, 70< 3o9 7o9 -- 14,400 -- I -- 2, 95 2, 210 70 
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UNITED STATES DEPARTMENT OF THE INTERIOR-GEOLOGICAL SURVEY-Water Reeoure11 Oiviaion SO-'f8' 

_ _jA~'illi_S tJi....llp~eril~slJoLakiiUI::-, ---= ~ Ngrth Dakpt,a ..... 
TABLE 4 

()foinoge 'area ----- I QUOtl m1111 

IUDeral con.t.it.uento, 1n ~· 
,. per II1111GII, Uld relat.ell Jlh¥•1cal _ _,_m., •t.er TMI' Oct.ob•r , t.o Sopt.eober, .... 

~-
SpecUla .._! D1•oo1ved SoW• llardn~~ •• Ret or-

1 die- ccmduct- Cal- "-1- p~ Cb1.oo n.o- Ni- CaC Per-
Da\e or CollMt.ta obars• !Pen- pH COl Silica lrGD cs- neaila s.u. t.ae- "-'• lllllaM rtdl rtdl t.rat.o ... P~• Tou T0111 .... t. ence m (SSD2) (Po) <•> (I) Hem- So-I'IWIIber (•--.1- (llic~ (Co) (lfc) stla <a:o, > <ao,.> (Cl.) (P) (,.,) ... per per 

toot.) bo•) (I) 
a:~ To\&1 Car- dillll 

\ .w1CII dq bollah 

1 "'- 18, 1949 - - - -- 6S 8.7 38,800 7.0 0.21 16 2,060 ilO;JOO 755 1,870 ~.aoo 4tCUO 3·4 3o0 -- 41;300 -- -- S,SlO 6;980 70 
2 .r.-18------ -- 64 8.7 38,400 6.8 .20 18 2,01,0 ~~00 791 1,870 ~;200 loeC80 3.9 3·7 -- lolt300 -- -- ~~ 6;900 70 
3 f .,_ 18 - - - - - - -- 64 e. a 38,500 S.6 .11 1.8 1,950 ,300 851 1,8110 24.000 )j860 ,.,. .a -- 41,900 -- -- 6;S20 71 
3.1 .llme18------ -- 64 8.7 38,500 , 7.7 olS 21 1,~ ~~00 754 1,190 22,900 3;860 3·4 •• -- 1,0;700 -- -- 7;: 6;270 '72 
4 olune18------ -- 64 8.7 38,300 5·9 .oe 19 1;860 ;300 102 1,870 22;'100 3;11.0 3.4 1.0 -- 1,0;500 -- -- 7;~5( 6;170 '72 

s~ oluoe18------ -- 64 8.7 38,300 9.2 ·09 26 1,870 0,300 102 1,860 ~.500 3,'190 3·4 1.) -- 41,300 -- -- 7,7 6,220 '72 
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UNITED STATES OEPIIIRTMENT OF THE INTERIOR-GEOLOGICAL SURVEY-Water RoiOUrces Division 

- llprt,b pa!!pta. - OrolnOQt area ---- - IQuOrt n•utes 

lUMnl ~1tllria, ill -- per II11Uall, Ull relAted phJw1cal -au.-nt.a, ""ter ;rear October, , ._, Sept.tllber, . . ... tr- Speoillo Dieao1...S SolJda 
Refer-' ~, 41e- .... \- ~ ..._ 

·~ llNr- Cb1ooo n-. N1-
ence Date of CollM\Sa (:::. 1!-- pB - swea I.- ... DOC. ...... '- ...... aaataw rS4o rSAo t.rat.o ..... P&l'tl T011a Tcna 

