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CHEiaCAL .OALYSES OF SURFACE \VATERS OF KISSOURI. -

INTRODUC~IOl!I 

This investigation-was made by the ~aaouri 

Bureau of Geol.ogy and Kines. The resu1ts of the anal.ysea 

of surface waters of ~ssouri are publ.ished el.sewhere. 

The obJect of the ~vestigation was to 

obtain information as to the ohemicala character of the 

river and spring waters of' the state, such information 

being valuable and interesting to the industries and 

geologist as well. as to the oonaamer of such waters. 
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The work for this ~vesttgation was s~ted 

in June 1925 and was continued intensively during the entire 

summer, a -rew additional. aUtpl.es being analyzed during the 

·spring and summer of 1926. 

~e samples were ooll.ected by members of the 

Water Resources Branch of the Un1te4 States Geol.ogical 

Survey, and the fiel.d ataff of the Bureau of' Geol.ogy and 

~a. The turbidity de~erminat1ona were made by the Sta~e 

Beard of Heal.til.. 

The entire state was covered in an attempt 

to aeoure at l.east one aamp1e tram each section. Fewer 



analyses are reported for the area north of the Missouri 

River than the area south of the ~ssouri River for 

several reasons, one of which is that there are fewer 

springs. Of' the 92 springs samp1ed, only two are located 

north of the Missouri River. PraotioaJ.l.y all o:f the 

springs sampled are located in the area underlain by 

.a1ss1ssipp1an and Cambro-Ordovician rocks. Furthermore, 

there are fewer large rivers north of the ~ssouri River. 

In s;_everal aases, samples of the aame river or spring 

were taken but at different tLmes. 

Of the 2.37 analyses reported, 114 are of river 

waters, 92 are of spring waters ant 34 are summaries. 

Seven analyses are by w. D. Turner, 26 are by Herbert w. 
Mundt, and 173 are by w. D. Turner and Herbert W. Mundt. 

SAMPLING. 

The samples were collected in ·one-gallon glass 

bottles which were rinsed with the water to be sampled 

before the sample was taken. Samples of streams were 

taken as nearly as possible in the center, by holding the 

mouth of' the bottle against the flow, about four inches 

below the surface. Samp1es of the springs were secured 

at the mouth o~ the spring whenever possible. The samples 

were packed four to a case, and shipped to tm laboratory 



as soon as possible after being collected. 

On reaahing the laboratory, the samples were 

filtered to remove suspended matter, but a portion for 

the determination of suspended matter was first removed , 
if the quantity was large. To insure uniform! ty, the 

samp1e was Shaken vigorously before each succeeding part 

was removed. About two liters were filtered and portions 

were taken as fol1ows, the eon8t1tuents written together 

all being determined on one portion& 

Constituent determined. 

Siliea,calcium, and magnesium •••••••• 
(Sodium and Potassium} as sodium •••••• 
Carbonates, bicarbonates,and sulphates 
Ch1oride,s •••••••••••••••••••••••••••• 
Nitrates •..•••••••..•...•.•.•..•....• 
Iron •••••••••••••••••••••••••.••••••• 
Total solids ••••••••••••••••••••••••• 

Amount taken. 

500 00 
250 00 
200 oc 
200 oc 
100 00 

50 00 
100 00 

If' the constituent to be determined was present 

in large amounts, the portion taken for the determination 

was smaller than given in the above table. For the deter­

mination of' suspended matter, 100 oc was taken if the 

waters were excessively turbid or mud~. From waters 

which contained but small amounts of suspended matter, 

4 

1000 oo was taken for the determination of suspended matter, 

the filtered portion being used for the other determinations. 

DISSOLVED MINERAL CONSTITUENTS. 

Sllioa: 

Sil.ioa is assumed to be present in ooll.oidal 



state. Summaries by drainage basins show about 5 to 15 

parts per million. 

Iron: 

Iron occurs in all the waters but rarely 1n 

quantities greater than two parts per million. 

Calcium and Magnesium: 

Calcium and Magnesium are dissolved in all the 

waters in appreciable quantities, the amount varying with 

looality of the state from which the sample was taken. 

They are responsible for the general high hardness of the 

wa tem analyzed. 

Sodium and Potassium as Sodium: 

Sodium and potassium are dissolved in near~ 

all of the waters analyzed, the aDtounts usually being 

smal~er in sampl•s of spring water and larger in the 

samples of river water but varying with the locality of . 

the state from which the BaiJlple was taken. Large amounts 

promote foaming and priming in boiler waters. 

Chlorides: 
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Chlorides are usually low, occurring in increased 

amounts in more thickly populated districts. Spring waters 

in general do not contain much chloride and some of the river 

waters have but small amounts. Except in waters from the 

larger rivers, the content is too amall to have any effect 

on 1n4uatr1al prooesaes. . 



Nitrates: 

Nitrates occur in negligible quantities in 

practically all of the waters. 

METHODS. 

Tu.rbidi ty: 

Turbidity where reported was determined in the 

State Board of Health Laboratory. 

To tal Suspended 1~/fa t ter: 

For waters that contained sus:Q)ended rra tter in 

large amoilllt, {principal~y :Missouri Riv·er, Mississippi 

6 

River and rivers in the northern part of the state) 100 o.c. 

of 'Wlfiltered water were evaporated to dryness in a tared 

dish and the amount of suspended matter plus total dissolved 

solids, determined on a filtered sample, was deducted leaving 

the amount of suspended matter. This method was necessary 

because of exceedingly slow filtration when the usual method 

was used, i.e. filtration through an asbestos padded Gooch 

crucible. For waters having but a small amount of suspended 

matter, the usual method, filtration of 1000 c.c. of water 

through an asbestos padded Gooch crucible, was used. 

