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Irrigation Waters of Oklahoma. 

Between June 12th and 22d. lb97. twenty-five samples of 
water were collected in the northern, western and central por
tions of the rrerritory for the purpose of determining their 
fitness for irrigation. Detailed information concerning source 
of the samples and analytical data 'vi11 be found at the close of 
this bulletin. 

The materials dissolved in irrigation \Vater are left in the 
soil when the water evaporates. It is not pos.;;;ible to say with 
certainty that a given water is unfit for irrigation unless it con
tains a larg·e amount of dissolved matter. 'rhis is eS}Jecially 
true in Oklahoma. where the heavy spring rains do much toward 
washing the soluble salts out of the soil and carrying them 
away. For this reason, accumulation of alkali salts in any 
considerable amount would not be expected to come from the 
use of waters which would be unfit for use in regions having a 
smaller annual rainfalL 

The following conclusions are not based on experimental 
data. but are deduced from careful comparisons of our condi
tions with those existing where experiments have been made. 

The samples examined naturally fall into three classes
river. well' and pond waters. rrhey will be discussed in this 
order. 

I-HIVER WATERS. 

1. The waters of the Black Bear, the Salt Fork of the 
Arkansas. and the Cimarron are unfit to be used for irrigation. 
The first contains too much black alkali to be used with safety; 
the others are too salty. 

2. The water of the North Fork of the Canadian may be 
classed as doubtful, and probably unfit, since it contains a con
siderable amount of the salts which go to form white alkali. 



a. rrhe waters of the Red l~ock, the Arkansas above the 
Salt Fork, the Shakaska. Deer Creek, and the Canadian at 
Taloga. are considered to be safe irrigation waters. It is not 
thought that their use would tend to cause a material increase 
111 the amount of alkali in the soil. 

It is to be understood that these conclusions are but tenta
tive, tl!ey being based upon but a small number of samples 
taken, not during a period of drought, but wllen the streams 
were flowing their <tverage volume of 1vater. It is expected 
that more work will be done on these waters whenever practi
cable, and no extensive irrigation schemes should be undertaken 
until more exte 11 ded cla ta are secured. 

Lbs. in 100.000 ills. LlJs. in 1 acre-incl!. Sam-: 
ple ! 
No. ! 

I 

i 

---~~- --- ---------~-- i -------------. 
Black ,\lkali ! White Alkali I IHack Alkali 

-------------'---------- -~-------

White Alkaii 

7a\J mack Bear i 1:1.5 I·Ll : 
740 Red Rock_ li_i "2.:2 , 
741 Salt Fork of Ark _ H'ifl _ ti 0 _II 
74:! Arkansas ao_ti 0.5 
743 Shakaska.. 1i'l .• ) 0.7 
744 Deer Creek. :~9.9 2.2 
'151 Cimarron........ 737.4 1.1 
753 N. Fork of Cana. _ 111.8 2.6 
755 Canadian .. 33.4 O.!J 
756 N. Fork of Cana.... H2JJ 1 :! 
763 Cimarron ...... 638.1 o:g • 

30.5 
15.1 

1978. ~I 
51i.2 
35.0 
90.2 

1066.5 
184.9 
75.5 

1H6.5 
1442_1 

:n.o 
5,0 
:.! .IJ 
1 .1 
l_(j 
5.0 
2.5 
5.9 
2.0 
3.8 
2.0 

One acre-inch is the amount of water equal to a rainfall of one inch on an acre. 
By ·•white alkali" is meant the -;urn of the salts commonly included in this term. 

viz: Calcium sulfate and chlorid. magnesium sulfate and chlorid. and sodium sulfate 
and chlorid. 

By "black alkali'' is meant sodium carbonate. 

II---WELL WATERS. 
- ------------· 

I 

Sam-i 
ple i 
No. i 

I 

SOURCE 

i46 30ft. deep, 1 mile east Pond Creek .. 
747 At railroad station. Pond Creek ..... 
'i4!l 9 miles east. 6~~ north of Cleo 
750 16 feet, town ·well of Cleo 
l'il:Z 22 feet deep at Leslie postoffice. . _ 
7:>4 90 feet. 13 milec: ea,;t. 1 south of 'l'aloga .. 
757 At Hotel at Omega ... 
iii:'\ , :lu ket deep. at Kinglisher ___ __ 
71\\l 1 ilO feet, I) ea"t. :Z''e south of Kini-rti:sher 
760 : 25 feet deep at Downs __ 
i't32 1 50 feet deep at .Langston_ __ 
164 f 24 feet deep near Stillwater 

Llls. in 100,000 llls. 