IIUJiber ~ ("'- (SSD2 ) (Po) (Ca) (Ill) <•> c-. <a,> (804) (Cl) (r) (~) (I) 
Pll' 

per per 
t..t.) liN) (I) lllll1e ~= de,r 

I 

1 .111118 16, 1949 - - - -- 65 7.8 7,'1/IJ u Oo20 1S6 310 1.J50 80 41/J 2,980 880 1o0 )o4 -- 5)990 -- --
2 JUDOt16------ -- 65 7o8 7;810 17 ·4P lS6 323 l,oi!DO 80 1,)8 3,000 8IIS 1.0 5o4 -- 6;090 -- --
3 "--16------ -- 6S 7o6 7,840 18 o20 lSO 318 1;380 68 416 3,020 890 loO 3.6 -- 6;060 -- --
4T "'-16------ -- 6S a.o 7,170 i8 .20 lS6 3)0 1,31/J '72 w 3,G20 872 leO 4o7 -- 6;Q)O -- --
48 "'-16------ -- 65 e.o . 7,'190 14 o20 U2 3aJ 1;330 '1'6 l;Jil 3,100 ll7S 1.0 So9 -- 6;100 -- --
5 ·"· "'-16------ -· 6S a.o 71760 lS .20 156 320 1,310 120 444 2,920 880 loO 5·4 -- S,9SO -- --
';~ T • Top 

B- Bot.tom 

.. 

• 

so-t( 

TABLE 5 

~~-· Pe.-1 
c•t. 

II em- ~ 
Tot.al Ca.- .u .. .._ ... 
1;660 1)300 62 

i:: 1;360 63 
1,31/J 63 

1:~ 1;390 61 
1, 1,350 62 
1;nc 1,3SO 61 
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. . c!cr~ 
C!lC8 

number 

l 
2 
J 
4 
5 

6 
7 
a 
9 

10 

a 
12 
13 
14 
15 

16 
17 
18 
19 
20 

2l 
22 
23 
2.1, 

25 ~ 

27 -
28 
29 
JO 
31 
32 

UNITED STATES DEPARTMENT OF THE INTERIOR- GEOLOGICAL SURVEY-Wot•r R•10urc., Oiviaion 
Miacel.lanooua lako &.'ld other 

H1neral constituents, in nA..t.o 

Mean Spec1t1c 1 
di ... - CGDdllct.-

Dat.o ot Collect.ioD cbu'ge per a- pH anc• Silica 
(a9COIIII- llrO (!lie~ (5102 ) 

t eet.) ( "F ) boo ) 
1 Ql.Q 

Hission J3a¥ 6/ 20 -- 65 8o9 ll,600 13 
Spri.n;; Lake 6i~~ -- 68 8o2 5,410 13 
Buck Ti;:e1· Bey 6/~9 -- 69 8o4 16,200 49 
Wood L.>ke 6/16 -- n 8o2 647 13 
Square Lake 6/ 20 -- 68 7o7 4.38 12 

~lal.l.arJ Lake 6/';'.0 -- 69 7o9 760 15 
Horseshoe Lal::e 6/'20 -- 71 8o9 a,09o 20 
Bat t l e Luke 6/20 -- 65 9o0 358 29 
Shin Bone Lake 6/20 -- 68 s.s 2, 480 33 
Elbcr,., Lake 6/20 -- 66 a.s l,lo60 13 

Free Peopl e& I. 6/20 -- 72 9o0 u ,2oo 38 
i!osc La..'<:e 6/ 20 -- 68 7o4 1,390 19 
S"ol\.'1 Lake 6/20 -- 67 7·3 1, 270 14 
Coon L.>ke 6/20 -- 70 7. 6 1,470 25 
Stink Lake 6/17 -- 63 9o) 23,900 17 

Silvo1· L.>kc 6/17 -- 63 7o) 508 ll 
Policau Lru:e o/ 20 -- 65 7o5 562 20 
P.oWld L:..~c 6/20 -- 65 7o4 783 25 
Lon,:: !.a) :e 6/20 -- 65 7o9 1,600 5·0 
SU: lill.c Ba..r 6/ 20 -- 60 7o9 3,370 16 