Volatile and Non-volatile Suspended Matter: 

After obtaining the weight of total suspended matter, 

the crucible was ignited, cooled, and re-weighed and amounts 

of volatile and non-volatile suspended matter derived from 

the weights so obtained. 
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Coefficient of Fineness: 

Coefficient of fineness is the ratio of the 

suspended matter to the turbidity and is a measure of the 

size of the partiale·s in suspension. As the coefficient 

becomes greater so will the remova1 of suspended matter be 

accomplished with greater facility. 

Sil.iaa: 

Silica was obtained by evaporation with hydro­

chloric acid, dehydration and filtration; ignition, cooling 

and wetghing before and a~ter adding sUlphuric acid and hydro­

fluoric acid was required to determine true silica. 

:rron: 

:rm.n was determined by the colorimetric sulpho­

cyanide method, the comparison being made in a Duboaoq 
l 

co~orimeter. Nitric- acid was used in place of hydrochloric 

acid since the color produced by the addition of sulpho­

cyanide is deeper and does not fade so rapidly. Also the 

necessity of using potassium permanganate to oxidize the 

ferrous to ferric iron is obviated. 

JJ.umina: 

£1nm1na is not reported because of the genera~ly 

minute quantity present. In such ama~ quanti~ its condition 

and effeot would be negligible in most industrial ~rocesses. 

Cal.oium: 

After r«moving silica and combined oxides, calcium 

! Letghton.Jrarahall o •• Fie1d assay of water--u.s.Geol.survq 
Water Supply and Irrigation Paper No.l51--pp •• 6-lV 1905. 
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was determined by precipitation with ammonium oxalate which 

was added in excess to the faintly ammonaical boiling solution 

aontaining calcium and magnesium. After filtering and thorough­

ly washing, the calcium oxalate was dissolved in dilute 

sulphuric aoid, heated and titrated with a standard solution 

of potassium permanganate. 

Magnesium: 

Magnesium was precipitated in the cold filtrate 

from the calcium by the addition of a solution of miorocoamio 
2 

salt. Concentrated a~nia was added equal to one-tenth-the 

vo~ume of the solution. Filtration, washing, ignition, cooling 

and weighing o1 the precipitate was carried out after the 

solution had stood over night or at least twelve hours. 

Sodium and Potassium as Sodium: 

In as mu.ch as the ~uantity of water was sufficient 

to warrant it. a separate portion was taken for this determina­

tion inst~d of using the filtrate from the sulphate determina­

tion. Magnesium was removed with barium hydroxide and after 

filtration and concentration, calcium and barium and other 

impurities were removed by repeated treatments with ammonia, 

ammonia oxalate, and ammonium carbonate. Aamonium salts were 

ex:pelled by evaporating to dryness and heating after each 

treatment. The treatments were repeated until no apparent 

impurities remained. The small volume of solution containing 

the sodium and potassium together with.a few drops of 

.i Large amol).nts of ammonJ:wn hydro~e added here are dia­
advanta.geoua --Bul~etin U.S.G!fil.. Survey l.'16--P.66--1900. 
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concentrated hydrochloric aaid, was evaporated to dryness, 

heated to about 600°0., coo~ed and weighed as sodium and 

potassium chlorides. Because of the small quantity of 

potassium in most of the waters, it was thoughtunnecessar,y 

to separate sodium and potassium. They are therefore cal­

culated and reported together as sodium. The error involved 
1 

in thus reporting is negligible.-

Carbonate and Bicarbonate: 

Carbonate was determined by adding phenolphtalein 

to the sample. If a pink color was produced, titration with 

standard acid to a colorless end point was required. ~ter 

recording the amount of acid required for carbonate, or it 

no color was produced with phenolphtalein, three drops of 

me~l orange was added and the tiiration continued to the 

usual end point. From the size of the sample, the normality 

of the acid and relation between alkalinity by phenolphtalein 

and by methyl orange, the amount of carbonate and bicarbonate 

were aaloulated. 

Sulphate: 

Sulphate was determined on the portion used for 

carbonate and bi~arbonate. After the addition of a few c.c. 

of hydrochloric acid, the sample was heated to boiling and the 

sulphate was precipitated as barium sulphate by the slow ad­

dition of barium chloride. The precipitate was filtered, 

washed:. , 1gn1 ted, cooled and weighed. 

1 Do1e R.B. Jnal¥ses of Waters East ot the One Hundredth 
- Jleridian, Water Supply Paper io. a36, P• 33--1909. 



Chloride was (letermined by adding 1 c.c. of 55~ 

potassium chromate solution and titrating with standard 

silver nitrate to the customary end point. 

Nitrate: 
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For the determination of nitrate, the water was 

evaporateQ to dryness with two o.c. of a 10% solution of 

sodium carbonate. After adding two o.c. of phenosulphonic 

acid and making alkaline with ammonium hydroxide, the 

yellow color developed was compared with similarly developed 

shades of known nitrate content. The comparison was made 

in a Dubosaq colorimeter. 

Blanks: 

Blank determinations were made on all the regular 

methods. The amounts found were deducted, where required, 

from the regulaD determinations. 

Hardness: 

Total hardness has been calculated as calcium 

carbonate from determined calcium and magnesium, assuming 

magnesium to be present as calcium. This is, in general, a 

more reliable figure than the soap hardness result which 

was found to be at variance with the calculated hardness in 

at least one third of the analyses made. 

Alkalinit,y has been calculated as calcium carbonate 

from the carbonate and bicarbonate computed as carbonate,and repre­

sents temporary hardness only in those cases where sodium 

and potassium carbonates 



occur in small amounts or not at all, since residual 

alkalinity after boiling was not determined. 