Vl"hite I Black 
Alkali Alkali 

106.:3 10.1 
108.2 11.5 
BO.ti 2.tl 
11. I 1_4 
rlO.O ~~. ~ 
3.H :!.ti 

11)7. 7 :~.6 
150. 1 1 .. ,I 

;:,o 0 2.:2 
8.4 1:3.2 a·) ,, 5.8 
5,8 :20.7 

------------·-

I 

Lbs. in I acre-inc!1. 
----------

White Black 
Alkali ~-'l.lkali 

240.2 I :!2.k 
:~44.5 I 26.0 

611.2 I 5.il 
2.'i .1 I 3,2 

llil.O I il.O 
i'.5 I 5_(1 

:~nil. 1 i K _l 
1:lC,,8 ,,_ ,; 
113.0 ;, () 

19.0 I 
:!1). 8 

72.!'\ 12.0 

I 
12.0 I 

-17.0 

rrhe waters of wells present a problem different from that 
of the rivers. Good, bad, and no water have frequently been 
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found within a few rods. and, except in a mfJst general way, 
analyses of well water are oi value only for the vYell from ·which 
the sample was taken. For this reason discussion is impossi
ble; all that can be said at present is that: 

1. rrhe water from wells represented by samples 7-±9, 7:-ln, 
7;)4, and 76:2 are considered safe for irrigation under conditions 
existing in Oklahoma. 

2. That represented by samples 7:-l2, 788, and 759 can 
probably be used without ill effects. 

3. That represented by samples 74fi, 7-±7, n,7, 760, and 70-± 
is most probably unfit for irrigation and would be expected to 
cause troublesome alka.li in a few years. 

Considering mineral contamination only, well water that is 
suHable for irrig·ation is safe for domestic use. 

III-POND WATERS. 

I 
Sam -I 
ple ' 

No.I SOUHCB 

'145 1 mile east. 1 :. north Lamont . 
14R fl miles wc,;t tJf Pond Creek. 
161 5 mile>< we~t. 1 -;outh Lang,.ton 

Lh><. in 100.000 lbs. Lb,;. in 1 acre-inch. 
I 

White I' Black ~-W-h-i-te--1 -B-la_c_k_ 
Alkali Alkali Alkali , Alkali 

- -----··- -----------~---

1

, o.:-< I o.l' I 1.s :!_o 
. - :u I 11 . H : 0. H 2ti. ,. 
___ o_}l o.IJ I :!.o :!_I) 

-------'-------- -------- ---'-------

The soil over which storm waters flow on their way to the 
storage pond contributes whatever of dissolved matter is con
tained in the water. In general. such waters will be found 
admirably fitted for irrigation, but ponds so situated as to catch 
the drainage trom alkali soils may be expected to furnish water 
like sample 7 4H, which contains too much black alkali to be 
used with certain safety. Samples 7 -±:-) and 7tH are very good 
irrigation waters, and may be taken as fairly representative of 
the pond waters of the Territory. 

THE IRlUGATION PLANrr. 

rrlwse who contemplate the erection of irrigation plants of 
any sort should study the question well. It is probable that 
many windmill plants will be put in during the next few years, 
and that if irrigation i:-:~ to any extent a success in Oklahoma. 
wind and windmills -vvill he largely used for elevating water. 
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Well matured and accurate plans of contemplated systems of 
irrigation will prevent disappointment and loss of invested cap
itcil. 

The majority of the soil formations of the territory are of a 
texture favorable to the construction of ponds, ditches, etc., and 
to irrigation. In some localities, yery light, sandy soils abound, 
and as these absorb a very large amount of water and allow it 
to pass through them readily, the problem of irrigating them is 
more com plica ted. More water will be required on a loose soil 
with an open subsoil than on a close textured one, hence a 
smaller area can be irrigated at a given cost. 