C.ranhcrrj' La! ~e 6/ 17 -- 56 9.8 25, 1,01. 22 
r :o .:l ~ant. Lal<e 6/17 -- 60 7o6 <>t:O 26 
'twi.'l Lake• 6/ 20 -- 66 8o4 1,140 7. 6 
Sv•ot.wnt<r Lake 6/19 -- 60 1·4 650 29 

Jirl' LaY.e 6/ 19 -- 60 7o4 380 12 
•' 
X..C ~u;t ' iort cs 6/19 -- 59 7·5 567 24 

.~.ne l..oke 6/19 -- 58 7o3 487 27 
a...vais CouleeJ./.6/19 -- 62 7. 5 70l .u 
llauvai:l CouJ.HV6/17 -- 61 7.5 483 24 
S.....et. Creek 6/19 -- 58 1·3 590 23 
Mouv&ia Coul"l/6/20 -- 62 7o3 553 18 

}/. Near Condo. 
3/. Below Churcho F IT1· 

.inc o Jl At Benaon- n-, County Hi 
"""" llo. 

9. 

~ Hprtb P:tkgt.a -per 111ll1oa, and relAtecl phJ'Iical -w.-nta, watezo 1ear October , 

! 
Cal- Mag- Po- BlNr- Cillo- Plao- Ni-

!rOll ciu neei1111 s.u. t.a... a....t.e EMaw ride ride t.rat.e (Fe ) (Ca) ( llg) (lie) su (11:0:3) (S04) (C1 ) (F) ( NOJ ) 
(It ) 

o.l!. 26 421 2, 290 228 403 4,990 1,170 loO Oo9 
o06 112 280 819 55 455 2;300 380 o4 lo) 
o40 120 708 3, 470 216 856 7,360 1,600 lo4 )oO 
oOB 27 55 27 9o6 332 72 7o5 . 2 l oS 
o08 33 22 22 u 208 60 4·0 o2 loS 

.08 78 34 52 So6 524 l/, lo5 o2 2o7 

.03 30 31 1, 890 78 1,420 2,100 770 .s lo4 
o06 14 28 19 8.e 2ll 18 10 . 2 1o0 
.06 16 30 53~ 50 1,230 109 180 .2 2. 6 
oOB 20 41 268 22 703 l6o 50 . 2 1 . 2 

o60 80 97. 21 Sl0 104 2,140 J,uoo 800 oB )oO 
. 02 76 45 153 14 268 4.31, 47 ·7 6. 5 
. 02 74 48 ll8 14 247 402 ~~ o6 3 o3 
. 02 108 '18 97 15 35S 504 o!l 6.1 
.w 41 590 6, 370 185 551 13,000 1,670 3·4 2.1 

. 02 4S 17 27 9o6 222 54 "!.'3 . 6 4o9 

. 02 56 24 27 10 293 42 12 . 6 J oS 

.02 45 36 n 15 223 194 21 o6 6o6 

. 02 '(') 32 144 30 305 536 55 . 6 ).8 
o02 61. 120 4813 52 409 ::.,150 219 .a 4ol 

.02 ,,.c 5o0 8, 220 65 B, G90 9,730 591 -- - 3 o8 

I 
. 02 4! 35 39 BoO 2'}6 l OB 2oC o5 5. 1 
. 04 3'7 65 101 26 289 312 4.3 . 2 2.3 

I 
. 0!.: . tiJ 26 23 9o6 258 ~i 13 o2 4·5 
o04 42 14 8.2 11, 230 a. 1. .2 1.6 

o04 66 23 21 6.~ 3()-J 50 6. c o2 6. 2 
·04 46 19 34 ~45 46 10 o2 ) .6 
o04 64 35 34 s.~ 350 83 14 o2 loO 
· 04 49 l5 13 12 236 36 9· . 2 SoC 
o04 ~5 23 35 "'·~ 302 58 9·5 o2 l o9 
o04 49 20 27 16 264 51 14 .2 lo4 