Sum of Constituents: 
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The sum of constituents has been reported instead 

of the austomary total dissolvea solids. As the total 

dissolved solids were dried at 120°C.,it is probable that all 

of the occluded water and the water of crystallization was 

not driven off. Further, if there were much organic matter, 

part at least would be carbonized and some of it would be 

completely destroyed if a higher temperature (l80°C.) had 

been used. It would seem, therefore, th&t the sum of the 

constituents would more accurately represent the amount of 

mineral matter dissolved in the water if the quantity of 

organic matter were small. The bicarbonate, of course, has 

been calculated to carbonate and is included as such in the 

sum of the constituents but the negligible amount of combined 

Oxides was not included. 

Residue after Ignition: 

Residue after ignition represents the amount of 

material remaining after the total dissolved solids were 

ignited at 650° to 700°0. 

J!IVRJSSION OF BEULTS. 

The results are expressed in parts per million 

of the radiClAs determined. For the convenience of those 

who may desire the results in other forms, it may be stated 

that for practical purposes,multiplying parts per million 

by 0.058 gives the equi-va1ent in grains per u. s. gallon 



and multiplying by o.o~o gives the equivalent in grains 

per imperial gallon. 
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The springs and rivers are tabulated separately 

and are further classified according to drainage basins. 

Th~ location from which samples of the rlvers or springs 

were taken appears on one page with suah information as 

is relevant and the ana~sis appears on the page directly 

opposite. Eaoh location is given a number which corresponds 

to the analysis on the opposite page having a like number. 

The drainage basin and soUPcea are arranged alphabetical~. 

Summaries of individual drainage basins are reported. 

ACCURACY. 

Established methods were used in making the 

analyses and the manipulative technique was accompanied by 

the necessary care. The analyses have been a:arefully 
1 

checked for indications of errors. Stabler's-method for 

computing per cent of error was applied to all analyses 
2 

and together with Dole's-table of criteria for accepting 

analytical data, formed the standards to which all the 

analyses conform. 

1 Stabler, Herman,-.Some Stream Waters of the Western United 
States, u.s ... Geol. Survey, Water Supply Paper No. 274 
p. 167 -- 19~1. 

2 Dole R. B. Analyses of Waters East of the One Hundredth 
- Meridian, Water Supply Paper No. 236 P• 38 --1908. 



Tables of Analyses 

of River and Spring Waters. 



NOTE: 

Pages 14 to 28 inclusive - Analyses of the 

waters outlined in index. These analyses are being 

published as Chapter Five of Volume XX, Water Resources 

Of 1v1issour1. rrhey Will :probably be returned by the 

printer about July lat, 19~7, and placed on the pages 

above mentioned. 



INDUSTRIAL APPLICATIONS. 

General Uses of Water: 

Water is consumed in large quantities for 

domestia use, laundering, steam making, and various 

industrial processes. The requirements are not alike 
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in all cases. Generall~, as the amount of dissolved 

mineral aatter in a water decreases, its acceptability 

for all uses increases. For domestic use and the prepara­

tion of food products, potable water is required. For 

la'Wldering, steam making, and many other industrial 

processes soft water is required. 

Potab111tz: 

A water to be potable should be free from 

disease germs and organia or inorganic matter in 

suspension, possess no color or disagreeable odor, and 

shou1d not contain excessive amounts of dissolved 

mineral matter. The fol~owing requirements for potable 

water are taken from Reprint No. 1029, u.s.Public Health 

Service, pp. 24-25. 

PHYSICAL CHARACTERISTICS. 

~. Turbidity should not exceed 10 {silica 

saa1e), and in general it should not be more than 5. 

2. Color should not exceed 20 {standard 

aobalt scale), and preferably should be less than 10. 

3. There should be no odor or hydrogen 

sulphide, chlorine, or any other substance, and the water 

should be tree trom odors caused by the presence of 



microscopic organisms. 

CHEMICAL SUBSTANCES WHICH :MAY BE PRESENT IN NATURAL WATERS, 

~.Lead (Pb) shall not exceed 0.1 p.p.m., and 

copper (Cu) shall not exceed o.a p.p.m. 

~. Zinc {ZD) shall not exceed 5.0 p.p.m. 

~. Su1phate (so.) should not exceed 2J>O p.p.m. 

4. Magnesium (Mg) should not exceed 100 p.p.m. 

5. Total solids should not exceed 1,000 p.p.m. 

6. Chlorides (Cl) should not exceed 250 p.p.m. 

7. Iron {Fe) Should not exceed o.~ p.p.m. 

Most of the spring and some of the river waters 

analyzed would be potable without treatment. Coagulation, 

filtration, sterilization, and softening could be used 

separately or in c®mbination where required to produoe 

water suitable for most purposes. 

Hardness: 

Hardness is undoubtedly the most important 

property of a water With reference to its industrial use. 

This is especially true with reference to laundering and 

steam making. Hardness is indicated by the increased 

amount of soap necessary to produce a lather, blt the soum 

which accumulates before a lather is produced, due to the 

formation of insoluble calcium and magnesium compo1mds, 

and by the formation of saale in boilers or any other 

vessel in whioh the water has been heated. 

Hardness is uauall.y expressed as parts per 

million.of ea~oium carbona-t, •. · For example, if a water had 



a hardness of 100 parts per million of calcium carbonate 

it could be stated in a different way that 100 pounds of 

calcium carbonate were dissolved in 1,000,000 pounds of 

water, or on the basis of liquid measure that 100 pounds 
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, 

of calcium carbonate were dissolved in approximately 

120,000 u. s. gallons of the water. With this particular 

water about 6.12 po1Ulds of pure anhydrous or about 1000 

pounds of laundry soap would be used without producing a 

lather in the lBO,OOO gallons of water as this amount of 

soap would be required to react with and effect the removal 

of the oaloium. In laundering, it would thus seem necessary 

to remove the hardness by more economical methods. 