·In certain localities, the waters of rivers and creeks may 
be pumped to storage reservoirs for irrigation. In the greatest 
number of cases, this cannot be clone and ground-water vvill be 
the only source of supply. 

The lVell is of prime importance. It should be large and 
roomy so tbc:.t it does not get pumped out easily, and located on 
higher ground than the land to be l1-rigated. Shallow wells are 
preferable to deep ones for the reason that the shorter the dis
tance the water must be lifted, the more vvater can be pumped 
with a given power (see p. 9). If it is impossible to procure 
water at a small depth, it will, of course, be necessary to go 
deeper, but it will be at the continued expense of power to lift 
the water to the required height. 

In most cases, especially if the water has a marked taste. it 
would be advisable to write the Experiment Station concerning 
it, giving exact location, cbaracter of soil, depth of well, area 
to be irrigated, and crops to be grown. Directions will then be 
sent for taking· a sample of the water to be forwarded to the 
Station where its quality as·an irrigation water will he determ
ined free of charge. Samples sent under any other conditions 
will not be analyzed as the results would be of no definite value. 

The water of wells is not always fitted for irrigation as will 
be seen on referring to the results of analyses. Many wells 
yield waters which are so heavily charg~d with alkali that they 
cannot be used for irrigation. Wh~n water of this nature is 
applied to the soiL the pure water evaporates and the alkali 
is left behind. If this is sufficient in amount, the soil will in 
time become saturated with alkali, so that crops vvillnot thrive. 
rrhe occasional heavy rains will wash out of the soil a great 
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deal of the alkali left from the evaporation of irrigation water . 
.Just how much alkali may be in a water before its use is dan
gerous cannot be definitely stated but in a semi- humid region, 
on soils with good drainage, it is safe to use waters that would 
be totally unsuited for irrigation in an arid climate. 

Having secured a wel1 yielding a sufficient volume of water 
of good quality for irrigation, the next feature of importance is, 

The He.se'l'voir.-The size of the reservoir should be such that 
a large volume of water may be stored, equal at least to that 
furnished by the well during one week. In most cases, one, 
two, or at most three, thorough '''ettings of the soil will be all 
that are required to safely tide any crop over our short dry 
spells. But when water is needed, it is very much needed, and 
unless a very large supply is stored up, a portion of the crop 
cannot be irrigated, there frequently being but little wind dur
ing extremly dry weather. 

In order to calculate the dimensions of a reservoir of a given 
capacity, only the following data are needed: 

27,154 gallons of water equals one acre-inch, or a rainfall of 
one inch on one acre. 

There are 2Bl cubic inches in one gallon and 1728 cubic 
inches in one cubic foot. 

The square of the radius of a circle multiplied by 3.1416 
equals the area. 

Suppose it is desired to irrigate ten acres, one inch to the 
acre; or five acres. two inches; what must be the dimensions of 
a reservoir which, when full, will contain sufficient water for 
the purpose':' 

10x27,L54=271,5-!0 gallons of water required. 
271,540x 231 ,30 ')O l b' f 1 . h b . 

172tl - = • . •> ( cu 1c eet w 11c must e the ca pac1ty 

of the reservoir. It now remains to decide upon a shape for the 
pond. Round reservoirs are easiest built. expose less wall sur
face for seepage, and unless there are special considerations 
making it desirable to use some other form, should be built in 
preference to others. If the reservoir is constructed to hold 
water five feet deep, what must be its diameter':' 

36, 300 - 2~ - f h . h l 
5 1, uO square eet as t e area of t e pone. 

- 'J60 
3~-'1~ 10= 2,:311 feet equals the square of half the diameter 
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The square root of 2.311 is a little more than 48; hence the cliam
eter of the pond should be un feet, or approximately 100 feet. 
From this, the size of a reservoir of any capacity may be readily 
calculated. 