, to !:ep tsnber, 

Diaao1vecl Sol:l.<h 

Jo,. Part a T011a Toruo (B) per 
Pft' per 

.uliCIII a~~= dq 

-- 9;340 -- ---- 4;190 -- ---- 14,000 -- ---- 384 -- ---- 282 -- --
-- "498 -- ---- 5, 630 -- ---- 320 -- .. --- 1, 570 -- ---- 944 -- --
-- 8, 600 -- ---- 929 -- ---- 888 -- ---- 1, 030 -- ---- 2'::, 200 -- --
-- 324 -- ---- :362 - .-. ---- S)8 -- ---- 1,080 . - ---- 2132C -- --
-- 23,10C' -- ---- J,SI., -- ---- &l2 -- ---- 450 -- ---- 232 -- --
-- 390 -- ---- 346 -- ---- 468 -- ---- 324 -- ---- :390 -- ---- 366 -- --

TABLE B 

~~as Per- I Ca cent 
llcn- So-

Tot r '. Car- dillll 
bonate 

1,800 1;470 70 
1,4.30 1, 060 54 
3,2~~ 2, 510 68 

29 22 16 
173 2 20 

335 0 25 
203 0 93 
15i: 0 20 
1~~ 0 84 
219 0 70 

5~~ 0 90 
37 155 46 

~~ 179 39 
296 26 

2, 53C 2,080 83 

19~ 8 22 
2~~ 0 19 

;~~ 78 36 
269 36 

65:3 318 60 

3 0 99 
259 16 24 
36C :!.23 36 
25 45 16 
16 0 9 

259 6 15 

j~ 0 28 
17 19 

181 0 16 
23 0 24 
20! 0 21 

LOW· I 



lMIIITEO STATES DEPARTMENT OF THE INTERIOR-GEOLOGICAL SURVEY-Water Resourcea Oivilion 

R!!d Riyor of t he North Ba!!in No~: ------------ Oro•nOQI area ------ square m1111 

TABLE I~ 

I& •• I! ; , re c -IN.-nt t. e, • er 7 .. r Ot.ob c er, , to s t.eb lp or, 
liND 

~-
SpeciAo Dioaolvecl So1kl a ll&r<lneta ._. 

eli It- OGDdlact.- Cal- Ill&- Po- ~~leu- Cb1o- "-" Ni- c~ 
Per-

Dete of CoUec\ta ollu'le tpere- pll uoe Sillce li'CIII o'-t n•ei• Secl1a tat- bolle\e ..U.k ride ride \rate 
._ 

Pane Tcce Taruo cent 
(-..1-~ (lllcl- (5102) (re) (Ca) (lie) <•> slla oco,> (804) (C1) (r) ('"'J) (8) ..... per per N- So-

f•t) bN) (It) IIU.llCIII ~== dq Total Car- dlla 
bonate 

J. 1-.iver f ·the i!orth t !".lri!O · !! . il:lk . 
l.ey 16, 1949 - - - - -- 7·~ 645 9.0 o.os 58 36 22 274 l~ e.o 0,1 1.2 0. 18 1,99 -- -- 301 76 14 
June 21 ------ 76 ?.6 497 9.6 .10 49 34 2. 5 252 J •• J~ .l 1.2 · 14 :m -- -- 263 56 2 

J: cd F vcr of ~lle llorth at rancl Fo s il . il '• Ma,;28------- -- ?oB 602 13 .10 
~ 31 17 2o0 101 7.0 .1 1. 5 .u 405 -- -- 292 79 ll 

J WlO 22 ------ 69 8.; 612 16 .02 26 18 1.6 186 108 7·0 .1 ·1 . 63 372 -- -- 237 81, 14 
She: enn' Ri ver a t She en:>e Jl , D>k . 