Hardness in the waters analyzed is due to calcium 

and magnesium. They may be in solution as bicarbonates, 

sulphates, nitrates or chlorides. Other elements could 

cause hardness but the ,quantity in the waters analysed 

was not sufficient to contribute muDh, if anything to the 

hardness. 

permanent. 

There are two kinds of hardness, temporary and 

~emporar.y or carbonate hardness is indicated 

when the reacting value of carbonate and bicarbonate is 

equal to or greater than the reacting value of calcium and 

magnesium. Suoh hardness may be almost completely destroyed 

by boiling or heating as the bicarbonate is decomposed and 

the calcium and magnesium are thrown out to the extent of 

their solubilit.y in the water. Alkalinity reported in 

terms of oa1c1um carbonate would be a measure of this 
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hardness if there were no sodiw11 and potassium carbonates in 

the water. If the sodiwn and potassium carbonates were present, 

residual alkalinity would have to be determined and deducted 

from the total alkalinity and the difference would be equal to 

the true temporary hardness. Residual alkalinity determinations 

were not made on the waters analyzed as the quantity of sodium 

and potassium was usually small. Permanent or non-carbonate 

hardness due to sulphates,nitrates or chlorides of the alkaline 

earths is indicated when the reacting value of the ca~bonate and 

bicarbon~te is less than the reacting value of the oaloium and 

magnesium. In suoh waters,the hardness cannot be completely 

destroyed by heating or boiling and recourse must be had to 

ahemioal means for completely removing the calcium and magnesium. 

Softening of Hard Water: 

The hardness of water may be destroyed by several 

different methods. For temporary or carbonate hardness, 

heating is usually s~ficient to render the water soft 

enough for most purposes. A water treated under ideal 

conditions may still have in solution 5.a parts per million 

of ~alcium and 3.8 parts per million of magnesium. This 

v;ould represent hardness of about 27.7 parts per million 

and it would be safe to say from a practical standpoint that 

a water could not be softened to less than 30 to '0 parts 

per million of hardness calculated as calcium carbonate. 

Lime and soda ash are the chemicals UBually used 

to soften water, principally because of their cheapness. 

Lime is added as limewater equivalent to the ~ree ao14a, 
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free aarbon dioxide, bicarbonates, iron, a1uminum, and the 

magnesium. Sodium carbonate in solution is addt;d equivalent 

to the calcium present as su1ph~te and chloride, or intro­

duced by addition of limewater. Naturally if the softening 

is conducted at an ele:vated tem:perature with agitation, there 

will be greater effioienoy and the reaction will take place 

more rapidly. Barium carbonate oould be used in some oases 

in place of sodium carbonate but the poisonous effect of 

even small amounts of barium in the water would not balance 

its usefulness in the removal of sulphates. Its increased 

cost over sodium carbonate would also have to be considered. 

Amoll8 the other substances sometimes used to 

soften water are aOdium silicate, hydroxide and phosphate,' 

barium oxide and hydroxide, aluminum and iron sulphate, 

boiler compounds, which are principally strong solutions 
1 

of soda aah, and the zeo11tes- or exchange silicate softeners 

in which -.e is made of the property of some silicates of 

exchanging sodium for oaloium and magnesiaum. When the 

silicate-: begins to lose its excha.rl8e capaoit7, it may be 

regenerated by passing 1hrough it a solution of common salt, 

which now exchanges sodium for the calcium and magnesium in 

the silicate. "Permntit" {an artificial silioate whose 
I 

formula is approximately 2. S10a .UaOa !laaO + 6 HaO) is an 

example of guoh silicate. The advantages and efficiency 

1 Gans,R. ,on Ze·o11'tes and Similar Compounds • .lbatraote4 in 
Jour. soo. Chem. Ind. Vol. • .n:n pp. 1011 an4 1&61 -- 1~'1. 



of this type of softener are apparent. 

Analyses of water from the City well at Rolla 

before and after being passed through a "Permutit" water 

softener are given below. Results are in parts per million. 

S10a ••••••••••••••••• 
Fe ................... . 
Oa ........ , •••••••••••• 
Jig ••••••••••••••••••• 
(llalC) Na •••••••••••••• 
COa •••••••••••••••••• 
HCOa ••••••••••••••••• 
so ••••••••••••••••••• 
01 ••••••••••••.•••••• 
N'Oa • • • • • • • • • • • • • • • • • • 
Alkalinity as caoo ••.. 
Total hardness as 

CaOOa (Calculated) •• 
Sum of constituents ••• 
Total suspended matter 
Error in per cent 

Foaming, Priming and Corrosion: 

1 
Before-

a.o 
0.34 

49.6 
28.5 

7.'1 
8.4 

261.0 
19.9 
3.2 
o.o 

228.0 

240.8 
2.53.8 

o.1 
+0.8 

2 
.lfter-

10.2 
0.2 
0.4 
0.4 

135.3 
24.6 

272.8 
25.1 
5.0 

trace 
U4.8 

2.6 
335.1 

8.4 
-0.08 

Foaming, or the fcrmation of bubb1es upon or 

above the surfaoe of the water whiah is being used in a 

boiler is usually attributed to suspended or organic 

matter and excessive amounts of sodium and potassium. In 

this oolll'lection; ;t t would seem that the inJudicious use of 

the boiler compounds sometimes used to treat the water 

within the boiler,would increase the tendency of the water 

to foam and their beneficial effect, usually that of pro­

ducing soft soale aould easily be offset by the introduction 

of ~oaming. Small pieces of scale,which have become detached 

.! This sample was taken from water tap at 111.1 State Street 
aDd waa &nal:7se4 July 30, 1925 • 