The sod should be entirely removed fr'Jm the place where 
the bank is to be, as otherwise the dirt will not pack firmly 
and there will be a loss of water. vVi.tb a horse scraper, scrape 
up dirt from the outside of the por1cl. level i 11 g and packing firmly 
as the work progresses. until tlle walls are of the required 
height. 'rhe bottom of the reservoir should not be lowered by 
scraping, as it is desirable to keep it as higll as, or higher than, 
the surrounding lanu. 'fhe \Yalls should be sloping, much wider 
at the bottom than at the top, with a gradual incline on the 
inside. If the wall is five feet high, it slwuld at least be two 
feet \Vide on top and seventPen feet '.vide at the bottom. .After 
leveling and packing the walls. water should be run into the 
pond and cattle driven around in it until the bottom and walls 
are thoroughly puddled. 'rhis is usually easily accomplished 
with Oklahoma soils. Some trouble may be experienced in 
sandy localities. In such cases. a fe"\v loads of clay tramped in 
will remedy the difficulty. 'ftw pond should be made water
tight. The water vvhicb seeps a\vay requires an expenditure of 
energy to elevate, does no good and is a clear loss. 

The well and reservoir with flume for leading off the water 
having- been secured, a I so troughs and ditches as required and 
varying with each outfit, the next step is the erection of a 

PuJnp and lVindmi1l.-The manufacturers of these appliances 
have issued catalogues fully describing the irrig-ation outfits 
now on the market. It is not within the province of this Bul
letin to recommehd any make of windmill. but it is believed 
that a galvanized 8teel whed on a steel tower is the most eco
nomical and. will be found best suited to Oklahoma's climatic 
conditions. There is usually enough wind to run a wheel to its 
full capacity, the average velocity being ten to twelve miles 
per hour. 

vVith the exception of the erection of the to-vver and wind· 
mill, practically all of the work connected with the construe· 
tion of such a plant as sug-gested may be done by the usual farm 
help during periods "\Vben crops do not require attention. When 
tbe work is done in tbis way, the cost of an outfit consisting of 
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a well, a reservoir, and an eight foot wheel on a forty foot tower 
\Vith an irrigating pump and fittings need not exceed $100. If a 
twelve foot wheel is erected on a forty foot tov,'er, tlle cost will 
approximate ~17:-J to $~00. 

An eight foot outfit, as described. is stated by one manufac
turer to give, when fitted with the proper pump, the following: 

------------
Lifting water fiye feet 
Lifting water ten feet ... _ 
Lifting water llfteeu feet 
Lifting water twenty feet 
Lifting water twenty-tiYe teet 
Lifting "'ater forty feet ___ ...... 

Uallonc; per 
Hour. 

Hours requ1red for I nne acre-inch. 
-----~----···-----

-tllli 
:~.B50 
1.ti3:! 
1.0-t~ 

~0:-< 
-H!:~ 

1 

' 
l:~ 
l i' 
:!ti 
:H 
:)4 

Under similar conditions, a twelve foot outfit will furnish 
water as follows: 

Lifting water five feet 
Lifting water ten feet __ ...... . 
Lifting water tlfteen feeL ...... 
Lifting water twenty feet 
Lifting Wdtcr twenty-fiye feet .............. . 
Lifting water forty feet .. 

1; all on,; per 
Hour. 

1 L-tiJO 
1.344 
Vi \II< 
iUiOO 
:!.621< 
ums 

Hour,; requirecl for 
one acre-inch. 

-~ 

t 
li 
8 

10 
15 

rrhe great advantage of shallow wells when obtainable is 
thus clearly shown. 

There will occur seasons when but little water is needed. 
At these times a considerable area may be irrigated with a small 
plant, if properly situated. Again, long dry spells will occur 
when a great deal of water will be needed and but a small area 
can be irrigated. But little irrigation has been practiced in 
climates similar to Oklahoma's and consequently little is defi
nitely known of the quantity of water tbat will be needed, when 
and how to apply it under these conditions. 

Generally speaking, it would seem advisable to locate the 
plant with a view to further extension; to dig a good sized we11 
and build a small pond, say seventy-five to 100 feet in diameter, 
and to equip the outfit with an eight or twelve foot windmill 
with a good pump; to prepare ditches, flumes, etc., so tbat the 
first year's operations may be confined to not more than five 
acres. Tbe most profitable crops should be grown on the five 
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acres or less and given every attention, the operator observing 
and studying different methods of application of water and cul
tivation of the soil. It may require two acre-inches of water 
and it may require ten or fifteen to secure a good crop. depend
ing upon the rainfall. 

rrhe first year's experience will be a great aid in laying· 
plans for more extended irrigation if it is found profitable. It 
will take work, hard persistent labor, as two crops at least 
should be grown during tlle season. It will not be wheat farm
ing or cattle grazing to the man that has the work to do. But 
there is every reason to hope for and to expect success. This 
success will not come with a jump as it did to the wbeatgrowers 
in 1807, but will consist, if achieved, of a permanent foundation 
for safe farming, where instead of sprinkling energy over a 
quarter section. it will be confined to less than forty acres, the 
rest being used for grazing and g-rowing forage crops. 