Mar. 31 ------ -- 7o6 2,170 30 .06 103 ~.5 J?'+ .1,.12~ 316 45 . 2 1.1 . 72 1,1.00 -- -- 652 0 50 
Apr. 7 - - - - - - - -- 6.9 169 10 .04 14 ll 25 2.0 .o 2. 5 , (Y.) ll1 -- -- 58 7 30 
Ma;r 2 ------- -- 7·4 647 21 .02 36 21 78 276 102 9.0 .2 1.6 .;2 444 -- -- 177 0 49 
June 13 ------ 75 9,6 980 13 .02 25 40 138 c~ 146 19 .2 1.; . 40 678 -- -- 227 0 59 

evan."e liver at V3lJ., ! Oak , 
lla¥12------- 63 7.1. 760 22 . 02 67 30 59 ~~ 140 16 .2 2,2 . 23 520 -- -- 291 43 31 
June 21 ------ 68 7o7 813 18 . 02 67 34 6G 166 16 .2 1.3 . 24 567 -- -- 307 53 32 

hevenn' Ri ·tor at. Wea F.n-.'!0 l . 0:1!-'. 
Ma,yl6 ------- -- 1·3 695 22 .02 68 25 49 271 122 19 .2 1.4 · 23 1.,67 -- -- 7.73 51 :!5 
"''.'le 2J. ------ 67 7·4 ij 901 19 .02 78 35 72 356 11,6 35 . 2 1.6 .29 606 -- -- 339 43 32 

Gooao I ll.ver near Por' ~llL'lli i·i. 4;s Ua.r 19 - - - - - - - -G4 J : l?·~ 4170 18 .10 139 ;~ ~ ~~ 18 .2 1.1 . 25 867 -- -- 561 264 l S 
JWlC 21 ------ 7.6 1,030 22 .10 139 292 16 .1 :0..6 . 23 748 -- -- 557 303 4 

GOose iver at. _lfUl. bQro. l! . 0~~ . 

~""' 19 - - - - - - - -- 7·5 1,380 19 .02 158 ~ 97 3oO 456 50 ,a 1.6 . 42 1,020 -- -- 633 338 25 
.iWJe 21 --·---- 67 7·5 1,190 24 .10 122 64 294 340 43 .1 1.5 3' 876 519 278 21 ~1c . ) -- --

Rinr at "' "', H. la." • 
Uql6 ------- -- 7·5 1,290 14 .12 105 ~r 10! 342 298 71 . 2 1.0 .:n 886 -- -- 456 176 34 
June 21 ------ 67 7.6 1,310 10 .10 64 1.43 256 325 92 .2 1.2 ·42 1379 -- -- 369 159 iJ> 

Bqf_.(al! R~ve~ near D ~worth, ~:inA. 
~11! ------- -- 1·1 836 27 .02 100 ;~ .lL1 m 204 · 5 .l 2.0 -- 615 -- -- 455 182 7 
J~&no 2J. ------ 68 7·5 664 12 .02 70 106 5. 2 .2 1.2 . 20 455 -- -- 3S4 110 2 

Wlld E lee Rivor at endnml ~. 
June 2l ------ 67 ?.4 564 18 .02 67 IIJ a.; 3lo ll2 2.4 . 2 lo4 .19 393 -- -- 332 73 5 

Ha&-a l:iver na.:u· s elbv 1· 1:\ . 
Juno 2J. ------ 67 7·4 567 16 .os 67 ::.!'La}, 3.0 ks~~ ilb · 5 . 2 1.8 .11, 400 -- -- 316 S6 ll 

Rivet' "t Cr ann. 
!lao' 18 - - - - - - - -- 7o5 502 11 .10 63 ~ 2·3 ~.22 ll2 .o .1 1.2 .02 323 -- -- 264 82 2 
Juno 21 ------ 67 8.3 575 2J. .02 67 2J. .8 2l2 139 .o .1 .9 .48 379 -- -- 270 96 14 

I 

LOW- I 
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