.! This sample was taken directly from the so1't water tap of the 
aottener and was analYzed Feb. 28, 19a7. 
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from the deposit in the boiler,may also promote foaming. As 

there is no practical way to remove the sodium or potassiUil 

from the water, frequent blowing off or change of feed water 

sup:ply would seem to be the only remedies. Foaming,due to 

suspended matter in the feed water, can easily be remedied by 

coagulation or filtration before the water enters the boiler. 
l 

Aooording to Stabler- waters may be classed according to their 

tendency to foam in a locomotive boiler as follows: 

Non-foaming 
Semi-roaming 

Foaming - - -

- Can be used one week without foaming. 
- Oae. bem:plete olange of water x.oessary, 

to avoid foaming oftener than every 
two days. 

- Foams in less than two days, if 
changing water or blowing off is 
not reso:bted to. 

Priming occurs,if foaming proceeds to the extent 

that water is aarried from the boiler with the steam in the form 

of a spray. It is therefore intimately related to foaming. 

Foaming and priming due to sodium and potassium would 

prohably not ooaur in most of the waters analyzed. Some ot the 

:river waters contain large amounts of suspended matter am 

moderate amounts of sodium and potassium. After removal of 

suspended matter, however, little difficulty should be exper­

ienced because of foaming. 

Corrosi~n-and pitting of a boiler may be caused by 

free acids which may be present in the original water, or 

which may be developed after the water has been heated. 

Substances which undergo hydrolysis, as the salts of sodium, 

potassium, and magnesium cause corrosion. Organic ao1da 

1 Sk'bler, Kerman, Some Stream Wate:ra o~ the Western Uilite4 
- S'tatea, Water Supply Paper llo. ar• P• l.f.& -- 1tll. 



formed by the deoomposi tion of organic rna tter contribute to 

the difficulty. Carbon dioxide either free or evolved by the 

decomposition of calcium and magnesium bioarbonates upon heating 

the water also is important. In other words, corrosion will 

ooour if the hydrogen in any of the acids which might be 1brmed 

as suggested above, is replaced by the metal of the boiler. 
1 

Corrosion may be prevented by allowing a thin film-

of scale to form in the boiler. This will protect the boiler, 

partly because of the ooa ting of scale formed and partly 

because of the alkalinity introduced. Free acidity or acidity 

which may develo:p when the water is heated may be counteracted 

by increasing the alkalinity of the water. The high alkalinity 

of most of the waters analyzed indicates that corrosion would 

not be p1robable. 

Scale: 

Scale deposited within the boiler is due to 

sett.ling out of suspended matter, to preoipitation of 

sparingly solublB oompounds, or to concentration of the 

water. Suoh scale may be hard or soft, depending on the 

insoluble compounds which are precipitated. Calcium and 

magnesium are the predominant constituents of both hard 

and soft scale. As sulpha.tes, they would produce a hard, 

and as carbonates a soft scale. Sodium and potassium have 

no effect on scale formation as their salts are soluble. 

Silica, iron, and aluminum all contribute. to the formation 

of scale but the quantities are unimportant as compared with 

1 Kent Wm •• Bng. Bews Vol. 52, p., 1.98 --1.90.&. - , 
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calcium and magnesium which predominate as scale forming 

constituents in the waters analyzed. For formation of 

soft scale, which can be removed with greater facility and 

is more desirable than hard scale, sodium carbonate seems 
1 

to be efficacious-. Boiler compounds (essentially solu-

tions of sodium carbonate), or tannin, starch, molasses, 

and other organic substances which produce soft scale are 

ap·t to be inJurious because of the :possibility that by their 

decomposition, corrosive organic ~oids will be formed and 

the metal of the boiler will be attacked. 

The most reliable practice is to soften the water 

before it enters the boiler and in this connection pre­

heating or the soda-lime method is suggested because of 

economy. Sulphates could be removed with barium carbonate 

but the expense would probably be prohibitive. 

Other Industrial Considerations: 

In the paper making industry pure water is es­

sential for the manufacture of a uniform high-grade product. 

Alkaline waters which contain muoh iron, suspended matter 

or calcium and magnesium bicarbonates interfere with the 

pulping, siZlng and bleaching of the paper. Acids and 

vegetable coloring matter also have a deleterious effect. 

In ~eing and bleaching, suspended matter, iron, oaloium, 

magnesium, and bicarbonate seriously interfere with the 

production of oo1ors and the efficiency of bleaching. In 

& Peter, Robert, \Vall water-Geo:logioal Survey Kentuoi;r - Vol. 5 new aeries 1880 PP• 188-190. lited by Chase Palmer 
u.s. Geol.Survey Water Supply Paper Iro. 833, p. 190. 
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tanning, bicarbonate inter~eres with the removal of hair 

from the hide and decreases the absorption of tannin 

because of precipitation of calciwn carbonate in the tissue. 

Iron :produces black spots which are 1Uldesirable except on 

black leather. Organic matter causes leather rot and 

chlorides inter~ere in the swelling process. Softening 

applied to the waters analyzed will effect the removal of 

the harmful constituents and permit their use in any of the 

above mentioned :prooesses. 

SUI\11IARY 

Analyses of 114 river waters and 92 spring waters 

and 34 summaries by drainage basins are given, together with 

the methoooused for determining the various constituents. 