It will be very eli fficul t to change to this method of farming. 
rrhere is little of the popular true-western, broad-acres spirit 
in it and those accustomed to western methods of fanning will 
find 1t hard to begin again and learn a new method. It seems, 
however, that this kind of farming is being made profitable in 
localities less ta vored than is Oklahoma. Irrigation is well 
worth the trying but haste should be made slowly and surely. 

'rhe following articles contain information of value to the 
prospective irrigator: 

Irrigation for the Garden and Greenhouse, L. R. 'raft, Year 
Book of United States Dep,trtment of Agriculture 189;1, pp. ~B3-
246. 

Climate, Soil Chafacteristics, and Irrigation Methods of 
California, Chas. W. Irish, same Year Book, pp. 475-486. 

Irrigation on the Great Plains, F. H. Newell, Year Book of 
United States Department of Agriculture, 1896, pp. 107-196. 

ANALYSIS OF WATERS. 

rrbe examination of waters for irrigation and domestic use 
is considered a part of the work of the chemical department of 
the Station, and it has been the custom to examine all samples 



-11-

sent in. rrhis work will be continued in the future under 
certain regulations which have been found necessary. Before 
sending samples write concerning the work to be done. 
Instructions for taking samples and forwarding the same will 
then be sent. 

Results of forty-six analyses of waters were published in 
Bulletin No. 7, copies of which may be had vvhile the supply 
lasts. In addition to the twenty-six samples reported in this 
bulletin, ninety-six other samples have been examined more or 
less completely, but the results are in most cases of only indi
vidual interest, and of no general value because of the unrelia
bility of the samples. 

It may be said. in general, tllat good water is obtainable in 
almost every part of Oklahoma. rrhere are a few localities 
where more or les.-; difficulty is experienced, but care in digg-ing 
the well i~ frequently repaid by a supply, small at times, of 
good water. The mistake of going· deeper for more water is 
sometimes made. with the result that it is secured but that the 
wbole supply is unfit for use. If the first water struck is good, 
and there is a fair amount of it, digging should be stopped, es
pecially in those localities where bad vvater is frequent. A 
second we1l may be dug if the supply is insufficient. 

Pond waters are usually unfit for domestic use. 'rhey con
tain too much org-anic matter, which serves as a medium for the 
culture of disease germs. The condition of the waters of ponds 
is not bettered by permitting cattle to stand and hogs to wallow 
in them. Ponds should be fenced and arranged so that the 
water may be conveyed to troughs as required. Drinking stale, 
muddy pond water does not improve the health of farm animals. 
Milk from cows that drink these filthy waters is almost certain 
to be tainted; so is the butter. 

ANAL Y'riCAL DATA-IRRIGATION \VA 'l'ERS. 

£-Record of Samples. 

No. 739.-Black Bear at crossing~ miles west of north of Still
water, .June 12, 1897. 

No. 740.-Red Rock Otoe School, U. S. Government bridge, 
.June 1~, 1897. 
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No. 741.-Salt Fork of Arkansas at ford and ferry south of 
Ponca School. June 12. 1R~l7. 

~o. 742.---Arkansas River 2 miles east of Ponca City. June 13, 
1897. 

No. 7-!iL-Sllakaska at bridge west of Pouca City, June 13, 18\17. 
No. 744.-Deer Creek at bridge west of Tonkawa . .Tune 14, 1R97. 
No. 745.-Pnnd 1 mile east -t mile north of Lamont, .Tune 14, 

1R97. 
Xo. 746.- \Vell illl feet deep 1 mile east of Pond Creek, fitted 

with windmill and pond 75x75 feet. for irrigating about one 
acre, .June 14. 11":\97. 