The industrial application of the analyses and suggestions 

for treatment of water for different purposes are described. 
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Index to Analyses. 

Souroe 

Big ••••.•••••••••• 
Big •••••••••••• ' ••• 
Bla.ak ••••••••••••• 
Black ••••••••••••• 
Black ••••••••••••• 
Blackwater •••••••• 
Blue •••••••••••••• 
Bourbeuse ••••••••• 

Castor •••••••••••• 
Cedar Creek ••••••• 
Chariton •••••••••• 
Chariton •••••••••• 
Chariton •••••••••• 
Chariton. Little ••• 
Crooked Creek ••••• 
Ouivre •••••••••••• 
Current 
Current 
Current 
Current 

............ 
••••••••••• 
••••••••••• 
••••••••••• 

Dry (or North)Fork 
of Spring ••••••• 

Eleven Point •••••• 
Kl.k ••••••••••••••• 

Fabius,Middle ...... 
Fabius,North •••••• 
Fabius,South •••••• 
Flat Creek •••••••• 

Gasconade ••••••••• 
Gasconade ••••••••• 
Gasconade ••••••••• 
Gasconade ••••••••• 
Gasoonade ••••••••• 
Grand ••••••••••••• 
Grand ••••••••••••• 

Rivers 
;-

Town 
-B-

Byrnesville ••••.••••••• 
E. Bonne Terre ••••••••• 
Leeper •••••••••.••••••• 
Poplar Bluff ••••••••••• 
Poplar Bluff,3 mi.S ••••• 
Blue Lick •••••••••••••• 
Kansas City •••••••••••• 
Union •••••••••••••••••• 

-6-
Za.lma. • • •. • • • • • ••••••• • • 
Pleasant View •••••••••• 
El.mer ••••••••••••.•• ~ •• 
Keytesville •••••••••••• 
Rockford ••••••••••••••• 
Forest Green ••••••••••• 
Montauk •••••••••••••••• 
Troy ••••••••••••••••••• 
D@niphan ••••••••••••••• 
Bminenee ••••••••••••••• 
Owls Bend 
Van Buren 

-D-

Neck City 

-E-

•••••••••••••• 
•••••••••••••• 

• • • • • • • • • • • • • • 

Bardley •••••••••••••••• 
Noe1 ••••••••••••••••••• 

-F­
Lewistown • • • • • • • • • • • • • • 
Monticello ••••••••••••• 
Taylor ••••••••••••••••• 
Sedalia •••••••••••••••• 

-G-
Hazlegreen ••••••••••••• 
Hooker ••••••••••••••••• 
Jerome ••••••••••.•••••• 
Mt. Sterling ••••••••••• 
Waynesville •••••••••••• 
Brunswick •••••••••••••• 
S'Uimler •••.•••••••••••••• 

Page 

16 
16 
14 
14 
14 
16 
18 
J.6 

16 
20 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 

14 
2.0 

14 
14 
14 
16 

14 
14 
14 
14 
14 
1.6 
16 

40 



Headwater Diversion 
Channel •••••• 

Indian Creek 
Indian Creek 

•••••• ....... 
Jacks Fork •••••••• 
James ••••••••••••• 

Kansas ••••••••.••• 

Lamina •••••••••••• 
Little Piney •••••• 
Little Osage •••••• 
Little River 

Ditch No. 1 •••• 
Little River 

Ditch No. 66 ••• 
Little River 

Ditch No. 81 ••• 
Little St.Franois •• 
Loutre •••••••••••• 

lvf...arma ton •••••••••• 
Merameo ••••••••••• 
Merameo ••••••••••• 
Meramec ••••••••••• 
Meramee ••••••••••• 
~ssissippi ••••••• 
Mississippi ••••••• 
Mississippi ••••••• 
Mississip~i ••••••• 
Mississip~i ••••••• 
Mississippi ••••••• 
Mississippi ••••••• 
Mississippi ••••••• 
Mississippi ••••••• 
I~ssouri •••••••••• 
~lissouri •••••••••• 
Missouri •••••••••• 
Missouri •••••••••• 
Missouri •••••••••• 
Missouri •••••••••• 
Missouri •••••••••• 
Missouri •••••••••• 
Missouri •••••••••• 
Missouri •••••••••• 
Moreau •••••••••••• 
Mnsaelfork ~ ••••••• 

-H-

Dutchtown . . . . . . . . . . . . . . 
-!-

Simmons •••••••••••••••• 
Anderson 

-J­
Eminenae 
Galloway 

-K-

. . . . . . . . . . . . . . . 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Kansas City •••••••••••• 

-L-
Clifton City ••••••••••• 
Arlington •••••••••••••• 
Horton ••••••••••••••••• 

Kirk ................... 
Kirk . . . . . . . . •· . . . . . . . . . . 
Kirk ••••••••••••••••••• 
Fredericktown •••••••••• 
McKittrick ••••••••••••• 

.-M.-
Horton 
Bu.reka 

• • • • • • • • • • • • • • • • • 
• •••••••••••••••• 

Steelville ••••••••••••• 
Sullivan ••••••••••••••• 
Ten Brook •••••••••••••• 
Burlington Park •••••••• 
Cape Girardeau ••••••••• 
Caruthersville ••••••••• 
Hannibal ••••••••••••••• 
Jefferson Barracks ••••• 
Louisiana •••••••••••••• 
New Madrid ••••••••••••• 
S t e. Gene vi e:ve •••••••••• 
St.Louis ••••••••••••••• 
Boonville •••••••••••••• 
Chesterfield ••••••••••• 
Glasgow •••••••••••••••. 
Hermann,opp ••••••••••••• 
Jefferson City •••••••••• 
Kansas CitY •••••••••••• 
St.Charles ••••••••••••• 
St.Joseph •••••••••••••• 
Washington ••••••••••••• 
Waverly •••••••••••••••• 
Jefferson City •••••••••• 
Keytesville ••••••••.•••• 

16 

14 
BO 

14 
16 

18 

16 
14 
18 

2.0 

ao 
~0 
2.0 
18 

18 
18 
18 
18 
18 
16 
16 
16 
16 
16 
16 
16 
16 
16 
18 
18 
18 
18 
1.8 
18 
18 
18 
18 
18 
18 
14 
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Niangua 
Nodaway 
Nodaway 

. . . . . . . . . . . ........... 
••••••••••• 

Osage 
Osage 
Osage 
Osage 

............. 
••••••••••••• . . . . . . . . . . . . . ............. 

Piney ••••••••••••• 
Piney ••••••••••••• 
Platte •••••••••••• 
Platte •••••••••••• 
Pomme de Terre •••• 
Pomme de Terre •••• 

Roche Perche Creek 
Roubidoux ••••••••• 

Baa ••••••••••••••• 

-N-
Roach •••••••••••••••••• 
Burlington Junction •••••• 
Nodaway •••••••••••••••• 

-a-
Bagnell •••••••••••••••• 
Jefferson City ••••••••• 
Osceola •••••••.•••••••• 
Rich Hill •••••••••••••• 

-:P­
Cabool ••••••••••••••••• 
Devil's Elbow •••••••••• 
Agency •••.•••••••••••••• 
Ravenwood •••••••••••••• 
Buffalo, West of ••••••• 
Hermitage •••••••••••••• 

-R-
IvicBaine •••••••••••••••• 
Waynesville •••••••••••• 

-s­
Collins •••••••••••••••• 

Sao ••••••••••••••• Stoakton ••••••••••••••• 
Sa~t, Middle York of.Paris ••••••••••••••••••• 
Shoal Creek ••••••• Grand Falls •••••••••••• 
Shoal Creek ••••••• Neosho ••••••••••••••••• 
South Grand ••••••• 
South Grarid ••••••• 
Spring •••••••••••• 
Spring •••••••••••• 
St. Francis ••••••• 
St. Francis ••••••• 

Tarkio • • • • • • • • • • • • 
Thompson •••••••••• 

Wakenda Creek ••••• 
\Yhite ••••••••••••• 
White ••••••••••••• 
\fuite ••••••••••••• 
\Vhite,N.Fork of •••• 
\7hitewater •••••••• 

Archie ••••••••••••••••• 
Brownington •••••••••••• 
Carthage ••••••••••••••• 
Waco ••••••••••••••••••• 
Fisk ••••••••••••••••••• 
Patterson • ••••••••••••• 

-T­
Fairfax 
Trenton 

-W-

• • • • • • • • • • • • • • • • . . . . . . . . . . . . . . . . 
Carrollton ••••••••••••• 
Beaver, Ark ••••••••••••• 
Branson •••••••••••••••• 
Forsyth •••••••••••••••• 
Tecumseh ••••••••••••••• 
\fui tewa ter ••••••••••••• 

18 
18 
18 

18 
18 
18 
18 

14 
14 
~8 
18 
~0 
2.0 

18 
14 

2.0 
20 
2.0 
2.0 
2.0 
BO 
20 
20 
ao 
2.0 
20 

20 
16 

18 
2.0 
2.0 
20 
18 
16 
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Solll'oe 

Alley ••••••••••• 
Amsden •••••••••• 

Bartlett Mill •••• 
Beaver ••••••••••• 
Bennett ••••••••• 
Big ••••••••••••• 
Big ••••••••••••• 
Big ••••••••••••• 
Blue •••••••••••• 
Blue •••••••••••• 
Blue or Shanghai. 
Blue •••••••••••• 
B~ue or Sweet ••• 
Boiling ••••••••• 
Boiling ••••••••• 
Boze Kill ••••••• 
Bryant •••••••••• 

Carter •••••••••• 
Cave •••••••••••• 
Chesapeake •••••• 
Clarkson •••••••• 
Coppedge or Relfe 
Creasy •••••••••• 
Crystal ••••••••• 

Double •••••••••• 
Dunnegan •••••••• 

Eidson •••••••••• 

Falling ••••••••• 
Faulkenberry •••• 
Fullbright •••••• 

Gaines Ford ••••• 
Glencoe Hollow ••• 
Graham •••••••••• 
Gravois l~ills •••• 
Greer ••••••••••• 

Spri~s 

Town 

~A-

Alley ••••••••••••••••••• 
Centerville ••••••••••••• 

-B-
Waynesville ••••••••••••• 
Steelville •••••••••••••• 
Brioe ••••••••••••••••••• 
Van Buren ••••••••••••••• 
Neosho •••••••••••••••••• 
Mt. Vernon •••••••••••••• 
Eminenae •••••••••••••••• 
Alton ••••••••••••••••••• 
Hooker •••••••••••••••••• 
Bourbon ••••••••••••••••• 
Eldridge •••••••••••••••• 
Hooker •••••••••••••••••• 
Licking ••••••••••••••••• 
Alton, 15 mi. E •••••••••• 
Bryant •••••••••••••••••• 

-c­
Piedmont • ••••••••••••••• 
Pearl ••••••••••••••••••• 
Chesapeake ••••••••••••••• 
Pierce City ••••••••••••• 
Relfe ••••••••••••••••••• 
Waynesville ••••••••••••• 
Larissa ••••••••••••••••• 