No. 747.--Shallo-vv well at southeast corner of Rock Island sta-
tion at Pond Creek postoftice, June 15, 1897. 

No. 7-lR.-Pond 5 miles -v:vest of Pon(l Creel<:, June Hi, 1897. 
No. 7 40. --Well \i miles east Gt miJes north of Cleo, June 16, 1 R97. 
No. 750. _rrown -vvell of Cleo, H) feet deep, June 17, 1897. 
No. 751.---Cimarron at ford south of Cleo, June 17, 18U7. 
No. 7~>2.-vVell 22 feet deep at Leslie postoftice, June 17. 1897. 
No. 753.--North Fork of Canadian near Cantonment, June 17. 

lR\)7. 
No. 754.-Well \H) feet deep 13 miles east 1mile south of Taloga, 

June lf-1, 18~J7. 

No. 755.-Canadian 3t miles east + mile south of Taloga, June 
19, 11-197. 

No. 756.--North Fork of Canadian 4 miles northwest of vVa
tonga, .June 1 ~). 1897. 

No. 757.-Well at hotel at Omega, .Tune 20, 1807. 
No. 751::1.-- Well i30 feet deep. Ball's feed ba.rn, Kingfisher. June 

21, 1897. 
No. 759.-Well BP feet deep f) miles ea.:;;:t ::.?} south of Kingfisher, 

.Tune 21, 1RU7. 
No. 750.- \Nell 25 feet deep at Downs, .Tune ::21, 18!!7. 

No. 761--Pond 6 miles west 1 mile south of Langston, .June 22, 
1897. 

No. 7ti2.--Well 50 feet deep at livery barn, Langston, June 'l•l 

1k~l7. 

N ~g.-, c~· •.) ·1 t t L t J ')() 1896' 
.1.. o. lu•>.- 11marron •J 1111 es eas o angs on, une ~-.... 
No. 764.-Well 2-! feet deep 1 mile north of Stillwater. July 1, 

1897. 
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2-Comjosition (!l Solids. 

PAH'I'S PICH HUNDR]jjD 'l'HOUSAND. 
Sample 

Numl>er, 

1 
Chlorin I Solids CaO MgO l·rot·lco2 ' \Vater- 1 Insolu

~ol. C02 I ble C02 

i:{IJ 
740 
~'41 
7'-t~ 

; -h"; 
744 ' 
745 
746 
747 
74K 
74fl' 
750' 
751 
152 
7i;3 
754 
7:1;) 
lf>ti 
757 
jf))'-1 

70P 
lfi() 
/til 
76~~ 
'16:i 
16-1 ' 

, _______ ---'---------
1 

- -! rl.f> 
~.fi 

-Hll '?> 
1 :! '() 

;{ '() 

lli'" o_;, 
;,~. ;) 
H.O 
:!, u 

11.0 

ti "' -40;)_0 
1:!' i'i 
B:! i'i 

:! '() 
7.~ 

:m_5 
67.~ 
li'.O 
K,O 
-4,0 
()_;) 

lK 0 
;{~:!. () 

~-i'i 

5SI_ 
:!5,11 

HK-1. ~~ 
i'il I) 
:1:\. :! 
)'7 .7 
~!a.:~ 

1 il I . 0 
tr-.:~.4 

:14 I 
:\11. I 
:l7. I 

7-li' .:1 
!11.1 

!lUI 
:ll) ,8 
C..:-l ., 

1lti.O 
1\I?J.K 
117 li 
Hli.il 
jf-._(J 
1:?.0 
/il.() 

li(il . I 
4ii, 1 

11 '1 
li ,0 

'2~1. ~ 
II . :! 

:--:_.! 
11.4 
:! . 1 

11 .:! 
10.:! 