-D-
Dormis ••••••••••••.••••• 
Dunnegan •••••••••••••••• 

-E­
Bolivar • • • • • • • • • • • • • • • • • 

-F-
1~/aynesville 

Lesterville 
Springfield, 

-G-

. ........... . . ............ . 
4 mi.:N •••••• 

Rella. • •••••••• . . . . . . . . . . 
E1.1reka .................. . 
Thomasville ••••••••••••• 
Gravois 1 .. 1111s ••••••••••• 
Greer ••••••••••••••••••• 

Page 

22 
24 
26 
22 
26 
26 
2.2 
22 
22 
24 
26 
22 
22 
22 
26 

22 
26 
26 
26 
22 
22 
26 

26 
26 

26 

~4 
G4 
22 
26 
22 

43 



Hahatonka •••••••••• 
Hazleton •••••••••• 
Hodgson l~Iill •••••• 
House ••••••••••••• 
Humansville ••••••• 

Idlewild •••••••••• 

Jones .••••••••••••• 

Keener . . . . . . . . . . . . 
Kratz ••••••••••••• 

Lake •••••••••••••• 
Leeper •••••••••••• 

~~mmoth or Prewett 
Marbut or Verona ••• 
11arkham ••••••••••• 
N..a.rk Twain •••••••• 
Meramec ••••••••••• 
Mill •••••••••••••• 
:Miller {Ebb and Flow) 
!Jion tauk ........... . 
lviorr is ............ . 
Morse Park ••••••••• 

Onandaga Cave ••••• 
Ousley •••••••••••• 

Paris . . . . . . . . . . . . . 
Paydown ••••••••••• 
Phillips •••••••••• 
Pierce City ••••••• 
Piney ••••••••••••• 
Prewett or Mammoth. 
Pulltight ••••••••• 

Randol~h •••••••••• 
Reed •••••••••••••• 
Reeds • • • • • • • • • • • • • 

-H-
Hahatonka ••••••••••••• 
Hazleton •••••••••••••• 
Syaamore •••••••••••••• 
E'u.reka •••••••••••••••• 
Humansville 

····~······ 

-I-
Cuba ••••••••••••• ..... 

-J-
Springfield, 4 mi. E ••• 

-K­
Keener 
Stanton 

-L-

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Lake Springs •••••••••• 
Leeper •••••••••••••••• 

-M-
Edanville ••••••••••••• 
Verona •••••••••••••••• 
Williamsville ••••••••• 
Hannibal •••••••••••••• 
St.Jrunes • ••••••••••••• 
:Mill Spring ••••••••••• 
Big Piney ••••••••••••• 
1£ontau..lc ••••••••••••••• 
Rockbridge •••••••••••• 
Neosho •••••••••••••••• 

-a-
Leasburg •••••••••••••• 
Spring Creek •••••••••• 

-P-
Paris Springs ••••••••• 
Paydown ••••••••••••••• 
Barren •••••••••••••••• 
Pierce City ••••••••••• 
Yancy I~Iills ••••••••••• 
Edanville •••••••••••••• 
I!lk • •. • • ...... . . . . . . . . . 

-R-
Ellineton ••••••••••••• 
Centerville ••••••••••• 
Reeds Springs ••••••••• 
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24 
26 
24 
26 

24 

24 

22 
24 

24 
~6 
22. 
24 
2.4 
22 
24 
G2 
26 
26 

24 
24 

~6 
24 
22 
26 
24 
24 
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Relfe or Coppedge 
Roaring •••••••••• 
Roaring River ••••• 
Rollins •••••••••• 
Roubidoux •••••••• 
l{ound •••••••••••• 

Sends •••••••••••• 
~chlicht .......... . 
Shanghai or Blue •• 
Siloam ••••••••••• 
Slabtown ••••••••• 
Stockton ••••.•••• 
Stone 1.:111 ••••••• 
Su..c:;s.r r.rree ••••••• 
S\veet •••••••• 
Sweet or Blue . . . . 
Taylor ••••••••••• 
Thomasson I.:ill •••• 
Thox Hock •••••••• 
Tu.rner l'~Iill •••••• 

Va-ugt ............ . 
Vernna or lJiarbut •• 

Warner Bay ••••••• 
Welch •••••••••••• 
Wilder ••••••••••• 

Yancy 
Yoilllgs 

• • • • • • • • • • • • . . . . . . . . . . . 

-R-Cont.-
Relfe •••••••••••••••••• 
Stanton •••••••••••••••• 
Cassville •••••••••••••• 
Colun1bia ••••••••••••••• 
·iiayne sv ille •••••••••••• 
Owls Dend •••••••••••••• 

-s-
sands •••••••••••••••••• 
Schlicht ••••••••••••••• 
~iooker ••••••••••••••••• 
Siloam Springs ••••••••• 
Edanville •••••••••••••• 
Stockton . . . . . . . . . . . . . . . 
S:princ Greek 
?·r evJburE_:; ••••• 

. . . . . . . . . . . . . . . . . . . . . . 
3neet 'J})r:i.r s,l mi.S •••• 
£ldridce ••••••••••.•.•• 

-T­
Elijah 
Couch 

. . . . . . . . . . . . . ........... . . . . 
1-Jev,;burg •••••••••••••••• 
Alton •••••••••••••••••• 

-V-
Couch 
Verona 

-\/-

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Lesterville •••••••••••• 
Cedar Grove •••••••••••• 
Elijah ••••••••••••••••• 

-Y-
Yanoy Springs •••••••••• 
Rolla ··············-··· 
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24 
22 

24 
~4 
22 
26 
24 
26 
24 
~4 
2.J.h 
2.6 

~6 
22. 
24 
22 

22 
22 
26 

24 
24 
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