I,:! 
HU< 
I:!. 1 
:!H. 1 
J·> 5 
12,!1 
JO,K 
:--:.:! 
!I.;, 

1 i. I 
];) '" ,, s 
li.ti 
~;. i1 

Ill I 
·:4 ';, 

l_lj 

-----~----"-''" 

f).~! :-!,ti 1ti \1 
t.il '! 'l) ;)_] 

fi_;) :!K,:! I_,; 
O_ti il_-4 li K 
:-!,(J tUl ti,(i 
-4. li \1.0 :!.4 
o_:! U.O 1.1 
!1, li 0.!-l I ll-\,5 
li K ~! l .. ~ lti. f-. 
() ;) ()_I) !i,li 
·) I I. ~I !O.K 
1 ' l 0.\1 \l ' ~! 
-t.i' -11 ,!1 -4.4 
:--: i' I l\1,0 II. 'i' 
-1. () IIi, -l H.l 
II li 0, •! H n 
:!. -l til, 1 ,-,_:! 
li.7 li .fi " ;, 
.~.H ~!7. 7 l;i' )", 
K.K ' 1\1,0 1ti- I 
(j_" :!1 7 1:1 \I 
-~.!{ 1.4 1:1.0 
O.il 0 () ;~ .. ') 
.~. I' :-J ,4 1:! () 
~i,(i :lii,:! ti i 
Ul u 1' ];q; 

CaO. lime: S03 • sulfur trinxi<l: Mg-0. magnesia: C02 . carl1onic acit1 g·a.-,. 

3 Probable Constituents of Solids. 

PER HUNDRED 'l'HOrSAND. 
--

5 \i 11 ,0 
0.\1 4.2 
() 4 1.1 
I):? 6.6 
0. ;-~ ti. ;{ 
IJ,!l J..S 
0,4 0.7 
4 •) 
-~ 

14 _:i 
-LK I 1.7 
4.ti ·) il 
1.1 \l. 7 
O.ti lUi 
O.i'i :l,\1 
O.IJ !lUI 
1.1 j () 

1.1 H.-I 
u. 1 -l,!J 
U.i' -l.l-1 
I -;, 14.:1 
0,/ In_ 4 
l)\1 13.0 
?) -" 7.5 
ll.-1 :u 

IO.X 
II -l ti.O 
1-\,li il,O 

Samplej ___ . ------; _______ PAR'l'S 

(~ ~~azC03 ~~~~l'_c1__2'~'~_'_'_~ No. !ca co3 !MgCO:Jica so4 : MgS04;Ca Cl 2 Mg- Cl 2 Na 5S04j Na , . I 
-

7:l!J. -!,-! C..,4 ;)_K J.l 1 7. !l I 5\1,7 
'7-to. \I_ :l :~. :2 I .II 0.; H.~ :~il .ll 
741.. •) " tin.+ 1.11 i04,:-l IJ,\l ;)_Si 884.!! 
7-1~ li'i () 1.4 1 K ti' () :!1 , •I IJ " -!_() i'Jl, () 
i'-13 1-l,:l 0,7 \I II 0.9 4.!1 IJ.i ~ .. 

,I 3fi.:! 
i44 :l,-1 1il.B I' -l I:!-:! 57.'7 

*11;) 16 0.!-l l\1.\1 :!:-l,:! 
'j'i(i :!0 .II 8 4 flti' 1 ](ll tj. ·: 151.0 
741 1:-. J tU< :!4.K 7~!. ti 11 f) ;--(_;) 153,-J 
I-lK .) .) 1,1 3_:l 11 . :-: 1":>.7 :H.1 
iHI 1\J,:l I :!.:l L?l :!3.1 ., ti ·l.:l 5!1,1 
i50 .. I 1\1 _:) :l, 1 1 _4 7:>,1 :17. I 
7ill ...... , tU< filii'. il 1.1 i 41 .il 
,....-.;) 

:!:! ':l li_O :!11. (i ~. ~~ 14' i' !ll . 1 .a....- ------
;·:;a 1il.\l 4.f< 

"" 3 
:!.6 ll,fi Ill. K 

ii'i4 19.:! l.S 2,6 5.7 30.K 
7ilfi 11 '1 :i.-1 I:!-:) 0,9 7.8 ;)~~ . ~~ 
'ifi6 ...... 10 .!J 19.2 n4.4 l, 'i' ZO,fl 116,0 
'i'fi7 -----· :~o.n l.i 1;\.0 81. I Ill, :l H.ti :~.a l!lfi .I' 
7i'i8 ~~7 .7 ti. I 17.7 14.1 :28,0 1 .. ,I 22,0 Ill ti 
7n!l :!:! '~l c ') 1.""' !)fl ;ti'.:! 13' :! •) ·) 4.7 X6.0 
i<lO 

I 
11. ~ 4, .j 0,6 -i-- l.R 6.0 1:-l. ·: '7 . ~~ 4iS.O 

i61 -l,Ci () 6 I 0.\i 0 g n. 1 1:! '0 
16:? .... I 18.6 4,6 5' 1 

--1 

lUi 1fi.5 :),3 li>.2 i'Ci' !I 
763 13.6 18.3 R.~ fi/0 5 0.9 H • liG1 - I 

---·-· 
-" 

764 fl.:z ;~' li l ., 4. 1 :!0.7 H ,i-l 4:>.1 
I 

--------- ------------~--------------- '----

*Trace of Calcium and Magnesium SUi cates. 
CaC03 , Calcium Carbonate: Mg 003 , Magnesium Carbonate: Ca S04, Calcium Sulfate: 

MgS04, Magnesium Sulfate: CaCL2 • Calcium Chlorid: :N1g-Cl 2 , Magnesium Chlorid: NasS04-
Sodium Sulfate: Na Cl. Sodium Chlorid: Na2 C03 . Sorl.ium Carhonate. 
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SOCRCE ClF SAMPLE 

'."C·.=----_ --_-_~~~--

*ClRAINs PI<;!{ (;AL. 

fo.:l c ,... 
,--

z 
z 

.~ 

r:t 

l'AHTR PEH .MILLION 

0 
::: ~ ,-._ 

' ~ !"t ~ e: 
'§ 

c (t ;:::: 

c" 
i:j 
z 
i'O 

:J 

~ 2· ~ z 
'5 ..... I ~ :::' 

-c-'----1--:- 0) --------1-----------·-
8 
'! 

March 00 
Marct1 :~o 
April fi 
April :-;. 
April 1:!. 
April 14 
April 16 .. 
April l!l 
April 19 ... . 
April 26 .. . 
April 26. 
May iL. 

1 

. i 
i 
I 

.. I 

I 

College Puncl outside of tilter.. ..... . 
College Pond in-;i!le of filter ........ . 
Cistern North of College ..... . 
Well. Duncan's Addition to Stillwater 
WelL College Addition to Stillwater. 
WelL College Ach1ition to Stillwater.. 
Cistern, Stillwater .. . .. 
'NelL College At1dition to Stillwater.. .. 
Well, flO feet "outh of preYiou~ one. 
Cistern on Station gTOUJHls. 
\Vell, Stillwater ... 
\Vel! near Cimarron 

t •! '! 
1'.' -• I 

I:!. -t 
:~1 . \)~) 
:!~.fl 

1\!.1 
~ .li 

~:!. :tfl 
:32.75 
~2~~. 2!1 
:!7 .4 
:lB 0 

;· tj () :l ! () :~-t 1 110 ' 
ti. ~ ()' 27 ,. (). 01 () f1-t 
:! 7 I . :!ii 0. 02ii o. l H 
n.o 1.30 I' o.otn ot:!B 
~-·· 1.00 0.011 0,10\1 
Ul 0.~ 0.009 0.11:-l ' 
:!.\1 O.B O.Oill' 0,5;)t.i I 

;, . (j 0. !i' 0 . O..f-t (). 185 
fi.15 0.'1 0 02;) 0.145 
a. H L 2 o. m:z o. 50R 
1.\J l.li 0.1:-ll 0,3;)8 

10 . (j;, i 2 . 4 (). 0:-J:! (). 768 

*l"or explanation of above terms. rekr to Bulletin No.7 of this Station. 

:; I . 14 
:~I. f\1 

:~ .Rt 
I .3 
(U 
0.67 

10.0 
0.6 
1. () 

20.0 
2.35 

H.l 

NA"E OF STCDENT 

MAKL:\'(; ANALYSts 

. ... .. ......... Clark 
.. .. _ ... Clark 

.. .............. Clark and 1•'orc1 
.. ... .. .... Clark and Fonl 

.. ... Fm d and Gillwrt 
T•'orrt and Gill)erl 

. Fon1 and Gilbert 
Gilbert and Hartman 

. Gilbert and Hartman 
.Hartman and Morris 
Hartman and Morris 
Hartman and Morris 

i--1-
+--
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